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WHAT'S NEW 

In keeping with Motorola's objective of providing information to our customers that is both current and easy to use, a few 
changes have been made to this revision of the Small-Signal Transistors, FETs and Diodes data book. A review of the 
following items will help you better understand the format of the data and provide you with some useful information to access 
it more easily. 

The bulleted items below give you a brief overview of "What's New" in the data book. Following that is a more detailed 
explanation of what has been added or changed in this edition of the data book. 

• Device Status defined as Preferred, Current or Not Recommended for New Design 

• Replacement Devices Index for Devices that have been Removed from the Data Book 

• Explanation of SOT-23 and SC-59 Device and Date Code Markings 

• New Products: SMALLBLOCK Product Line, SC-59 Package Devices, Bias Resistor Transistors (BRT's) and SOT-223 
Package Devices 

• SOT-23 Device titles now include T1; for example, MMBTXXXXLT1 replaced MMBTXXXXL 

• Mail-in Cards for your critique and comment on the Small-Signal Transistors, FETs and Diodes data book. Two cards 
are available at the front of the book and a third card is available at the back of the book. 

1. Motorola Device Classifications 

In an effort to provide current information to the customer regarding the status of any given device, Motorola has classified 
all devices into three categories: Preferred devices, Current product and Not Recommended for New Design products. 

A Preferred device is a device which is recommended as a first choice for future use. These devices are "preferred" by virtue 
of their performance, price functionality, or combination of attributes which offer the overall "best" value to the customer. 
This category contains both advanced and mature devices which will remain available for the foreseeable future (generally 
3 to 5 years). 

All Small-Signal transistors, FETs, SMALLBLOCKS or Diodes that are classified as a "preferred device" 
have a star symbol (*) at the end of the device title on the individual data sheets. 

Device types identified as "current" are not a first choice product for new designs, but will continue to be available because 
of the popularity and/or standardization or volume usage in current production designs. These products can be acceptable 
for new designs but the preferred types are considered better alternatives for long term usage. 

Any device that has not been identified as a "preferred device" is a "current" device. 

Products designated as "Not Recommended for New Design" may become obsolete as dictated by poor market accep
tance, or a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future 
and do not represent a good selection for new device designs or long term usage. 

All "Not Recommended for New Design" devices have been removed from the data book. In the event 
the device you need is no longer found within an appropriate section of the data book, refer to the 
Replacement Devices index at the back of the book to see if there is a Replacement Part for the device 
in question. 

2. Replacement Devices Index for Devices That Have Been Removed From The Data Book 

An index to devices that have been removed from the data book is provided in Section 10. A direct or similar replacement 
part is listed for those devices which have replacement parts. Additionally, a code is listed next to the device which indicates 
the reason why the device is no longer supported by a data sheet. 
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3. New Products 

SMALLBLOCK Product Line 

This new series of MOSFET turn-off devices offers an economical way to reduce the turn-off time of power 
MOSFETs. Refer to Section 6 for information on this family of devices. 

SC-59 Package 

The SC-59 package is a Surface Mount package that is used extensively in Japan. It is very similarto the SOT-23 
but is slightly larger. Devices offered in the SC-59 package are standard transistors (see pages 2-386 through 
2-395), bias resistor transistors (see pages 2-396 through 2-400) and switching diodes (see pages 5-16 through 
5-19). 

Bias Resistor Transistors (BRT's) SC-59 

This new series of digital transistors is designed to replace a single device and its external resistor bias network. 
The BRT contains a single transistor with a monolithic bias network consisting of two resistors; a series base 
resistor and a base emitter resistor. The BRT eliminates these individual components by integrating them into 
a single device. The use of a BRT can reduce both system cost and board space and reduce insertions and 
product inventory. Bias resistor transistors can be found on pages 2-396 through 2-400. 

SOT-223 Package 

The SOT-223 package is a Surface Mount package that offers higher powercapabilitiesfor Small-Signal Surface 
Mount products. Devices offered in this package are bipolar transistors (see pages 2-142, 2-143, 2-148 and 
2-417 through 2-425), FET's (see pages 4-66.through 4-70) and a tuning diode (see page 5-68). 

4. Tape and Reel/Device Markings 

In addition to Section 7, which contains information on Tape and Reel Specifications, some additional information has been 
added to the second page of each of the device sections as follows: 

Ordering information for device packages that are available only in Tape and Reel or Ammo Pack has been 
presented so that the customer can quickly and easily get the information necessary to complete an order. 

Information concerning device markings for the SOT-23 and SC-59 packages has been provided. Since some 
customers have been confused by the date code marking on these device packages we have provided a visual 
and written explanation of the date code marking found on the SOT-23 and SC-59 packages. 
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ALPHANUMERIC INDEX 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 

1N5139 5-3 2N2894 3-30 2N4407 3-105 BC107B 3-113 
1N5139A 5-3 2N2895 3-31 2N4410 2-36 BC107C 3-113 
1N5140 5-3 2N2896 3-31 2N4931 3-108 BC108 3-113 
1N5140A 5-3 2N2904 3-33 2N5058 3-110 BC108A 3-113 
1N5141 5-3 2N2904A 3-33 2N5086 2-37 BC108B 3-113 
1N5141A 5-3 2N2905 3-33 2N5087 2-37 BC108C 3-113 
1N5142 5-3 2N2905A 3-33 2N5088 2-42 BC109 3-113 
1N5142A 5-3 2N2906 3-33 2N5089 2-42 BC109A 3-113 
1N5143 5-3 2N2906A 3-33 2N5209 2-43 BC109B 3-113 
1N5143A 5-3 2N2907 3-33 2N5210 2-43 BC109C 3-113 

1N5144 5-3 2N2907A 3-33 2N5223 ?-44 BC140-10 3-115 
1N5144A 5-3 2N3019 3-39 2N5400 2-45 BC140-16 3-115 
1N5145 5-3 2N3020 3-39 2N5401 2-45 BC141-10 3-115 
1N5145A 5-3 2N3053 3-42 2N5440 4-18 BC141-16 3-115 
1N5146 5-3 2N3053A 3-42 2N5457 4-3 BC160-16 3-116 
1N5146A 5-3 2N3244 3-43 2N5458 4-3 BC161-16 3-116 
1N5147 5-3 2N3250 3-47 2N5459 4-3 BC177 3-117 
1N5147A 5-3 2N3251 3-47 2N5460 4-6 BC177A 3-117 
1N5148 5-3 2N3251A 3-47 2N5461 4-6 BC177B 3-117 
1N5148A 5-3 2N3467 3-52 2N5462 4-6 BC182 2-62 

1N5441A 5-6 2N3468 3-52 2N5484 4-9 BC182A 2-62 
1N5441B 5-6 2N3495 3-55 2N5485 4-9 BC182B 2-62 
1N5443A 5-6 2N3497 3-55 2N5486 4-9 BC183 2-62 
1N5443B 5-6 2N3499 3-58 2N5550 2-48 BC184 2-62 
1N5444A 5-6 2N3500 3-58 2N5551 2-48 BC212 2-64 
1N5444B 5-6 2N3501 3-58 2N5555 4-16 BC212B 2-64 
1N5445A 5-6 2N3546 3-64 2N5638 4-18 BC213 2-64 
1N5445B 5-6 2N3634 3-67 2N5639 4-18 BC214 2-64 
1 N5446A 5-6 2N3635 3-67 2N5668 4-20 BC237 2-66 
1N5446B 5-6 2N3636 3-67 2N5669 4-20 BC237A 2-66 

1N5448A 5-6 2N3637 3-67 2N5670 4-20 BC237B 2-66 
1N5448B 5-6 2N3700 3-39 2N6426 2-52 BC237C 2-66 
1N5449A 5-6 2N3762 3-73 2N6427 2-52 BC238 2-66 
1N54498 5-6 2N3799 3-79 2N6431 3-111 BC2388 2-66 
1N5450A 5-6 2N3903 2-3 2N6433 3-112 BC238C 2-66 
1N54508 5-6 2N3904 2-3 2N6515 2-56 BC239 2-66 
1N5451A 5-6 2N3905 2-8 2N6516 2-56 BC239C 2-66 
1N54518 5-6 2N3906 2-8 2N6517 2-56 BC307 2-69 
1N5452A 5-6 2N3947 3-82 2N6519 2-56 BC307B 2-69 
1N54528 5-6 2N3963 3-88 2N6520 2-56 BC307C 2-69 

1N5453A 5-6 2N3964 3-88 2N697 3-2 BC308C 2-69 
1N5453B 5-6 2N4014 3-90 2N7000 4-22 BC309 2-69 
1N5455A 5-6 2N4032 3-94 2N7002LT1 4-24 BC3098 2-69 
1N54558 5-6 2N4033 3-94 2N706A 3-3 BC327 2-72 
1N5456A 5-6 2N4036 3-96 2N718A 3-5 BC327-16 2-72 
1N54568 5-6 2N4037 3-96 2N720A 3-7 BC327-25 2-72 
2N1613 3-15 2N4123 2-13 2N869A 3-8 BC328 2-72 
2N1711 3-5 2N4124 2-13 2N930 3-11 BC328-16 2-72 
2N1893 3-16 2N4125 2-17 2N930A 3-11 BC328-25 2-72 
2N2102 3-17 2N4126 2-17 2N956 3-5 BC337 2-75 

2N2218A 3-18 2N4208 3-98 BAL99LT1 5-9 BC337-16 2-75 
2N2219 3-18 2N4264 2-21 BAS16LT1 5-10 BC337-25 2-75 
2N2219A 3-18 2N4265 2-21 BAS21LT1 5-11 BC337-40 2-75 
2N2222 3-18 2N4400 2-26 BAV70LT1 5-12 BC338 2-75 
2N2222A 3-18 2N4401 2-26 BAV74LT1 5-13 BC338-16 2-75 
2N2270 3-23 2N4402 2-31 BAV99LT1 5-14 BC338-25 2-75 
2N2369 3-24 2N4403 2-31 BAW56LT1 5-15 BC338-40 2-75 
2N2369A 3-24 2N4404 3-100 BC107 3-113 BC368 2-78 
2N2484 3-29 2N4405 3-100 BC107A 3-113 BC369 2-78 
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ALPHANUMERIC INDEX (continued) 

MOTOROLA PART DATA SHEET MOTOROLA .PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 

BC372 2-80 BC847CLT1 2-107 BDC06 2-129 BSV16-10 3-143 
BC373 2-80 BC848ALT1 2-107 BF199 2-130 BSV52LT1 2-151 
BC393 3-119 BC848BLT1 2-107 BF224 2-131 BSX20 3-145 
BC394 3-120 BC848CLT1 2-107 BF240 2-132 CV12253 3-148 
BC450 2-82 BC856ALT1 2-108 BF244 4-26 CV9507 3-147 
BC450A 2-82 BC856BLT1 2-108 BF244A 4-26 J109 4-37 
BC489 2-83 BC857ALT1 2-108 BF244B 4-26 J110 4-37 
BC489A 2-83 BC857BLT1 2-108 BF244C 4-26 J111 4-40 
BC489B 2-83 BC857CLT1 2-108 BF245 4-26 J112 4-40 
BC490 2-84 BC858ALT1 2-108 BF245A 4-26 J113 4-40 

BC490A 2-84 BC858BLT1 2-108 BF245B 4-26 J174 4-41 
BC490B 2-84 BC858CLT1 2-108 BF245C 4-26 J175 4-41 
BC517 2-85 BCW29LT1 2-109 BF246 4-27 J176 4-41 
BC546 2-86 BCW30LT1 2-109 BF246A 4-27 J177 4-41 
BC546A 2-86 BCW31LT1 2-110 BF2468 4-27 J202 4-42 
BC546B 2-86 BCW33LT1 2-110 BF246C 4-27 J203 4-42 
BC547 2-86 BCW60ALT1 2-111 BF247 4-27 J270 4-43 
BC547A 2-86 BCW60BLT1 2-111 BF247A 4-27 J300 4-44 
BC547B 2-86 BCW60CLT1 2-111 BF247B 4-27 J304 4-45 
BC547C 2-86 BCW60DLT1 2-111 BF247C 4-27 J305 4-45 

BC548 2-86 BCW61ALT1 2-113 BF256 4-28 J308 4-46 
BC548A 2-86 BCW618LT1 2-113 BF2568 4-28 J309 4-46 
BC548B 2-86 BCW61CLT1 2-113 BF256C 4-28 J310 4-46 
BC548C 2-86 BCW61DLT1 2-113 BF258 3-132 M1MA151AT1 5-16 
BC549B 2-90 BCW65ALT1 2-115 BF259 3-132 M1MA151KT1 5-17 
BC549C 2-90 BCW68GLT1 2-116 BF374 2-135 M1MA151 WAT1 5-18 
BC550B 2-90 BCW69LT1 2-117 BF391 2-137 M1MA151WKT1 5-19 
BC550C 2-90 BCW70LT1 2-117 BF392 2-137 MAD1103P 5-20 
BC556 2-93 BCW71LT1 2-118 BF393 2-137 MAD1107P 5-20 
BC556A 2-93 BCW72LT1 2-118 BF420 2-138 MAD1108P 5-20 

BC556B 2-93 BCX17LT1 2-119 BF421 2-139 MAD1109P 5-23 
BC557 2-93 BCX18LT1 2-119 BF422 2-138 MAD130P 5-20 
BC557A 2-93 BCX19LT1 2-119 BF423 2-139 MBD101 5-25 
BC5578 2-93 BCX20LT1 2-119 BF491 2-140 MBD301 5-27 
BC557C 2-93 BCX70GLT1 2-120 BF492 2-140 MBD701 5-29 
BC5588 2-93 BCX70JLT1 2-120 BF493 2-140 MDC1000A 6-3 
BC559 2-98 BCX70KLT1 2-120 BF493S 2-141 MDC1000BLT1 6-3 
BC559B 2-98 BCY58-IX 3-121 BF720T1 2-142 MDC1000CT1 6-3 
BC559C 2-98 BCY58-Vlll 3-121 BF721T1 2-143 MDC1005A 6-11 
BC560 2-98 BCY58-X 3-121 BF844 2-144 MOC1005BLT1 6-11 

BC560B 2-98 BCY59-IX 3-121 BF959 2-146 MM3001 3-149 
BC560C 2-98 BCY59-Vll 3-121 BFR30LT1 4-29 MM3002 3-149 
BC618 2-100 BCY59-Vlll 3-121 BFR31 LT1 4-29 MM3005 3-150 
BC635 2-101 BCY59-X 3-121 BFW43 3-133 MM3007 3-150 
BC636 2-103 BCY70 3-126 88107 4-30 MM3725 3-151 
BC637 2-101 BCY71 3-126 BS107A 4-30 MM4001 3-155 
BC638 2-103 BCY72 3-126 BS170 4-33 MM4003 3-155 
BC639 2-101 BCY78-IX 3-128 BSP16T1 2-148 MM4005 3-156 
BC640 2-103 BCY78-Vlll 3-128 BSS123LT1 4-36 MM4209 3-157 
BC807-16LT1 2-105 BCY79-IX 3-128 BSS63LT1 2-149 MM5007 3-159 
BC807-25LT1 2-105 BCY79-Vll 3-128 BSS64LT1 2-150 MM6427 3-160 
BC807-40LT1 2-105 BCY79-Vlll 3-128 BSS71 3-135 MMAD1103 5-31 

BC817-16LT1 2-106 BDB01C 2-122 BSS72 3-135 MMAD1104 5-31 
BC817-25LT1 2-106 BDB01D 2-122 BSS73 3-135 MMAD1105 5-31 
BC817-40LT1 2-106 BDB02C 2-124 BSS74 3-138 MMAD1106 5-31 
BC846ALTI 2-107 BDB02D 2-124 BSS75 3-138 MMAD1107 5-31 
BC846BLTI 2-107 BDC01D 2-126 BSS76 3-138 MMAD1108 5-33 
BC847ALT1 2-107 BOC02D 2-127 BSS78 3-141 MMAD1109 5-31 
SC847BLT1 2-107 BOC05 2-128 BSS89 4-35 MMAD130 5-31 
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ALPHANUMERIC INDEX (continued) 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 

MMBD101LT1 5-25 MMBTA13LT1 2-180 MPF4861 4-87 MPS4123 2-277 
MMBD2835LT1 5-36 MMBTA14LT1 2-180 MPF6659 4-89 MPS4124 2-277 
MMBD2836LT1 5-36 MMBTA20LTI 2-181 MPF6660 4-89 MPS4125 2-278 
MMBD2837LTI 5-37 MMBTA42LTI 2-182 MPF6661 4-89 MPS4126 2-278 
MMBD2838LTI 5-37 MMBTA43LTI 2-182 MPF89 4-72 MPS4249 2-279 
MMBD301LTI 5-27 MMBTA55LTI 2-183 MPF910 4-74 MPS4250 2-279 
MMBD352LTI 5-34 MMBTA56LTI 2-183 MPF930 4-75 MPS4258 2-281 
MMBD353LTI 5-34 MMBTA63LTI 2-184 MPF960 4-75 MPS5179 2-283 
MMBD354LTI 5-34 MMBTA64LTI 2-184 MPF970 4-78 MPS536 2-242 
MMBD6050LT1 5-38 MMBTA70LTI 2-185 MPF971 4-78 MPS5771 2-285 

MMBD61 OOL Tl '-39 MMBTA82LT1 2-186 MPF990 4-?5 MPS6428 2-286 
MMBD7000LTI 5-40 MMBTA93LTI 2-186 MPN3404 5-60 MPS650 2-245 
MMBD701LTI 5-29 MMBTHIOLTI 2-187 MPN3700 5-58 MPS6507 2-288 
MMBD914LT1 5-35 MMBTH24LT1 2-188 MPQ2222 2-203 MPS651 2-245 
MMBF170LTI 4-51 MMBTH69LT1 2-189 MPQ2222A 2-203 MPS6520 2-289 
MMBF4391LT1 4-52 MMBTH81LT1 2-190 MPQ2369 2-205 MPS6521 2-289 
MMBF4392LTI 4-52 MMBVI 05GLTI 5-41 MPQ2483 2-206 MPS6523 2-289 
MMBF4393LTI 4-52 MMBVI09LTI 5-43 MPQ2484 2-206 MPS6530 2-290 
MMBF4416LTI 4-53 MMBV2101LT1 MPQ2906 2-208 MPS6531 2-290 
MMBF4856LTI 4-54 THAU MMBV2109LTI 5-51 MPQ2907 2-208 MPS6534 2-291 

MMBF4860LTI 4-55 MMBV2103LTI 5-51 MPQ2907A 2-208 MPS6560 2-292 
MMBF5457LTI 4-57 MMBV2104LT1 5-51 MPQ3467 2-210 MPS6562 2-292 
MMBF5459LTI 4-58 MMBV2105LT1 5-51 MPQ3725 2-211 MPS6568A 2-293 
MMBF5460LTI 4-59 MMBV2107LT1 5-51 MPQ3762 2-213 MPS6571 2-295 
MMBF5484LT1 4-60 MMBV2108LT1 5-51 MPQ3798 2-215 MPS6595 2-296 
MMBF5486LTI 4-61 MMBV2109LTI 5-51 MPQ3799 2-215 MPS6601 2-297 
MMBFJl75LTI 4-62 MMBV3102LTI 5-54 MPQ3904 2-217 MPS6602 2-297 
MMBFJ177LTI 4-63 MMBV3401 LTI 5-56 MPQ3906 2-218 MPS6651 2-297 
MMBFJ309LTI 4-64 MMBV3700LTI 5-58 MPQ6001 2-220 MPS6652 2-297 
MMBFJ310LTI 4-64 MMBV409LTI 5-45 MPQ6002 2-220 MPS6714 2-302 

MMBFU310LT1 4-65 MMBV432LTI 5-47 MPQ6100A 2-223 MPS6715 2-302 
MMBT2222ALT1 2-156 MMBV609LTI 5-49 MPQ6426 2-225 MPS6717 2-303 
MMBT2222LT1 2-156 MMBV809LTI 5-50 MPQ6501 2-220 MPS6724 2-304 
MMBT2369ALTI 2-158 MMFT107TI 4-66 MPQ6502 2-220 MPS6725 2-304 
MMBT2369LT1 2-158 MMFT6661T1 4-68 MPQ6600A1 2-223 MPS6726 2-305 
MMBT2484LT1 2-160 MMFT960T1 4-70 MPQ6700 2-227 MPS6727 2-305 
MMBT2907ALT1 2-161 MMPQ2222 2-191 MPQ6842 2-231 MPS750 2-245 
MMBT2907LT1 2-161 MMPQ2222A 2-191 MPQ7041 2-234 MPS751 2-245 
MMBT3640LT1 2-163 MMPQ2369 2-193 MPQ7042 2-234 MPS8093 2-306 
MMBT3904LT1 2-164 MMPQ2907 2-194 MPQ7043 2-234 MPS8098 2-307 

MMBT3906LT1 2-166 MMPQ2907A 2-194 MPQ7051 2-235 MPS8099 2-307 
MMBT404ALT1 2-152 MMPQ3467 2-196 MPQ7091 2-237 MPS8598 2-307 
MMBT4401LT1 2-168 MMPQ3725 2-197 MPQ7093 2-237 MPS8599 2-307 
MMBT4403LT1 2-169 MMPQ3799 2-198 MPS2222 2-250 MPS918 2-248 
MMBT5087LTI 2-170 MMPQ3904 2-199 MPS2222A 2-250 MPSA05 2-312 
MMBT5088LTI 2-171 MMPQ3906 2-200 MPS2369 2-254 MPSA06 2-312 
MMBT5089LT1 2-171 MMPQ6700 2-201 MPS2369A 2-254 MPSAl3 2-317 
MMBT5401LTI 2-172 MMPQ6842 2-202 MPS2907 2-256 MPSAl4 2-317 
MMBT5550LT1 2-173 MPF102 4-73 MPS2907A 2-256 MPSA16 2-318 
MMBT5551LT1 2-173 MPF3821 4-82 MPS3563 2-248 MPSA17 2-318 
MMBT6427LT1 2-174 MPF3822 4-£2 MPS3568 2-260 MPSA18 2-320 

MMBT6428LT1 2-175 MPF4391 4-83 MPS3638 2-261 MPSA20 2-324 
MMBT6429LT1 2-175 MPF4392 4-83 MPS3638A 2-261 MPSA27 2-325 
MMBT6517LT1 2-176 MPF4393 4-83 MPS3640 2-263 MPSA28 2-327 
MMBT6520LT1 2-177 MPF4856 4-87 MPS3646 2-265 MPSA29 2-327 
MMBT8599LT1 2-178 MPF4857 4-87 MPS3866 2-267 MPSA42 2-329 
MMBT918LT1 2-154 MPF4858 4-87 MPS3904 2-269 MPSA43 2-329 
MMBTA05LTI 2-179 MPF4859 4-87 MPS3906 2-275 MPSA44 2-331 
MMBTA06LT1 2-179 MPF4860 4-£7 MPS404A 2-238 MPSA55 2-312 
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ALPHANUMERIC INDEX (continued) 

MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET MOTOROLA PART DATA SHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 

MPSA56 2-312 MPSW45A 2-373 MUN2213T1 2-400 MV409 5-45 
MPSA62 2-334 MPSW51 2-374 MV104 5-64 MV7005T1 5-68 
MPSA63 2-334 MPSW51A 2-374 MV1403 5-66 MVAM108 5-70 
MPSA64 2-334 MPSW55 2-377 MV1404 5-66 MVAM109 5-70 
MPSA70 2-335 MPSW56 2-377 MV1405 5-66 MVAM115 5-70 
MPSA75 2-336 MPSW63 2-380 MV1620 5-67 MVAM125 5-70 
MPSA77 2-336 MPSW64 2-380 MV1624 5-67 P2N2222A 2-408 
MPSA92 2-338 MPSW92 2-383 MV1626 5-67 P2N2907A 2-410 

MPSA93 2-338 MSA 1022-BT1 2-386 MV1628 5-67 P2N3019 2-412 
MPSH04 2-340 MSA 1022-CT1 2-386 MV1630 5-67 P2N4033 2-415 
MPSH07A 2-341 MSB709-RT1 2-387 MV1634 5-67 PBF259 2-404 
MPSH10 2-344 MSB709-ST1 2-387 MV1636 5-67 PBF259RS 2-405 
MPSH11 2-344 MSB710-QT1 2-388 MV1638 5-67 PBF259S 2-404 
MPSH17 2-347 MSB710-RT1 2-388 MV1640 5-67 PBF493 2-406 
MPSH20 2-348 MSC1621T1 2-389 MV1642 5-67 PBF493R 2-407 
MPSH24 2-351 MSC2295-BT1 2-390 MV1644 5-67 PBF493RS 2-407 
MPSH34 2-354 MSC2295-CT1 2-390 MV1648 5-67 PBF493S 2-406 
MPSH69 2-355 MSC2404-CT1 2-391 MV1650 5-67 PZT2222AT1 2-417 
MPSH81 2-356 MSC3130T1 2-392 MV209 5-43 PZT2907AT1 2-420 
MPSL01 2-358 MSD1328-RT1 2-395 MV2101 5-51 PZTA42T1 2-422 

MPSL51 2-359 MSD601-AT1 2-393 MV2103 5-51 PZTA64T1 2-423 
MPSW01 2-360 MSD601-ST1 2-393 MV2104 5-51 PZTA92T1 2-424 
MPSW01A 2-360 MSD602-RT1 2-394 MV2105 5-51 PZTA96T1 2-425 
MPSW05 2-363 MSD6100 5-62 MV2107 5-51 VN0300L 4-92 
MPSW06 2-363 MSD6150 5-63 MV2108 5-51 VN0610LL 4-93 
MPSW10 2-366 MUN2111T1 2-396 MV2109 5-51 VN10LM 4-94 
MPSW13 2-367 MUN2112T1 2-396 MV2111 5-51 VN1706L 4-95 
MPSW14 2-367 MUN2113T1 2-396 MV2113 5-51 VN2222LL 4-96 
MPSW42 2-370 MUN2211T1 2-400 MV2114 5-51 VN2406L 4-98 
MPSW45 2-373 MUN2212T1 2-400 MV2115 5-51 VN2410L 4-99 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

viii 



This selector guide highlights semiconductors that are the 
most popular and have a history of high usage for the most 
applications. 

It covers a wide range of Small-Signal plastic and metal-can 
semiconductors. 

A large selection of encapsulated plastic transistors, FETs and 
diodes are available for surface mount and insertion assembly 
technology. Plastic packages include T0-92 (T0-226AA), 1 Watt 
T0-92 (T0-226AE), SOT-23, SC-59, and SOT-223. Plastic mul
tiples are available in 14-pin and 16-pin dual-in-line packages 
for insertion applications: S0-14 and S0-16 for surface mount 
applications. 

Metal-can packages are available for applications requiring 
higher power dissipation or having hermetic requirements in T0-
18 (T0-206AA) and T0-39 (T0-205AD). 
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• 
Plastic-Encapsulated 
Transistors 

Motorola's small-signal T0-226 plastic transistors 
encompass hundreds of devices with a wide variety of char
acteristics for general-purpose, amplifier and switching 
applications. The popular high-volume package combines 
proven reliability, performance, economy and convenience 
to provide the perfect solution for industrial and consumer 
design problems. All devices are laser marked for ease of 
identification and shipped in antistatic containers, as part 
of Motorola's ongoing practice of maintaining the highest 
standards of quality and reliability. 

' ....... 11. CT0-226AE 
2 3 1-WATT (T0-92) 

Table 1. Plastic-Encapsulated General-Purpose Transistors 

~'-·-3 T0·226AA 
(T0-92) 

These general-purpose transistors are designed for small-signal amplification from de to low radio frequencies. They are also 
useful as oscillators and general-purpose switches. Complementary devices shown where available (Tables 1-4). 

Pin 
NPN PNP Out 

Y(BR)CEO 
Volts 
Min 

Case 29·04 - T0·226AA (T0-92) 

MPS8099 MPS8599 EBC 80 
MPSA06 MPSA56 EBC 80 
2N4410 - EBC 80 
BC546 BC556 CBE 65 
BC546A BC556A CBE 65 
BC546B BC556B CBE 65 
MPSA05 MPSA55 EBC 60 

MPS2907A EBC 60 
BC182 BC212 ECB 50 
BC237B BC307B CBE 45 
BC337 BC327 CBE 45 
BC547 BC557 CBE 45 
BC547A BC557A CBE 45 
BC547B BC557B CBE 45 
BC547C BC557C CBE 45 
MPSA20 MPSA70 EBC 40 
MPS2222A EBC 40 
2N4401 2N4403 EBC 40 
2N4400 2N4402 EBC 40 
MPS6602 MPS6652 EBC 40 
2N3903 2N3905 EBC 40 
2N3904 2N3906 EBC 40 
BC548 CBE 30 
BC548A CBE 30 
BC548B BC558B CBE 30 
BC548C CBE 30 
2N4123 2N4125 EBC 30 
2N4124 2N4126 EBC 25 
BC338 BC328 CBE 25 

"Typical 

tr®'c 
MHz 
Min mA 

150 10 
100 10 
60 10 
150 10 
150 10 
150 10 
100 10 
200 50 
200 10 
150 10 
210· 10 
150 10 
150 10 
150 10 
150 10 
125 5.0 
300 20 
200 20 
150 20 
100 50 
200 10 
250 10 
300· 10 
300· 10 
300· 10 
300 10 
200 10 
250 10 
210· 10 

le 
mA 
Max 

200 
500 
250 
100 
100 
100 
500 
600 
100 
100 
800 
100 
100 
100 
100 
100 
600 
600 
600 
1000 
200 
200 
100 
100 
100 
100 
200 
200 
800 

hfe@tc 

Min Max 

100 300 
100 -
60 400 
120 450 
120 220 
180 450 
50 -
100 300 
120 460 
200 460 
100 600 
120 450 
120 220 
180 450 
380 800 
40 400 
100 300 
100 300 
50 150 
50 -
50 150 
100 300 
120 300 
120 220 
180 450 
380 800 
50 150 
120 360 
100 600 
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mA 

1.0 
100 
10 
2.0 
2.0 
2.0 
100 
150 
2.0 
2.0 
100 
2.0 
2.0 
2.0 
2.0 
5.0 
150 
150 
150 
500 
10 
10 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
100 

NF 
dB 

Max 

-
-
-
10 
10 
10 
-
-
10 
10 
-
10 
10 
10 
10 
-
-
-
-
-
6 
5 
10 
10 
10 
10 
6 
5 
-



Table 1. Plastic-Encapsulated General-Purpose Transistors (continued) 

Case 29-03 - T0-226AE (1-WATT T0-92) 

V(BR)CEO tr® le •c hfe@lc Vce(sat) @ le @ le 
Pin Volts MHz A Volts 

NPN PNP Out Min Min mA Max Min Max mA Max mA mA 

BDB01D BDB02D EBC 100 50 200 0.5 40 400 100 0.7 1000 100 
BDC01D BDC02D ECB 100 50 200 0.5 40 400 100 0.7 1000 100 
BDB01C BDB02C EBC 80 50 200 0.5 40 400 100 0.7 1000 100 
BDC01C BDC02C ECB 80 50 200 0.5 40 400 100 0.7 1000 100 
MPS6717 EBC 80 50 200 0.5 80 - 50 0.5 250 10 
MPSW06 MPSW56 EBC 80 50 200 0.5 80 - 50 0.4 250 10 

Table 2. Plastic-Encapsulated Low-Noise and Good hFE Linearity 
These devices are designed to use on applications where good hFE linearity and low-noise characteristics are required: 
Instrumentation, hi-Ii preamplifier. 

NPN PNP 
Pin 
Out 

Case 29-04 - T0-226AA (T0-92) 

- MPS4249 EBC 
- 2N5087 EBC 
- 2N5086 EBC 
MM6428 - EBC 
BC239 BC309 CBE 
BC550B BC560B CBE 
BC550C BC560C CBE 
MPSA18 - EBC 
MPS3904 MPS3906 EBC 
- MPS4250 EBC 
BC549B BC559B CBE 
BC549C BC559C CBE 
2N5088 - EBC 
2N5089" - EBC 
MPS6521 MPS6523 EBC 

V(BR)CEO 
Volts 

60 
50 
50 
50 
45 
45 
45 
45 
40 
40 
30 
30 
30 
25 
25 

hfe@lc 

Min Max mA 

100 300 0.1 
250 800 0.1 
150 500 0.1 
250 650 0.1 
120 800 2.0 
180 460 2.0 
380 800 2.0 
500 - 2.0 
100 300 10 
250 - 10 
180 800 2.0 
380 800 2.0 
350 - 2.0 
450 - 2.0 
300 - 2.0 

V11 
mV 
Typ 

-
-
-
1.0·· 
9.5 
8.0 
8.0 
7.0 
-
-
8.0 
8.0 
-
-
-

dB 
Max 

3.0 
2.0 
3.0 
3.5""" 
2.0 
2.5 
2.5 
-
5.0 
2.0 
2.5 
2.5 
3.0 
2.0 
3.0 

1 Vr Total Input Noise Voltage (see Be413/BC414 and Be415/Be416 Data Sheets) at Rs = 2.0 k!l, le = 200 µA, VeE = 5.0 Volts. 
2 NF Noise Figure at Rs = 2.0 k, le = 200 µA, VeE = 5.0 Volts. f = 30 Hz to 15 kHz. 

* "S" version . 
•• Rs= 10 k!l, BW = 1.0 Hz, f = 100 MHz 

••• Rs = 500 !l, BW = 1.0 Hz, f = 10 MHz 
tMin 
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tr 
MHz 
Typ 

100 
40 
40 

100t 
240 
250 
250 
160 
200 
250 
250 
250 
150 
150 
340" 
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SMALL-SIGNAL BIPOLAR TRANSISTORS - PLASTIC-ENCAPSULATED TRANSISTORS 
(continued) 

Table 3. Plastic-Encapsulated Darlington Transistors 
Darlington amplifiers are cascade transistors used in applications requiring very high-gain and input impedance. These devices 
have monolithic construction. 

Pin V(eR)CEO le 
NPN PNP Out Volts Max Min Max mA 

Case 29-03 - T0-226AE (1-WATT T0-92) 

MPSW45A EBC 50 
MPSW64 EBC 30 

Case 29-04 - T0-226AA (T0-92) 

MPSA29 - EBC 100 
BC373 - EBC 80 
MPSA27 MPSA77 EBC 60 
BC618 - CBE 55 

MPSA75 EBC 40 
2N6427 - EBC 40 
2N6426 - EBC 40 
MPSA14 MPSA64 EBC 30 
MPSA13 MPSA63 EBC 30 
BC517 - CBE 30 

1000 25K 
1000 20K 

500 10K 
1000 25K 
500 10K 
1000 10K 
500 10K 
500 20K 
500 30K 
500 20K 
500 10K 
400 30K 

-
160K 

-
SOK 
-

200K 
300K 
-
-
-

200 
100 

100 
100 
100 
200 
100 
100 
100 
100 
100 
20 

Table 4. Plastic-Encapsulated High-Current Transistors 

Volts 
Max 

1.5 
1.5 

1.4 
1.0 
1.5 
1.1 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 

Vee(sat) 
le le tr 

mA mA Min 

1000 
100 

100 
250 
100 
200 
100 
500 
500 
100 
100 
100 

2.0 
0.1 

0.1 
0.2.5 
0.1 
0.2 
0.1 
0.5 
0.5 
0.1 
0.1 
0.1 

100 
125 

125 
100 
125 
150 
125 
125 
125 
125 
125 
125 

200 
10 

10 
100 
10 

500 
10 
10 
10 
10 
10 
10 

The following table is a listing of devices that are capable of handling a higher current range for small-signal transistors. 

Case 29·03-T0·226AE (1·WATT T0-92) 

V(BR)eEO tr@ie le hfe@lc VcE(sat) @ le @ le 
Pin Volts MHz mA Volts 

NPN PNP Out Min Min mA Max Min Max mA Max mA mA 

MPS6715 MPS6727 EBC 40 50 50 1000 50 - 1000 0.5 1000 100 
MPSW01A MPSW51A EBC 40 50 50 1000 50 - 1000 0.5 1000 100 

Case 29-04 - T0·226AA (T0-92) 

V(eR)eEO tr@ie ie hfe@le Vee(sat) @ le @ le 
Pin Volts MHz mA Volts 

NPN PNP Out Min Min mA Max Min Max mA Max mA mA 

BC489 BC490 CBE 80 200/150' 50 1000 60 400 100 0.3/0.5 1000 100 
BC639 BC640 ECB 80 60 10 1000 40 160 150 0.5 500 50 
MPS651 MPS751 EBC 60 75 50 2000 75 - 1000 0.5 2000 200 
MPS650 MPS750 EBC 40 70 50 2000 75 - 1000 0.5 2000 200 
BC368 BC369 EBC 20 60 10 1000 60 - 1000 0.5 1000 100 

'Typical 
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Table 5. Plastic-Encapsulated High-Voltage Amplifier Transistors 
These high-voltage transistors are designed for driving neon bulbs and indicator tubes, for direct line operation, and for other 
applications requiring high-voltage capability at relatively low collector current. These devices are listed in order of decreasing 
breakdown voltage (V(BR)CEQ). 

V(BR)CEO le hfE @ le 
Device Pin Volts Amp 
Type Out Min Max Min mA 

Case 29-03 - T0-226AE (1-WATT T0-92) - NPN 

BDC05 ECB 300 0.5 40 
MPSW42 EBC 300 0.3 40 

Case 29-03 - T0-226AE (1-WATT T0-92) - PNP 

BDC06 ECB 300 0.5 
MPSW92 EBC 300 0.3 

Case 29-04 - T0-226AA (T0-92) - NPN 

BF844 EBC 400 0.5 
MPSA44 EBC 400 0.3 
2N6517 EBC 350 0.5 
BF393 EBC 300 0.5 
MPSA42 EBC 300 0.5 
2N5551 EBC 160 0.6 

Case 29-04 - T0-226AA (T0-92) - PNP 

BF493S EBC 350 0.5 
2N6520 EBC 350 0.5 
MPSA92 EBC 300 0.5 
2N6519 EBC 300 0.5 
2N5401 EBC 150 0.6 

Case 29-04 - T0-226AA (T0-92) 

40 
25 

40 
40 
30 
40 
40 
80 

40 
30 
40 
45 
60 

25 
30 

25 
30 

30 
100 
30 
10 
10 
10 

10 
30 
10 
30 
10 

VcE(sat) @ le & le 
Volts 
Max mA 

2.0 
0.5 

2.0 
0.5 

0.5 
0.75 
0.3 
0.2 
0.5 

0.15 

20 
0.3 
0.5 
0.3 
0.2 

20 
20 

20 
20 

10 
50 
10 
20 
20 
10 

20 
10 
20 
10 
10 

mA 

2.0 
2.0 

2.0 
2.0 

1.0 
5.0 
1.0 
2.0 
2.0 
1.0 

2.0 
1.0 
2.0 
1.0 
1.0 

V(BR)CEO le hfE@lc VcE(sat) @ le @ le 

NPN PNP 

BF420 BF421 
BF422 BF423 

Pin Volts Amp Volts 
Out Min Cont Min mA Max mA 

ECB 300 0.1 40 25 2.0 20 
ECB 250 0.1 50 25 2.0 20 
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mA 

2.0 
2.0 

t-r@lc 
MHz 
Min mA 

60 10 
50 10 

60 10 
50 10 

50 10 
20 10 
40 10 
50 10 
50 10 
100 10 

50 10 
40 10 
50 10 
40 10 
100 10 

t-r@ic 
MHz 
Min mA 

60 10 
60 10 

I 
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SMALL-SIGNAL BIPOLAR TRANSISTORS - PLASTIC-ENCAPSULATED TRANSISTORS 
(continued) 

Table 6. Plastic-Encapsulated RF Transistors 
The RF transistors are designed for small-signal amplification from RF to VHF/UHF frequencies. They are also used as mixers 
and oscillators in the same frequency ranges. 

V(BR)CEO le 
Device Pin Volts mA 
Type Out Min Max 

Case 29-04 - T0-226AA (T0-92) - NPN 

BF224 CEB 30 so 
MPSH24 BEC 30 100 
MPSH20 BEC 30 100 
MPSH07A EBC 30 25 
MPS3866 EBC 30 400 
MPSH11 BEC 25 25 
MPSH10 BEC 25 100 
BF199 CEB 25 100 
BF959 CEB 20 100 
MPS6568A BEC 20 50 
MPSH17 BEC 15 100 
MPS918 EBC 15 50 
MPS5179 EBC 12 50 
MPS3563 EBC 12 50 
MPS6595 EBC 12 50 

Case 29-04 - T0-226AA (T0-92) - PNP 

MPSH81 
MPSH69 

*Min 
(1)Max 
(2)AGC Capable 

BEC 
EBC 

20 
15 

50 
50 

Min 

30 
30 
25 
20 
10 
60 
60 
40 
40 
20 
25 
20 
25 
20 
25 

60 
30 

hFE@le 

mA 

7.0 
8.0 
4.0 
3.0 
50 
4.0 
4.0 
7.0 
20 
4 

5.0 
8.0 
3.0 
8.0 
10 

5.0 
10 

VeE 
v 

10 
10 
10 
10 
5.0 
10 
10 
10 
10 
5 
10 
10 
1.0 
10 
5 

10 

tr 
MHz 
Typ 

600 
400· 
400· 
400· 
500· 
660· 
1500 
750 
800 
375• 
1600 
800 

2000 
800 
1200· 

700 
2000 

eRE/eRB 
pf 

Max 

0.28 
0.36 
0.65 
0.3 
-
-
0.7 
0.35 
0.65 
0.65 
0.9 
1.7 
-
1.7 
1.3 

0.85 
0.3 

NF 
dB 
Typ 

2.5 
-
-

3.2(1) 

-
-
-
2.5 
3.0 

3.3(1) 
6.0(1) 
6.o(1) 
4.5(1) 
6.0(1) 

-

MHz 

100 
-
-
100 
-
-
-
35 
200 
200 
200 
60 

200 
60 
-

Table 7. Plastic-Encapsulated High-Speed Saturated Switching Transistors 
The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processed to provide very short switching times and low output capacitance (below 6.0 pF). The transistors are listed in order 
of decreasing turn-on time (lonl· 

Device 
Type 

Ion & Iott@ le V(BR)CEO 
ns ns Volts 

Max Max mA Min 

Case 29-04 - T0-226AA (T0-92) - NPN 

2N4264 25 35 10 
2N4265 25 35 10 
MPS3646 18 28 300 
MPS2369A 12 18 10 

Case 29-04 - T0-226AA (T0-92) - PNP 

MPS3640 
MPS4258 
MPS5771 

25 
15 
15 

35 
20 
20 

50 
10 
10 

15 
12 
15 
15 

12 
12 
15 

hFE@le 

Min mA 

40 
100 
30 
40 

30 
30 
35 

10 
10 
30 
10 

10 
50 
10 

VeE sat) @ le & le 
Volts 
Max 

0.22 
0.22 
0.2 
0.2 

0.2 
0.15 
0.18 

mA 

10 
10 
30 
10 

10 
10 
10 

mA 

1.0 
1.0 
3.0 
1.0 

1.0 
1.0 
1.0 
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tr® le 
MHz 
Min mA 

300 
300 
350 
500 

500 
700 
850 

10 
10 
30 
10 

10 
10 
10 



Table 8. Plastic-Encapsulated Choppers 
Devices are listed in decreasing V(BR)EBO· 

V(BR)EBO le hFE@ le Vce(sat) @ le & le 
Device Pin Volts Amp• Volts 
Type Out Min Max Min mA Max mA mA 

Case 29-04 - T0-226AA (T0-92) - NPN 

MPSA17 EBC 15 100 200 5.0 0.25 10 1.0 

MPSA16 EBC 12 100 200 5.0 0.25 10 1.0 

Case 29-04 - T0-226AA (T0-92) - PNP 

I MPS404A I EBC I -25 I -150 30 . -12 -0.2 -24 1.0 

'Typ 

Table 9. Plastic-Encapsulated Telecom Transistors 
These devices are special product ranges intended for use in telecom applications. 

Po mW le hFe@lc@Vce 
Device Pin V(BR)CEO 2s·c mA 
Type Out Volts Amb Cont Min Max mA 

Case 29-04 - T0-226AA (T0-92) - NPN 

P2N2222A CBE 40 625 600 75 10 
PBF259,S• EBC 300 625 500 25 1.0 

Case 29·04 - T0·226AA (T0-92) - PNP 

P2N2907A CBE 60 625 600 100 10 
PBF493,S .. EBC 300 625 500 40 1.0 

'"S" version, hFE Min 60 @ le ~ 20 mA. VeE ~ 1 o V. 
""S" version, hFE Min 40@ le~ 0.1 mA, VeE ~ 1.0 V. 
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I fT@lc 
MHz 
Min mA 

100 5.0 

80 5.0 

IT 
MHz 

Volts Min 

10 300 
10 40 

10 200 
10 40 



II 
Plastic-Encapsulated 
Multiple Transistors 

The manufacturing trend has been toward printed circuit 
board design with requirements for smaller packages with 
more functions. In the case of discrete components the use 
of the multiple device package helps to reduce board space 
requirements and assembly costs. 

Many of the most popular devices are offered in the stan
dard plastic DIP and surface mount IC packages. This 
includes small-signal NPN and PNP bipolar transistors, 
N-channel and P-channel FETs, as well as diode arrays. 

Specification Tables 

CASE 646-06 
(T0-116) 

CASE 751 B-03 
S0-16 

The following short form specifications include Quad and Dual bipolar transistors listed in alphanumeric order. Some columns 
denote two different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 
This applies to Table 1 and 2 of this section only. 

hFE1 '1VBE Gp NF@ f 

KEV Po -- mV dB dB I 
Watts hFE2 Max Min Max 

VcE I 
TYPE NO. ID 

One 1i le fr Cob ton loft (sat)(<' C & le ~ 
Die VcE ~ Amp hFE@ le "' MHz pF ns ns Voltsl/I 

::> 
0 

Only Volts Jl Max Min I 
::> Min Max Max Max Max 8 

Alphanumeric listing Common-emitter G~ - Power Gain 
type numbers DC Current Gain N - Noise Figure 

ldentiiication Code Units for test current 
I - Test Frequency 

AUD -10-15 kHz 
1st Letter: Polarity A- ampere Frequency Units: 
C - both types in multiple device m-mA H- Hertz M-MHz 
N-NPN u-µ.A K-kHz G-GHz 
P-PNP VcE(sat) ..:.... Collector-Emitter Saturation 
2nd Letter; Use 
A - General Purpose Amplifier 

Voltage 

E - Low Noise Audio Amplifier Current-Gain-Bandwidth le - Test Current 

F - Low Noise RF Amp!ifier Product Current Units: u - µ.A 
m-mA 

G - General Puqxise Amplifier A-Amp 
and Switch 

hfe11hfE2 - Current Gain Ratio H - Tuood RFllF Amplilier 
M - Dlfferential Amplifier Continuous {DC) Collector Current Vee - Differential Base Voltage IVee1 - Vee2I· 

S - High Speed Swilch Differential Amplifiers 

D - Darlington Rated Minimum Collector-Emitter Voltage 
t0 n - turn-on time 
t0 tt - turn-off time 

Power Dissipation specified at 25°C. Single Subscript letter identifies base termination 
Output Capacrtance, comrion-base. Shown without distinction: die rating. listed below in order of preference. 

Ref. Point A - Ambient temperature SUBSCRIPT Ccb - Collector-Base Capacitance 

C - Case temperature o - Vern. open Cre-Common-Emttter Reverse Transfer Capacitance 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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Table 1. Plastic-Encapsulated Multiple Transistors - Quad 
The following table is a listing of the most popular multiple devices available in the plastic DIP package. These devices are 
available in NPN, PNP, and NPN/PNP configurations. (See note.) 

hfE1 11.vee Gp NF @ f 

-- mV dB dB 
hfE2 Max Min Max 

Po Typ* 
Watts le fy Cob ton loff VcE 'c 

Type No. 10 One Vee- Amp hfE@ le MHz pF ns ns (sat)@_ tc 
Die Volts Max Min l Min Max Max Max Volts J 'e 

Only Max 

case 646-06 -T0-116 

MPQ2222A NA 0.65 A 40 0 0.5 100 150 m 200 8.0 35• 2a5· 0.3 10 150m 
MPQ2369 NS 0.5 A 15 0 0.5 40 10m 450 4.0 9.o· 75• 0.25 10 10m 
MPQ2483 NA 0.625 A 40 0 0.05 150 1.0 m 50 3.0* AUD 
MPQ2484 NA 0.625 A 40 0 0.05 300 1.0 m 50 2.0* AUD 
MPQ2907A PA 0.65 A 60 0 0.6 100 150 m 200 8.0 45• 1ao· 0.4 10 150m 
MPQ3467 PS 0.75 A 40 0 1.0 20 500 m 125 25 40 90 0.5 10 500m 
MPQ3725 NS 1.0 A 40 0 1.0 25 500m 250 10 35 60 0.45 10 500m 
MPQ3762 PS 0.75 A 40 0 1.5 35 150m 150 15 50 120 0.55 10 500m 
MPQ3798 PA 0.625 A 40 0 0.05 150 0.1 m 60 4.0 3.0* AUD 
MPQ3799 PA 0.625 A 60 0 0.05 300 0.1 m 60 4.0 2.0* AUD 
MPQ3904 NG 0.5 A 40 0 0.2 75 10m 250 4.0 37• 136. 0.2 10 10m 
MPQ3906 PG 0.5 A 40 0 0.2 75 10m 200 4.5 43• 755• 0.25 10 10m 
MPQ6001 CG 0.65 A 30 0 0.5 40 150m 200 8.0 30• 225• 0.4 10 150m 
MPQ6002 CG 0.65 A 30 0 0.5 100 150m 200 8.0 30' 225* 0.4 10 150m 
MPQ6100A CA 0.5 A 45 0 0.05 150 1.0 m 50 4.0 4.0* AUD 
MPQ6426 ND 0.5 A 30 0 0.5 10K 100m 125 8.0 - - 1.5 10 100m 
MPQ6501 CG 0.65 A 30 0 0.5 40 150m 200 8.0 30* 225* 0.4 10 150m 
MPQ6502 CG 0.65 A 30 0 0.5 100 150m 200 8.0 30* 225* 0.4 10 150m 
MPQ6600A1 CA 0.5 A 45 0 0.05 150 1.0m 50 4.0 0.8 20 0.25 10 1.0m 
MPQ6700 CA 0.5 A 40 0 0.2 70 10m 200 4.5 0.25 10 1.0m 
MPQ6842 CA 0.75 A 40 0 0.5 70 10m 300 4.5 45 150 0.15 10 0.5m 
MPQ7043 NA 0.75 A 250 0 0.5 25 1.0m 50 5.0 0.5 10 20m 
MPQ7042 NA 0.75 A 200 0 0.5 25 1.0 m 50 5.0 0.5 10 2om 
MPQ7051 CG 0.75 A 150 0 0.5 25 1.0m 50 6.0 0.7 10 20m 
MPQ7093 PA 0.75 A 250 0 0.5 25 1.0 m 50 5.0 0.5 10 20m 

"Typ 

NOTE: Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 

Table 2. Plastic-Encapsulated Multiple Transistors - Quad Surface Mount 
The following table is a listing of the most popular multiple devices available in the plastic SOIC surface mount package. These 
devices are available in NPN, PNP, and NPN/PNP configurations. 

hfe@•c tr@•c 
Device V BR CEO V BR CBO Min mA MHz Min mA 

case 7518-03- S0-16 

MMPQ2222A 40 75 40 500 350* 20 
MMPQ2369 15 40 20 100 450 10 
MMPQ2907A 50 60 50 500 350' 50 
MMPQ3467 40 40 20 500 125 50 
MMP03725 40 60 25 500 250 50 
MMPQ3799 60 60 300 0.5 60 1 
MMPQ3904 40 60 75 10 250 10 
MMPQ3906 40 40 75 10 200 10 
MMPQ6700** 40 40 70 10 200 10 

"NPN/PNP 
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II 
Plastic-Encapsulated 
Surface Mount Transistors 

This section of the selector guide lists the small-signal 
plastic devices that are available for surface mount appli
cations. These devices are encapsulated with the latest 
state-of-the-art mold compounds that enhance reliability 
and exhibit excellent performance in high temperature and 
high humidity environments. This package offers higher 
power dissipation capability for small-signal applications. 

CASE 318-07 
T0-236AB 

SOT-23 

CASE 3180-03 
SC-59 

Table 1. Plastic-Encapsulated Surface Mount General-Purpose Transistors 

CASE 318E-04 
SOT-223 

The following tables are a listing of small-signal general-purpose transistors in the SOT-23 and. SC-59 surface mount packages. 
These devices are intended for small-signal amplification for DC, audio, and lower RF frequencies. They also have applications 
as oscillators and general-purpose, low voltage switches. 

Plnout: 1 ·Base, 2-Emltter, 3·Collector 
Devices are listed in order of descending breakdown voltage. 

Device Marking V BR CEO 

Case 318-07 - T0·236AB (SOT·23) - NPN 

BC846ALT1 1A 65 
BC846BLT1 1B 65 
BC817-16LT1 6A 45 
BC817-25LT1 6B 45 
BC817-40LT1 6C 45 

BC847ALT1 1E 45 
BC847BLT1 1F 45 
BC847CLT1 1G 45 
MMBT2222ALT1 1P 40 
MMBT3904LT1 I 1AM 40 

6C848ALT1 1J 30 
BC848BLT1 1K 30 
6C848CLT1 1l 30 
MM6T4401LT1 2X 40 
MMBT8099LT1 KB 80 

Case 318-07 -T0-236AB (SOT-23) - PNP 

MMBT8599LT1 2W 80 
BC856ALT1 3A 65 
BC856BLT1 36 65 
MMBT2907ALT1 2F 60 
BC807-16LT1 5A 45 

BC807-25LT1 56 45 
BC807-40LT1 5C 45 
BC857ALT1 3E 45 
BC8576LT1 3F 45 

MMBT3906LT1 2A 40 
MMBT4403LT1 2T 40 
6C858ALT1 3J 30 
6C8586LT1 3K 30 
BC858CLT1 3L 30 

Min 

110 
200 
100 
160 
250 

110 
200 
420 
100 
100 

110 
200 
420 
100 
100 

75 
125 
220 
50 
100 

160 
250 
125 
220 

100 
100 
125 
220 
420 

hfE@lc 
Max 

220 
450 
250 
400 
600 

220 
450 
800 
300 
300 

220 
450 
800 
300 
300 

-
250 
475 

-
250 

400 
600 
250 
475 

300 
300 
250 
475 
800 

mA 

2 
2 

100 
100 
100 

2 
2 
2 

150 
10 

2 
2 
2 

150 
1 

100 
2 
2 

500 
100 

100 
100 
2 
2 

10 
150 
2 
2 
2 
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tr 
MHz Min 

100 
100 
200 
200 
200 

100 
100 
100 
200 
200 

100 
100 
100 
250 
150 

150 
100 
100 
200 
200 

200 
200 
100 
100 

250 
200 
100 
100 
100 



Table 1. Plastic-Encapsulated Surface Mount General-Purpose Transistors (continued) 
Pinout: 1-Emitter, 2-Base, 3-Collector 
Devices are listed in order of descending breakdown voltage. 

Device Marking V BR CEO 

Case 3180-03 - SC-59 - NPN 

MSD601-RT1 YR 25 
MSD601-ST1 VS 25 
MSD602-RT1 WR 25 
MSD132S-RT1 1DR 20 

Case 3180-03 - SC-59 - PNP 

MSB709-RT1 AR 25 
MSB709-ST1 AS 25 
MSB710-QT1 CQ 25 
MSB710-RT1 CR 25 

*Typical 

Min 

210 
290 
120 
200 

210 
290 
S5 
120 

hFE@lc 
Max 

340 
460 
240 
350 

340 
460 
170 
240 

Table 2. Plastic-Encapsulated Surface Mount Bias Resistor 
Transistors for General Purpose Applications 

These devices include bias resistors on the semiconductor chip with the transistor. 

See the BRT diagram for orientation of resistors. 

Device Marking V(BR)CEO hFE@ le 
Volts 

NPN PNP NPN PNP (Min) Min 

Case 3180-03 - SC-59 

MUN2211T1 MUN2111T1 SA 6A 50 35 
MUN2212T1 MUN2112T1 SB 68 50 60 
MUN2213T1 MUN2113T1 SC 6C 50 so 

mA 

5.0 
5.0 
5.0 

mA 

2 
2 

150 
500 

2 
2 

150 
150 

le 
mA 
Max 

100 
100 
100 

Table 3. Plastic-Encapsulated Surface Mount Switching Transistors 

10K 
22K 
47K 

IT 
MHz Min 

150' 
150• 
200· 
200· 

100· 
100· 
200· 
200· 

10K 
22K 
47K 

The following tables are a listing of devices intended for high-speed, low saturation voltage, switching applications. These 
devices have very fast switching times and low output capacitance for optimized switching performance. 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Switching Time (ns) hFE@lc IT 
Device Marking Ion Iott V BR CEO Min Max mA MHz Min 

Case 318-07 -T0-236AB (SOT-23) - NPN 

MMBT2369LT1 M1J 12 1S 15 20 100 
BSV52LT1 82 12 1S 12 40 120 10 400 

Case 318-07 -T0-236AB (SOT-23)- PNP 

I MMBT3640LT1 I 2J I 25 35 12 20 50 500 

Pinout: 1-Emitter, 2-Base, 3-Collector 
Case 3180-03 - SC-59 - NPN 

I MSC1621T1 I RB 20 I 40 20 40 180 200 
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II 

SMALL-SIGNAL BIPOLAR TRANSISTORS - PLASTIC-ENCAPSULATED SURFACE MOUNT 
TRANSISTORS (continued) 

Table 4. Plastic-Encapsulated Surface Mount VHF/UHF Amplifiers, Mixers, Oscillators 
The following table is a listing of devices intended for small-signal RF amplifier applications to VHF/UHF frequencies. These 
devices may also be used as VHF/UHF oscillators and mixers. · 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Device Marking 

Case 318-07 - T0-236AB (SOT-23) - NPN 

MMBTH10LT1 3E 
MMBT918LT1 3B 
MMBTH24LT1 3A 

Case 318-07 -T0-236AB (SOT-23)- PNP 

MMBTH81LT1 3D 
MMBTH69LT1 3J 

Pinout: 1-Emitter, 2-Base, 3-Collector 
Case 3180-03 - SC-59 - NPN 

MSC2295-BT1 
MSC2295-CT1 
MSC2404-CT1 
MSC3130T1 

Case 3180-03 - SC-59 - PNP 

MSA1022-BT1 
MSA1022-CT1 

"Cre 
.. Cob 

VB 
vc 
UC 
18 

EB 
EC 

V BR CEO 

25 
15 
30 

20 
15 

20 
20 
20 
10 

20 
20 

Ccb• 
pf Max 

0.7 
1.7 .. 
0.45 

0.85 
0.35" 

1.5• 
1.5" 
1· 
-

2· 
2· 

Table 5. Plastic-Encapsulated Surface Mount Choppers 

GHz Min 

0.65 
0.6 
0.4 

0.6 
2.0 

0.15 
0.15 
0.45 
1.4 

0.15 
0.15 

t,-@lc 
mA 

4 
4 
8 

5 
10 

1 
1 
1 
5 

The following table is a listing of small-signal devices intended for chopper applications where a higher than normal V (BR)CEO 
is required in the circuit application. 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Device Marking V BR EBO 

Case 318-07 - T0-236AB (SOT-23) - PNP 

I MMBT404ALT1 I 2N I 25 

V BR CEO Min 

35 100 

hfE@lc 
Max 

400 
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Table 6. Plastic-Encapsulated Surface Mount Darlingtons 
The following table is a listing of small-signal devices that have very high hfE and input impedance characteristics. These 
devices utilize monolithic, cascade transistor construction. 

Plnout: 1 ·Base, 2-Emltter, 3-Collector 
Devices are listed in order of descending hfE· 

VcE(sat) hFE@lc 
Device Marking V BR CEO Volts Max Min Max mA 

Case 3111-07 -T0-236AB (SOT-23)- NPN 

MMBTA14LT1 1N 40 1.5 20K 100 
MMBTA13LT1 1M 30 1.5 10K 100 

Case 318-07 - T0-236AB (SOT-23) - PNP 

I MMBTA64LT1 I 2V I 30 1.5 20K 100 

Table 7. Plastic-Encapsulated Surface Mount Low-Noise Transistors 
The following table is a listing of small-signal devices intended for low noise applications in the audio range. These devices 
exl:libit good linearity and are candidates for hi-Ii and instrumentation equipment. 

Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of ascending NF. 

NF 
Device Marking dB Typ 

Case 3111-07 - T0·236AB (SOT-23) - NPN 

MMBT5089LT1 1R 1 
MMBT2484LT1 1U 3 
MMBT6428LT1 1K 3 
MMBT6429LT1 1L 3 

Case 3111-07 -T0-236AB (SOT-23) - PNP 

I MMBT5087LT1 I 20 I 
'Max 

V BR CEO Min 

30 400 
60 -
50 250 
45 500 

50 250 

hFE@lc 
Max 

-
800 
-
-

Table 8. Plastic-Encapsulated Surface Mount High-Voltage Transistors 

mA 

10 
10 
10 
10 

10 

tr 
MHz Min 

50 
50 
100 
100 

40 

The following table is a listing of small-signal high-voltage devices designed for direct line operation requiring high voltage 
breakdown and relatively low current capability. 

Pinout: 1-Base, 2-Emltter, 3-Collector 
Devices are listed in order of descending breakdown voltage. 

hFE@lc tr 
Device Marking VBR EO Min Max mA MHz Min 

Case 3111-07 - T0·236AB (SOT-23) - NPN 
MMBT6517LT1 1Z 350 15 100 40 
MMBTA42LT1 1D 300 40 30 50 
MMBT5551LT1 G1 160 30 50 100 

Case 31S-07 - T0-236AB (SOT·23) - PNP 
MMBT6520LT1 2Z 350 15 100 40 
MMBTA92LT1 20 300 25 30 50 
MMBT5401LT1 2L 150 50 50 100 
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II 

SMALL-SIGNAL BIPOLAR TRANSISTORS - PLASTIC-ENCAPSULATED SURFACE MOUNT 
TRANSISTORS (continued) 

Table 9. Plastic-Encapsulated Surface Mount Drivers 
The following is a.listing of small-signal devices intended for medium voltage driver applications at fairly high current levels. 

Pinout: 1-Base, 2·Emitter, 3-Collector 

hFE@lc ,,. 
Device Marking V BR CEO Min Max mA MHz Min 

Case 318-07 - T0-236AB (SOT-23) - NPN 
MMBTA06LT1 1G 80 50 100 100 
BSS64LT1 AM 80 20 80 4 50 

Case 318-07 - T0·236AB (SOT·23) - PNP 
BSS63LT1 BM 100 30 25 50 
MMBTA56LT1 2G 80 50 100 50 

Table 1 O. Plastic-Encapsulated Surface Mount RF Transistors 
The following table is a listing of small-signal RF transistors intended for low-noise, high-power gain, Class A, AB or C amplifiers. 
These devices are used as pre-drivers in power amplifier applications. 

Plnout: 1-Base, 2-Emitter, 3-Collector 

fT ® lc@VcE 
GHz 

NF@lc@VcE 
dB 

MAG @ le @ VcE @ f 

Device Marking Typ mA 

Case 318-07 -T0-236AB (SOT·23) - NPN 
MMBR571LT1 7X 8 50 
MMBR941LT1 7Y 8 15 
MMBR951LT1 7Z 8 30 
MMBR911LT1 7P 6 30 
MMBR930LT1 7C 5.5 30 

MMBR920LT1 76 4.5 14 
MMBR901LT1 7A 4 15 
BFR92LT1 P1 3.4 14 
BFR93LT1 R1 3.4 30 
MMBR931LT1 70 3 1 

MMBR5179LT1 7H 1.4 5 
MMBR2060LT1 7E 1 20 
MMBR5031 LT1 7G 1 5 
MMBR2857LT1 7K 1 4 
BFS17LT1 E1 1 2 

Case 318-07 -T0-236AB (SOT-23) - PNP 
MMBR536LT1 
MMBR4957LT1 

7R 
7F 

5.5 
1.2 

20 
2 

v 

5 
6 
8 
10 
5 

10 
10 
10 
5 
1 

6 
1 
6 
10 
5 

5 
10 

Typ 

2 
2.1 
2.1 
2 

1.9 

2.4 
1.9 
3 

2.5 
4.3 

4.5 
3.5 
2.5 
4.5 
5 

4.5 
3 

mA 

10 
5 
5 
10 
2 

2 
5 
3 
2 

0.25 

1.5 
1.5 
1 

1.5 
2 

10 
2 

v 

6 
6 
6 
10 
5 

10 
6 

1.5 
5 
1 

6 
10 
6 
6 
5 

5 
10 

dB 
Typ 

16.5 
8.5 
7.5 
17 
11 

15 
12 
-
-
10 

15 
13 
17 

12.5 
-

14 
17 

Table 11. Plastic-Encapsulated Surface Mount Switching Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

hFE 

Device Marking Ion Iott V BR CEO Min Max 

Case 318E·04 - SOT-223 - NPN 

I PZT2222AT1 I 2222A 35 285 40 100 300 

Case 318E-04 - SOT-223 - PNP 

I PZT2907AT1 I 2907A 45 100 60 100 300 

mA 

5 
5 
5 
10 
30 

2 
5 
-
-

0.25 

5 
1.5 
1 

1.5 
-

10 
2 

v 

6 
6 
6 
10 
5 

10 
6 
-
-
1 

6 
10 
6 
6 
-

5 
10 

,,. 
@lc(mAJ 

20 

50 
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MHz 

500 
2000 
2000 
500 
500 

500 
1000 
500 
30 

1000 

200 
450 
450 
450 
30 

500 
450 

Min (MHz) 

300 

200 



Table 12. Plastic-Encapsulated Surface Mount Darlingtons 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device Marking 

Case 318E-04 - SOT-223 - PNP 

I PZTA64T1 I ZTA64 

V BR CEO 

30 

VcE(sat) 
Max (V) 

1.5 

Min Max 

20k 

Table 13. Plastic-Encapsulated Surface Mount High-Voltage Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 

Device 

Case 318E-04 - SOT-223 - NPN 

PZTA42T1 
BF720T1 

Case 318E-04 - SOT-223 - PNP 

PZTA92T1 
BF721T1 
PZTA96T1 
BSP16T1 

Marking 

TZA42 
BF720 

TZA92 
BF721 
ZTA96 
BSP16 

V BR CEO 

300 
250 

300 
250 
450 
300 

Min 

40 
50 

40 
50 
50 
30 

Max 

-
-
150 
150 

@lc(mA) 

10 
10 

10 
10 
10 
10 
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100 

Min (MHz) 

50 
60 

50 
60 
50 
15 
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• 
Metal-Can 
Transistors 

Metal-can packages are intended for use in industrial appli
cations where harsh environmental conditions are encoun
tered. These packages enhance reliability of the end products 
due to their resistance to varying humidity and extreme tem
perature ranges. 

Table 1. Metal-Can General-Purpose Transistors 

CASE 22-03 
T0-206AA 

(T0-18) 

CASE 79-04 
T0-205AD 

(T0-39) 

These transistors are designed for DC to VHF amplifier applications, general-purpose switching applications, and complementary 
circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 

VceR)CEO IT @ le 
Device Volts MHz 
Type Min Min mA 

Case 22-03 -T0-206AA (T0-18) - NPN 

2N720A 80 50 50 
2N3700 80 80 1.0 
BC107 45 150 10 
BC107A 45 150 10 
BC1078 45 150 10 
BCY59-IX 45 125 10 
BCY59-Vlll 45 125 10 
2N2222A 40 300 20 
2N3947 40 300 10 
BCY58-Vlll 32 125 10 
BC109C 25 150 10 

Case 22-03 - T0-206AA (T0-18) - PNP 

2N2906A 60 200 50 
2N2907A 60 200 50 
2N3251A 60 300 10 
BC177B 45 200 10 
BCY79-IX 45 180 10 
BCY79-Vlll 45 180 10 

Case 79-04 - T0-205AD (T0-39) - NPN 

2N3019 80 100 50 
2N3020 80 80 50 
2N1893 80 50 50 
2N2219A 40 300 20 
2N2218A 40 250 20 

Case 79-04 - T0-205AD (T0-39) - PNP 

MM5007 100 30 50 
2N4033 80 150 50 
2N4036 65 60 50 
2N2904A 60 200 50 
2N2905A 60 200 50 
2N4030 60 100 50 
2N4032 60 150 50 
BSV16-10 60 50 50 

•c 
mA 
Max 

150 
1000 
200 
200 
200 
200 
200 
800 
300 
200 
100 

600 
600 
200 
200 
200 
200 

1000 
1000 
500 
800 
800 

2000 
1000 
1000 
600 
600 
1000 
1000 
1000 

Min 

40 
50 
110 
110 
200 
250 
180 
100 
100 
180 
420 

40 
100 
100 
180 
250 
180 

100 
40 
40 
100 
40 

50 
25 
40 
40 
100 
15 
40 
63 

hfE@lc 

Max 

120 
-

450 
220 
450 
460 
310 
300 
300 
310 
800 

120 
300 
300 
460 
460 
310 

300 
120 
120 
300 
120 

250 
-
140 
120 
300 
-
-
160 
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mA 

150 
500 
2.0 
2.0 
2.0 
2.0 
2.0 
150 
10 
2.0 
2.0 

150 
150 
10 
2.0 
2.0 
2.0 

150 
150 
150 
150 
150 

250 
100 
150 
150 
150 
100 
100 
100 



II 

SMALL-SIGNAL BIPOLAR TRANSISTORS - METAL-CAN TRANSISTORS (continued) 

Table 4. Metal-Can Switching Transistors 
The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (ton)· 

Ion & Iott @ le 
Device ns ns 

V(BR)eEO le hfE (0) le VeE(sat) Cai le @ 10 fr 
Volts mA Volts MHz le 

Type Max Max mA Min Max Min mA Max mA mA Min mA 

Case 22-03 - T0-206AA (T0-18)- NPN 

2N4014 35 60 500 50 1000 35 500 0.52 500 50 300 50 
2N2369A 12 18 10 15 200 40 10 0.2 10 1.0 500 10 
BSX20 7.0 18 100 15 500 20 10 0.25 10 1.0 400 10 

Case 22·03 - T0-206AA (T0-18)- PNP 

2N2894 60 90 30 12 200 40 30 0.2 30 3.0 400 30 
2N869A 50 80 30 18 200 40 30 0.2 30 3.0 400 10 
2N3546 40 30 50 12 - 25 50 0.25 50 5.0 700 10 
MM4209 15 20 10 15 200 35 10 0.6 50 5.0 850 10 

Case 79-04 - T0-205AD (T0-39) - NPN 

I MM3725 I 35 I 60 I 500 40 2000 35 500 0.52 500 50 300 50 

Case 79-04 - T0-205AD (T0-39) - PNP 

2N3467 40 90 500 40 100 40 500 0.5 500 50 175 50 
2N3468 40 90 500 50 1000 25 500 0.6 500 50 150 50 
2N3762 11.5 65 100 40 1500 30 1000 0.9 1000 100 180 50 
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Table 2. Metal-Can High-Gain/Low-Noise Transistors 
These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 

NF l hF::~ le J hre Wideband V(BR)eEO le 
Device dB Volts mA µ,A MHz 
Type Typ• Max Min Max Min mA• Min mA 

Case 22-03 -T0-206AA (T0-18)- NPN 

2N2484 s.o· 60 50 100 500 10 15 0.05 
2N930A 3.0 45 30 100 300 10 45 0.5 
2N930 3.0 45 30 100 300 10 30 0.5 

Case 22-03 - T0-206AA (T0-18)- PNP 

2N3963 10 80 200 100 450 1.o· 40 0.5 
2N3964 4.0 45 200 250 600 1.0· 50 0.5 
2N3799 2.5 60 50 300 900 500 30 0.5 

Table 3. Metal-Can High-Voltage/High-Current Transistors 
The following table lists Motorola standard devices that have high collector-emitter breakdown voltage. Devices are listed in 
decreasing order of V(BR)CEO within each package type. 

V(BR)CEO le hFE @ le VeE(sat) @ le & le h @ le 
Device Volts mA Volts MHz 
Type Min Max Min mA Max mA mA Min mA 

Case 22-03 -T0-206AA (T0-18)- NPN 

2N6431 300 50 50 30 0.5 20 2.0 
BSS73 300 500 40 30 0.5 50 5.0 

Case 22-03-T0-206AA (T0-18)- PNP 

2N6433 300 500 30 30 0.5 20 20 
BSS76 300 500 35 30 0.5 50 5.0 
2N3497 120 100 40 10 0.35 10 1.0 

Case 79-04 - T0-205AD (T0-39) - NPN 

2N5058 300 150 35 30 1.0 30 3.0 
BF259 300 100 25 30 1.0 30 6.0 
2N4927 250 50 20 30 2.0 30 3.0 
BF258 250 100 25 30 1.0 30 6.0 
2N3500 150 300 40 150 0.4 150 15 
2N3501 150 300 100 150 0.4 150 15 
2N3499 100 500 100 150 0.6 300 30 
MM3007 100 2500 50 250 0.35 150 15 

Case 79-04 - T0-205AD (T0-39) - PNP 

2N4931 250 500 20 20 5.0 10 1.0 
2N3636 175 1000 50 50 0.5 50 5.0 
2N3637 175 1000 100 50 0.5 50 5.0 
MM5007 100 2000 50 250 0.5 150 15 
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50 
100 

50 
100 
150 

30 
110 
30 
110 
150 
150 
150 
50 

20 
150 
200 
30 

10 
20 

10 
20 
20 

10 
30 
10 
30 
20 
20 
20 
50 

·rJJO 30 
30 
50 

• 



JFETs 

JFETs operate in the depletion mode. They are available 
in both P- and N-channel and are offered in both Thruhole 
and Surface Mount packages. Applications include general
purpose amplifiers, switches and choppers, and RF amplifiers 
and mixers. These devices are economical and very rugged. 
The drain and source are interchangeable on many typical 
FETs. 

Table 1. JFET Low-Frequency/Low-Noise 

'

CASE29-04 
1 T0·226AA 
2 3 (T0-92) 

The following table is a listing of small-signal JFETs intended for low-noise applications in the audio range. These devices 
exhibit good linearity and are candidates for hi-fi and instrumentation equipment. 

Re IY1sl@ I Re IYosl@ I 
V(BR)GSS 

Ciss Crss V(BR)GDO VGS(off) loss 
v v mA 

mmho l µmho l pF pF 
Min l Max Min l Max Device Min MHz Max MHz Max Max Min 

Case 29-04 - T0-226AA (T0-92) - N-Channel 

J202 1.0 20 3.5" 20 5.o· 2.0· 40 o.s 4.0 0.9 4.5 
2N545S 1.5 15 50 15 7.0 3.0 25 1.0 7.0 2.0 9.0 
J203 1.5 20 10· 20 5.0" 2.0· 40 2.0 10 4.0 20 
MPF3S21 1.5 15 10 15 6.0 3.0 50 - 4.0 0.5 2.5 
2N5457 2.0 15 50 15 7.0 3.0 25 0.5 6.0 1.0 5.0 
2N5459 2.0 15 50 15 7.0 3.0 25 2.0 s.o 4.0 16 
MPF3S22 2.0 15 20 15 6.0 3.0 50 - 6.0 2.0 10 

Case 29-04 - T0-226AA (T0-92) - P-Channel 

2N5460 1.0 0.001 50 0.001 7.0 2.0 40 0.75 6.0 1.0 5.0 
2N5461 1.5 0.001 50 0.001 7.0 2.0 40 1.0 7.5 2.0 9.0 
2N5462 2.0 0.001 50 0.001 7.0 2.0 40 1.S 9.0 4.0 16 

"Typical 

Table 2. JFET High-Frequency Amplifiers 
The following is a listing of small-signal JFETs that are intended for hi-frequency applications. These are candidates for VHF/ 
UHF oscillators, mixers and front-end amplifiers. 

NF@ Ra= 1K V(BR)GSS 
Re IY1sl@ I Re IYosl@ I Ciss Crss V(BR)GDO Vas(off) loss 

v v mA 

mmho l µmho l pF pF dB l I 
Min J Max Min l Max Device Min MHz Max MHz Max Max Max MHz Min 

Case 29-04 - T0-226AA (T0-92) - N-Channel 

2N5669 1.6 100 100 100 7.0 3.0 2.5 100 25 1.0 6.0 4.0 10 
MPF102 1.6 100 200 100 7.0 3.0 - - 25 - s.o 2.0 20 
2N566S 1.0 100 50 100 7.0 3.0 2.5 100 25 0.2 4.0 1.0 5.0 
2N54S4 2.5 100 75 100 5.0 1.0 3.0 100 25 0.3 3.0 1.0 5.0 
2N5670 2.5 100 150 100 7.0 3.0 2.5 100 25 2.0 s.o s.o 20 
2N54S5 3.0 400 100 400 5.0 1.0 4.0 400 25 1.0 4.0 4.0 10 
J305 3.0" 400 so· 100 3.0" o.s· 4.0" 400 30 0.5 3.0 1.0 s.o 
2N54S6 3.5 400 100 400 5.0 1.0 4.0 400 25 2.0 6.0 s.o 20 
J300 4.5 0.001 200 0.001 5.5 1.1 - - 25 - 1.0 .. 6.0 30 
J304 4.2 400 so• 100 3.0" 0.8" 4.0" 400 30 2.0 6.0 5.0 15 
J30S 12· 100 250" 100 7.5 2.5 1.5" 100 25 1.0 6.5 12 60 
J309 12· 100 250" 100 7.5 2.5 1.5" 100 25 1.0 4.0 12 30 
J310 12· 100 250" 100 7.5 2.5 1.5" 100 25 2.0 6.5 24 60 

"Typical 
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II 

SMALL-SIGNAL FIELD-EFFECT TRANSISTORS - JFETs (continued) 

Table 3. JFET Switches and Choppers 
The following is a listing of JFETs intended for switching and chopper applications. 

rds(on) ®lo VGS(off) 
v 

Device M~x l µA Min l Max 

Case 29-04 - T0-226AA (T0-92) - N-Channel 

MPf4856 25 - 4.0 
MPf4859 25 - 4.0 
2N5638 30 1.0 -
J111 30 1.0 3.0 
MPF4857 40 - 2.0 
MPF4860 40 - 2.0 
J112 50 1.0 1.0 
MPF4392 60 1.0 2.0 
2N5639 60 1.0 -
MPF4858 60 - 0.8 
MPF4861 60 - 0.8 
MPF4393 100 1.0 0.5 
2N5640 100 1.0 -
J113 100 1.0 0.5 
2N5555 150 - -
BF246 - - 0.5 
BF246A 35• 1.0 1.5 
BF246B so· 1.0 3.0 
BF246C 55• 1.0 5.5 
J109 12 - 2.0 
J110 18 - 0.5 

Case 29-04 - T0-226AA (T0-92) - P-Channel 

MPF970 
MPF971 
J174 
J175 
J176 
J1n 

*Typical 
.. VGS(f) 

100 
250 
85 
125 
250 
300 

1.0 5.0 
1.0 1.0 
- 5.0 
- 3.0 
- 1.0 
- 0.8 

10 
10 

(12) 
10 
6.0 
6.0 
5.0 
5.0 

(8.0)" 
4.0 
4.0 
3.0 
(6.0) 
3.0 
1.0 .. 
14 
4.0 
7.0 
12 
6.0 
4.0 

12 
7.0 
10 
6.0 
4.0 
2.5 

Y(BR)GSS 
loss Y(BR)GDO 
mA v 

Min l Max Min 

50 - 40 
50 - 30 
50 - 30 
20 - 35 
20 100 40 
20 100 30 
5.0 - 35 
25 75 20 
25 - 30 
8.0 80 40 
8.0 80 30 
5.0 30 20 
5.0 - 30 
2.0 - 35 
15 - 25 
10 300 25 
30 80 25 
60 140 25 
110 250 25 
40 - 25 
10 - 25 

15 100 30 
2.0 80 30 
2.0 100 30 
7.0 60 30 
2.0 25 30 
1.5 20 30 

Ciss Crss 

pf pf 
Max Max 

10 8.0 
18 8.0 
10 4.0 
10· 5.o· 
18 8.0 
18 8.0 
10· s.o· 
10 3.5 
10 4.0 
18 8.0 
18 8.0 
10 3.5 
10 4.0 
10· s.o· 
5.0 1.2 
- -
- -
- -
- -
- -
- -

12 5.0 
12 5.0 
- -
- -
- -
- -
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Ion Iott 

ns ns 
Max Max 

9.0 25 
9.0 25 
9.0 15 
13 35 
10 50 
10 50 
13· 35• 
15 35 
14 30 
20 100 
20 100 
15 55 
18 45 
13• 35• 
10 25 
- -
- -
- -
- -
- -
- -

8.0 25 
10 120 
- -
- -
- -
- -



MOSFETs l SE29-03 

1 0-226AE 
2 3 ATT (T0-92) 

'

ASE29-G4 
1 T0-226AA 
2 3 (T0-92) 

G 

Table 1. TMOS Switches and Choppers 
The following is a listing of small-signal TMOS devices that are intended for switching and chopper applications. These devices 
offer low ros(on) characteristics. 

•DS(on)@lo VGS(th) Y(BR)DSS Ciss Crss Ion Iott 
v 

fl l l v pf pf ne ns 
Device Max A Min Max Min Max Max Max Max 

Case 29·03 - T0-226AE (1-WATT T0-92) - N-Channel 

MPF930 1.4 1.0 1.0 3.5 35 70 18 15 15 
MPF960 1.7 1.0 1.0 3.5 60 70 18 15 15 
MPF6659 1.8 1.0 0.8 2.0 35 50 10 .. 5.0 5.0 
MPF990 2.0 1.0 1.0 3.5 90 70 18 15 15 
MPF6660 3.0 1.0 0.8 2.0 60 50 10 5.0 5.0 
MPF6661 4.0 1.0 0.8 2.0 90 50 10 5.0 5.0 
MPF910 5.0 0.5 0.8 2.5 60 50 10 10 10 
VN10LM 5.0 0.5 0.8 2.5 60 60 5 10 10 
MPF89 6.4 0.25 1.0 2.7 200 90 3.5 15 15 

Case 29-04 - T0·226AA (T0-92) - N-Channel 

VN0300L 1.2 1.0 0.8 2.5 30 100 25 30 30 
2N7000 5.0 0.5 0.8 3.0 60 60 6.0 10 10 
BS170 5.0 0.2 0.8 3.0 60 25 Typ 3.0 Typ 10 10 
VN0610LL 5.0 0.5 0.8 2.5 60 60 5.0 10 10 
VN1706L 6 0.5 0.8 2.0 170 120 20 8.0 18 
VN2406L 6.0 0.5 0.8 2.0 240 125 20 8 23 
BSS89 6.4 0.25 1.0 2.7 200 90 3.5 15 15 
BS107A 6.4 0.25 1.0 3.0 200 70 Typ 6.0 Typ 15 15 
VN2222LL 7.5 0.5 0.6 2.5 60 60 5.0 10 10 
VN2410L 10 0.5 0.8 2.0 240 125 20 8.0 23 
BS107 14 0.2 1.0 3.0 200 70 Typ 6.0 Typ 15 15 
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II 
Surface Mount FETs 1~ ·• This section contains the FET plastic packages available 
for surface mount applications. Most of these devices are the 
most popular metal-can and insertion type parts carried over 
to the new surface mount packages. 

Table 1. JFET Surface Mount RF 

CASE 318-07 
T0-236AB 

SOT-23 

CASE 318E-04 
SOT-223 

The following is a list of surface mount FETs which are intended for UHF/VHF RF amplifier applications. 

Pinout: 1·Drain, 2-Source, 3-Gate 

NF 
dB 

Device Marking Typ MHz 
mm hos 

Min 

Y1s@Vos 
mm hos 

Max v V BR GSS 

Case 318-07 -T0·236AB (SOT-23) - N-Channel 

MMBFJ309LT1 6U 1.5 450 10 20 10 25 
MMBFJ310LT1 6T 1.5 450 8 18 10 25 
MMBFU310LT1 M6C 1.5 450 10 18 10 25 
MMBF4416LT1 M6A 2 .. 100 4.5 7.5 15 30 
MMBF5484LT1 M6B 2 100 3 6 15 25 
MMBF5486LT1 6H 2 100 4 8 15 25 

''Max 

Table 2. JFET Surface Mount General-Purpose 
The following table is a listing of surface mount small-signal general purpose FETs. These devices are intended for small-signal 
amplification for DC, audio, and lower RF frequencies. They also have applications as oscillators and general-purpose, low
voltage switches. 

Pinout: 1-Drain, 2-Source, 3-Gate 

Y1s@Vos loss 
mm hos mm hos mA mA 

Device Marking V BR GSS Min Max v Min Max 

Case 318-07- T0-236AB (SOT-23) - N-Channel 

MMBF5457LT1 60 25 1 5 15 1 5 
MMBF5459LT1 6L 25 2 6 15 4 16 

Case 318-07 -T0·236AB (SOT-23) - P·Channel 

I MMBF5460LT1 I M6E I 40 I 4 15 5 
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Table 3. JFET Surface Mount Choppers/Switches 
The following is a listing of small-signal surface mount JFET devices intended for switching and chopper applications. 

Pinout: 1-Drain, 2-Source, 3-Gate 

Device Marking 

ros(on) 
Ohms 
Max 

Iott 
ns 

Max 

Case 318-07 -T0-236AB (SOT-23) - N-Channel 

MMBF4856LT1 AAA 25 
MMBF4391LT1 6J 30 
MMBF4860LT1 6F 40 
MMBF4392LT1 6K 60 
MMBF4393LT1 6G 100 

Case 318-07 -T0-236AB (SOT-23) - P-Channel 

MMBFJ175LT1 
MMBFJ177LT1 

6W 
6Y 

125 
300 

Table 4. TMOS FET Surface Mount 

25 
20 
50 
35 
50 

30(1) 
45(1) 

40 
30 
30 
30 
30 

-30 
-30 

VGS(ott) 
v v 

Min Max 

-4 
-4 
-2 
-2 

-0.5 

3 
0.8 

-10 
-10 
-6 
-5 
-3 

6 
2.5 

loss 
mA mA 
Min Max 

50 -
50 150 
20 100 
25 75 
5 30 

-7 -60 
-1.5 -20 

The following is a listing of small-signal surface mount TMOS FETs which exhibit low ros(on) characteristics. 

Case 318-07 -T0-236AB (SOT-23) - N-Channel 
Pinout: 1-Gate, 2-Source, 3-Drain 

ros(on ®lo 

Device Marking Ohm 

MMBF170LT1 6Z 5 
BSS123LT1 SA 6 
2N7002LT1 702 7.5 

Case 318E-04 - SOT-223 - N-Channel 
Pinout: 1-Gate, 2-Drain, 3-Source, 4-Drain 

Device Marking Ohm 

MMFT107T1 FT107 14 
MMFT960T1 FT960 1.7 
MMFT6661T1 T6661 4 

mA 

200 
100 
500 

roso".!}_ 

mA 

200 
1000 
1000 

VGS(th) 
v v 

Voss Min Max 

60 0.8 3 
100 0.8 2.8 
60 1 2.5 

VGl!(!ltl_ 

Voss Min(V) Max (V) 

200 1 3 
60 1 3.5 
90 0.8 2 
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Switching Time 

Ion ns Iott ns 

10 10 
20 40 
20 20 

Switching Time (ns) 

Ion Iott 

15 15 
15 15 
5 5 
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II 
Small-Signal 
SMALLBLOCK Products 

SMALLBLOCK Products are a unique family of application 
specific "minigrated" circuits. These circuits will incorporate 
various transistor, resistor and diode configurations for use 
in certain applications. Since these SMALLBLOCK circuits 
are monolithic chips, they will reduce both compbhent count 
and the required space on circuit boards, simplify circuitry 

~' ·~·· 3 

and improve reliability. · 

Table 1. MOSFET Turn-Off Devices 

CASE 29-04 
(T0.228AA) 

T0-92 
$TYLE33 

INPUT 

C.ASE 318-07 
(T0-236AB) 

SOT-23 
STYLE22 

w 
RETURN 

CASE 318E-o4 
(T0-281AA) 

SOT-223 
STYLES 

OUTPUT 

The first series in the SMALLBLOCK Product family is a series of MOSFET tum-off devices which offers an economical way 
to reduce the tum-off time of power MOSFETs. Additionally, they clamp the MOSFET gate voltage to a safe level. The use of 
a MOSFET tum-off device lowers component count, reduces system cost and board space, and optimizes the switching 
performance of the MOSFET. Applications for these devices include PWM circuits in switchmode power supplies, DC-OC 
converters and motor controls for brush and brushless motors. 

The following table is a listing of MOSFET turn-off devices used for reduced turn-off of power MOSFETs. 

V1n@2mA Yout@2mA loff (1000 pF, 
from 9V to 1V) 

Device Marking Min Max Min Max Typ 

Cue 29.(14 - T0-226AA (T0-92) 
Plnout: 1. Return, 2. Input, 3. Output 

MDC1000A MDC1000 9.5 12 9 12 15 ns 
MDC1005A MDC1005 5 5 22 ns 

CUe 318-07 - T0-236AB (SOT-23) 
Plnout: 1. Return, 2. Output, 3. Input 

MDC1000BLT1 C10 9.5 12 9 12 15 ns 
MDC1005BLT1 cos 5 5 22 ns 

case 318E-o4-T0-261AA (SOT-223) 
Plnout: 1. Return, 2. Input, 3. Output, 4. Input 

I MDC1000CT1 I C1000 I 9.5 12 9 12 15 ns 
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Tuning Diodes -
Abrupt Junction 

Motorola supplies voltage-variable capacitance diodes 
serving the entire range of frequencies from HF through UHF. 
Used in RF receivers and transmitters, they have a variety 
of applications, including: 

STYLE 15 

CASE 29-04 
T0-226AA 

(T0-92) 

/

2 

--114-- 1 

STYLE 1 

CASE 51-02 
D0-204AA 

(00-7) 
• Phase-locked loop tuning systems 
• Local oscillator tuning 
• Tuned RF preselectors 
• RF filters 
• RF phase shifters 
• RF amplifiers 
• Automatic frequency control 
• Video filters and delay lines 
• Harmonic generators 
• FM modulators 

2 o----1 i.--o 1 
Cathode Anode 

STYLE 1 

3 o----1~ 1 
Cathode 

STYLE 8 

1 o--.ir----r--1~ 2 

3 b STYLE 9 

Anode 

Two families of devices are available: Abrupt Junction and 
Hyper Abrupt Junction. The Abrupt Junction family includes 
devices suitable for virtually all tuned-circuit and narrow
range tuning applications throughout the spectrum. 

'.'~ ... ,-~ C~0-226AC 
2 (T0-92) 

~ ~ASE 318-07 
1 U~ T0-236AB 

2 SOT-23 

Typical Characteristics 
Diode Capacitance versus Reverse Voltage 
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(See Tables 1 Thru 3) 

1000 

~ 
w 

100 u 
z 
;'.": 

~ 
u 

~ 
0 10 15 
>'-u 

1 

I- +- Mv21os 
H H MMBV2109LT1 MV2115 

t,d 

Of" Jl 

MV2101 - MV2105 IS 
MMBV210llT1 - MMBV2105LT1 

TITIWlll ft_ ifiiHtl: 
11 1 10 

VR, REVERSE VOLTAGE !VOLTS) 

(See Tables 4 And 5) 
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(See Table 6) 
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II 

SMALL-SIGNAL TUNING AND SWITCHING DIODES - TUNING DIODES/ABRUPT JUNCTION 
(continued) 

Table 1. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 4.0 Volts/60 Volts 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 

Cr@ VR = 4.0 v, 1.0 MHz 
pF pF pF 

Device*- Min Nominal Max 

Case 51-02 - D0-204AA (00-7) 

1N5139 6.1 6.8 7.5 
1N5140 9.0 10 11 
1N5141 10.8 12 13.2 
1N5142 13.5 15 16.5 
1N5143 16.2 18 19.8 
1N5144 19.8 22 24.2 
1N5145 24.3 27 29.7 
1N5146 29.7 33 36.3 
1N5147 35.1 39 42.9 
1N5148 42.3 47 51.7 

*Suffix A = 5.0% 

Table 2. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 2.0 Volts/30 Volts 

V(BR)R 
Volts 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Cap Ratio 
C4/C60 

Min 

2.7 
2.8 
2.8 
2.8 
2.8 
3.2 
3.2 
3.2 
3.2 
3.2 

Q 

4.0 V, 60 MHz 
Min 

350 
300 
300 
250 
250 
200 
200 
200 
200 
200 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit very high Q characteristics. 

Cr@ VR = 4.0 V, 1.0 MHz 
pF pF pF 

Device* Min Nominal Max 

Case 51-02 - D0-204AA (D0-7) 

1N5441A 6.1 6.8 7.5 
1N5443A 9.0 10 11 
1N5444A 10.8 12 13.2 
1N5445A 13.5 15 16.5 
1N5446A 16.2 18 19.8 
1N5448A 19.8 22 24.2 
1N5449A 24.3 27 29.7 
1N5450A 29.7 33 36.3 
1N5451A 35.1 39 42.9 
1N5452A 42.3 47 51.7 
1N5453A 50.4 56 61.6 
1N5455A 73.8 82 90.2 
1N5456A 90 100 110 

"Suffix B ~ 5.0% 

VR(BR)R 
Volts 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

Cap Ratio 
C2/C30 

Min 

2.5 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.7 
2.7 
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Q 

4.0 V, 50 MHz 
Min 

450 
400 
400 
400 
350 
350 
350 
350 
300 
250 
200 
175 
175 



Table 3. General-Purpose Glass Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Volts/20 Volts 

The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 

Cr@ VR = 4.0 v, 1.0 MHz 
pF pF pF 

Device Min Nominal Max 

Case 51-02 - D0-204AA (D0-7) 

MV1620 6.1 6.8 7.5 
MV1624 9.0 10 11 
MV1626 10.8 12 13.2 
MV1628 13.5 15 16.5 
MV1630 16.2 18 19.8 
MV1634 19.8 22 24.2 
MV1636 24.3 27 29.7 
MV1638 29.7 33 36.3 
MV1640 35.1 39 42.9 
MV1642 42.3 47 51.7 
MV1644 50.4 56 61.6 
MV1648 73.8 82 90.2 
MV1650 90 100 110 

VR(BR)R 
Volts 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Table 4. General-Purpose Plastic Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Volts/30 Volts 

Cap Ratio 
C21C20 

Min 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Q 

4.0 V, 50 MHz 
ryp 

300 
300 
300 
250 
250 
250 
200 
200 
200 
200 
150 
150 
150 

The following is a listing of plastic package, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 

Cr@ VR = 4.0 v, 1.0 MHz 
pF pF pF 

Device Min Nominal Max 
VR(BR)R 

Volts 

Cap Ratio 
C4/C30 

Min 

Case 182-02 -T0-226AC (T0-92) - 2-Lead 

MV2101 
MV2103 
MV2104 
MV2105 
MV2107 
MV2108 
MV2109 
MV2111 
MV2113 
MV2114 
MV2115 

6.1 6.8 7.5 30 2.5 
9.0 10 11 30 2.5 
10.8 12 13.2 30 2.5 
13.5 15 16.5 30 2.5 
19.8 22 24.2 30 2.5 
24.3 27 29.7 30 2.5 
29.7 33 36.3 30 2.5 
42.3 47 51.7 30 2.5 
61.2 68 74.8 30 2.5 
73.8 82 90.2 30 2.5 
90 100 110 30 2.6 
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Q 

4.0 V, 50 MHz 
ryp 

450 
400 
400 
400 
350 
300 
200 
150 
150 
100 
100 
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II 

SMALL-SIGNAL TUNING AND SWITCHING DIODES-TUNING DIODES/ABRUPT JUNCTION 
(continued) 

Table 5. Surface Mount Abrupt Tuning Diodes 
Capacitance Ratio 2.0 Volts/30 Volts 

The following is a listing of surface mount abrupt junction tuning diodes intended for general-purpose variable capacitance 
circuit applications. 

C,-@ VR = 4.0 V, 1.0 MHz 
pf pf pF 

Device Min Nominal Max 

Case 318-07 -T0-236AB (SOT-23) 

MMBV2101LT1 6.1 6.8 7.5 
MMBV2103LT1 9.0 10 11 
MMBV2104LT1 10.8 12 13.2 
MMBV2105LT1 13.5 15 16.5 
MMBV2107LT1 19.8 22 24.2 
MMBV2108LT1 24.3 27 29.7 
MMBV2109LT1 29.7 33 36.3 

Table 6. Abrupt Tuning Diodes - Dual 

VR(BR)R 
Volts 

30 
30 
30 
30 
30 
30 
30 

Cap Ratio 
C2/C30 

Min 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

The following is a listing of abrupt tuning diodes that are available as dual units in a single package. 

Cr@VR .. Cap Ratio Q 
pf pF C3/C30 3.0 V, 50 MHz V(BR)R Device 

Device Min Max Volts Min Min Volts Marking 

Case 29-04 - T0-226AA (T0-92) 

I MV104 I 37 I 42 3.0 2.5 100 32 

Case 318-07 - T0-236AB (SOT-23) 

I MMBV432LT1 I 43 I 48.1 2.0 1.5' 100 14 M4B 

·c21cs 
.. Each Diode 
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Q 

4.0 V, 50 MHz 
Typ 

400 
350 
350 
350 
300 
250 
200 

Style 

15 
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Tuning Diodes -
Hyper-Abrupt Junction 

The Hyper Abrupt family exhibits higher capaci
tance, and a much larger capacitance ratio. It is par
ticularly well suited for wider-range applications such 
as AM/FM radio and TV tuning. 

Typical Characteristics 
Diode Capacitance versus Reverse Voltage 

0.3 0.5 

Figure 1. Diode Capacitance 
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Figure 3. Diode Capacitance 
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II 

SMALL-SIGNAL TUNING AND SWITCHING DIODES - TUNING DIODES/ 
HYPER-ABRUPT JUNCTION (continued) 

Figure 5. Diode Capacitance 
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Figure 11. Diode Capacitance versus Reverse Voltage 
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Table 1. Hyper-Abrupt Tuning Diodes for FM Radio and TV - Single 
The following is a listing of hyper-abrupt tuning diodes intended for high frequency, FM radio, and TV tuner applications. 

CT@YR(l=1.0MHz) Q CV 
pF pF Cap Ratio @ YR 3V 50 MHz Y(BR)R Device Case Curve 

Device Min Max Volts Min Max Volts Min Max Volts Marking Style Fig 

Case 182-02 -T0-226AC (T0-92) 

MV209 
MV409 

26 
26 

32 
32 

Case 318-07 -T0-236AB (SOT-23) 

MMBV105GLT1 1.8 2.8 
MMBV109LT1 26 32 
MMBV409LT1 26 32 
MMBV809LT1 4.5 6.1 
MMBV3102LT1 20 25 

3.0 
3.0 

25 
3.0 
3.0 
2.0 
3.0 

5.0 
1.5 

4.0 
5.0 
1.5 
1.8 
4.5 

6.5 
2.0 

6.0 
6.5 
2.0 
2.6 
-

3/25 
3/8 

3/25 
3/25 
318 
2/8 
3/25 

200 
200 

200 
200 
200 
300 
200 

-
-
-
-
-

30 
20 

30 
30 
20 
20 
30 

Table 2. Hyper-Abrupt Tuning Diodes for FM Radio and TV - Dual 
CT@ YR (I= 1.0 MHz) Q 

pF pF Cap Ratio @ YR 3V 50 MHz Y(BR)R 
Device Min Max Volts Min Max Volts Min Max Volts 

Case 318-07-T0-236AB (SOT-23) 

I MMBV609LT1 I 26 I 32 I 3 1.8 2.4 3/8 250 20 

M4E 
M4A 
.xs 
SK 

M4C 

Device 
Marking 

SL 
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8 
a 
8 
8 

Case 
Style 

9 

2 
3 

1 
2 
3 
4 
5 

CV 
Curve 

Fig 
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II 

SMALL-SIGNAL TUNING AND SWITCHING DIODES - TUNING DIODES/ 
HYPER-ABRUPT JUNCTION (continued) 

Table 3. Hyper-Abrupt Tuning Diodes for AM .. Radio - Single 
The following is a listing of AM, hyper-abrupt tuning diodes that have a large capacity range and are designed for low frequency 
circuit applications. · 

C,-@ 1.0 MHz 
pF pf 

Device Min Max Volts 

Case 182-02- T0·226AC (TO-g2) 

MVAM108 440 560 1.0 
MVAM109 400 520 1.0 
MVAM115 440 560 1.Q 
MVAM125 440 560 1.0 

Csp Ratio @ YR 

Min Volts 

15 1.0/8.0 
12 1.0/9.0 
15 1.0/15 
15 1.0/25 

Y(BR)R 
Volts 

12 
15 
18 
28 

Style 

1 
1 
1 
1 

CV 
Curve 
Figure 

7 
8 
9 
10 

Table 4. Hyper-Abrupt High Capacitance Voltage Variable Diode - Surface Mount 
The following is a high capacitance voltage variable diode intended for AM radio applications and circuits requiring large tuning 
capacitance. 

Cy Diode Capacitance 
Y(BR)R IR .Min Max Cap Ratio Q 

Device VOHS nA pf pf Min Min 

Case 318E-04- SOT-223 
Plnout: 1 ~Anode, 2, 4-Cathode, 3-NC 

I MV7005T1 I 15 I 100 400 520 12 150 

Table 5. Hyper-Abrupt High Capacitance Tunin Diodes 
C,-@VR Cap Ratio Q 

pf pf C2/C10 2.0 V, 1.0 MHz Y(BR)R 
Device Min Max Volts Min Min Volts 

Case 51-02 - D0-204AA (00-7) 

MV1404 96 144 2.0 10 200 12 
MV1403 140 210 2.0 10 200 12 
MV1405 200 300 2.0 10 200 12 
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Hot-Carrier 
(Schottky) Diodes 

Hot-Carrier diodes are ideal for VHF and UHF mixer and 
detector applications as well as many higher frequency appli
cations. They provide stable electrical characteristics by elim
inating the point-contact diode presently used in many 
applications. 

Typical Characteristics 
Capacitance versus Reverse Voltage 

0.9 
MJi101 

I 

t--..., MMB0101LT1 
MMBD352LT1' ........._ 

I'---. 
MMB0353LT1' 
MMB0354LT1' 

~ 

- r-----j 
0.6 

0 1 2 

VR, REVERSE VOLTAGE !VOLTS) 

TA ~ 25°C 

'EACH DIODE 

STYLE 8 

STYLE 1 
2 o----j i+---0 1 

Cathode Anode 

CASE 318-07 
T0-236AB 

SOT-23 

1 c 

CASE 182-02 
T0-226AC 

(T0-92) 

STYLE 11 

Ill Ill 0 2 

1 0 11' I 0 3 I SERIES 
SINGLE 

STYLE 9 STYLE 19 
1 0 14 14 02 

SERIES 

1 0 Ill I 14 0 2 

3 
COMMON CATHODE 

2.8 

1.4 

~ 

~ 1.6 
z 

g 1.2 

~ 0.8 s 
0.4 

0 

---
--j~· 

J. 
TA ~ 25°C ----1 

··--1 

~80301, MMB0301LT1 

~~ -::s ~ 
~ -

f-- MB0701, MMB0701LT1 

f-- l l l 
0 10 15 20 25 30 35 40 45 50 

VR, REVERSE VOLTAGE [VOLTS) 

(See Table 1) 

Table 1. Hot-Carrier (Schottky) Diodes 
The following is a listing of hot carrier (Schottky) diodes that exhibit low forward voltage drop for improved circuit efficiency. 

Cr@VR Vf@ 10 mA IR@VR Minority 

V(BR)R pf Volts nA Lifetime Device 
Device Volts Max Max Max pS Marking Style 

Case 182-02 - T0-226AC (T0-92) 

MBD701 70 1.0@20 v 1.2 200@3SV 1S 
MBD301 30 1.S@1SV 0.6 200@2SV 1S 
MBD101 4.0 1.0@0V 0.6 2SO@ 3.0 v 

Case 318-07 -T0-236AB (SOT-23) 

MMBD701LT1 70 1.0@20V 1.2 200@3SV 1S SH 8 
MMBD301LT1 30 1.S@1SV 0.6 200@2SV 1S 4T 8 
MMBD101LT1 4.0 1.0@0V 0.6 2SO @3.0 v - 4M 8 
MMBD3S2LT1" 4.0 1.0@ 0 v 0.6 2SO@ 3.0 v - MSG 11 
MMBD3S3L T1 • 4.0 1.0@0V 0.6 250 @3.0 v - M4F 19 
MMBD3S4LT1" 4.0 1.0@0V 0.6 2S0@3.0 v - M6H 9 

*Dual Diodes 
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II 
Switching 
Diodes 

Small-signal switching diodes are intended for low current 
switching and steering applications. Hot-Carrier, PIN and 
general-purpose diodes allow a wide selection for specific 
application requirements. 

Typical Characteristics 
Capacitance versus Reverse Voltage 

~ 
~ 
u 

~ 
~ 
~ 

10 

~ ' 

.tj 0.5 
0.3 
0.2 

MPN3404 

MMBV3401LT1 
20 V MAX VR 

TA 2s·c ~ 
I 1.0MHz= 

MPN3700 
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(See Table 1) 

STYLE 3 

1 0 "I I 14 

3 

STYLE 4 

1 0 IOI I "I r------..---1--02 

3 

1 'CASE. 29-114 
2 T0-226AA 

3 (T0-92) 

CASE 311Ml7 
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STYLES 

1 0 Ill 0 3 
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STYLE 9 

1 0 .. I I 14 0 2 ; 

3 
COMMON CATHODE 

STYLE 11 

1 o>---. .. t-1 ~I.--t">t-1 ~o 2 

3 
SERIES 

CASE 3180-03 
SC-59 

STYLE 2, 

2 <>----l>f---o 3 

SINGLE 

STYLE'3 

1 o>-1 .. .il~I.--114--o 2 

COMMON CATHODE 

STYLE 1 

2 o---.'.; f+-----0 1 
· Cathode . Anode 

, 0>---!>114t-I.-........ 1-o 2 

3 
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STYLE 18 
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3 
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Table 1. PIN Switching Diodes 
The following PIN diodes are designed for VHF band switching and general-purpose low current switching applications. • Series 

V(BR)R Cr @ VR @ 1.0 MHz IR@VR Resistance 
Volts 

pF l nA Ohm Device 
Device Min Max Volts Max Max Marking Style 

Case 182-02 - T0-226AC (TQ-g2) 

MPN3700 200 1.0 20 0.1 (dl 150 1.0 (~l 10 mA 
MPN3404 20 2.0 15 0.1(jll25V 0.85@ 10 mA 

Case 318-07 -T0-236AB (SOT-23) 

MMBV3700Lr1 200 1.0 20 0.1@ 150 1.0@10mA 4R 8 
MMBV3401Lr1 35 1.0 20 0.1@25V 0.7@ 10 mA 40 8 

Table 2. General-Purpose Signal and Switching Diodes - Single 
The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low current 
switching and signal steering applications. 

Pin 

~~R IR Vf Cr Irr Out 

Min (V) l@ leR (µA) Max (µA) l@ VR (V) Min (V) l Max (V) l @ IF (mA) 
Case 

Device Marking Max (pF) Max (ns) Style 

Case 318-07 -T0-236AB (SOT-23) 

BAS21Lr1 A82 250 100 0.1 200 1 100 5 50 8 
MMBD914LT1 50 100 100 5 75 1 10 4 4 8 
BAS16Lr1 A6 75 100 1 75 1 50 2 6 8 
MMBD6050Lr1 5A 70 100 0.1 50 0.85 1.1 100 2.5 4 8 
BAL99Lr1 JF 70 100 2.5 70 1 50 1.5 6 18 

VeR R IR VF CJ Irr Case 
Device Marking Min(V) @leR(µA) Max(µA) @VR(V) Min (V) Max (V) @IR(mA) Max (pF) Max (µs) Style 

Case 3180-03 - SC-59 

M1MA151Ar1 MA 40 100 0.1 35 1.2 100 2 3 4 
M1MA151Kr1 MH 40 100 0.1 35 1.2 100 2 3 2 
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II 

SMALL-SIGNAL TUNING AND SWITCHING DIODES - SWITCHING DIODES (continued) 

Table 3. General-Purpose Signal and Switching Diodes - Dual 
The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low current 
switching and signal steering applications. 

~l!l_R 

Min (VJ}@ leR (µA) Device Marking 

Case 318-07 -T0-236AB (SOT-23) 

MMBD7000LT1 MSC 
MMBD2836LT1 A2 
MMBD2838LT1 A6 
BAV70LT1 A4 
BAV99LT1 A7 
BAW56LT1 A1 
MMBD6100LT1 SBM 
BAV74LT1 JA 
MMBD2835LT1 A3 
MMBD2837LT1 AS 

Case 3180-03 - SC-59 

M1MA151WAT1 MN 
M1MA151WKT1 MT 

100 
75 
75 
70 
70 
70 
70 
50 
35 
35 

40 
40 

100 
100 
100 
100 
100 
100 
100 
5 

100 
100 

100 
100 

IR 

Max (µA)I@ VR (V) 

0.3 
0.1 
0.1 
5 

2.5 
2.5 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 

50 
50 
50 
70 
70 
70 
50 
50 
30 
30 

35 
35 

VF 

Min (V) I Max (Vil@ If (mA) 

0.75 

0.85 

1.1 
1 
1 
1 
1 
1 

1.1 
1 
1 
1 

1.2 
1.2 

100 
10 
10 
50 
50 
50 
100 
100 
10 
10 

100 
100 

C1 

Max (pF) 

1.5 
4 
4 

1.5 
1.5 
2 

2.5 
2 
4 
4 

15 
2 
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Irr 

Max (ns) 

4 
4 
4 
6 
4 
6 
4 
4 
4 
4 

10 
3 

Pin 
Out 

Case 
Style 

11 
12 
9 
9 
11 
12 
9 
9 
12 
9 

5 
3 



Multiple 
Switching Diodes 

Multiple diode configurations utilize monolithic structures fabricated by the planar process. They are designed to satisfy fast 
switching requirements as in core driver and encoding/decoding applications where their monolithic configurations offer lower 
cost, higher reliability and space savings. 

• - ··# ,., 
1 1 1 

CASE 646-06 CASE 648-08 CASE 751A-02 CASE 7518-03 
PIN DIP PINDIP S0-14 S0-16 

PLASTIC PLASTIC PLASTIC PLASTIC 

Diode Array Diagrams 

5 9 
Dual 10 

8 Diode 

®IIl1lllt Dual 8 

"ffi£ Diode 
Array 

Diode 
Array 

(Common 
Array 

Cathode) NC Pm 1. 4, 6, 10, 13 

NC Pm6, 13 

2 6 10 
Dual 10 

"fffir 
8 Diode ®IIIIl!l! Isolated IIIIIIII Diode Array 8 Diode 

Array (Common 
NC Pm 1 

Array 
{[) Cathode) 

3 7 
11 

8 Diode 

®11111111 
Isolated 

IIIIIII 16 Array 7 Diode 

Diode (Common Array 

Array Anode) NC Pin 1. 4, 6, 10, 13 

7 Diode 
12 

NC Pin 4. 6. 10. 13 

0 !II!J1! 8 Array 
4 8 Diode 

®III11!1t 
(Common 

Array Cathode) 
16 (Common 
Diode Anode) 
Array 

NC Pin 1 
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II 

MULTIPLE SWITCHING DIODES (continued) 

Table 1. Diode Arrays 
Case 646-o6 - T0-116 

Device 

MAD130P 
MAD1103P 
MAD1105P 
MAD1107P 
MAD1109P 

case 648-08 

I MAD1108P 

case 751A-02- S0-14 
MMAD130 
MMAD1103 
MMAD1105 
MMAD1106 
MMAD1107 
MMAD1109 

Case 751 B-03 - S0-16 

I MMAD1108 

Function 

Dual 10 Diode Array 
16 Diode Array 
B Diode Common Cathode Array 
Dual B Diode Array 
7 Isolated Diode Array 

I B Isolated Diode Array 

Dual 1 O Diode Array 
16 Diode Array 
B Diode Common Cathode Array 
B Diode Common Anode Array 
Dual B Diode Array 
7 Isolated Diode Array 

I B Isolated Diode Array 
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Pin Connections 
Diagram No. 

1 
3 
5 
9 
11 

10 

2 
3 
5 
7 
9 
11 

10 



l SE 29-04 
12 0-226AA) 

3 T0-92 

1 ~ 
2 2. 1~ 2 3 

CASE 318-07 CASE 3180-03 
CASE 318E-04 

(T0-236AB) SC-59 
(T0-261AA) 

SOT-23 SOT-223 

14 ,. CASE646-06 16 ~:SE 7518-03 
1 (T0-116) 1 S0-16 

Motorola's plastic transistors and diodes encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding 
applications. The popular T0-92, 1-Watt T0-92 and T0-116 
combine proven reliability performance and economy for 
through-the-hole manufacturing, while the SOT-23, SC-59, SOT-
223, and S0-16 offer the same solutions for surface mount 
manufacturing. 

As an additional service to our customers Motorola will, upon 
request, supply many of these devices in tape and reel for auto
matic insertion. 

Contact your Motorola representative for ordering information. 

This section contains both single and multiple plastic
encapsulated transistors. 

NOTE: All SOT-23 package devices have had a "T1" suffix 
added to the device title. 

Plastic-Encapsulated 
Transistors 
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EMBOSSED TAPE AND REEL 

SOT-23, SC-59, SOT-223 and S0-16 packages are available only In Tape and Reel. Use the 
appropriate suffix indicated below to order any of the SOT-23, SC-59, SOT-223 and S0-16 packages. 
(See Section 7 on Packaging for additional information). 

SOT-23: available in 8 mm Tape and Reel 

SC-59: 

Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a 'T3" suffix to order the 13 inch/10,000 unit reel. 

available in 8 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SOT-223: available in 12 mm Tape and Reel 

S0-16: 

Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/4000 unit reel. 

available in 16 mm Tape and Reel 
Add an "R1" suffix to the device title to order the 7 inch/500 unit reel. 
Add an "R2" suffix to the device title to order the 13 inch/2500 unit reel. 

RArnALTAPEREELANDAMMOPACK 

T0-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

T0-92: available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Radial 

Tape Reel. 

available in Ammo Pack (Fan Fold Box) 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Ammo 

Pack box. 

*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

SOT-23 and SC-59 packages have a device marking and a date code etched on the device. The 
generic example below depicts both the device marking and a representation of the date code that appears 
on the SC-59 and SOT-23 packages. 

The "D" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltge Vcso 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

*Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 oc 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RtJJA 200 oc;w 

Thermal Resistance, Junction to Case RoJC 83.3 oc;w 

*Indicates Data in addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Base Cutoff Current 
(VcE = 30 Vdc, VEB = 3.0 Vdc) 

Collector Cutoff Current 
(Vee = 30 Vdc, VEB = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 0.1 mAdc, VcE = 1.0 Vdc) 

(le = 1.0 mAdc, VcE = 1.0 Vdc) 

Oc = 10 mAdc, Vee = 1.0 Vdc) 

(le = 50 mAdc, Vee = 1.0 Vdc) 

Oc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, 19 = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
(le = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, Vee = 20 Vdc, f = 100 MHz) 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

2N3903 
2N3904 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hFe 

VcE(sat) 

VsE(sat) 

2N3903 
2N3904* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

~-© 
1 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min 

40 

60 

6.0 

-
-

20 
40 

35 
70 

50 
100 

30 
60 

15 
30 

-
-

0.65 
-

250 
300 

Max 

-

-

-

50 

50 

-
-

-
-

150 
300 

-
-

-
-

0.2 
0.3 

0.85 
0.95 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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II 

2N3903,2N3904 

ELECTRICAL .CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Output Capacitance Cobo - 4.0 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - B.O 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance h;e 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0 

2N3904 1.0 10 

Voltage Feedback Ratio hre 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 0.1 5.0 

2N3904 0.5 8.0 

Small-Signal Current Gain hte 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 50 200 

2N3904 100 400 

Output Ad.mittance hoe 1.0 40 
Uc= 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

Noise Figure NF 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohms, 2N3903 - 6.0 
1=1.0kHz) 2N3904 - 5.0 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 3.o Vdc, VsE = 0.5 Vdc, td - 35 

Rise Time le = 10 mAdc, ls1 = 1.0 mAdc) t, - 35 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, 2N3903 ts - 175 
ls1 = ls2 = 1.0 mAdc) 2N3904 - 200 

Fall Time tf - 50 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle"' 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 

30.0ns~ i----
DUTY CYCLE = 2flt%+ l0.9 V 

-0.5V [ 
< 1 ns 

EQUIVALENT TEST CIRCUIT 

10 < t1 < 500 µs ~ 11 f!=_ + 10.9 v 

WNO<O~~!i] 

-9.1V---1-14-<1 ns 

*Total shunt capacitance of test jig and connectors 

TYPICAL TRANSIENT CHARACTERISTICS 

-TJ = 25°c --·TJ = 125°c 

10 k 

1N916 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 

Unit 

pF 

pF 

k ohms 

x 10-4 

-

µmhos 

dB 

ns 

ns 

ns 

ns 

5000 T 1 
1-- Vee= 40 V +-+-+-1-++++--l--+--+--+-+-+++++-+--l 

7 .0 t--+-+---t--+-+-+-++tt---+-+-t-+--t-++H+-+--1--+-! 

5.0t--+-+---t--+-+-+-++tt---+-+-t-+-+-++H+-+--1--+-! 

j I-+-

~ r- I"--- C;bo 
i:; 3.0l--t--t--+-+-f"l'+l.<l--t'---.""'""'d-r....-+N-+-!-+++-1+--+-+-+--t 

~ 
Cobo "N 

2.01---+-+---+-+44"f-++1---+-+--+-.-.-1N--1-1-1-1---1--+---1-l 

REVERSE BIAS VOLTAGE IVOLTSI 

30001- le/11 = 10 +-+-+-1-++++--+-+--+--+-+-+++++-+--l 
, 

2000t---t--t--t-t-t-t-t+tt----1t-t--+---t--t-r+-ttT7,,.,....,...,....--::1 

1000 
~ 700 

I 500 

d 300 IL 

zz 

200 , ,- a, v 
100 
70 
50..._.....__.___,.__.._ ....... _...,._....___,__..__~ ....... _._L..L.Ll.L-........... 

LO 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 
le, COLLECTOR CURREllT lmAI 
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2N3903,2N3904 

FIGURE 5 - TURN-ON TIME FIGURE 6- RISE TIME 

le/I,~ 10 
500 
~ ~~~~4Jv 
~ 300 

200 ~ 
le/11~ 10 

IS 
-~!". I,@ Vee ~ 3.0 lic+f-+1_.,,. .....-1--1 
~~ ~40V 

b,,. "' YI 15V/ J...... 
LS.:~ ~ 

10 'b. Fl 

1.01---t--+---+--t-+-+++1+"'-®--+-Vo-t• _o=k:::o.~ .. o0i~~$++;;;~~ 
5.0 ,___..._...___.__..._ .................................... ...__.__ ....... _._._.....__._ ..... 

100 

! 70 

~ 50 
~ 

~ 30 
.; 

20 

10 

7.0 

5.0 

~ 
~ 

~ 
~ 

!§;;l 
~ 71 

, ...d 
~ 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

500 

300 

200 

10 

7.0 
5.0 

F-.:.-1- -

le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT lmAI 

FIGURE 7 - STORAGE TIME FIGURE 8 - FALL TIME 

±± 11',1 ~ l.- IH-1 
1. I I i.,~i,, -
le/la I~ 11 I - -~- --E..= E..=- - ..1.l lc/11 20 

TI~1 

le/la~ 20 ~ ~ 
lc/l,~1~ 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT lmAl 

TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 

FIGURE 9 

NOISE FIGURE VARIATIONS 
Vee = 5.0 Vde, TA = 25°c, 

Bandwidth = 1.0 Hz 
J2r----.--~~~-~~~~~~-~~~ 14 

~ t-- f ,7°1.0 kH; 

JO \v--- SOURCE RESISTANCE~ 200Q 
t--ts=_le ~ 1.0 mA -+-t-t--+-+-+--1-t 

&I 8 \. 

~ !\,.- ~-

12 

JO 

/ 

FIGURE 10 

Ll_ y 
.i ~.LIL LJ L 
le ~.o mA.ZJI __ i. , UL I-/__ 11-0.5"");-

~v VI z v Lle~SOµA 

~ 6~--'--""~-+L"'._,,,-++---+--+---+--H--+---+--+-+-1 
~ ~ I' L SOURCE RESISTANCE ~ 200 Q L._j 

: 4" !"--.. ~ leJ_°5mA -t--t-- ~ IL'l v ~ 

J7ie ~ Joo µ>.Z l.i1 
vi :2l IL 

IZ.L 
I ~ e:::: ~ 

EE L SOURCE RESISTANCE 500Q 
t---- le ~ 100 µA -+-++--+----+-+-H 

r-- SOURCE RESISTANCE~ J.O k~_.11-->--+-+------<--+--+--+-I 
le~50µA o...__.__..._..._ .......... _,...___.__......._.____._...__..._._. 

0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 

f, FREQUENCY lkHzl 

,...... "'I .) L .L'.'.1 
""- .....,, 

0 
0.1 0.2 0.4 J.O 2.0 4.0 10 20 40 

Rs, SOURCE RESISTANCE lkohmsl 
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II 

2N3903, 2N3904 

h PARAMETERS 
(Vee= 10 Vde, f = 1.0 kHz, TA = 2s0 c) 

FIGURE 11 - CURRENT GAIN FIGURE 12 - OUTPUT ADMITTANCE 

~01---+--+--t--+-<-+-+-+-++-~t--+---+---+--+--+-+-+-+-< 501-+--+---ll--f-l-+-++++---ll--+--+--+--+-~hl<'H 

l201--+-f---+-+-l-+-H++--+--+---!.-'...d4j../---+-IL1++~ ~ ~ H-- 4-1--1 
ffiloof--+-+--+....-:::oof.""'F+++++--+--+-f--1---f-+-l-+H I 10 V'. :a 
~ ,-1"""" 
1 101::::'.::1---+--+--t--+-<-+-+-+-++--t--+---+---+-+--+-+-+-+-< < ~~~~~~~~~~~~~~~~~~ 5 

~ 5.0 __. 
0 i.-""""~:+---11---1-1-+-++++---ll--+--+--l--+---l-<l-l-l-l 

50t---+--+--t--+-<--+-+-+-++--t--+---+---+---+--+-+-+-+-< J 

20 

10 

~ a s.o 

I !! 2.0 

~ 1.0 
.i 

0.5 

~ 

le. COLLECTOR CURRENT lmAl 

FIGURE 13 - INPUT IMPEDANCE 

~ 

]S;J 

~ 

"b.. rs:: 
~ 

2.0 l-+--+---ll--f-l-+-++++---11--+--+--+--+-~~ 

1.0 .___,__.___....._.___._._ ......... ......___....._..___.__.__._....__........_.... 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

le, COLLECTOR CURRENT lmAl 

FIGURE 14 - VOLTAGE FEEDBACK RATIO 

7.0 :::s: 
f -ls: r·o 1----t-"ll~c-'\-t--t-it-t-+-+--tt--+--+--+-+-+-+-+-+-l-i 
: 3.0 1---+--+--+..~.+-+-+-++++--+--+-+-+-+-+-+-l-+I 

~ I" v 
~ 2.01---+--+--t--+--f"l~)'+-+--tt--+--+--+-+-+--+jl-il'f-H 

~ ~ ~~ 
1 1.0 1==t=1===t=t=~rnt==t=:i=.::::i:=t=:t=t:tt:l:l 

0.7 t---+--+--+--+->-+-+-+-++--+--+---+--+--+--+-+-+-l ... 

0.2 
0.1 0.2 0.3 0.5 3.0 1.0 2.0 5.0 10 

0.5 ...__.__.__..._.._ ......................... _.._.._ .................................... ... 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

le. COLLECTOR CURRENT lmAl le, COLLECTOR CURRENT lmAl 

TYPICAL STATIC CHARACTERISTICS 
FIGURE 15 - DC CURRENT GAIN 

2.0 T I T T 
1---11---+--+--+--+-+-+-+-++ T, = -+'125°Cf~;::::;;;l-+--t-"HH-~~-t---i1----i--t--t--H--t-i Vee= 1.0 v 

~ ~~ ~ 
j 1.o t:==t=t:-::::;j:::;*::f'.'.+4+:~ ~cJ;:::;j;;;;;;l::~t:+:t:!~s~ji-...:::::s::s;;t=+=+=+=t:+++==H 
~ 0.7 b......,i--F--+--+--+._...,-:::!o..+-'1""!=Hf-----l-+--+--+-+++-+-H--+-+--~--"l'-~"""t--f-t-t-+++--+--i 
~ i-- _::r55°C" ;;;_,.t.-f-f'"'f=1Ft"1~-4..;;::J--/--t-~~t+-t+t--t--l ~ o.5 1-r--=-1-9--+-t--t-+-t-t-H -+-f" -,....._ I~ 

i ·~ bd 1\.J 
~ 0.3t----li----::::J-..-r--t--+-+-++-H--t-+--+--+--+--+-t-+++---+-+--t--_.,...-.;;;;d'!....-t-t-'Plik:t--+-~ 

i o.2 l----+--+--1--t--+-+-+-+-1+---+--+--+--+-+-1---1-1H-+-+-+---+--+-+-tN--N:++~~~ 
~~ 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

le, COLLECTOR CURRENT lmAl 
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2N3903, 2N3904 

FIGURE 16 - COLLECTOR SATURATION REGION 
1.0 

"' 0.8 ~ 

~ 

"' ~ 
0.6 \; 

le~l.OmA lOmA 30 mA 1 lOOmA 

~ 

:::: 
~ 

~ 
04 

~ .. 0.1 u 
> • ' ~ 

0 
0.01 0.01 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 1.0 3.0 5.0 7.0 10 

18, BASE CURRENT lmAI 

FIGURE 17 - "ON" VOLTAGES FIGURE 18 - TEMPERATURE CQEFFICIENTS 

~ -55°C TO +15°C 

~ 06 LL 
1---t--t---+--t-+++++t--t-t--t-+-+-l+t++----bl~ 

~ / 
0.4 1---t--t---+--t-+++++t--t-t--t-+-+-l+t+lyf-F-.f------j 

1--~l--+-+-+-f-+++t VcEfu••J@ le/la= 10 H"t+--+--1 

0.11---t---11--t-t-+-i--tttt---t--t.f..----t.j..------t..r~<-t('-tt-tt----t----1 

-o.5.1-+-+-+-+-+-++-+-+-+-+-+--+-+-+-+J:-+-+t--+t...___, 

-55°C TO +15°C 

-l.0trnrn:tJ~=a~a~m }-+"" +15°C TO+ 125!c t--t-
-1.5 vvv IJY Ovo for VBEh.tl 

-2.o·-IV_~--~-~-~~----o~~~~~~~-~~~~~~~~ 

1.0 1.0 5.0 10 10 50 100 100 0104060 80 100 110 140 160 180 100 
le, COLLECTOR CURRENT lmAI le, COLLECTOR CURRENT lmAI 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -40 

Collector-Base Voltage VcBo -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -200 

Total Device Dissipation @J TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Power Dissipation (dl TA= 60°C Po 250 

Total Divice Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
Oc = -1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le= -10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage 
(IE= -10 µAde, le= O) 

Base Cutoff Current 
(VcE = -30 Vdc, Vrn = -3.0 Vdc) 

Collector Cutoff Current 
(VcE = -30 Vdc, VEB = -3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
le = -0.1 mAdc, VcE = -1.0 Vdc) 2N3905 

2N3906 

Oc = -1.0 mAdc, VcE = -1.0 Vdc) 2N3905 
2N3906 

Uc= -10 mAdc, VcE = -1.0 Vdc) 2N3905 
2N3906 

Uc= - 50 mAdc, VcE = -1.0 Vdc) 2N3905 
2N3506 

(le= -100 mAdc, VcE = -1.0 Vdcl 2N3905 
2N3906 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, IB = -1.0 mAdc) 
Uc = -50 mAdc, IB = -5.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -10 mAdc, IB = -1.0 mAdc) 
Uc = - 50 mAdc, IB = - 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, VcE = -20Vdc,f = 100 MHz) 2N3905 

2N3906 

Output Capacitance 
(VcB = -5.0 Vdc, IE= o, f = 1.0 MHz 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

mW 

Watts 
mW/"C 

oc 

Unit 

°CNV 

°CNV 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBL 

ICEX 

hfE 

VcE(sat) 

VBE(sat) 

fr 

Cobo 

2N3905 
2N3906* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-40 -

-40 -

-5.0 -

- -50 

- -50 

30 -
60 -

40 -
80 -

50 150 
100 300 

30 -
60 -

15 -
30 -

- -0.25 
- -0.4 

-0.65 -0.85 
- -0.95 

200 -
250 -

- 4.5 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 



2N3905,2N3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Input Capacitance 
(VEB = -0.5 Vdc, le = o. f = 1.0 MHz) 

Input Impedance 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz 

Small-Signal Current Gain 
(le= -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Output Admittance 
!le= -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Noise Figure 
Oc= -1ooµAdc,VcE= -5.0 Vdc, Rs = 1.0 k ohm, 
f = 1.0kHzl 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = -3.o Vdc, VsE = -0.5 Vdc 

Rise Time le= -10mAdc,191 = -1.0 mAdc) 

Storage Time 

!Vee = -3.0 Vdc, le = -10 mAdc, 
Fall Time 191 = 192 = -1.0 mAdc) 

(1) Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

~ +0.5,v-u 

-10.6 V =;:i i.- 300 ns 

DUTY CYCLE = 2% 

Symbol Min Max 

Cibo - 10.0 

hie 
2N3905 0.5 8.0 
2N3906 2.0 12 

hre 
2N3905 0.1 5.0 
2N3906 0.1 10 

hte 
2N3905 50 200 
2N3906 100 400 

hoe 
2N3905 1.0 40 
2N3906 3.0 60 

NF 
2N3905 - 5.0 
2N3906 - 4.0 

Id - 35 

tr - 35 

2N3905 ts - 200 
2N3906 - 225 

2N3905 If - 60 
2N3906 - 75 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

+ie9.1V~J--<1ns 10k 

0 

1N916 
10 < t1 < 500 µs _ v 
DUTY CYCLE = 2% __., t1 ~ lO.S 

Unit 

pF 

k ohms 

x 10-4 

-

µmhos 

dB 

ns 

ns 

ns 

ns 

*Total shunt capacitance of test jig and connectors 

TRANSIENT CHARACTERISTICS 
- T, = 2s•c --- T, = 12s·c 

FIGURE 3 - CAPACITANCE 

g 
~ 

~ 
d 

2.0 t--+-+---+--+-t-+-++t+---+-+---+-~--+-+-H+--+-+--+-H 

1.0 ~+-+---+-+-~~~--+-+---+-+---+-~~-+-+-~~ 
-0.1 -0.2-0.3-0.5-0.7 -1.0 -2.0-3.0-5.0-7.0-10 -20 -30 -50 

REVERSE BIAS IVOLTSJ 

FIGURE 4 - CHARGE DATA 
5000 ,--...,--.,.---,-,--rr,.,-,rr---.--.-,.-..,-,--,-n-rr--,-, 

I- 1~n8 ~ 10 1 -+-+-i-tt++---t--t-+-+-t-+++t-t---t-1 
3000 I- Vee = -41JV -t--t-t-+t-t+-+-+--+--+-+--t-TTH--+---1 

2000 

1000 
700 JZ:Z 

; 
500 

300 

200 -
OA 

IOO~i~~~~=~l~~~~~~~ti~~ 70 j;; 
l--+--+--1-t-l-+-l+tt---t--t--+--t--+-t-Ht-tt---t-1 

50'--'---'--'--~1....J....U..J...L....--l--l--'--'--'--'-"'-''-'-'--~ 
-1.0 -2.0-3.0 -5.0-7.0-10 -20 -30 -50-70-100 -200 

le, COLLECTOR CURRENT lmAJ 
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! 

2N3905, ·2N3906 

FIGURE 5 - TURN-ON TIME FIGURE 6 - FALL TIME 
500 

300 

200 

500 ~ 1"- 7i= 102 

3001---+l'l--f~t-~.--+-t+t++---t-+-t--t--t-· Vee= -40v 

2001-1--1-'~~,..,....~~~~l-++---+--+--+-+-+-++i-++---+-~ 
'~ 

100 

70 :::s JS 
50 ~~. "is: @Vee 1ov~ 
30 

20 

10 ~a§~B18~~b.~~t-...~t:::,~m~ 7.ot:: Id @Voe o 2.0 v 
10~tt~~!~!~~~EE~WE:t~ 7.ol: 

1---+--+--+-+-+-t+t-t+--+-+-t--t--t-+-rtt't---t--1 
5.0'---'--'--'--'--1-........ ..U....--L-..&.-'-......... -'-:'. ........ "::-~ 
-1.0 -2.0 -3.0 -5.0-7.0-10 -20 -30 -50 -70 -100 -200 

5.o~~~-~~~~--'-+-~~~~-~ 
-1.0 -2.0 -3.0 -5.0 -7.0-10 -20 -30 -50 -70-100 -200 

1.0 

le, COLLECTOR CURRENT lmAl le. COLLECTOR CURRENT lmAl 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
VcE = -5.0 Vdc, TA= 25°C. 

FIGURE7- Bandwidth = 1.0 Hz FIGURES-
12 

f--f =\.otHz 
10 

7 z v ~ 
~ _L le= -1.0mA It 

~ 
L - 100 µ.A 2 
v 1Z - 8.0 

~ .Ll ILl L k'.j 
')... k"': lLJ ~ v 
~ ~ lL L'.".'.l 2 

~ 
~ - 6.0 

b,.. ]'.,, ~ t---0.5mA L ~ --50µ.A 

2.0 
.....;; p. l:>c ~ 

0 
1.0 2.0 4.0 10 20 40 100 0.1 0.2 0.4 1.0 2.0 4.0 10 20 40 100 

f. FREQUENCY lkHzl R,. SOURCE RESISTANCE lkohmsl 

h PARAMETERS 
(VcE = -10 Vdc, f = 1.0 kHz, TA= 25 °C) 

FIGURE 9 - CURRENT GAIN FIGURE 10 - OUTPUT ADMITTANCE 

200 1---+--+--+-+-l-++++l--+-+--+-+-+-+-l-++l 
70t---+--+---ll--f-l-+-t-+-++---ll--+--+-+-++~~~~ 

~50t---+--+---ll--f-l-+-t-+-++---ll--+--+-+~12'+-+-+H i v 
~30t---+--+---ll--f-l-+-t-+-++---ll--+-,.c+V'-+-l-+-+-+H 

ffi lOOl---1--1--1--+-l-+++++--l--+--+-+-++-+-+-H 
g; 

~ [L 
~ 20t---t--+---lt--f-l-+-t-+-++---l~_....d-+-+-+-t-++-+-H 
s IL B 

g 701---1--1--+-+-l-+++++--+-+--+-+-++-+-+-H 

501----+---+--+--+->-+-+-+++-+---+---+-+-+--+-t-+-H 

~ ~ 
J1oc:~~::'.t=t...-1~H~ttit:=:t=t:=t=t:tij:!:J~ 

7.0 t---+--+---11--f-l-+-t-+-++---ll--+--+-+-++-+-+H 

30..__.__.__..__..__~ .................... _..__....__,___._._ ......... ~ 
-0.1 -0.2 -n3 -o.5 -0.1 -1.0 -2.0 -lO -5.0 -7.0 -10 

5.0 '-~~-'-~'-'-.....,.._.......__._..__,__...._._....__. .......... u 

-0.1 -0.2 -0.3 -0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 

le. COLLECTOR CURRENT lmA) le. COLLECTOR CURRENT lmAl 
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2N3905, 2N3906 

FIGURE 11 - INPUT IMPEDANCE FIGURE 12 - VOLTAGE FEEDBACK RATIO 
20 cs: 
IO 

~ 7.0 
~ 5.0 

t'-., 
-

7.0 l---+--ID..-".s_r--l--l-+++-l-l+---+---+-+--+---1-++-+-+-1 

s 5 0 l---+--+--l"'\.c-l-1-+-+-++++---+--+-+-+-+-t-+-t-+-1 
" .., 

~ 

'-' :s:J 
N ~ 3.0 

0 !'\ 
~ 3.0 l---+--+--1--f--l-"J\lc+-+-+-l---+--+-+--+-+-+++-+-i 

)il ~ 2.0 

~ 
~! 1.0 

:::s:i 
~ 

~ 2.0 l'--. v 
is; 

~ 7.0 

0.5 
~ ~ ~ 
j!ol:::±::±==±::::l::::j::ji:l:lr:t:l:==!:::::t::::=::i==i:::::t=t:::l:t::t:l 

0.3 

0.2 
-0.1 

~ 
N 
:::; 

2.0 

<( 1.0 
il!! 
0 

~ 0.7 
z 
< 
~ 0.5 
z 
w 

"' "' a o.3 
'-' c 

; 0.2 

-0.2 -0.3 

0.1 
-0.1 

0.7 l---l--+--l--!-1-+-+-+++----ll--+----+-+-+++-+-+-1 

-0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 
0.5 .___.__.__L-J......J'-L...L..L.l.J...---11--'---'---'--'-_.__._._._. 
-0.1 -0.2 -0.3 -0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 

le. COLLECTOR CURRENT lmAJ le. COLLECTOR CURRENT lmAJ 

STATIC CHARACTERISTICS 

FIGURE 13 - DC CURRENT GAIN 

TJ 1 +1J5°C 1J T 
1.0V 

+2i -~ 
5~C ~ 

-...........J ": 
'b. ~ 

~~ !"-., 

1' ~ 
~ 

"'\: ~ 
-0.2 -0.3 -0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -30 -50 -70 -100 -200 

le, COLLECTOR CURRENT lmAJ 

FIGURE 14 - COLLECTOR SATURATION REGION 

TJ = 25"C 

~ -0.8 H---+----+--+-+--+--+-+-tl-+-l---+--+----+-+--+-+-+-t-+-1---+---+---+-++---+--+-+-t-+-I 
~ le= -1.0mA -10mA ~ -30mA 

~ ~ 
~ -0.6 H---+----+--+-+--+--+-+-t-t+-+---+---+--+--\-\+--+-+-+-t-+-+---+---+--+-11----+--+-+-t-+-I 

~ 
! ~ [ 
!!5-0.4 H----ll---+--+---+---+-+-+-+-+-11-----1-+---+---+--*~-+-+-+-l-l---+-+---l---+-'"\ll.+--+-l-++-I 

~ ~ b.. b... 
8 ~ ~ ~ ~ 
.;§-o.2r-""-......i1--.~+---r-+-+-+-+-+-1-t-__,,,,.......,ciN-t-+----+--+-+-+-+-+-+-1,.._,_.......,;;::-tN-t-1--~+--+-+-+-++-t-1 

-100mA, 

o....__.....__._ _ _._ _ _.__.__._ ...... _._.___..__._ _ _._ _ _.__.__._ ...... _._.___....._ ....... _ _.__.._ ............................ 
-0.01 -0.02 -0.03 -0.05 -0.07 -0.1 -0.2 -0.3 -0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 

I,, BASE CURRENT lmAJ 
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2N3905, 2N3906 

FIGURE 15- "ON" VOLTAGES FIGURE 16 - TEMPERATURE COEFFICIENTS 
-1.0 

TJ = 25'C 

-0.8 

~ 
~-0.6 ... 
~ 
g-oA 
> 

-02 

0 
-1.0 -2.0 

VeE(sat) ®Idle = 10 ~ 

~ 
VBE@VCE 1.0V 

lL 
v 

VCElsatl @ icne = 10 
lili'l l ..J....1-'1-1 
lITL 

-5.0 -10 -20 -50 -100 -200 
le. COlLECTOR CURRENT lmAI 

1.o~~~~~~~~~I~~~~ 

~ 0.5 i--r--r--t-;-t-t--t-1r-+:~~!;:1:!-1--r-t-:7'"HV1 
..S live for Ve,1 .. ,1 +25°C TO +125°C 1-f""l 
~ 
i:i 55°C TO +25°C 

~ I 'Efh..J 
8 -0.5 t-t--+-+--1-+-+-t-t-+-t-r-t-+--+l-+-+-t-t---+--i 

~ 1-+-+-+-1-4--+-+-1-4--+-+-+ +1J.c ro11J5°~ Pl 
~ -1.0 11v,1orv.,,,.,1 11~ 
~ Ll'1 l 1°7°I2rl _, 
~ -1.5 1-IL-11"-f-+--+-1-+-+-11-+-1-1-+--1-1J-+--+-1-+-+-l 

-2.0, ........ ...._ ................................... _._ ......... ~l .......... ...._ .................... 
0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 

le, COLLECTOR CURRENT lmAI 
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MAXIMUM RATINGS 

Rating Symbol 2N4123 2N4124 

Collector-Emitter Voltage VcEO 30 25 

Collector-Base Voltage Vcso 40 30 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation@ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJc 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, IE = 0) 2N4123 

2N4124 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 2N4123 

2N4124 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEs = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc = 2.0 mAdc, VcE = 1.0 Vdc) 2N4123 

2N4124 

(le = 50 mAdc, VcE = 1.0 Vdc) 2N4123 
2N4124 

Collector-Emitter Saturation Voltage(1) 
(le = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, I= 100 MHz) 2N4123 

2N4124 

Input Capacitance 
(VEB = 0.5 Vdc, le = o, f = 1.0 MHz) 

Collector-Base Capacitance 
UE = o, Vcs = 5.0 v, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 2.0 mAdc, VcE = 10 Vdc, Rs = 10 k ohm, f = 1.0 kHz) 2N4123 

2N4124 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

2N4123 
2N4124 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

I 3Collector 

2__G)\ 
1 

Base~ 
2 1 Emitter 

3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IE so 

hfE 

VcE(sat) 

VsE(sat) 

IT 

Cibo 

Ccb 

hte 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

30 -
25 -

40 -
30 -
5.0 -

- 50 

- 50 

50 150 
120 360 

25 -
60 -
- 0.3 

- 0.95 

250 -
300 -
- 8.0 

- 4.0 

50 200 
120 480 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

-

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

2N4123, 2N4124 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Current Gain - High Frequency lhtel 
Uc= 10mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4123 2.5 -

2N4124 3.0 -
Uc = 2.0 mAdc, VcE = 10 V, f = 1.0 kHz) 2N4123 50 200 
Uc= 2.0 mAdc, VcE = 10 V, f = 1.0 kHz) 2N4124 120 480 

Noise Figure NF 
Uc = 100 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohm, 2N4123 - 6.0 
f = 1.0 kHz) 2N4124 - 5.0 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 

FIGURE 1 - CAPACITANCE FIGURE 2 - SWITCHING TIMES 

7.0 1--+-+--l-++++H+-+--jj_l--+-+-+-t-++t+--+-+-+-i 

5 O 1--if-+--+-+-i-+t+++--+ - 1 -+-t-+t+t-t+--+--t-+-i i . i-... JL:: Cibo 

130 ~ ~ q--
2.0 r-+-1 Cobo=tk'.q-iH+++--++--Pt--!.H1-+t--t+-t--1 

1 
1.0 L--L-.l..--L-L..1....LJ....U.L--.1........1-'-'-..L..l..J..1..JU.--'-'--......... 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 40 

200 

100 

70 

! 
50 

! 30 

20 

10.0 

7.0 
5.0 

~ 
~ 

E'-
~ ~ 

J"-...: k" ~ 1'.:t-.. );1 
~ !-"' 

Vee= 3V ~ '- .:::::s ~ j..-
lc/11= 10 
v.,, .. ,-o.sv 

1.0 2.0 3.0 5.0 10 20 30 50 

RE'IDISI: BIAS VOi.TAG£ IYOLTSI le. COUECTOR CURf!ENT lmAI 

AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FICUR£ 

(VcE = 5 Vdc, TA= 2s0 c1 

l"1 

FICUH 3-FREQUENCY VARIATIONS 
Bandwidth = 1.0 Hz 

FICUH 4-SOURCE HSISTAllCE 
12 
~ t-1.:i;kHz .L..l... y 

Unit 

-

dB 

L 
!-": 
L 

100 200 

z f ::s: 
~ r- SOUllCE RESISTANCE = 200 ll 

s:-_1c-1mA _l_ 

JO 
~= J~ ZIZ ::zJ 

l¥t~1a.s~7 1-
J2 

JO 

"'- -"- ± ::s: rs 
~ f' rt- SOURCE RESISTANCE= 200 ll 

N N ~ 1c7.smA +-+-
I L1-' ~ :r-h ff1 T SOURCE RESISTANCE - 500 ll 

t--lc IOOµA 
SOURCE RESISTANCE = I kll J_ 
lc=50µA l 

0 

~v z 
71 Z_lc-50µA 

~ Jl'c = Joo µ1.z 
~ lL Yi .L lL1 

t-..... b..-""1 v IL l.L 
r-...' 2 L L 

......... rsl ~ 

0 
O.J 0.2 0.4 JO 20 40 JOO 0.1 0.2 0.4 J.O 2.0 4.0 JO 20 40 

I, FREQUENCY Jl<Hzl Rs, SOURCE RESISTANCE (kllJ 
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2N4123, 2N4124 

h PARAMETERS 
Ve• = 10 v. t = 1 kHz. T • = 2s•c 

FISURE 5- CURRENT GAIN 
100 

200t---+---+---+---+--+-<-+-<-++-----<t--t---+--+--+-+-+-+-~ ~ 

~ i 100 ,,,,.... 

j 10~1--"-:-+--+~+-+--+-+-1~+--+--+--+-+-+-++++; 
....-1 

~1---+--+---+-+--+-ii-+;-++~t--t---+--+--+-+++~ 

2.0 

~.__ ........ ...__.__,_..._. ................. ~1--1--........ ..._.._._ .......... 1.0 
0.1 0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 

le. COLLECTOR CURRENT lmAJ 

FIGURE 7 - INPUT IMPEDANCE 
20 

'b.. 
10 bJ 

b...., 
~ rs: 

~ 

0.5 

FIGURE &- OUTPUT ADMITTANCE 

::;a 
y 

v 
i.---

0.5 1.0 2.0 5.0 10 
le, COLLECTOR CURRENT lmA J 

FIGURE 1-VOLTAGE FEEDBACK RATIO 

0.7 t--+-+--+--+--+-t-+-t-++--11--t---+-+-+-+++~ 

0.2 
0.1 0.2 

o.5i--

0.5 ,__..._...__,__._ ...................... __.,__,__..._..._.._._ .......... 
0.5 1.0 2.0 
le. COUECTOR CURRENT lmAJ 

0.2 0.3 0.5 0.7 

5.0 10 0.1 0.2 

STATIC CHARACTERISTICS 

FIGURE 9 - DC CURRENT GAIN 

1.0 2.0 3.0 5.0 7.0 10 

le. COLLECTOR CURRENT lmAI 

0.5 1.0 2.0 
le, COLLECTOR CURRENT lmA J 

20 ~ 50 70 JOO 
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2N4123, 2N4124 

FICURE 10- COLLECTOR SATUllTIDll REGION 

1, = 25•c 

~ 0.1 t----+-++----+--!--+--+~1-+4---+--+--+-++--+-+-+-+-++--+--1---4--+--+--+-<-+-l-I 
2! le=lmA lOmA 30mA lOOmA 

~ \ !ii! 0.6t----+-++----+--!--+--+-+-++1-1---+--+--+---++--+-+-+-+-++--+--i--+4\-+--+--+-<-+-l-I 

i 
l!i o.4t---+-+f---+--!--l-+--+-+-t1-+--+--+--+-----PT1<-+-+-+-+++-+--+-+--h!-:!io.,b-+~1--1-< 
~ ·~ N-++ 
~ I'\.. i'..... ~ 
,; 0·21-t-1"" ........ tj:t--="l-t-tiiii........::::""t-4r--:::::::j._t::::-r-H-ff'tt--~:::::t:=:j--HH--tiil 

.02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
I~ BASE CURRENT lmAI 

FIGURE 11- "011" VOLTAGES 

0.61--if-+--+-+-+++.-++--+-+--f-+++-+++t--+_, 
I 

OL...J'-'--'-...L...l..J..U...L.1--+-.L..-'-'-.._._........_.,,..........,... 
1.0 2.0 5.0 10 20 50 100 200 

le. COl.LECTOR CURRENT lmAI 

FIGURE 12- TEMPERATURE COEFFICIENTS 
•.o~~~~~~T~1~T-1-1~1..-'~ 

~ "-1TIH51-~ 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage VcBo 

Emitter-Base Voltage VEBQ 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25°C Po 
Derate above 25°C 

·-·-
Total Device Dissipation @Tc = 25°C Po 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

2N4125 2N4126 

-30 -25 

-30 -25 

-4.0 

-200 

625 
5.0 

1.5 
12.0 

-55 to + 150 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watt 
mWl°C 

oc 

2N4125 
2N4126 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc;w PNP SILICON 

Thermal Resistance, Junction to Case RoJC 83.3 oc;w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) (le = -1.0 mAdc, IE = O) 2N4125 V(BR)CEO -30 
2N4126 -25 

Collector-Base Breakdown Voltage (le= -10µ,Adc, IE= O) 2N4125 V(BR)CBO -30 
2N4126 -25 

Emitter-Base Breakdown Voltage (IE = -10 µ,Ade, le = O) V(BR)EBO -4.0 

Collector Cutoff Current (Vcs = -20 Vdc, IE = O) lcso -

Emitter Cutoff Current (VEB = -3.0 Vdc, le = 0) IEBO -
ON CHARACTERISTICS 

DC Current Gain(1) hFE 
(le = -2.0 mAdc, VcE = -1.0 Vdc) 2N4125 50 

2N4126 120 

Uc = -50 mAdc, VcE = -1.0 Vdc) 2N4125 25 
2N4126 60 

Collector-Emitter Saturation Voltage (1) VcE(sat) -
Uc= -50 mAdc, Is = -5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VsE(sat) -
(le = - 50 mAdc, Is = - 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc= -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 2N4125 200 

2N4126 250 

Input Capacitance Cibo -
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb -
(Vcs = -5.0 Vdc· IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte 
Uc= -2.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 2N4125 50 

2N4126 120 

Current Gain - High Frequency lhtel 
Uc= -10 mAdc, Vee= -20 Vdc, f = 100 MHz) 2N4125 2.0 

2N4126 2.5 

Noise Figure NF 
Uc = -100 µ,Ade, VcE = -5.0 Vdc, Rs = 1.0 k ohm, 2N4125 -
f = 1.0 KHz 2N4126 -

(1) Pulse Test: Pulse Width "' 300 µ,sec, Duty Cycle = 2.0%. 
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Vdc 
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-

Vdc 

Vdc 
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MAXIMUM RATINGS 

Characteristic Symbol 2N4264 j 2N4265 

Collector-Emitter Voltage VcEO 15 l 12 

Collector-Base Voltage Vcso 30 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Total Device Dissipation@ Tc = 75°C: Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

Thermal Resistance, Junction to Case RoJC 125 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 1.0 mAdc, IE = O) 2N4264 

2N4265 

Collector-Base Breakdown Voltage 
lie = 10 ,,Ade, le = O) 

Emitter-Base Breakdown Voltage 
!IE = 10 ,,Ade, le = O) 

Base Cutoff Current 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc) 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc, TA= 100°C) 

Collector Cutoff Current 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 1.0 mAdc, VcE = 1.0 Vdc) 2N4264 

2N4265 

!le = 10 mAdc, VcE = 1.0 Vdc) 2N4264 
2N4265 

!le= 10 mAdc, VcE = 1.0 Vdc, TA= -55°C) 2N4264 
2N4265 

!le= 30 mAdc, VcE = 1.0 Vdc) 2N4264 
2N4265 

!le= 100 mAdc, VcE = 1.0 Vdc)(1) 2N4264 
2N4265 

Oc = 200 mAdc, VcE = 1.0 Vdc)(1) 2N4264 
2N4265 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 
Uc = 100 mAdc, Is = 10 mAdc)(1) 

Base-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc)(1) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mW/°C 

oc 

Unit 

oc/W 

oc/W 

2N4264 
2N4265 

CASE 29-04, STYLE 1 
T0-92 {T0-226AA) 

I - 3 Collector ,{Q 
Base 

1 
2 3 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

le EX 

hFE 

VcE(sat) 

VBE(sat) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

15 -
12 -
30 -

6.0 -

- 0.1 
- 10 

- 100 

25 -
50 -

40 160 
100 400 

20 -
45 -

40 -
90 -
30 -
55 -

20 -
55 -

- 0.22 
- 0.35 

0.65 0.8 
0.75 0.95 

Unit 

Vdc 

Vdc 

Vdc 

,,Ade 

nAdc 

-

Vdc 

Vdc 
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2N4264,2N4265 

ELECTRICAL CHARACTERISTICS !continued) ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 300 - MHz 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Input Capacitance Cibo - 8.0 pF 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Output Capacitance Cobo - 4.0 pF 
IVcs = 5.0 Vdc, IE = 0, f = 1.0 MHz, IE = O) 

II 
SWITCHING CHARACTERISTICS 

Delay Time !Vee = 10 Vdc, VEB(off) = 2.0 Vdc, Id - 8.0 ns 

Rise Time le = 100 mAdc, 191 = 10 mAdc) (Fig. 1, Test Condition Cl tr - 15 ns 

Storage Time Vee = 10 Vdc, lie = 10 mAdc, for tsl Is - 20 ns 

Fall Time lie = 1 oo mA for tf) If 
1191 = -10 mA) 1192 = 10 mA) (Fig. 1, Test Condition C) 

- 15 ns 

Turn-On Time IVcc = 3.0 Vdc, VEB(off) = 1.5 Vdc, Ion - 25 ns 
le = 10 mAdc, 191 = 3.0 mAdc) (Fig. 1, Test Condition Al 

Turn-Off Time IVcc = 3.0 Vdc, le = 10 mAdc, loff - 35 ns 
191 = 3.0 mAdc, 192 = 1.5 mAdc) (Fig. 1, Test Condition A) 

Storage Time IVcc = 10 Vdc, le = 10 mA, Is - 20 ns 
191 = 192 = 10 mAdc) (Fig. 1, Test Condition Bl 

Total Control Charge IVcc = 3.0 Vdc, le = 10 mAdc, 19 = mAdc) Or - 80 pC 
(Fig. 3, Test Condition Al 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

FIGURE 1 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

TEST 
CONDITION le Vee Rs Re Cs( maxi VBE(off) v, Vz V3 

mA v n n pF v v v v 
A 10 3 3300 270 4 -1.5 10.55 -4.15 10.70 

B 10 10 560 960 4 - - -4.65 6.55 

c 100 10 560 96 12 -2.0 6.35 -4.65 6.55 PULSE WIDTH lt,J = 300 ns DUTY CYCLE= 2% 
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2N4264, 2N4265 

CURRENT GAIN CHARACTERISTICS 

FIGURE 2 - MINIMUM CURRENT GAIN 
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70 Ve, - IV t---
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le, COLLECTOR CURRENT !mAl 
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zs·c 

.. 100 

-1s•c -ii 
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le, COLLECTOR CURRENT lmAI 

FIGURE 3 - Qr TEST CIRCUIT 

270 !l 

PULSE WIDTH lt1l - 5 es 

I 
I 

_,,1_ 

-1c;<4pF 
_ _J 

FIGURE 4 - TURN-OFF WAVEFORM 

TIME --

NOTE 1 
When a transistor Is held In a conductive state by a base current, 

11, a charge, Q5, is developed or "stored" in the transistor. Q5 may be 
written: Q, = Q, + Q, + Qx. · 

Q1 ls the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Qv Is 
the charge required to charge the collector-base feedback capacity. 
Ox is excess charge resulting from overdrive, i.e., operation In 
saturation. 

The chare:e required to turn a transistor "on" to the edge of sat
uration Is the sum of Q1 and Qv which is defined as the active region 
charge, QA. QA = 111tr when the transistor is driven by a constant cur

ie 
rent step (111 ) and 111 < <ii;· 

If 11 were suddenly removed, the transistor would continue to con
duct until Q5 is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina
tion time is long compared to the ultimate capability of a transistor, a 
charge, Qr. of opposite polarity, equal In magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Or from 
Figure 13, the external C for worst-case turn-off in any circuit Is: 
C = Qr!(!,. V, where (!,. V is defined In Figure 3. 
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II 

2N4264, 2N4265 

"ON" CONDITION CHARACTERISTICS 

FIGURE 5 - COLLECTOR SATURATION REGION 
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DYNAMIC CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie= 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 0.1 mAdc, le = O) 

Base Cutoff Current 
(VcE = 35 Vdc, VEB = 0.4 Vdc) 

Collector Cutoff Current 
(VcE = 35 Vdc, VEB = 0.4 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 0.1 mAdc, VcE = 1.0 Vdc) 2N4401 

lie = 1.0 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

lie = 10 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

lie = 150 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 

lie = 500 mAdc, VcE = 2.0 Vdc) 2N4400 
2N4401 

Collector-Emitter Saturation Voltage 
lie = 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, 19 = 50 mAdc) 

Base-Emitter Saturation Voltage 
lie = 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain....: Bandwidth Product 
lie = 20 mAdc, Vee = 10 Vdc, t = 100 MHz) 2N4400 

2N4401 

Collector-Base Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watt 
mW/°C 

"C 

Unit 

"CIW 

"C/W 

2N4400 
2N4401* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/~, .:~'"""' 
2 1 Emitter 

3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

le EX 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Ccb 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

60 -
6.0 -

- 0.1 

- 0.1 

20 -

20 -
40 -

40 -
80 -

50 150 
100 300 

20 -
40 -

- 0.4 
- 0.75 

0.75 0.95 
- 1.2 

200 -
250 -
- 6.5 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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2N4400, 2N4401 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Max 

Emitter-Base Capacitance Ceb - 30 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie 
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4400 0.5 7.5 

2N4401 1.0 15 

Voltage Feedback Ratio hre 0.1 8.0 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4400 20 250 

2N4401 40 500 

Output Admittance hoe 1.0 30 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VeE = 2.0 Vdc, Id - 15 

Rise Time le = 150 mAdc, le1 = 15 mAdc) 
tr - 20 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, Is - 225 

Fall Time le1 = le2 = 15 mAdc) If - 30 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 

-1 l-1.0 to 100 µs, 

: 1;p,:V DUTY CYCLE = 2.0% 

-2.0V -I < 2.0 ns 

+30 v -I I- 1.0 to 100 µs, 
20011 u 

:~: + 1: VlfTY CYCLE = 2.0%. 

: Cs*< 10 pF -14 V 

1 ___ J - I- <20ns 

-4.0V 
Scope rise time < 4.0 ns 
*Total shunt capacitance of test jig connectors, and oscilloscope 

TRANSIENT CHARACTERISTICS 
-- 25'C --- 100'C 

Unit 

pF 

k ohms 

x 10-4 

-

µmhos 

ns 

ns 

ns 

ns 

+30V 

20011 

I 
I _ .. _ 

-T-

l Cs~< 10 pf ___ .J 

FIGURE 3 - CAPACITANCES FIGURE 4 - CHARGE DATA 
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2N4400, 2N4401 

FIGURE 5 - TURN-ON TIME 
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FIGURE 7 - STORAGE TIME 
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le, COLLECTOR CURRENT (mA) 

FIGURE 6 - RISE AND FALL TIMES 
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FIGURE 8 - FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE 
Vee = 10 Vdc, TA = 25°C 

FIGURE 9 - FREQUENCY EFFECTS Bandwidth = 1.0 Hz FIGURE 10 - SOURCE RESISTANCE EFFECTS 
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2N4400, 2N4401 

h PARAMETERS 
VcE = 10 Vdc, f = 1.0 kHz, TA= 25°C 

This group of graphs illustrates the relation
ship between hfe and other "h" parameters 
for this series of transistors. To obtain these 
curves, a high-gain and a low-gain unit were 

FIGURE 11 - CURRENT GAIN 

f'i 

;;; 
::;; 
:c 
Q 
~ z 
<3 

selected from both the 2N4400 and 2N4401 
lines, and the same units were used to de
velop the correspondingly numbered curves 
on each graph. 

FIGURE 12 - INPUT IMPEDANCE 
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FIGURE 13-VOLTAGE FEEDBACK RATIO 
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FIGURE 14 - OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 

FIGURE 15 - DC CURRENT GAIN 
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2N4400, 2N4401 

FIGURE 16 - COLLECTOR SATURATION REGION 
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FIGURE 17 - "ON" VOLTAGES FIGURE 18 - TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -40 

Collector-Base Voltage Vcso -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous tc -600 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = -1.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage Oc = -0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage OE = 0.1 mAdc, le = O) 

Base Cutoff Current (VcE = -35 Vdc, VEB = -0.4 Vdc) 

Collector Cutoff Current (VcE = -35 Vdc, VEB = -0.4 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -0.1 mAdc, VcE = -1.0Vdc) 2N4403 

Oc = -1.0 mAdc, VcE = -1.0 Vdc) 2N4402 
2N4403 

(le= -10 mAdc, VcE = -1.0 Vdc) 2N4402 
2N4403 

Oc = -150 mAdc, VcE = -2.0 Vdc)(1) 2N4402 
2N4403 

Oc = -500 mAdc, VcE = -2.0 Vdc)(1) Both 

Collector-Emitter Saturation Voltage(1) 
Oc = -150 mAdc, ls= -15 mAdc) 
Oc = -500 mAdc, ls = -50 mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = -150 mAdc, ls= -15 mAdc) 
Oc = -500 mAdc, ts = -50 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -20 mAdc, VcE = -10Vdc,f = 100 MHz) 2N4402 

2N4403 

Collector-Base Capacitance 
(Vcs ~ -10 Vdc, IE= 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = -0.5 Vdc, le= 0, f = 1.0 MHz) 

Input Impedance 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 2N4402 

2N4403 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

2N4402 
2N4403* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

' 

3 Collector 

'() 
1 If Base 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

tcEx 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Ccb 

Ceb 

h;e 

3 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-40 -
-40 -
-5.0 -

- -0.1 

- -0.1 

30 -

30 -
60 -

50 -
100 -

50 150 
100 300 

20 -

- '-0.4 
- -0.75 

0.75 -0.95 
- -1.3 

150 -
200 -
- 8.5 

- 30 

750 7.5k 
1.5k 15k 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ohms 
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II 

2N4402,2N4403 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Voltage Feedback Ratio hre 0.1 8.0 
Uc= -1.0 mAdc, Vee= -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
Uc= -1.0 mAdc, Vee= -10 Vdc, f = 1.0 kHz) 2N4402 30 250 

2N4403 60 500 

Output Admittance hoe 1.0 100 
Uc= -1.0 mAdc, Vee= -10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = -30 Vdc, Vee = +2.0 Vdc, Id - 15 

Risenme le= -150 mAdc, le1 = -15 mAdc) 1, - 20 

Storage Time !Vee = -30 Vdc, le = -150 mAdc, Is - 225 

Fall Time le1 = -15 mA, le2 = 15 mA) If - 30 

(1) Pulse Test: Pulse Width "' 300 JLS, Duty Cycle "' 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUIT 
FIGURE I - TURN·ON TIME FIGURE 2 - TURN·OFF TIME 
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FIGURE 7 - STORAGE TIME 
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2N4402, 2N4403 

h PARAMETERS 
VcE ~ -10 Vdc, f ~ 1.0 kHz, TA~ 25°C 

This group of graphs illustrates the relationship be· 
tween hf. and other "h" parameters for this series 
of transistors: To obtain these curves, a high-gain 
and a low-gain unit were selected from both the 

FIGURE 10 - CURRENT GAIN 

2N4402 and 2N4403 lines, and the same units 
were used to develop the correspondingly
numbered curves on each graph. 
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FIGURE 13 - OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 

FIGURE 14 - DC CURRENT GAIN 
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2N4402, 2N4403 

FIGURE 15 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 80 

Collector-Base Voltage VcBo 120 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 250 

Total Device Dissipation (<v TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, IB = O) 

Collector-Emitter Breakdown Voltage 
(le = 500 µAde, VBE = 5.0 Vdc, RBE = 8.2 k ohms) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vea = 100 Vdc, IE = 0) 
(Vea = 100 Vdc, IE = 0, TA = 100°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 1.0 mAdc, IB = 0.1 mAdc) 

Base-Emitter Saturation Voltage Uc = 1.0 mAdc, IB = 0.1 mAdc) 

Base-Emitter On Voltage Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) 
Uc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz, emitter guarded) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz, collector guarded) 

(1) Pulse Test: Pulse Width " 300 µs, Duty Cycle " 2.0%. 
(2) tr = lhtel 'ftest· 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWi°C 

Watts 
mW/"C 

"C 

Unit 

°C/W 

°C/W 

2N4410 

CASE 29-04, STYLE 1 
T0-92 {T0-226AA) 

I f' 3 Collector 

2~ Base 

1 
2 3 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N5550 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 80 - Vdc 

V(BR)CEX 120 - Vdc 

V(BR)CBO 120 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcBo µAde 
- 0.01 
- 1.0 

IEBO - 0.1 µAde 

hFE 60 - -
60 400 

VcE(sat) - 0.2 Vdc 

VBE(sat) - 0.8 Vdc 

VBE(on) - 0.8 Vdc 

tr 60 300 MHz 

Ccb - 12 pF 

Ceb - 50 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -50 

Collector-Base Voltage Vcso -1"0 

Emitter-Base Voltage VEBO -3.0 

Collector Current - Continuous le -50 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel2) 
lie = -1.0 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
lie = -100 !LAdc, IE = 0) 

Collector Cutoff Current 
(Vcs = -35 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = -100 "Ade, VcE = -5.0 Vdc) 2N5086 

2N5087 

!le= -1.0 mAdc, VcE = -5.0 Vdc) 2N5086 
2N5087 

lie = -10 mAdc, VcE = -5.0 Vdcll21 2N5086 
2N5087 

Collector~Emitter Saturation Voltage 
lie = -10 mAdc, Is = -1.0 mAdc) 

Base-Emitter On Voltage 
lie = -1.0 mAdc, VcE = - 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
lie = -500 !LAdc, VcE = -5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
lie = -1.0 mAdc, VcE = -5.0 Vdc, f = 1.0 kHz) 2N5086 

2N5087 

Noise Figure 
lie = -201LAdc, VcE = -5.0 Vdc, Rs = 10 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 

lie = -100 "Adc, VcE = - 5.0 Vdc, Rs = 3.0 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 

121 Pulse Test: Pulse Width ,,;; 300 µ.s, Duty Cycle ,,;; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mW!°C 

oc 

Unit 

oc;w 

oc;w 

2N5086 
2N5087* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,,/ ,;,~"~"' 
3 1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

VIBR)CEO 

V(BR)CBO 

lcso 

IEBQ 

hfE 

VcElsat) 

VBElonl 

tr 

Ccb 

hte 

NF 

PNPSILICON 
*This is a Motorola 

designated preferred device. 

Min Max 

-50 -

-50 -

- -50 

- -50 

150 500 
250 BOO 

150 -
250 -

150 -
250 -
- -0.3 

- -0.85 

40 -

- 4.0 

150 600 
250 900 

- 3.0 
- 2.0 

- 3.0 
- 2.0 

Unit 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

-

dB 
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2N5086,2N5087 

TYPICAL NOISE CHARACTERISTICS 
(VcE = -5.0 Vdc, TA = 25°C) 

FIGURE 1- NOISE VOLTAGE 
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FIGURE 2 - NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(VcE = -5.0 Vdc, TA= 25°C) 

FIGURE 3 - NARROW BAND, 100 Hz 
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FIGURE 5 - WIDEBAND 
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Noise Figure is Defined as: 

_ fen2+4KTRs+ 1n2Rs2] 1/2 
NF - 20 log10 L 4KTRs 

en Noise Voltage of the Transistor 
referred to the input. (Figure 3) 

In Noise Current of the transistor 
referred to the input (Figure 4) 

K Boltzman's Constant (1.38 x 10-23 j/°K) 
T Temperature of the Source Resistance (°K) 
Rs Source Resistance (Ohms) 
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2N5086, 2N5087 

TYPICAL STATIC CHARACTERISTICS 

FIGURE 6 - DC CURRENT GAIN 
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FIGURE 7 - COLLECTOR SATURATION REGION 
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FIGURE 9 - "ON" VOLTAGES 
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FIGURE 8 - COLLECTOR CHARACTERISTICS 
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2N5086,2N5087 

TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 12 - TURN-OFF TIME 
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2N5086, 2N5087 

FIGURE 17 - THERMAL RESPONSE 
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FIGURE 18 - ACTIVE-REGION SAFE OPERATING AREA 

VCE. COLLECTOR·EMITTER VOLTAGE 

The safe operating area curves indicate lc-VcE limits 
of the transistor that must be observed "tor reliable aper· 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon TJ(pk) = 150°C; 
Tc or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided T J(pk).;;;; 
150°C. T J(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi
tations wi II reduce the power that can be handled to 
values less than the limitations imposed by second break
down. 

FIGURE 19 - TYPICAL COLLECTOR LEAKAGE CURRENT DESIGN NOTE: USE OF THERMAL RESPONSE DATA 
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A train of periodical power pulses can be represented by 
the model as shown in Figure 19A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find Z@JA(t)• multiply the value obtained from 
Figure 19 by the steady state value ReJA-
Example: 
The MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 

t1=1.0 ms, t2 = 5.0 ms (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 

"T = r(t) x P(pk) x ReJA = 0.22 x 2.0 x 200 = ss0 c. 
For more information, see AN-569. 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N5088 2N5089 Unit 

Collector-Emitter Voltage Vern 30 25 Vdc 

Collector-Base Voltage Vcso 35 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Device Dissipation @Tc = 25'C Po 1.5 Watt 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA(1) 200 'C/W 

Thermal Resistance, Junction to Case RoJC 83.3 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) lie = 1.0 mAdc, Is = O) 2N5088 
2N5089 

Collector-Base Breakdown Voltage !le = 100 µAde, IE = O) 2N5088 
2N5089 

Collector Cutoff Current (Vee = 20 Vdc, IE = 0) 2N5088 
IVcB = 15 Vdc, IE = O) 2N5089 

Emitter Cutoff Current (VEB(off) = 3.0 Vdc, le = 0) 
(VEB(off) = 4.5 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 100 µAde, VcE = 5.0 Vdc) 2N5088 

2N5089 

!le = 1.0 mAdc, VcE = 5.0 Vdc) 2N5088 
2N5089 

!le = 10 mAdc, VcE = 5.0 Vdc)(2) 2N5088 
2N5089 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
(le = 10 mAdc, VcE = 5.0 Vdc)(2) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
!le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5088 

2N5089 

Noise Figure 
!le = 100 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, 2N5088 
f = 1.0 kHz) 2N5089 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width <> 300 µs, Duty Cycle <> 2.0%. 

2N5088 
2N5089 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

1 

I 3Collector 

2~ Base 

2 3 1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSA 18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 35 - Vdc 
30 -

icso - 50 nAdc 
- 50 

IEBO - 50 nAdc 
- 100 

hfE -
300 900 
400 1200 

350 -
450 -

300 -
400 -

VcE(sat) - 0.5 Vdc 

VBE(on) - 0.8 Vdc 

tr 50 - MHz 

Ccb - 4.0 pf 

Ceb - 10 pf 

hfe -
350 1400 
450 1800 

NF dB 
- 3.0 
- 2.0 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 50 

Collector-Base Voltage Vcao 50 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @Tc = 25'C Pl) 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Oc = 0.1 mAdc, IE = O) 

Collector Cutoff Current 
(Vea = 35 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 100 µAde, VcE = 5.0 Vdc) 2N5209 

2N5210 

Oc = 1.0 mAdc, VcE = 5.0 Vdcl 2N5209 
2N5210 

Oc = 10 mAdc, VcE = 5.0 Vdc)(1) 2N5209 
2N5210 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5209 

2N5210 

Noise Figure 
!le = 20 !'Ade, VcE = 5.0 Vdc, Rs = 22 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 

!le = 20 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

2N5209 
2N5210 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

I 3 Collector 

'~ 
1 (? Base 1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSA~B for graphs. 

Symbol Min Max Unit 

V(BR)CEO 50 - Vdc 

V(BR)CBO 50 - Vdc 

lcso - 50 nAdc 

IEBO - 50 nAdc 

hFE -
100 300 
200 600 

150 -
250 -

150 -
250 -

VcE(sat) - 0.7 Vdc 

VBE(on) - 0.85 Vdc 

fr 30 - MHz 

Ccb - 4.0 pF 

hte -
150 600 
250 900 

NF dB 
- 3.0 
- 2.0 

- 4.0 
- 3.0 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 20 

Collector-Base Voltage Vcso 25 

Emitter-Base Voltage Ve so 3.0 

Collector Current - Continuous le 100 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.5 
Derate above 25°C 12.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le= 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 10 Vdc, IE = 0) 

Emitter Cutoff Current 
!Ves = 3.o Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 2.0 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
!le = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = o, f = 1.0 MHz) 

Small-Signal Current Gain 
!le = 2.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watt 
mWl°C 

oc 

Unit 

oc;w 

oc;w 

2N5223 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

'/ .:.~'"®' 
2 3 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3903 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 20 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 3.0 - Vdc 

lcso - 100 nAdc 

IEBO - 500 nAdc 

hFE 200 800 -

VCE(sat) - 0.7 Vdc 

VsE(sat) - 1.2 Vdc 

tr 150 - MHz 

Ccb - 4.0 pF 

hfe 50 1600 -
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MAXIMUM RATINGS 

Rating Symbol 2N5400 2N5401 

Collector-Emitter Voltage Vern -120 -150 

Collector-Base Voltage Vcso -130 -160 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C PD 1.5 
Derate above 25°C 12.0 

Operating and Storage Junction TJ. Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
Oc = -1.0 mAdc, Is = 01 2N5400 

2N5401 

Collector-Base Breakdown Voltage 
(le = -100 µAde, IE = O) 2N5400 

2N5401 

Emitter-Base Breakdown Voltage 
OE= -10 µAde, le= O) 

Collector Cutoff Current 
(Yes = -100 Vdc, IE = O) 2N5400 
(Yes= -120 Vdc, IE= 0) 2N5401 
!Yes = -100 Vdc, IE = o, TA= 100°c) 2N5400 
(Yes = -120 Vdc, IE = o, TA= 100°CI 2N5401 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = -1.0 mAdc, VcE = -5.0 Vdc) 2N5400 

2N5401 

Oc = -10 mAdc, VcE = -5.0 Vdc) 2N5400 
2N5401 

Oc = -50 mAdc, VcE = -5.0 Vdc) 2N5400 
2N5401 

Collector-Emitter Saturation Voltage 
Oc = -10 mAdc, Is= -1.0 mAdc) 
Oc = -50 mAdc, Is = -5.0 mAdcl 

Base-Emitter Saturation Voltage 
Oc = -10 mAdc, Is = -1.0 mAdc) 
Oc = -50 mAdc, Is = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 2N5400 

2N5401 

Output Capacitance 
(Yes = -10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watt 
mWl°C 

oc 

Unit 

oc;w 

oc;w 

2N5400 
2N5401* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTORS 

Symbol 

Y(BR)CEO 

Y(BR)CBO 

Y(BRIEBO 

icso 

IEBO 

hFE 

VCE(satl 

VsE(sat) 

tr 

Cobo 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-120 -
-150 -

-130 -
-160 -
-5.0 -

- -100 
- -50 
- -100 
- -50 

- -50 

30 -
50 -

40 180 
60 240 

40 -
50 -

- -0.20 
- -0.5 

- -1.0 
- -1.0 

100 400 
100 300 

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 
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II 

2N5400, 2N5401 

ELECTRICAL CHARACTERISTICS (continued) IT A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Small-Signal Current Gain hfe -
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 2N5400 30 ~00 

2N5401 40 200 

Noise Figure NF - 8.0 dB 
lie = -250 µ.Ade, VcE = -5.0 Vdc, 
Rs = 1.0 kohm, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle = 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR CUT-OFF REGION 
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2N5400, 2N5401 

FIGURE 4 - "ON" VOL TAG ES 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N5550 2N5551 

Collecto.r-Emitter Voltage Vern 140 160 

Collector-Base Voltag.e Vceo 160 180 

Emitter-Base Voltage VEBQ 6.0 

Collector Current - Continuous le 600 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 1.0 mAdc, Is = O) 2N5550 

2N5551 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) 2N5550 

2N5551 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le= O) 

Collector Cutoff Current 
(Vee = 100 Vdc, IE = 0) 2N5550 
(Vee = 120 Vdc, IE = 0) 2N5551 
(Vee = 100 Vdc, IE = 0, TA= 100'C) 2N5550 
(Vee = 120 Vdc, le = 0, TA= 100'C) 2N5551 

Emitter Cutoff Current 
(Vee = 4.o Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 1.0 mAdc, Vee = 5.0 Vdc) 2N5550 

2N5551 

Oc = 10 mAdc; Vee = 5.0 Vdc) 2N5550 
2N5551 

Oc = 50 mAdc, Vee = 5.0 Vdc) 2N5550 
2N5551 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is= 1.0 mAdc) Both Types 

Oc = 50 mAdc, Is = 5.0 mAdc) 2N5550 
2N5551 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) Both Types 

Oc = 50 mAdc, Is = 5.0. mAdc) 2N5550 
2N5551 

(1) Pulse Test: Pulse Width = 300 µ.s, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

2N5550 
2N5551* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/ ~.~'""' 
2 3 1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

140 -
160 -

160 -
180 -
6.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

60 -
80 -

60 250 
80 250 

20 -
30 -

- 0.15 

- 0.25 
- 0.20 

- 1.0 

- 1.2 
- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

-

Vdc 

Vdc 
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2N5550, 2N5551 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 100 300 MHz 
!le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 6.0 pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo pF 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N5550 - 30 

2N5551 - 20 

Small-Signal Current Gain hfe 50 200 -
(le= 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF dB 
!le = 250 µAde, VcE = 5.0 Vdc, Rs = 1.0 k ohm, 2N5550 - 10 • f = 1.0 kHz) 2N5551 - 8.0 

FIGURE 1 - DC CURRENT GAIN 
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2N5550, 2N5551 

FIGURE 3 - COLLECTOR CUT-OFF REGION 
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FIGURE 7 - CAPACITANCES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-B.ase Voltage VcBo 40 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25"C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg ...:55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 10 mAdc, VeE = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 25 Vdc, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, le = O) 

Emitter Cutoff Current 
(Vee = 10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain (1) 
Uc= 10 mAdc, Vee = 5.0 Vdcl 2N6426 

2N6427 

Uc = 100 mAdc, Vee = s.o Vdc) 2N6426 
2N6427 

Uc = 500 mAdc, Vee = 5.o Vdc) 2N6426 
2N6427 

Collector-Emitter Saturation Voltage 
Uc = 50 mAdc, le = 0.5 mAdc) 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter On Voltage 
Uc = 50 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
!Vee= 10 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
(VEB = 1.0 Vdc, le = o. t = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWi°C 

Watts 
mWi°C 

'C 

Unit 

"C!W 

"C!W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcEO 

iceo 

leeo 

hFE 

VcE(sat) 

Vee(sat) 

VBE(on) 

Cobo 

Cibo 

2N6426* 
2N6427 

CASE 29-04, STYLE· 1 
T0-92 (T0-226AA) 

Collecf:or 3 

,,/'7 
3 Emitter 1 

DARLINGTON TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -

40 - -
12 - -

- - 1.0 

- - 50 

- - 50 

20,000 - 200,000 
10,000 - 100,000 

30,000 - 300,000 
20,000 - 200,000 

20,000 - 200,000 
14,000 - 140,000 

- 0.71 1.2 
- 0.9 1.5 

- 1.52 2.0 

- 1.24 1.75 

- 5.4 7.0 

- 10 15 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

pF 

pF 
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2N6426, 2N6427 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.I 

Characteristic Symbol Min Typ Max 

Input Impedance hie 
Uc= 10 mAdc, Vee = 5.0 Vdc, t = 1.0 kHzl 2N6426 100 - 2000 

2N6427 50 - 1000 

Small-Signal Current Gain hfe 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 1.0 kHzl 2N6426 20,000 - -

2N6427 10,000 - -
Current Gain - High Frequency lhtel 

Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 2N6426 1.5 2.4 -
2N6427 1.3 2.4 -

Output Admittance hoe - - 1000 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 1.0 kHzl 

Noise Figure NF - 3.0 10 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, Rs= 100 kn, 
f = 1.0 kHz) 

(1) Pulse Test: Pulse Width " 300 ,.., Duty Cycle "' 2.0%. 

FIGURE 1 - TRANSISTOR NOISE MODEL 
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2N6426,2N6427 

FIGURE 4 - TOTAL.WIDEBAND NOISE VOLTAGE FIGURE 5 - WIDEBAND NOISE FIGURE. 
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2N6426,2N6427 

FIGURE 10- "ON" VOLTAGES 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - THERMAL RESPONSE 
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II 

MAXIMUM RATINGS 
2N6516 2N6517 

Rating Symbol 2N6515 ZN6519 2N6520 

Collector-Emitter Voltage Vceo 250 300 350 

Collector-Base Voltage cceo 250 300 350 

Emitter-Base Voltage Veeo 
2N6515, 2N6516, 2N6517 6.0 
2N6519, 2N6520 5.0 

Base Current le 250 

Collector Current - Continuous ic 500 

Total Device Dissipation Po 625 
@TA=25°C 5.0 
Derate above 25°C 

Total Device Dissipation Po 1.5 
@Tc= 25°C 12 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, le = O) 2N6515 

2N6516, 2N6519 
2N6517, 2N6520 

Collector-Base Breakdown Voltage 
(le= 100 µAde, le = Ol 2N6515 

2N6516, 2N6519 
2N6517, 2N6520 

Emitter-Base Breakdown Voltage 
(le = 10 µAde, le = Ol 2N6515, 2N6516, 2N6517 

2N6519, 2N6520 

Collector Cutoff Current 
(Vee = 1so Vdc, le = Ol 2N6515 
(Vee = 200 Vdc, le = Ol 2N6516, 2N6519 
(Vee = 250 Vdc, le = Ol 2N6517, 2N6520 

Emitter Cutoff Current 
(Vee = 5.0 Vdc, le = Ol 2N6515, 2N6516, 2N6517 
<Vee = 4.0 Vdc, le = Ol 2N6519, 2N6520 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le= 1.0 mAdc, Vee = 10 Vdc) 2N6516 

2N6516, 2N6519 
2N6517, 2N6520 

Uc = 10 mAdc, Vee = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 

(le = 30 mAdc, Vee = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 

Uc = 50 mAdc, Vee = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 

(le = 100 mAdc, Vee = 10 Vdcl 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/"C 

Watts 
mW/"C 

·c 

Unit 

"C/W 

0 c1W 

NPN 

2N6515 
thna 2N6517* 

PNP 

2N6519l2J 
2N6520*l2J 

CASE 29-04, STYLE 1 
T0-92 (T0-226AAI 

'~~·~_()"~·· 
1 1 Emitter 1 Emitter 
2 3 NPN PNP 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

tceo 

leeo 

hFE 

HIGH VOLTAGE 
TRANSISTORS 

*This is a Motorola 
designated preferred device. 

Min Max 

250 -
300 -
350 -

250 -
300 -
350 -
6.0 -
5.0 -

- 50 
- 50 
- 50 

- 50 
- 50 

35 -
30 -
20 -
50 -
45 -
30 -

50 300 
45 270 
30 200 

45 220 
40 200 
20 200 

25 -
20 -
15 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 1.0 mAdcl 
(le = 20 mAdc, IB = 2.0 mAdc) 
Oc = 30 mAdc, IB = 3.0 mAdc) 
Oc = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, IB = 1.0 mAdc) 
Oc = 20 mAdc, IB = 2.0 mAdc) 
Oc = 30 mAdc, IB = 3.0 mAdc) 

Base-Emitter On Voltage 
!le = 100 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Oc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vea = 20 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 2N6515 thru 2N6517 

2N6519, 2N6520 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = 100 Vdc, VsE(offl = 2.0 Vdc, le = 50 mAdc, 101 = 10 mAdc) 

Turn-Off Time 
(Vee = 100 Vdc, le = 50 mAdc, 191 = 192 = 10 mAdcl 

(1) Pulse Test: Pulse Width~ 300 µ,s, Duty Cycle~ 2.0%. 
(2) Voltage and current are negative for PNP transistors. 

NPN 

2N6515, 2N6516 

z 10o"t--"1---+-t~-+--<-+-+++1rc 
;;: 

FIGURE 1 - DC CURRENT GAIN 

~ 10,~ +- JI = ~,..-~+--+--~l--+-!-+-+41J0C-t--t="-t--1--.l::"-t"'<t"'t-ti 
B 50 --+- N 
:s i-H 

Symbol Min 

VcE(sat) 
-
-
-
-

VBE(sat) 
-
-
-

VBE(on) -

tr 40 

Ccb -

Ceb 
-
-

Ion -

loft -

PNP 

2N6519 

Max Unit 

Vdc 
0.30 
0.35 
0.50 
1.0 

Vdc 
0.75 
0.85 
0.90 

2.0 Vdc 

200 MHz 

6.0 pF 

pF 
80 
100 

200 µ,s 

3.5 µ,s 

~ ~ - 301""'-+--4~-+--4--4-++-l-++~-l---4~-+--+-+-+-+++1 ~l---+~l---+~1--4-++-l--H~-+--t~-+-t-+-++++t 

10~-+~~-+~~-+~~~~-+~~-+-+~~~ 10'---'~'---'~~-'~~~~-+~~-+-+~~~ 

1.0 1.0 3.0 5.0 7.0 10 10 30 50 70 100 -1.0 -1.0 -3.0 -5.0 -7.0 -10 -10 -30 -50 -70 -100 

le. COLLECTOR CURRENT lmAI le. COLLECTOR CURRENT (mA) 
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II 

NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 

FIGURE 2 - DC CURRENT GAIN 

2N6517 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 
IC, COLLECTOR CURRENT (mAI 

200 

100 

z 70 
;; 
"' 50 

i 
~ 30 
u 

~ 20 

11 
f--VcE ~ -10V 

2N6520 

m 
TJ=125'C 

15'C 

_55oc ~ 

]'\ 

}.. 
l'\ 

10 
-1.0 -2.0 -3.0 -5.0 -7.0 -10 -10 -30 -50 -70 -100 

le, COLLECTOR CURRENT (mA) 

FIGURE 3 - CURRENT-GAIN - BANDWIDTH PRODUCT 

2N6515, 2N6516, 2N6517 

~ 100~~--r----~~~--~---~-~~ 
;;; 
t; 

5 70t:==t:::t:::=t=t:t:l~:U:=:$:::t:::=1:::=t:=i=t:!!U 
~ 50 J..-1 """ ~ ~ TJ=15'C l 
;;: 17>---.-+---l-'-'--+-'-'-'-+vcE = 10 v --!-\T-+---+----1-4-~ 

~ !"" f = 20 MHz _l 
~ 301---t--+--+-+-+-+-H-++-----t-\-t--t-t-++t-j 

.ic 
~ 20>---+--+-+-+-+-+-+-<-++--+---+---t-....... -+-+++-I 

~ I 
"' => 
u 

~ 10 ~1.0,,.-1---1~.o-3~.o-'-~5~.o-'-'1.~0~1~0--'--~20-~3~0-'-~50-'-1~0.._,_,100 
IC, COLLECTOR CURRENT (mA) 

NPN 

2N6519, 2N6520 

~100~-----~-~-----~--~ 
;;; 1---

~ 701---1--+-+-+-+-+-+-f-j.j-_...."""--+-+---l-"'\~-+-+-+~ 
~ J:1 T 
~ 501---l--+-+-~+--l-+-Jf..l-l.--1---1----l-W1W--+-+~ 
:; V' 
~ I J7 TJ~25°C 
~ 30 ,____...,v'-'-1 _ _,__.,__,__,--+--u..;... vce = - 20 v '---'--'-'--'-'-.LI 
:=l: V1 f=20MHz 

~ 201---1--1--+-+-+-+-+-µ.+-+--l---1-l---l--!-+-l--l-I 

~ 
"' "' => 
u 

~10'---'--'---'---'--~-'-''-'-'---'---'----'-~--'--'-'-'-' 
-1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -3() -50 -70 -100 

le, COLLECTOR CURRENT lmA) 

PNP 
FIGURE 4 - "ON" VOLTAGES 

1.4 
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> 
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"' <( 
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> 
>" 
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III 
TJ=15'C 

lit 
iji 

VaE(sat) il!:{IB = 10 

. --+---+- - ++-

VaE(oo)@ VCE 7;J V -+· +---++--+-+-+++-

l lJtl~ 
V~Elsa~I ~\ ci1~~~~ 

l' 

::E 1 VcElsatl@ le/la= 5.0 

3.0 5.0 7.0 10 10 30 50 70 100 
IC. COLLECTOR CURRENT lmA) 

2N6519, 2N6520 

- 1·4------1-I-I--·--. ·-~ --~r~~ 
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.!:--' 2: 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 

FIGURE 5 -TEMPERATURE COEFFICIENTS 

2N6515, 2N6516, 2N6517 2N6519, 2N6520 

2.5~~-~~-~,-~ 11~~-~~l--l~~~~~ 

2.0 1---+-+--+--+- ~ = 10 +-++---+-1+--l-+--t-+-~H-1 
~ 1.5 l--+-1---+->----<--+-+-<f-H---+--+--+---+--+-+-+++< 

~oc,:r;25Ic jL 
~ 1.0 l-->----1---+--+-+-+-++-+-+----+-1 y 
~ 0.51-- RIJVcforVcElsatl _.,t!: l 
8 
~ -0.5 f--+--t--+--t--t-++-+++---t -55lc to J5~>-->K">-+-+-f-H 
~ i i 1' ~ -1.0 f--+--t--+--t--t-++-+++---t--+--+--+-+-+-t-+t-1 
I!! -55'C to 125°C I- .f-' 
~ -1.51--RIJVeforVeE 

~-1.0 i.L l 1 ± 
-1·5 1.0 2.0 3.0 5.0 7.0 10 10 30 50 70 100 

le. COLLECTOR CURRENT (mA) 

2.5 

- 2.0 

i 1.5 

11.0 

= 0.5 
8 
~ 

~ -0.5 

i -1.0 

~-1.5 
-1.0 

-1.5 

T 
IC= 10 
la 

R1JVeforVeE 

I- RIJVc for VCElsat) 

d_ IZ 
25oc to 125oc '-l_ 
~ 

-55°c to 25oc 

1 
_5Joc to 12soc 

l d::::l:::t: 

-1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -30 -50 -70 -100 
le. COLLECTOR CURRENT lmAI 

FIGURE 6 - CAPACITANCE 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 

I 
FIGURE 8 - TURN-OFF TIME 

2N6515, 2N6516, 2N6517 2N6619, 2N6520 
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FIGURE 9 - SWITCHING TIME TEST Cl RCUIT 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 

FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 
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II 

MAXIMUM RATINGS 
Rating Symbol BC BC BC Unit 

182 183 184 

Collector-Emitter Voltage Vern 50 30 30 Vdc 

Collector-Base Voltage Vcso 60 45 45 Vdc 

Emitter-Base Vo'ltage VEBO 6.0 Vdc 

Collector Current - Continuous IC 100 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 357 •cJW 
Thermal Resistance, Junction to Case R9JC 125 •cJW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

J Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = 2.0 mA, Is = 0) BC182 

BC183 
BC184 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µA, IE = O) BC182 

BC183 
BC184 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = 100 µA, le = 0) 

Collector Cutoff Current lcso 
(Vee = 50 V, VeE = 0) BC182 
!Vee = 30 v. Vee = 01 BC183 

BC184 

Emitter-Base Leakage Current IEBO 
(VEB = 4.0 V, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = 10 µA, Vee = 5.o vi BC182 

BC183 
BC184 

Uc = 2.0 mA. VcE = 5.0 V) BC182 
BC183 
BC184 

Uc= 100 mA, Vee = 5.0 V) BC182 
BC183 
BC184 

Collector-Emitter On Voltage Uc = 10 mA. le= 0.5 mA) VcE(sat) 
Uc = 100 mA, le = 5.0 mA)* 

Base-Emitter Saturation Voltage lie = 100 mA, le = 5.0 mA)• Vs~atl 
Base-Emitter On Voltage !le = 100 µ,A, VcE = 5.0 V) Vse(on) 

!le = 2.0 mA, VcE = 5.0 V) 
!le = 100 mA, VcE = 5.0 V)* 

*Pulse Test: Tp 300 s, Duty Cycle 2.0%. 

BC182,A,B 
BC183 
BC184 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

1 Collector 

~~ 
1 3 Emitter 
2 

3 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to BC237 for graphs. 

Min Typ Max Unit 

v 
50 - -
30 - -
30 - -

v 
60 - -
45 - -
45 - -
6.0 - - v 

nA 
- 0.2 15 
- 0.2 15 
- 0.2 15 

- - 15 nA 

40 - -
40 - -
100 - -

120 - 500 
120 - 800 
250 - 800 

80 - -
80 - -
130 - -
- 0.07 0.25 v 
- 0.2 0.6 

- - 1.2 v 
- 0.5 - v 

0.55 0.62 0.7 
- 0.83 -
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BC182,A,B, BC183, BC184 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product fT MHz 
Uc = 0.5 mA, VcE = 3.0 v. f = 100 MHz) BC1B2 - 100 -

BC1B3 - 120 -
BC1B4 - 140 -

Uc = 10 mA, VcE = 5.0 V, f = 100 MHz) BC1B2 150 200 -
BC183 150 240 -
BC1B4 150 280 -

Common Base Output Capacitance Cob - - 5.0 pF 
(VCB = 10 v, le = 0, f = 1.0 MHzl 

Common Base Input Capacitance C;b - 8.0 - pF II 
(VEB = 0.5 v, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte 
Uc = 2.0 mA, VcE = 5.0 V, f = 1.0 kHz) BC182 125 - 500 

BC183 125 - 900 
BC1B4 240 - 900 
BC182A 125 - 260 
BC182B 240 - 500 

Noise Figure NF dB 
Uc = 0.2 mA, VcE = 5.0 v, Rs = 2.0 k ohms, 
f = 1.0 kHz) 
Uc = 0.2 mA, VcE = 5.0 V, Rs = 2.0 k ohms, BC184 - 2.0 4.0 
f = 1.0 kHz, f = 200 Hz) BC182 - 2.0 10 

BC183 - 2.0 10 
BC184 - 2.0 4.0 
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II 

MAXIMUM RATINGS 

BC BC BC 
Rating Symbol 212 213 214 

Collector-Emitter Voltage VcEO -50 -30 -30 

Collector-Base Voltage VcBo -60 -45 -45 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -100 

Total Device Dissipation @TA = 25'C Po 350 
Derate above 25'C 2.8 

Total Device Dissipation@ Tc = 25'C Po 1.0 
Derate above 25'C 8.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

Thermal Resistance, Junction to Case R9JC 125 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted). 

Characteristic Type 

Collector-Emitter Breakdown Voltage 
Oc = -2.0 mAdc, IB = O) BC212 

BC213 
BC214 

Collector-Base Breakdown Voltage 
Oc = -10 µ.A, IE= O) BC212 

BC213 
BC214 

Emitter-Base Breakdown Voltage 
OE = -10 µ.Ade, le = O) BC212 

BC213 
BC214 

Collector-Emitter Leakage Current 
(Vee= -30 V) BC212 

BC213 
BC214 

Emitter-Base Leakage Current 
(VEB = -4.0 V, le = O) BC212 

BC213 
BC214 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -10 JLAdC, VcE = -5.0 Vdc) BC212 

BC213 
BC214 

Oc = -2.0 mAdc, VcE = -5.0 Vdc) BC212 
BC213 
BC214 

Oc = -100 mAdc, VcE = -5.0 Vdc)* BC212, BC214 
BC213 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C!W 

'C!W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

IEBO 

hFE 

BC212,B 
BC213 
BC214 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

1 Collector 

.:~ 
3 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to BC307 for graphs. 

Min Typ Max Unit 

Vdc 
-50 - -
-30 - -
-30 - -

Vdc 
-60 - -
-45 - -
-45 - -

Vdc 
-5 - -
-5 - -
-5 - -

nAdc 
- - -15 
- - -15 
- - -15 

nAdc 
- - -15 
- - -15 
- - -15 

40 - -
40 - -
100 - -

60 - -
80 - -
140 - 600 

- 120 -
- 140 -
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BC212,B, BC213, BC214 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25"C unless otherwise noted). 

Characteristic Type Symbol Min Typ. 

Collector-Emitter Saturation Voltage VcE(sat) 
(le= -10 mAdc, ls= -0.5 mAdc) - -0.10 
Uc= -100 mAdc, ls= -5.0 mAdc)* - -0.25 

Base-Emitter Saturation Voltage VsE(sat) - -1.0 
Uc= -100 mAdc, ls= -5.0 mAdc) 

Base-Emitter On Voltage VsE(on) -0.6 -0.62 
Uc = -2.0 mAdc, VcE = -5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product f-r 
Uc= -10mAdc,VcE = -5.0Vdc, 
f = 100 MHz) BC212 - 280 

BC214 - 320 
BC213 - 360 

Common-Base Output Capacitance Cob - -
(Vee= -10 Vdc, lc = o. f = 1.0 MHz) 

Noise Figure NF 
Uc = -0.2 mAdc, VcE = -5.0 Vdc, 
Rs = 2.0 k ohms, f = 1.0 kHz) BC214 - -
Oc = -0.2 mAdc, VcE = -5.0 Vdc, 
Rs = 2.0 k ohms, f = 1.0 kHz, f = 200 Hz) BC213 - -

BC212 - -
Small Signal Current Gain hte 

(le = -2.0 mAdc, VcE = -5.0 Vdc, f = 1.0 kHz) BC212 60 -
BC213 80 -
BC214 140 -

BC212B 200 -
* Pulst-test: Tp 300 s, Duty-cycle 2%. 
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Max Unit 

Vdc 
-

-0.6 

-1.4 Vdc 

-0.72 Vdc 

MHz I -
-
-
6.0 pF 

dB 

2 

10 
10 

-
-
-

400 



II 

MAXIMUM RATINGS 

Rating Symbol BC BC BC Unit 
237 23B 239 

Collector~Emitter Voltage VcEO 45 25 25 Vdc 

Collector-Emitter Voltage VCES 50 30 30 Vdc 

Emitter-Base Voltage VEBO 6.0 5.0 5.0 Vdc 

Collector Current - Continuous ic 100 mAdc 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.0 Watt 
Derate above 25 °C 8.0 mW/°C 

Operating and Storage Junction TJ. Tstg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 357 "C/W 

Thermal Resistance, Junction to Case R8JC 125 "C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic I Type I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC237 V(BR)CEO 
(le = 2.0 mA. IB = 0) BC238 

BC239 

Emitter-Base Breakdown Voltage BC237 V(BR)EBO 
(IE = 100 µA. le = 0) BC238 

BC239 

Collector Cutoff Current 
(VCE = 30 V. VBE = 0) BC238 ICES 

(VCE = 50 V, VBE = 0) 
BC239 
BC237 

(VCE = 30 v. VsE = 0) TA= 125°C BC238 

(VCE = 50 V. VBE = 0) TA= 125°C 
BC239 
BC237 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 1 0 µA, VCE = 5 V) hFE 

BC237A 
BC237B/238B 

BC237C/238C/239C 

(le = 2 mA. VCE = 5 V) BC237 
BC238 
BC239 

BC237A 
BC237B/238B 

BC237C/238C/239C 

(le = 1 00 mA. VcE = 5 V) BC237A 
BC237B/238B 

BC237C/238C/239C 

Collector-Emitter On Voltage 
(le= 10 mA. IB = 0.5 mA) BC237 /BC238/BC239 VCE(sat) 
(le= 100 mA, Is= 5 mA) BC237 /BC239 

BC238 

Base-Emitter Saturation Voltage 
(le= 10 mA, Is= 0.5 mA) VBE(sat) 
(le = 1 oo mA, Is = 5 mA) 

Base-Emitter On Voltage VBE(on) 
(IC= 100 µA, VCE = 5 V) 
(IC = 2 mA. VcE = 5 V) 
(IC= 100 mA, VcE = 5 V) 

BC237 ,A,B,C 
BC238,B,C 
BC239,C 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

1 Collector 

~~ 
3 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min. Typ. Max. Unit 

45 v 
25 
25 

6 v 
5 
5 

0.20 15 nA 
0.20 15 
0.20 15 

0.20 4 µA 
0.20 4 
0.20 4 

90 
150 
270 

120 800 
120 800 
120 800 
120 170 220 
200 290 460 
380 500 800 

120 
180 
300 

0.07 0.20 v 
0.20 0.60 

0.8 

0.60 0.83 v 
1.05 

v 
0.50 

0.55 0.62 0.70 
0.83 
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BC237,A,B,C, BC238,B,C, BC239,C 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Type 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = o.5 mA, Vee = 3.0 v. t = 100 MHz) BC237 

BC238 
BC239 

Uc = 10 mA, VcE = 5.0 V, f = 100 MHZ) BC237 
BC238 
BC239 

Collector-Base Capacitance 
(VcB = 10 v. le = o, t = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 v. le = o. f = 1.0 MHz) 

Noise Figure 
Uc = 0.2 mA, VcE = 5.0 v, Rs = 2.0 K ohms, 
f = 1.0 kHz) BC239 

Oc = 0.2 mA, VcE = 5.0 v, Rs = 2.0 K ohms 
f = 1.0 kHz, di= 200 Hz) BC237 

BC238 
BC239 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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Symbol Min Typ Max Unit 

fy MHz 
- 100 -
- 120 -
- 140 -

150 200 -
150 240 -
150 280 -

Cobo - - 4.50 pF 

Cibo - 8.0 - pF 

NF dB 

- 2.0 4.0 

- 2.0 10 
- 2.0 10 
- 2.0 4.0 

FIGUllE 2. -· ""SATURATIDllJ" AND ''ON"' VOLTAGES 
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BC237,A,B,C, BC238,8,C, BC239,C 

FIGURE S - BASE SPREAOIN.G RESISTANCE 
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MAXIMUM RATINGS 

Rating Symbol BC307 BC308C BC309 

Collector-Emitter Voltage Vern -45 -25 -25 

Collector-Base Voltage Vcso -50 -30 -30 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -100 

Total Device Dissipation @l TA = 25°C Po 350 
Derate above 25°C 2.8 

Total Device Dissipation @ Tc = 25'C Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

Thermal Resistance, Junction to Case RoJC 125 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic Type 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC307 
Oc = -2.0 mAdc, Is = O) BC308C 

BC309 

Emitter-Base Breakdown Voltage BC307 
(IE = -100 !LAdc, le = O) BC308C 

BC309 

Collector-Emitter Leakage Current 
(VcES = -50 V, VsE = O) BC307 
(VcES = -30 V, VsE = 0) BC308C 

BC309 
(VcES = -50 V, VsE = 0) TA= 125°C BC307 
(VcES = -30 V, VsE = O) TA= 125°C BC308C 

BC309 

ON CHARACTERISTICS 

DC Current Gain 
!le = -10 1LAdc, VcE = -5.0 Vdc) BC307B/309B 

BC307C/308C 
Oc = -2.0 mAdc, VcE = -5.0 Vdc) 

BC307 
(le= -100 mAdc, VcE = -5.0 Vdc) BC308C 

BC309 
BC307B/309B 
BC307C/308C 

BC307B/309B 
BC307C/308C 

Collector-Emitter Saturation Voltage 
Oc = -10 mAdc, Is= -0.5 mAdc) 
Oc = -10 mAdc, Is= see Note 1) 
Oc = -100 mAdc, Is= -5.0 mAdc) 

Base-Emitter Saturation Voltage 
!le= -10 mAdc, Is= -0.5 mAdc) 
Oc = -100 mAdc, Is= -5.0 mAdc) 

Base-Emitter On Voltage 
Oc = -2.0 mAdc, VcE = -5.0 Vdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watt 
mW/°C 

'C 

Unit 

oc!W 

oc/W 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

BC307,B,C 
BC308C 
BC309,B 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

I .:~""""' 
12 3 Emitter 

3 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

-45 - - Vdc 
-25 - -
-25 - -
-5 - - Vdc 
-5 - - Vdc 
-5 - -

nAdc 
-0.2 -15 
-0.2 -15 
-0.2 -15 
-0.2 -4.0 !LA 
-0.2 -4.0 
-0.2 -4.0 

- 150 -
- 270 -

120 - 800 
120 - 800 
120 - 800 
200 290 460 
420 500 800 

- 180 -
- 300 -

Vdc 
- -0.10 -0.30 
- -0.30 -0.60 
- -0.25 -

Vdc 
- -0.70 -
- -1.00 -

-0.55 -0.62 -0.70 Vdc 

Note 1: le = -10 mAdc on the constant base current characteristic, which yields the point le = -11 mAdc, VcE = -1.0 V 
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BC307,B,C, BC308C, BC309,B 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted) 

Charac;teristic Type Symbol Min. Typ. Max. Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT MHz 
Oc = -10 mAdc, VcE = -5.0 Vdc, f = 100 MHz) BC307 - 280 -

BC308C - 320 -
BC309 - 360 -

Common-Base Capacitance Ccbo pf 
(Vea = -10 Vdc, le = o, f = 1.0 MHz) - - 6.0 

Noise Figure NF dB 
Oc = -0.2 mAdc, VcE = -5.0 Vdc, BC309 - 2 4 
Rs = 2.0 k ohms, f = 1.0 kHz) BC307 - 2 10 
Oc = -0.2 mAdc, VcE = -5.0 Vdc, BC308C - 2 10 
Rs = 2.0 k ohms, f = 1 kHz, f = 200 Hz) BC309 - 2 4 

FIGURE 1 - NORMALIZED OC CURRENT GAIN FIGlJRE 2 - "SATURATION" AND "ON'" VOLTAGES 
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FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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BC307,B,C, BC308C, BC309,B 

FIGURE 5 - OUTPUT AOMITTANCE FIGURE 6 - BASE SPREADING RESISTANCE 
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II 

MAXIMUM RATINGS 

Rating Symbol BC327 BC328 Unit 

Collector-Emitter Voltage VcEO -45 -25 Vdc 

Collector-Base Voltage VcBo -50 -30 Vdc 

Emitter-Base Voltage Veao -5.0 Vdc 

Collector Current - Continuous le -800 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/"C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/"C 

Operating and Storage Junction TJ, Tstg -55to +150 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 ·ctw 

Thermal Resistance, Junction to Case R9JC 83.3 ·ctw 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = -10 mA. la = 01 BC327 

BC328 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc= -100 µA, le= o) BC327 

BC328 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = -1 o µA, le = o) 

Collector Cutoff Current lcao 
!Vea= -ao v, le = o) BC327 
!Vea= -20 v. le= o) BC328 

Collector Cutoff Current ices 
(Vee= -45 v. Vee= o) BC327 
!Vee = -25 v, Vee= 01 BC328 

Emitter Cutoff Current leao 
!Vea = -4.o v. ic = Ol 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= -100 mA, Vee= -1.0V) BC327 /BC328 

BC327-16/BC328-16 
BC327-25/BC328-25 

Uc= -300 mA, Vee = -1.0 V) 

Base-Emitter On Voltage VBE(on) 
Uc= -300 mA. Vee= -1.o Vl 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= -500 mA, la= -so mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cob 
(Vea= -10 v.1e = o, t = 1.0 MHz) 

Current-Gain - Bandwidth Product fT 
Uc= -10 mA, Vee= -5.0 v, f = 100 MHz 

BC327 ,-16,-25 
BC328,-16,-25 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

3Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

Vdc 
-45 - -
-25 - -

Vdc 
-50 - -
-30 - -
-5.0 - - Vdc 

nAdc 
- - -100 
- - -100 

nAdc 
- - -100 
- - -100 

- - -100 nAdc 

-
100 - 630 
100 - 250 
160 - 400 
40 - -
- - -1.2 Vdc 

- - -0.7 Vdc 

- 11 - pF 

- 260 - MHz 
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BC327 ,-16,-25, BC328,-16,-25 

FIGURE 1 - THERMAL RESPONSE 
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BC327 ,-16,-25, BC328,• 16,-25 

FIGURE 6 - TEMPERATURE COEFFICIENTS FIGURE 7 - CAPACITANCES r 1.0 \..---l---H-+11f-+H~l---+-+++-'f+++l----+-+-t+++t+ 
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MAXIMUM RATINGS 

Rating Symbol BC337 BC338 Unit 

Collector-Emitter Voltage Vern 45 25 Vdc 

Collector-Base Voltage Vcso 50 30 Vdc 

Emitter-Base Voltage Vrno 5.0 Vdc 

Collector Current - Continuous le 800 mAdc 

Total Device Dissipation @! TA = 25°C Po 625 mW 
Derate above 25'C 5.0 mwrc 

Total Device Dissipation (a; Tc = 25'C Po 1.5 Watt 
Derate above 25'C 12 mwrc 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 'CIW 

Thermal Resistance, Junction to Case RoJC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie = 10 mA, Is = Ol BC337 

BC338 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 100 µ,A, IE = 0) BC337 

BC338 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 10 µ,A, le = 0) 

Collector Cutoff Current lcBo 
(Vcs = 30 V, IE = O) BC337 
(VcB = 20 V, IE = O) BC338 

Collector Cutoff Current ICES 
IVcE = 45 v, VsE = O) BC337 
IVcE = 25 V, VsE = O) BC338 

Emitter Cutoff Current Imo 
IVEB = 4.0 V, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 100 mA, VcE = 1.0 V) BC337 /BC338 

BC337-16/BC338-16 
BC337-25/BC338-25 
BC337-40/BC338-40 

Oc = 300 mA, VcE = 1.0 V) 

Base-Emitter On Voltage VBE(on) 
lie= 300 mA, VcE = 1.0 V) 

Collector-Emitter Saturation Voltage VcE(sat) 
lie = 500 mA, Is = 50 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cob 
(Vcs = 10 V, IE= o, f = 1.0 MHz) 

Current-Gain Bandwidth Product fy 
Oc = 10 mA, VcE = 5.0 V, f = 100 MHz) 

BC337, ·16, ·25, -40 
BC338, ·16, ·25, ·40 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

I .:.~'"""' 
1 3 Emitter 
2 

3 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

Vdc 
45 - -
25 - -

Vdc 
50 - -
30 - -
5.0 - - Vdc 

nAdc 
- - 100 
- - 100 

nAdc 
- - 100 
- - 100 

- - 100 nAdc 

-
100 - 630 
100 - 250 
160 - 400 
250 - 630 
60 - -
- - 1.2 Vdc 

- - 0.7 Vdc 

- 15 - pF 

- 210 - MHz 
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BC337, -16, -25, -40, BC33~, -16, -25, -40 

FIGURE 1 - THERMAL RESPONSE 

10mllll~-----~-~ ; l=_o -0 5 ----:+-· .... 

0 31---0.2 ~ --

' .1:::.H 
o21--0·1 ~I 1---
01 005 1--f- ~ ! ~ ElJ1t l1>kl 

007 002 

0.05 ~NGLE Pu_'Q_t1-l-'=~-f--+--+--+-t-+++l---+---jf--1H ~1 1-12 ~ 

-- llJClll 0 lt)llJC 
OJC"' lQOOC/W Max 

-- OJA(t)=-r(l)fJJA 

0.03F--" l.--111 
!---_ SINGLE PULSE 

IJtA"" 3570CIWMax 
0 CURVES APPLY FOR POW£R 
PULSE TRAIN SHOWN 
READ TIME AT 11 

TJlpkl ·Tc" Plpk) llJClll 0021--- ll 
DUTY CYCLF. D ~ ftll2 

0 01 '----'--'--'---'--'-'-''-'------'--...l.......J...LI-1----J.....-'---'-'----~-----' 
0001 0.002 0005 001 002 

Vrf COLLECTOR-EMITTER VOLTAGE 

FIGURE 4 - SATURATION REGION 

005 0.1 0.2 0.5 
1. TIME (SECONDS) 

z 
;;: 

"' .... 
~ 

1000 

a 100 

'-' 
0 

~ 

10 10 5.0 10 20 50 

FIGURE 3 - DC CURRENT GAIN 

1-- VcE - 1 V 
~ TJ-25°C 

H 

10 
0.1 10 100 

le, COLLECTOR CURRENT (Amp) 

FIGURE 5 - "ON" VOLTAGES 

100 

t'-. 

1.0 

1-T}]2Pc = 
~ 

1.0 
t- TA ~f251c Iffi 

VBElsatl•" le/ls-~ 
~ 0.8 

~ 
0 
> 
cc 0.6 

~ 
~ - 0.4 
0 

~ 8 0.2 

~ 
> 

r 

0 
0.01 

lc-500mA 

1c-10m!>i 

lc-lDOmA 11 

~ 
lc-JOOm~ is:: 
Lill t--

~ 1I1:: 
0.1 10 100 

IB, BASE CURRENT (mA) 

= 0 

0.8 

2: 0.6 
w 

"' " ~ 
0 0.4 
> 
>" 

0.2 

F"'" 
VBE(on~'" VcEI 1 ~ 

~ 
VcE(satl '" le/ls~ 10 -1 

10 100 

IC, COLLECTOR CUR RENT (mA) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-76 

1000 

1000 



+1 

I 

BC337, ·16, ·25, -40, BC338, -16, ·25, ·40 

FIGURE 6 - TEMPERATURE COEFFICIENTS 

IIT 
l[ 

ave for VcE(satl 

i.--1-1 
ova for VeE I--' 
=r 

10 100 1000 

le, COLLECTOR CURRENT (mA) 

§: 
w 
u 
z 

100 

r--
f--· 

~ 10 
u 
;t; 
j 
u' 

1 
0. 1 

FIGURE 7 - CAPACITANCES 

~ 
N Cib 

10 

VR, REVERSE VOLTAGE (Volts) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-77 

• t- Cob 

I 
100 



II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 20 Vdc 

Collector- Emitter Voltage VCES 25 Vdc 

Emitter-Base Voliage vrno 5.0 Vdc 

Collector Current - Continuous ic 1.0 Ade 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @TC= 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg -55to+150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 'CIW 

Thermal Resistance, Junction to Case R9JC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
!le = 10 mA, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 100 µA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µA, le = 0) 

Collector Cutoff Current le Bo 
(VCB = 25 V, IE = O) 
(VcB = 25 v, IE = 0, TJ = 150'C) 

Emitter Cutoff Current IEBO 
(VEB = 5.0 V, IC = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
!Vee = 10 v, le = 5.o mA) 
(VCE = 1.0 V, le= 0.5 A) 
(VCE = 1.0 V, le = 1.0 A) 

Bandwidth Product tr 
!le = 10 mA, Vee = 5.0 v, f = 20 MHz) 

Collector-Emitter Saturation Voltage VcE(sat) 
!le = 1.0 A, IB = 100 mA) 

Base-Emitter On Voltage VBE(on) 
(le = 1.0 A, VcE = 1.0 V) 

(1) Voltage and current are negative for PNP Transistors. 

NPN 
BC368 

PNP 
BC3&9lU 

2 Collector 

.~-© 
1 Emitter 

2 Collector 

.~() t 1Em1tter 

ASE 29-04, STYLE 14 
1 2 T0-92 (T0-226AA) 

3 

AMPLIFIER TRANSISTORS 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

5.0 - - Vdc 

- - 10 µAde 
- - 1.0 mAdc 

- - 10 µAde 

-
50 - -
85 - 375 
60 - -
65 - - MHz 

- - 0.5 v 

- - 1.0 v 
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NPN BC368, PNP BC369 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol BC372 BC373 

Collector-Emitter Voltage VcES 100 80 

Collector-Basa Voltage Vceo 100 80 

Emitter-Base Voltage VEBO 12 

Collector Current- Continuous· le 1.0 

Total Device Dissipation @ TA = 25"C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 2s•c Po 1.5 
cerate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RIJJA 200 

Thermal Resistance, Junction to Casa R8JC 83.3 

·ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* 
Uc = 100 µAde, le = Ol BC372 

BC373 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) BC372 

BC373 

Emitter-Basa. Breakdown Voltage 
Ue = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 80 Vdc, IE = 0) BC372 
(Vee = 80 Vdc, IE = 0) BC373 

Emitter Cutoff Current 
!Vee = 10 v. ic = Ol 

ON CHARACTERISTICS* 

DC Current Gain 
Uc = 250 mAdc, Vee = 5.0 Vdc) 
Uc = 100 mAdc, Vee = 5.o Vdc) 

Collector.Emitter Saturation Voltage 
Uc = 250 mAdc, le = 0.25 rnAdc) 

Base-Emitter Saturation Voltage 
Uc = 250 mAdc, le = 0.25 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product 
Uc = 100 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee= 10 Vdc, IE= 0, f = 1.0 MHz) 

Noise Figure 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, &!_ = 100 k ohm, f = 1.0 kHz) 

*Pulse Test: Pulse Width = 300 µs, Duty Cycle 2.0%. 

Unit 

Vdc 

'Vdc 

Vdc 

Ade 

mW 
mwrc 

Watt 
mwrc 

·c 

Unit 

·crw 
•crw 

Symbol 

V(BR)CES 

BC372 
BC373 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

Collector 3 

HIGH VOLTAGE DARLINGTON 
TRANSISTORS 

NPNSIUCON 

Min Typ Max Unit 

Vdc 
100 - -
80 - -

V(BR)CBO Vdc 
100 - -
80 - -

V(BR)EBO 12 - - Vdc 

iceo nAdc 
- - 100 
- - 100 

IEBO - - 100 nAdc 

hFE K 
8.0 - -
10 - 160 

VCE(sat) - 1.0 1.1 Vdc 

VeE(sat) - 1.4 2.0 Vdc 

tr 100 200 - MHz 

Cob - 10 25 pF 

NF - 2.0 - dB 
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BC372, BC373 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -100 Vdc 

Collector-Base Voltage Vcso -100 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -300 mAdc 

Total Device Dissipation@ TA= 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 200 "C!W 

Thermal Resistance, Junction to Case ReJC 83.3 "C!W 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* V(BRICEO 
Oc = -1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = -100 p,A, IE= 0) 

Emitter-Base Breakdown Voltage V(BRIEBO 
!IE = - 10 p,Adc, le = O) 

Collector Cutoff Current lcso 
IVcs = -80 Vdc, IE = 0) 

ON CHARACTERISTICS* 

DC Current Gain hFE 
lie = -2.0 mA, VcE = -5.0 VI BC450 

BC450A 
lie = -10 mA, VcE = -5.0 V) BC450 

BC450A 
(le = -100 mA, VcE = -5.0 V) BC450 

BC450A 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = -100 mAdc, Is = -10 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = -100 mAdc, Is = -10 mAdc) 

Base-Emitter On Voltage VsE(on) 
Oc = -2.0 mA, VcE = -5.0 V) 
Oc = -100 mA, VcE = -5.0 V)* 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -50 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

*Pulse Test: Pulse Width .,,;:; 300 µs, Duty Cycle 2.0%. 

BC450,A 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

' 
.. ~(5~· 

12 3 Emitter 

3 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPS8598 for graphs. 

Min Typ Max Unit 

-100 - - Vdc 

-100 - - Vdc 

-5.0 - - Vdc 

- - -100 nAdc 

50 - 460 
120 - 220 
50 - -
100 - -
50 - -
60 - -
- -0.125 -0.25 Vdc 

- -0.85 - Vdc 

Vdc 
-0.55 - -0.7 

- -0.76 -1.2 

100 200 MHz 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 80 Vdc 

Collector-Base Voltage Vcso 80 Vdc 

Emitter-Base Voltage Vrno 5.0 Vdc 

Collector Current - Continuous le 0.5 Ade 

Total Device Dissipation CW TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc;w 

Thermal Resistance, Junction to Case RoJC 83.3 oc;w 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* V(BR)CEO 
(le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 60, Vdc - IE = 0) 

ON CHARACTERISTICS* 

DC Current Gain hFE 
Oc = 10 mAdc - VcE = 2.0 Vdc) 
(le = 100 mAdc - VcE = 2.0 Vdc) BC489 

BC489A 
BC489B 

(le= 1.0Adc-VcE = 5.0Vdc)* 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 500 mAdc - Is = 50 mAdc) 
Oc = 1.0 Ade- ls = 100 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
(le = 500 mAdc, 19 = 50 mAdc) 
(le= 1.0 Ade- ls= 100 mAdc)* 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 50 mAdc, VcE = 2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Gib 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

*Pulse Test - Pulse Width = 300 µ.,s - Duty Cycle 2%. 

BC489,A,B 

CASE 29-04, STYLE 17 
T0-92 (T0-226AAI 

HIGH CURRENT TRANSISTORS 

NPN SILICON 

Refer to MPSA05 for graphs. 

Min Typ Max Unit 

80 - - Vdc 

80 - - Vdc 

5.0 - - Vdc 

- - 100 nAdc 

40 -
- -

60 - 400 -
100 160 250 -
160 260 400 -
15 - - -

Vdc 
- 0.2 0.50 
- 0.3 -

Vdc 
- 0.85 1.20 
- 0.90 -

- 200 - MHz 

- 7 - pf 

- 50 - pf 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -80 

Collector-Base Voltage Vcso -80 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous le -0.5 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ. Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage• 
Oc = -10 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
(le = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = -10 µAde, le = 0) 

Collector Cutoff Current 
(Vcs = -60 Vdc - IE = O) 

ON CHARACTERISTICS* 

DC Current Gain 
Oc = -10 mAdc - VcE = -2.0 Vdc) 
Oc = -100 mAdc - VcE = - 2.0 Vdc) BC490 

BC490A 
BC490B 

Oc = -1.0Adc-VcE = -5.0Vdc) 

Collector-Emitter Saturation Voltage 
Oc = -500 mAdc, 19 = -50 mAdc) 
Oc = -1.0Adc,19 = -100mAdc) 

Base-Emitter Saturation Voltage 
Oc = -500 mAdc, 19 = -50 mAdc) 
Oc = -1.0 Ade, Is = -100 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -50 mAdc, Vee = -2.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(Ves = - o.5 Vdc, le = o. t = 1.0 MHz) 

*Pulse Test - Pulse Width = 300 µs - Duty Cycle 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

VsE(sat) 

fr 

Cob 

Cib 

BC490,A,B 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

1 Collector 

o.:.-© 
3 E:m1tter 

HIGH CURRENT TRANSISTORS 

Min 

-80 

-80 

-4.0 

-

40 
60 
100 
160 
15 

-
-

-
-

-

-

-

PNP SILICON 

Refer to MPSA55 for graphs 
in MPSA05 data sheet. 

Typ Max 

- -

- -

- -

- -100 

- -
- 400 
140 250 
260 400 
- -

-0.25 -0.50 
-0.50 -

-0.90 -1.20 
-1.00 -

150 -

9 -

110 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcES 30 Vdc 

Collector-Base Voltage Vee 40 Vdc 

Emitter-Base Voltage VEB 10 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Power Dissipation TA = 25°C Po 625 mW 
Derate above 25°C 12 mWl°C 

Total Power Dissipation Tc = 25•c Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 •ctw 

Thermal Resistance, Junction to Case R6JC 83.3 ·ctw 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic [ Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 2.0 mAdc, VeE = Ol 

Collector-Base Breakdown Voltage 
He = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
HE = 100 nAdc, le = O) 

Collector Cutoff Current 
(VcE = 30 V) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
He = 20 mAdc, VcE = 2.0 V) 

Collector-Emitter Saturation Voltage 
He= 100 mAdc, le = 0.1 mAdc) 

Base-Emitter On Voltage 
He = 10 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
He = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test Pulse Width :.;:;;: 2.0%. 

(2) tr = lhtel • ftest 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

ICES 

iceo 

IEBO 

hFE 

VcE(sat) 

VeE(on) 

BC517 

CASE 29-04, STYLE 17 
T0-92 (T0-226AAI 

Collector 1 

.,f ·f!J) 
Emitter 3 

DARLINGTON TRANSISTORS 

NPN SILICON 

Reier to 2N6426 for graphs. 

Min Typ Max Unit 

30 - - Vdc 

40 - - Vdc 

10 - - Vdc 

- - 500 nA 

- - 100 nAdc 

- - 100 nAdc 

30,000 - - -

- - 1.0 Vdc 

- - 1.4 Vdc 

200 MHz 
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MAXIMUM RATINGS 
Rating Symbol BC BC BC Unit 

546 547 548 

Collector-Emitter Voltage Vern 65 45 30 Vdc 

Collector-Base Voltage vcso 80 50 30 Vdc 

Emitter-Base Voltage vrno 6.0 Vdc 

Collector Current - Continuous ic 100 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25 °C 12 mW/°C 

Operating and Storage Junction T J, T stg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 oc/W 

Thermal Resistance, Junction to Case R9JC 83.3 °C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC546 V(BR)CEO 
!le = 1.0 mA, Is = O) BC547 

BC548 

Collector-Base Breakdown Voltage BC546 V(BR)CBO 
!le = 100 µAdel BC547 

BC548 

Emitter-Base Breakdown Voltage BC546 V(BR)EBO 
!le = 10 µA, le = o) BC547 

BC548 

Collector Cutoff Current ices 
(VcE = 70 V, Vse = 0) BC546 
(Vee = 50 V, VsE = 0) BC547 
!Vee = 35 v, Vse = Ol BC548 
(Vee = 30 V, TA= 125°C) BC546/547 /548 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 10 µA, Vee = 5.o V) BC546A/547 A/548A 

BC546B/5478/548B 
BC548C 

!le = 2.0 mA, VcE = 5.0 V) BC546 
BC547 
BC548 
BC546A/547 A/548A 
BC546B/547B/548B 
BC547C/BC548C 

!le = 100 mA, Vee = 5.0 V) BC546A/547 A/548A 
BC546B/5478/548B 
BC548C 

Collector-Emitter Saturation Voltage Vce(sat) 
!le = 10 mA, Is = o.5 mA) 
!le = 100 mA, Is = 5.0 mA) 
Oc = 10 mA, Is = See Note 1) 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = 10 mA, Is = o.5 mA) 

Base-Emitter On Voltage Vse(on) 
!le = 2.0 mA, VcE = 5.0 V) 
!le = 10 mA, Vee = 5.0 V) 

NOTE 1: Is is value tor which le = 11 mA at VcE = 1 .o V. 

BC546,A,B 
BC547,A,B,C 
BC548,A, B,C 
CASE 29-04, STYLE 17 

T0-92 IT0-226AA) 

,/ ~-(5~"' 
2 3 3 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

65 - - v 
45 - -
30 - -

80 - - v 
50 - -
30 - -
6.0 - - v 
6.0 - -
6.0 - -

- 0.2 15 nA 
- 0.2 15 
- 0.2 15 
- - 4.0 µA 

-
- 90 -
- 150 -
- 270 -
110 - 450 
110 - 800 
110 - 800 
110 180 220 
200 290 450 
420 520 800 

- 120 -
- 180 -
- 300 -

v 
- 0.09 0.25 
- 0.2 0.6 
- 0.3 0.6 

- 0.7 - v 

v 
0.55 - 0.7 
- - 0.77 
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BC546,A,B,BC547,A,B,C,BC548,A,B,C 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product tr MHz 
He = 10 mA Vee = 5.0 v. t = 100 MHz) BC546 150 300 -

BC547 150 300 -
BC548 150 300 -

Output Capacitance Cobo - 1.7 4.5 pF 
!Vee = 10 v. le = o. t = 1.0 MHz) 

Input Capacitance Cibo - 10 - pF 
(VEB = 0.5 v. le = 0, f = 1.0 MHz) 

Small-Signal Current Gain hte -
He = 2.0 mA, Vee = 5.0 v. t = 1.0 kHz) BC546 125 - 500 

BC547/548 125 - 900 
BC546A/547 A/548A 125 220 260 
BC546B/547B/548B 240 330 500 
BC547C/548C 450 600 900 

Noise Figure NF dB 
He = 0.2 mA, Vee = 5.0 v. Rs = 2 kohms, BC546 - 2.0 10 
f = 1.0 kHz, at= 200 Hz) BC547 - 2.0 10 

BC548 - 2.0 10 

FIGURE 1 - NORMALIZED DC CURRENT GAIN FIGURE 2 - "SATURATION" AND "ON" VOLTAGES 

0 

z 
;;; 
C> 
~ 1.0 

~ 08 

" u 
~ 0.6 

" 
N 
::::; 04 
<( 

~ 
" 03 z 
.;, 

....... 

JcfEll[10 v _, 
TA· 75°C 

!-' 

~ 
:l 
~ 

0. :H TIA I, )1.1:1I JII I l:d 
8 llllil l ~ H 

VBElsatl 'iil tells~ 10 i-r 

"' <( 

~ 0 
0 

1 

6 

I 

' 
> 0.3 

I 

I 

-+-: H VBE Ion)@ VCE • 10 V 

VCE.!s.ar! :G: IC 18 = 10 i..Y 
llWlI 

kl 

01 
0.2 IQ 10 10 10 10 10 100 100 

c 
01 0 I 0 J 0 I 0 7 10 1 0 J 0 I 0 7 O 10 10 JO 10 10 100 

w 
LO 

0 

~ !" 
c 
> 

"' ~ 1 2 

~ 
~ 08 

B 
8 0.4 

~ 
> 

I( COLLECTOR CURREl\lT 1mAdc) 

FIGURE 3 - COLLECTOR SATURATION REGION 

IC - 50 mA lc-lOOmA !. TA - 25 oc 

~ -200mA 

t-

ic- ]'.._ lOmA 

~ 

~ 
1c-2om1~ N 

~ lilJj_ ....... 

lli[ J_ 
0.01 0 I 1.0 10 20 

Is. BASE CURF>ENT (mAI 

tc C'.JLLECTOR CURRENT !mAdc) 

FIGURE 4 - BASE EMITTER TEMPERATURE COEFFICIENT 

~ 12 ... 
z 
w 

g 16 

8 

"' " 

2.0 

~ 24 

~ 

~ 28 

'" f 

-55 °c to +125 oc 

_....j.--" 

H-' 
H-1 

0 2 1.0 10 100 

IC. COLLECTOR CURRENT lmAI 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-87 

• 



II 

BC546, A, B, BC547, A, B, C, BC548, A, B, C 

BC547 /BC548 

FIGURE 5 - CAPACITANCES 
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BC546,A, B,BC547,A,B,C, BC548,A,B,C 

FIGURE 11 - CAPACITANCE 
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MAXIMUM RATINGS 
Rating Symbol BC BC Unit 

549 550 

Collector-Emitter Voltage Vern 30 45 Vdc 

Collector-Base Voltage Vcso 30 50 Vdc 

Emitter-Base Voltage vrno 5.0 Vdc 

Collector 'current':_ Continuous ic 100 mAdc 

Total Device Dissipation @TA --=- 2 5°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and St.orage Junction TJ, Tstg -55to+150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RaJA 200 ocM/ 

Thermal Resistance, Junction to Case RaJC 83.3 ocM/ 

ELECTRICAL CHARACTERISTICS IT A = 25 °c unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VIBR)CEO 
Oc = 10 mAdc, Is = o) BC549B,C 

BC550B,C 
Collector-Base Breakdown Voltage VIBRJCBO 

(le = 10 µAde, IE = O) BC549B,C 
BC550B,C 

Emitter-Base Breakdown Voltil\Je V(BR)EBO 
(IE = 1 0 11Adc, le = 0) 

Collector Cutoff Current icso 
(VCB = 30 Vdc, IE = 0) 
(VCB = 30 Vdc, IE= 0, TA t 125 ''Ci 

Emitter Cutoff Current Imo 
(VEB = 4 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 1 o µAde, VcE = 5 Vdcl Be549B/550B 

BC549e/550e 

(le = 2 mAdc. VcE = 5 Vdcl BC549B/550B 
BC549e/550C 

Collector-Emitter Saturation Voltage VeE(sat) 
lie = 1 O mAdc, Is = 0.5 mAdc) 
lie= 10 mAdc, IB =see note 1) 
lie = 100 mAdc, Is = 5 mAdc, see note 2) 

Base-Emitter Saturation Voltage VBElsat) 
lie = 100 mAdc, Is = 5 mAdc) 

Base-Emitter On Voltage VBE(on) 
lie = 1 o µAde, VeE = 5 Vdcl 
lie = 1 oo 11Adc, VeE = 5 Vdc) 
lie = 2 mAdc, VeE = 5 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
lie= 10 mAdc, VcE = 5 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccbo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

BC549B,C 
BCSSOB,C 

CASE 29-04, STYLE 17 
T0-92 (T0-226AAI 

I 1 Coll.ector 

2~ Base 
;, 

1
2 3 Emitter 

3 

LOW NOISE TRANSISTORS 

NPN SILICON 

Min. Typ. Max. Unit 

Vdc 
30 
45 

Vdc 
30 
50 

5 Vdc 

15 nAdc 
5 µAde 

nAdc 
15 

100 150 
100 270 
200 290 450 
420 500 800 

Vdc 
0.075 0.25 

0.3 0.6 
0.25 06 

Vdc 
1.1 

Vdc 
0.52 
0.55 

0.55 0.62 0.7 

MHz 
250 

pF 
2.5 

Note 1. Is 1s value for which le c 11 mA at VcE = 1 V Note 2 Pulse test= 300 µs - Duty cycle= 2% 
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BC549B,C, BC550B,C 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted I 

Characteristic Symbol 

Small-Signal Current Gain hfe 
(le = 2.0 mAdc, VcE = 5.0 V, t = 1.0 kHz) BC549BIBC550B 

BC549CIBC550C 

Noise Figure 
Oc = 200 µAde, VcE = 5.0 Vdc, Rs = 2.0 kn, t = 1.0 kHz) NF1 
(le = 200 µAde, VcE = 5.0 Vdc, Rs = 100 k!l, t = 1.0 kHz) NF2 

FIGURE 1 - TRANSISTOR NOISE MODEL 
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450 

-
-

I L _______ ~_J 

Typ Max Unit 

-
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- 10 

FIGURE 2 - NORMALIZED DC CURRENT GAIN FIGURE 3 - "SATURATION" AND "ON" VOLTAGES 

2.0 

5 

0 

8 

61-' 

4 

3 

2 
0 2 

~ 1 T 
1m\R-1 

TA = 25 oc 

10 

0.9 

0.8 

+A=12I,fil] 
r-- 11 rTlf / 

p i..-H 
I I I .,.., 
I 

.I 
1 ' 
1 ~ 1 1 II 

I j I \ 
u ] ll 

0 5 1 0 2 0 5 0 10 20 50 100 200 

E 0 
0 

7 

~ 0.6 

"' ~ 0.5 

~ 04 

>- 0.3 

0.2 

1 

0 
0 1 0.2 

.u11111 1 
VsElsatl •··le/ls 10 

[->-' 

t---::::J.-.lv; EI 00 I '" V c E = 1 0 V 

VcE(satl '" IC/ls - 10 

I m11 
0 5 1 0 2.0 5 0 10 20 

le. COLLECTOR CURRENT (mAdcl IC, COLLECTOR CURRENT (mAdc) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-91 

y 

v 
50 100 

• 



II 

BC549B,C, BC550B,C 

FIGURE 4 - CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 5 - CAPACrrANCE 
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MAXIMUM RATINGS 

Rating Symbol BC556 BC557 BC558 Unit 

Collector-Emitter Voltage VcEQ -65 -45 -30 Vdc 

Collector-Base Voltage Vceo -80 -50 -30 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -100 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 0 c1W 

Thermal Resistance, Junction to Case RoJC 83.3 •cfW 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic l Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc = -2.0 mAdc, le = O) BC556 

BC557 
BC558 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = -100 µAdel BC556 

BC557 
BC558 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = -100 µAde, le = O) BC556 

BC557 
BC558 

Collector-Emitter Leakage Current ICES 
!Vces = -40 vi BC556 
!Vces = - 20 vi BC557 

BC558 
!Vces = -20 v. TA= 125°Cl BC556 

BC557 
BC558 

ON CHARACTERISTICS 

DC Current Gain hFe 
Uc= -10 µAde. Vee= -5.o Vl BC556A/557 A 

BC556B/557B/558B 
BC557C 

Oc = -2.0 mAdc, Vee = -5.0 Vl BC556 
BC557 
BC558 
BC556A/557 A 
BC556B/557B/558B 
BC557C 

(le= -100 mAdc, Vee= -5.0 Vl BC556A/557 A 
BC556B/557B/558B 
BC557C 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = -10 mAdc, le = -0.5 mAdcl 
Uc= -10 mAdc, le= see Note 1) 
Oc = -100 mAdc, le = -5.0 mAdcl 

BC556,A,B 
BC557 ,A,B,C 

BCSSSB 
CASE 29-04, STYLE 17 

T0-92 (T0-226AA) 

1 Collector 

3 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

v 
-65 - -
-45 - -
-30 - -

v 
-80 - -
-50 - -
-30 - -

v 
-5.0 - -
-5.0 - -
-5.0 - -

nA 
- -2.0 -100 
- -2.0 -100 
- -2.0 -100 
- - -4.0 
- - -4.0 µA 
- - -4.0 

~ 

-
- 90 -
- 150 -
- 270 -
120 - 500 
120 - 800 
120 - 800 
120 170 220 
180 290 460 
420 500 800 
- 120 -
- 180 -
- 300 -

v 
- -0.075 -0.3 
- -0.3 -0.6 
- -0.25 -0.65 

NOTE 1: le = - 10 mAdc on the constant base current characteristics, which yields the point le = -11 mAdc, VcE = -1.0 V. 
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BC556,A,B, BC557,A,B,C, BC558B 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

ON CHARACTERISTICS (continued) 

Base-Emitter Saturation Voltage VBE(sat) v 
Uc= -10 mAdc, Is = -0.5 mAdc) - -0.7 -
Uc= -100 mAdc, IB = -5.0 mAdc) - -1.0 -

Base-Emitter On Voltage VBE(on) v 
Uc= -2.0 mAdc, VcE = -5.0 Vdc) -0.55 -0.62 -0.7 
Uc= -10 mAdc, VcE = -5.0 Vdc) - -0.7 -0.82 

• SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product IT MHz 
(le = -10 mA, VcE = -5.0 V, f = 100 MHz) BC556 - 280 -

BC557 - 320 -
BC558 - 360 -

Output Capacitance Cob - 3.0 6.0 pF 
Ncs = -10 v, ic = o. t = 1.0 MHz) 

Noise Figure NF dB 
Uc = -0.2 mAdc, VcE = -5.0 V, BC556 - 2.0 10 
Rs = 2 k ohms, f = 1.0 kHz, at= 200 Hz) BC557 - 2.0 10 

BC558 - 2.0 10 

Small-Signal Current Gain hfe -
Uc = -2.0 mAdc, VcE = -5.0 V, f = 1.0 kHz) BC556 125 - 500 

BC557/558 125 - 900 
BC556A/557 A 125 220 260 
BC556B/557B/558B 240 330 500 
BC557C 450 600 900 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-94 



BC556,A,B, BC557,A,B,C, BC558B 

BC557 /BC558 
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BC556,A,B, BC557,A,B,C, BC558B 
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BC556,A,B, BC557,A,B,C, BC558B 

FIGURE 13 - THERMAL RESPONSE 
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The safe operating area curves indicate lc-VcE limits of the transistor that must be observed for reliable 
operation. Collector load lines for specific ci,rcuits must fall below the limits indicated by the applicable curve. 

The data of Figure 14 is based upon TJ(pk)=150°C; Tc or TA is variable depending upon conditions. Pulse curves are 
valid for duty cycles to 10% provided TJ(pk),;;;150°C. TJ(pk) may be calculated from the data of Figure 13. At high 
case or ambient temperatures thermal limitations will reduce the power that can be handled to values less than the limita
tions imposed by the secondary breakdown. 
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MAXIMUM RATINGS 
Rating Symbol BC559 BC560 Unit 

Collector-Emitter Voltage VcEO -30 -45 Vdc 

Collector-Base Voltage Vcso -30 -50 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -100 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mwrc 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc/W 

Ther~al Resistance, Junction to Case RoJC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = -10 mAdc, Is= O) BC559 

BC560 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= -10 µ.Ade, IE= 0) BC559 

BC560 

Emitter-Base Breakdown Voltage (IE= -10 µ.Ade, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = -30 Vdc, IE = O) lcao 
IV ca = -30 Vdc, IE = 0, TA = + 125°C) 

Emitter Cutoff Current IVEB = -4.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain hfE 
Oc = -10 µ.Ade, VcE = -5.0 Vdc) BC559B/560B 

BC559C/560C 
(le = -2.0 mAdc, VcE = -5.0 Vdc) BC559B/560B 

BC559C/560C 
BC559/560 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = -10 mAdc, ts= -0.5 mAdc) 
Oc = -10 mAdc, Is = see note 1) 
Oc = -100 mAdc, Is = - 5.0 mAdc, see note 2) 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = -100 mAdc, Is = -5.0 mAdc) 

Base-Emitter On Voltage VsE(on) 
Oc = -10 µ.Ade, VcE = -5.0 Vdc) 
Oc = -100 µ.Ade, VcE = -5.0 Vdc) 
Oc = -2.0 mAdc, VcE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = -10 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccbo 
IVcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
lie = -2.0 mAdc, VcE = -5.0 V, f = 1.0 kHz) BC559B/BC560B 

BC559C/BC560C 

Noise Figure 
Oc = -200 µ.Ade, VcE = - 5.0 Vdc, Rs = 2.0 kfl, f = 1.0 kHz) NF1 
lie = -200 µ.A, VcE = -5.0 V, Rs = 100 kfl, f = 1.0 kHz, Llf = 200 Hz) NF2 

Note 1: Is is value for which le = -11 mA at VcE = -1.0 V 

BC559, B,C 
BC560,B,C 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

, /1 ... .:~·~·· 
2 3 Emitter 

3 

LOW NOISE TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

Vdc 
-30 - -
-45 - -

Vdc 
-30 - -
-50 - -

-5 - - Vdc 

- - -15 nAdc 
- - -5 µ.Ade 

- - -15 nAdc 

-
100 150 -
100 270 -
180 290 460 
380 500 800 
120 - 800 

Vdc 
- -0.075 -0.25 
- -0.3 -0.6 
- -0.25 -

- - 1.1 - Vdc 

Vdc 
- -0.52 -
- -0.55 -

-0.55 -0.62 -0.7 

- 250 - MHz 

- 2.5 - pF 

-
240 330 500 
450 600 900 

dB 
- 0.5 2.0 
- - 10 

Note 2: Pulse test = 300 µ,s - Duty cycle = 2%. 
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BC559, B,C, BC560, B,C 

FIGURE 1 - NORMALIZED DC CURRENT GAIN FIGURE 2 - "SATURATION" AND "ON" VOLTAGES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 55 Vdc 

Collector-Base Voltage VcBo 80 Vdc 

Emitter-Base Voltage VEBO 12 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/"C 

Operating and Storage Junction TJ, Tstg -55to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 "C/W 

Thermal Resistance, Junction to Case RoJC 83.3 "CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless. otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc= 10 mAdc, VsE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µAde, le = O) 

Collector Cutoff Current ICES 
(VcE = 60 Vdc, VsE = O) 

Collector Cutoff Current lcso 
(Vea = 60 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 200 mA, Is = 0.2 mA) 

Base-Emitter Saturation Voltage VsE(sat) 
Uc = 200 mA, Is = 0.2 mA) 

Current Gain hfE 
Uc = 100µA, VcE = 5.0 V) 
lie = 10 mA, VcE = 5.0 V) 
!le = 200 mA, VcE = 5.0 V) 
Uc = 1.0 A, VcE = 5.0 V) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 
Oc = 500 mA. VcE = 5.0 v. p = 100 MHz) 

Output Capacitance Cob 
(Vea= 10 V, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 5.0 V, IE = 0, f = 1.0 MHz) 

BC618 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

Collector 1 

',/ 3 
Emitter 3 

DARLINGTON TRANSISTORS 

NPN SILICON 

Refer to 2N6426 for graphs. 

Min Typ Max Unit 

55 - - Vdc 

80 - - Vdc 

12 - - Vdc 

- - nAdc 
- - 50 

- - 50 nAdc 

- - 50 nAdc 

- - 1.1 Vdc 

- - 1.6 Vdc 

-
2000 - -
4000 - -
10000 - 50000 
4000 - -

150 - - MHz 

- 4.5 7.0 pF 

- 5.0 9.0 pf 
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MAXIMUM RATINGS 
Rating Symbol BC BC BC Unit 

635 637 639 

Collector-Emitter Voltage Vern 45 60 80 Vdc 

Collector-Base Voltage Ve Bo 45 60 80 Vdc 

Emitter-Base Voltage vrno 5.0 Vdc 

Collector Current - Continuous IC 0.5 Ade 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc= 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc/W 

Thermal Resistance, Junction to Case RoJC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage* V(BR)CEO 
lie = 10 mAdc, Is = 01 BC635 

BC637 
BC639 

Collector-Base Breakdown Voltage V(BRICBO 
Oc = 100 µAde, IE = O) BC635 

BC637 
BC639 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 10 µAde, le = 01 

Collector Cutoff Current lcso 
(VcB = 30 Vdc, IE = 0, 
(VcB = 30 Vdc, IE = 0, TA= 125°C) 

ON CHARACTERISTICS* 

DC Current Gain hFE 
Oc = 5.0 mAdc, Vee = 2.0 Vdcl 
Oc = 150 mAdc, VcE = 2.0 Vdc) BC635 

BC637 
BC639 

Oc = 500 mA, VcE = 2.0 VI 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 500 mAdc, Is = 50 mAdcl 

Base-Emitter On Voltage VBE(on) 
Oc = 500 mAdc, VcE = 2.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product IT 
Oc = 50 mAdc, VcE = 2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
IVcs = 10 Vdc, le = o, t = 1.0 MHz) 

Input Capacitance Cib 
IVes = 0.5 Vdc, le = o, f = 1.0 MHz) 

*Pulse Test: Pulse Width "' 300 µs, Duty Cycle 2.0%. 

BC635 
BC637 
BC639 

CASE 29-04, STYLE 14 
T0-92 (T0-226AA) 

,/ ,;,~"~"' 
2 1 Emitter 

3 

HIGH CURRENT TRANSISTORS 

NPN SILICON 

Min Typ Max Unit 

Vdc 
45 - -
60 - -
80 - -

Vdc 
45 - -
60 - -
80 - -
5.0 - - Vdc 

- - 100 nAdc 
- - 10 µAde 

-
25 - -
40 - 250 
40 - 160 
40 - 160 
25 - -
- - 0.5 Vdc 

- - 1.0 Vdc 

- 200 - MHz 

- 7.0 - pF 

- 50 - pF 
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MAXIMUM RATINGS 
Rating Symbol BC636 BC638 BC640 Unit 

Collector-Emitter Voltage vceo -45 -60 -80 Vdc 

Collector-Base Voltage Vceo -45 -60 -80 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -0.5 Ade 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 ·ciw 
Thermal Resistance, Junction to Case ReJC 83.3 ·ciw 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage• V(BR)CEO 
Uc= -10 mAdc, le= Ol BC636 

BC638 
BC640 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = -100 µAde, IE = O) BC636 

BC638 
BC640 

Emitter-Base Breakdown Voltage V(BR)EBO 
UE = -10 µAde, le= 0) 

Collector Cutoff Current iceo 
(Vee = -30 Vdc, IE = 0) 
(Vee = -30 Vdc, IE = 0, TA = 125°C) 

ON CHARACTERISTICS• 

DC Current Gain hFE 
Uc = -5.0 mAdc, VcE = -2.0 Vdc) 
Uc= -150mAdc,Vce = -2.0Vdcl BC636 

BC638 
BC640 

Uc= -500 mA, VcE = -2.0 V) 

Collector-Emitter Saturation Voltage VcE(satl 
Uc = -500 mAdc, le = -50 mAdc) 

Base-Emitter On Voltage VeE(on) 
Uc = -500 mAdc, VcE = -2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = -50 mAdc, VcE = -2.0 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vee= -10 Vdc, IE= o. f = 1.0 MHz) 

Input Capacitance Cib 
(VEe = -0.5 Vdc, le = o. f = 1.0 MHz) 

*Pulse Test: Pulse Width oe: 300 p.s, Duty Cycle 2.0%. 

BC636 
BC638 
BC640 

CASE 29-04, STYLE 14 
T0-92 (T0-226AA) 

2 Collector 

~() 
1 Emitter 

HIGH CURRENT TRANSISTORS 

PNPSILICON 

Min Typ Max Unit 

Vdc 
-45 - -
-60 - -
-80 - -

Vdc 
-45 - -
-60 - -
-80 - -
-5.0 - - Vdc 

- - -100 nAdc 
- - -10 µAde 

-
25 - -
40 - 250 
40 - 160 
40 - 160 
25 - -
- -0.25 -0.5 Vdc 
- -0.5 -
- - -1.0 Vdc 

- 150 - MHz 

- 9.0 - pF 

- 110 - pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -45 v 
Collector-Base Voltage VcBo -50 v 
Emitter-Base Voltage VEBO -5.0 v 
Collector Current - Continuous le -500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25"C 
Derate above 25"C 1.8 mWl°C 

Thermal Resistance Junction to Ambient RoJA 556 "C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25"C 
Derate above 25"C 2.4 mWl°C 

Thermal Resistance Junction to Ambient R9JA 417 "C/W 

Junction and Storage Temperature TJ, Ts!!!_ -55 to + 150 "C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BC807-16LT1 = 5A; BC807-25LT1 = 5B; BC807-40LT1 = 5C 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = -10 mA) V(BR)CEO 

Collector-Emitter Breakdown Voltage V(BR)CES 
(VEB = 0, le= -10 µA) 

Emitter-Base Breakdown Voltage OE = -1.0 µA) V(BR)EBO 

Collector Cutoff Current le Bo 
!VcB = -20 v> 
(VcB = -20 V, TJ = 150°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = -lOOmA,VcE = -1.0V) BC807-16 

BC807-25 
BC807-40 

Oc = -500 mA, VcE = -1.0 V) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = -500 mA, IB = -50 mA) 

Base-Emitter On Voltage VBE(on) 
Uc= -500 mA, IB = -1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc= -10 mA, VcE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VcB = -10 V, f = 1.0 MHz) 

Note: "LTl" must be used when ordering SOT-23 devices. 

BC807-16LT1 
BC807-25LT1 
BC807-40LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' ~.~ 

Min 

-45 

-50 

-5.0 

-
-

100 
160 
250 
40 

-

-

200 

-

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Typ Max 

- -
- -

- -

- -100 
- -5.0 

- 250 
- 400 
- 600 
- -
- -0.7 

- -1.2 

- -

10 -

Unit 

v 
v 

v 

nA 
µA 

v 

v 

MHz 

pF 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collecto~·Emitter' Voltage Vceci 45 v 

Collector,Base Voltage Vceo 50 v 

Emitter-Base Voltage Veeo 5.0 v 

Collector' Current - Continuous le 500 mAdc 

THERMAL CHARACTERISTICS 
'"' Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 2s·c 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient RllJA 556 0 c1W 
Total Device Dissipation Po 300 mW 

Alumina Substrate,** TA= 25°C 
Derate above 25°C 2.4 mWl°C 

Thermal Resistance Junction to Ambient RllJA 417 0 c1W 
Junction and Storage Temperature TJ, Tsm -55to+150 ·c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I BC817-16LT1 = 6A; BC817-25LT1 = 68; BC817-40LT1 = 6C 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = -10 mA) V(BR)CEO 

Collector-Emitter Breakdown Voltage V(BR)CES 
!Vee= o. le= -10 µA) 

Emitter-Base Breakdown Voltage !le = -1.0µA) ~Blfil:BO 
Collector Cutoff Current iceo 

!Vee= 20 v1 
!Vee= 2ov, TA= 15o·c1 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= 100 mA. Vee = 1.0 V) BC817-16 

BCB17-25 
BC817-40 

Uc= 500 mA, Vee = 1.0 V) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 500 mA, le = 50 mA) 

Base-Emitter On Voltage VeE(on) 
!le = 500 mA, Vee = 1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = 10 mA, Vee = 5.0 Vdc, t = 100 MHz) 

Output Capacitance Cobo 
!Vee = 10 v, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BC817·16LT1 
BC817 ·25LT1 
BC817 ·40LT1 

CASE 318-07, STYLE 6 
SOT~23 (T0-236AB) 

3 Collector 

,~' .. () 

Min 

45 

50 

5.0 

-
-

100 
160 
250 
40 

-

-

200 

-

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Typ Max 

- -
- -

- -

- 100 
- 5.0· 

- 250 
- 400 
- 600 
- -
- 0.7 

- 1.2 

- -

10 -

Unit 

v 

v 

v 

nA 
µA 

v 

v 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol BC846 BC847 BC848 Unit 

Collector-Emitter Voltage Vern 65 45 30 v 
Collector-Base Voltage VcBo 80 50 30 v 
Emitter-Base Voltage VEBQ 6.0 6.0 5.0 v 
Collector Current - Continuous le 100 100 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mW/"C 

Thermal Resistance Junction to Ambient R9JA 556 oc;w 

Total Device Dissipation Po 300 mW 
Alumina Substrate,•• TA = 25°C 
Derate above 25'C 2.4 mW/°C 

Thermal Resistance Junction to Ambient R9JA 417 oc;w 

Junction and Storage Temperature TJ, Ts!fl_ -55 to + 150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

BC846ALT1 = 1A; BC846BLT1 = 1B; BC847ALT1 = 1E; BC847BLT1 = 1F; 
BC847CLT1 = 1G; BC848ALT1 = 1J; BC848BLT1 = 1K; BC848CLT1 = 1L 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic J Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC846A,B V(BR)CEO 
Uc= 10 mAl BC847A,B,C 

BC848A,B,C 

Collector-Emitter Breakdown Voltage BC846A,B V(BR)CES 
(le = 10 µA, VEB = 0) BC847A,B,C 

BC848A,B,C 

Collector-Base Breakdown Voltage BC846A,B V(BR)CBO 
Uc= 10 µA) BC847A,B,C 

BC848A,B,C 

Emitter-Base Breakdown Voltage BC846A,B V(BR)EBO 
(IE = 1.0 µA) BC847A,B,C 

BC848A,B,C 

Collector Cutoff Current (VcB = 30 V) le Bo 
(VcB = 30 V, TA = 150°C) 

ON CHARACTERISTICS 

DC Current Gain BC846A, BC847 A, BC848A hFE 
(le = 10 µA, VcE = 5.0 V) BC846B, BC847B, BC848B 

BC847C, BC848C 

(le = 2.0 mA, VcE = 5.0 V) BC846A, BC847 A, BC848A 
BC846B, BC847B, BC848B 
BC847C, BC848C 

Collector-Emitter Saturation Voltage Uc = 10 mA, IB = 0.5 mA) VcE(sat) 
(le = 100 mA, IB = 5.0 mA) 

Base-Emitter Saturation Voltage Uc = 10 mA, IB = 0.5 mA) VBE(sat) 
Uc = 100 mA, IB = 5.0 mA) 

Base-Emitter Voltage Uc = 2.0 mA, VcE = 5.0 V) VBE(on) 
(le = 10 mA, VcE = 5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product tr 
Uc = 10 mA, VcE = 5.0 Vdc, I= 100 MHz) 

Output Capacitance (Vcs = 10 V, f = 1.0 MHz) Cobo 

Noise Figure Uc = 0.2 mA, VcE = 5.0 Vdc, Rs = 2.0 kfl, NF 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BC846ALT1*, BLT1* 
BC847ALT1*, BLT1*,CLT1* 
BC848ALT1*,BLT1*,CLT1* 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' .~~ 

Min 

65 
45 
30 

80 
50 
30 

80 
50 
30 

6.0 
6.0 
5.0 

-
-

-
-
-

110 
200 
420 

-
-
-
-

580 
-

100 

-
-

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*These are Motorola 
designated preferred devices. 

Refer to BC546 for graphs. 

Typ ·J Max 

- -
- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- 15 
- 5.0 

90 -
150 -
270 -

180 220 
290 450 
520 800 

- 0.25 
- 0.6 

0.7 -
0.9 -
660 700 
- 770 

- -

- 4.5 

- 10 

Unit 

v 

v 

v 

v 

nA 
µA 

-

v 

v 

mV 

MHz 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol BC856 

Collector-Emitter Voltage VcEO -65 

Collector-Base Voltage Vcso -80 

Emitter-Base Voltage VEBO -5.0 

BC857 BC858 

-45 -30 

-50 -30 

-5.0 -5.0 

Unit 

v 
v 
v 

BC856ALT1*, BLTl* 
BC857ALT1*, BLT1*,CLT1* 
BC858ALT1*,BLT1*,CLT1* 

Collector Current - Continuous le -100 -100 -100 mAdc 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mwrc 

Thermal Resistance, Junction to Ambient RoJA 556 oc;w 

Total Device Dissipation PD 300 mW 
Alumina Substrate,** TA= 25°C 
Derate above 25°C 2.4 mwrc 

Thermal Resistance, Junction to Ambient RoJA 417 oc;w 

Junction and Storage Temperature TJ, Ts_tg_ -55to +150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BC856ALT1 = 3A; BC8568LT1 = 38; BC857ALT1 = 3E; BC857BLT1 = 3F; 
BC857CLT1 = 3G; BC858ALT1 = 3J; BC858BLT1 = 3K; BC858CLT1 = 3L 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BC856 Series 
Uc= -10 mA) BC857 Series 

BC858 Series 

Collector-Emitter Breakdown Voltage BC856 Series 
(le = - 10 µ,A, VEB = O) BC857 Series 

BC858 Series 

Collector-Base Breakdown Voltage BC856 Series 
Uc= -10 µ,A) BC857 Series 

BC858 Series 

Emitter-Base Breakdown Voltage BC856 Series 
(IE= -1.0 µ,A) BC857 Series 

BC858 Series 

Collector Cutoff Current (Vea = -30 V) 
IVcs = -30 v, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain BC856A, BC857 A, BC585A 
Uc= -10 µ,A, VcE = -5.0 V) BC856A,BC857A,BC858A 

BC857C, BC858C 

Uc= -2.0 mA, VcE = -5.0 V) BC856A, BC857 A, BC858A 
BC8568, BC8578, BC858B 
BC857C, BC858C 

Collector-Emitter Saturation Voltage Uc= -10 mA, Is = -0.5 mA) 
!c = -100 mA, Is= -5.0 mA) 

Base-Emitter Saturation Voltage Uc = -10 mA, Is = -0.5 mA) 
Uc= -100 mA, Is= -5.0 mA) 

Base-Emitter On Voltage Uc= -2.0 mA, VcE = -5.0 V) 
Uc= -10 mA, VcE = -5.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
Uc = -10 mA, VcE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance (Vee= -10 V, f = 1.0 MHz) 

Noise Figure Uc = -0.2 mA, VcE = -5.0 Vdc, Rs = 2.0 kll, 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT~23 devices. 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

icso 

hFE 

VcE(sat) 

VBE(sat) 

VsE(on) 

IT 

Cob 

NF 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' ~.() 
2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

*These are Motorola 
designated preferred devices. 

Refer to BC556 for graphs. 

Min Typ Max 

-65 - -
-45 - -
-30 - -

-10 - -
-50 - -
-30 - -
--80 - -
-50 - -
-30 - -
-5.0 - -
-5.0 - -
-5.0 - -

- - -15 
- - -4.0 

- 90 -
- 150 -
- 270 -

125 180 250 
220 290 475 
420 520 800 

- - -0.3 
- - -0.65 

- -0.7 -
- -0.9 -

-0.6 - -0.75 
- - -0.82 

100 - -

- - 4.5 

- - 10 
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v 

v 

v 

v 

nA 
µ,A 

-

v 

v 

v 

MHz 

pF 

dB 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -32 

Collector-Base Voltage Vcso -32 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance, Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BCW29LT1 = C1; BCW30LT1 = C2 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = - 2.0 mAdc, IE = O) 

Collector-Emitter Breakdown Voltage 
lie= -100 JLAdc, Vrn = O) 

Collector-Base Breakdown Voltage 
lie= -10 JLAdc, le= o) 

Emitter-Base Breakdown Voltage 
llE = -10 JLAdc, le= O) 

Collector Cutoff Current 
(Vcs = -32 Vdc, IE = 0) 
IVcs = -32 Vdc, IE = o, TA= 100°c) 

ON CHARACTERISTICS 

DC Current Gain 
lie = -2.0 mAdc, VcE = -5.0 Vdc) BCW29 

BCW30 

Collector-Emitter Saturation Voltage 
lie= -10 mAdc, Is= -0.5 mAdc) 

Base-Emitter On Voltage 
lie = -2.0 mAdc, VcE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
!IE = 0, Vcs = -10 Vdc, I= 1.0 MHz) 

Noise Figure 
lie = -0.2 mAdc, VcE = -5.0 Vdc, Rs = 2.0 kil, f = 1.0 kHz, 
BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

oc/W 

mW 

mW/'C 

oc/W 

oc 

BCW29LT1 
BCW30LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' ,:~ 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

lcso 

hfE 

VcE(sat) 

VBE(on) 

Cobo 

NF 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Refer to 2N5086 for graphs. 

Min Max 

-32 -

-32 -

-32 -

-5.0 -

- -100 
- -10 

120 260 
215 500 

- -0.3 

-0.6 -0.75 

- 7.0 

- 10 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
l'Adc 

-
-

Vdc 

Vdc 

pf 

dB 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 20 Vdc 

Collector-Base Voltage Vcso 30 Vdc 

Emitter-Base Voltage Vrno 5.0 Vdc 

Collector Current - Continuous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mW!°C 

Thermal Resistance Junction to Ambient R9JA 556 oc;w 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25°C 
Derate above 25°C 2.4 mW!°C 

Thermal Resistance Junction to Ambient R9JA 417 oc;w 

Junction and Storage Temperature TJ, Ts.!R. -55to +150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BCW31LT1 = D1; BCW33LT1 = D3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 2.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
!le = 10 µ.Ade, Is = Ol 

Emitter-Base Breakdown Voltage 
!IE = 10 µ.Ade, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 2.0 mAde, VcE = 5.0 Vdc) BCW31 

BCW33 

Collector-Emitter Saturation Voltage 
!le = 10 mAde, Is = 0.5 mAdc) 

Base-Emitter On Voltage 
Uc = 2.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(IE = 0, Vee = 10 Vdc, f = 1.0 MHz) 

Noise Figure 
!le = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kil, 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BCW31LT1 
BCW33LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' .:() 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

hFE 

VcE(sat) 

VsE(on) 

Cobo 

NF 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to MPS3904 for graphs. 

Min Max 

20 -

30 -

5.0 -

110 220 
420 800 

- 0.25 

0.55 0.70 

- 4.0 

- 10 

Unit 

Vdc 

Vde 

Vde 

-

Vde 

Vdc 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 32 v 
Collector-Base Voltage Vcso 32 v 
Emitter-Base Voltage VEBO 5.0 v 
Collector Current - Continuous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient RoJA 556 °C!W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mW/°C 

Thermal Resistance Junction to Ambient RoJA 417 °CIW 

Junction and Storage Temperature TJ. Ts!9_ ~55to+150 'C 

*FR-5 = 1 .0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW60ALT1 = AA; BCW60BLT1 = AB; BCW60CLT1 =AC; BCW60DLT1 = AD 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 2.0 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 1.0 µAde, le = O) 

Collector Cutoff Current 
IVcE = 32 Vdc) 
IVcE = 32 Vdc, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 10 µAde, VcE = 5.0 Vdcl BCW60A 

BCW60B 
BCW60C 
BCW60D 

lie = 2.0 mAdc, VcE = 5.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 

lie= 50 mAdc, VcE = 1.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 

AC Current Gain 
lie = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) BCW60A 

BCW60BI 
BCW60CI 
BCW60D 

Collector-Emitter Saturation Voltage 
lie = 50 mAdc, Is = 1 .25 mAdc) 
lie = 10 mAdc, Is = 0.25 mAdc) 

Base-Emitter Saturation Voltage 
lie = 50 mAdc, Is = 1.25 mAdc) 
lie = 50 mAdc, Is = 0.25 mAdc) 

Base-Emitter On Voltage 
lie = 2.0 mAdc, VcE = 5.0 Vdc) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BCW60ALT1 
BCW60BLT1 
BCW60CLT1 
BCW60DLT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' .:() 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

Imo 

hFE 

hte 

VcE(sat) 

VsE(sat) 

VsE(on) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Reier to MPS3904 for graphs. 

Min Max 

32 -

5.0 -

- 20 
- 20 

- 20 

20 -
30 -
40 -
100 -

120 220 
175 310 
250 460 
380 630 

60 -
70 -
90 -
100 -

125 250 
175 350 
250 500 
350 700 

- 0.55 
- 0.35 

0.7 1.05 
0.6 0.85 

0.6 0.75 

Unit 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 

-

-

Vdc 

Vdc 

Vdc 
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BCW60ALT1, BLT1, CLT1, DLT1 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 125-;- - MHz 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.5 pF 
(Vee = 10 Vdc, le = o, t = 1.0 MHzl 

Noise Figure NF - 6.0 dB 
Uc = 0.2 mAdc, Vee = 5.0 Vdc, Rs = 2.0 kfl, 
f = 1.0 kHz, BW = 200 Hz) 

II SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 150 ns 
Uc = 10 mAdc, IB1 = 1.0 mAdcl 

Turn-Off Time loff - 800 ns 
llB2 = 1.0 mAdc, VBB = 3.6 Vdc, R1 = R2 = 5.0 kfl, 
RL = 990 fl) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -32 v 
Collector-Base Voltage Vcso -32 v 
Emitter-Base Voltage VEBQ -5.0 v 
Collector Current - Continuous le -100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance, Junction to Ambient RoJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient RoJA 417 'C/W 

Junction and Storage Temperature TJ, Ts!9_ -55 to + 150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BCW61ALT1 = BA; BCW61BLT1 = BB; BCW61CLT1 = BC; BCW61DLT1 = BD 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -2.0 mAdc, Is = OI 

Emitter-Base Breakdown Voltage 
(IE= -1.0µAdc,lc=O) 

Collector Cutoff Current 
IVcE = -32 Vdc) 
(VcE = -32 Vdc, TA = 150'C) 

ON CHARACTERISTICS 

DC Current Gain 
lie = - 10 µAde, VcE = -5.0 Vdc) BCW61A 

BCW618 
BCW61C 
BCW61D 

(le = -2.0 mAdc, VcE = -5.0 Vdc) BCW61A 
BCW618 
BCW61C 
BCW61D 

Oc = -50 mAdc, VcE = -1.0 Vdcl BCW61A 
BCW61B 
BCW61C 
BCW61D 

AC Current Gain 
(le = -2.0 mAdc, VcE = - 5.0 Vdc, I = 1.0 kHz) BCW61A 

BCW618 
BCW61C 
BCW61D 

Collector-Emitter Saturation Voltage 
(le= -50 mAdc, Is = -1.25 mAdc) 
lie = -10 mAdc, Is = -0.25 mAdcl 

Base-Emitter Saturation Voltage 
Oc = -50 mAdc, Is = -1.25 mAdc) 
lie= -10 mAdc, Is= -0.25 mAdc) 

Base-Emitter On Voltage 
(le = - 2.0 mAdc, V CE = - 5.0 Vdcl 

Note: "LT1" must be used when ordering SOT-23 devices. 

BCW61ALT1 
BCW61BLT1 
BCW61CLT1 
BCW61DLT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

~3 
1~~ 

2 

~ 
B~s~ 

2 Emitter 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

hFE 

hte 

VcE(satl 

VsE(sat) 

VsE(onl 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Refer to 2N5086 for graphs. 

Min Max 

-32 -

-5.0 -

- -20 
- -20 

20 -
30 -
40 -
100 -

120 220 
140 310 
250 460 
380 630 

60 -
80 -
100 -
100 -

125 250 
175 350 
250 500 
350 700 

- -0.55 
- -0.25 

-0.68 -1.05 
-0.6 -0.85 

-0.6 -0.75 

Unit 

Vdc 

Vdc 

nAdc 
µAde 

-

-

Vdc 

Vdc 

Vdc 
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BCVV61ALT1,BLT1,CLT1,DLT1 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

l Characteristic l Symbol Min Max Unit 

SMALL.SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 6.0 pF 
(VCE = -10 Vdc, le= 0, f = 1.0 MHz) 

Noise Figure NF - 6.0 dB 
Uc = -0.2 mAdc, Vcr = -5.0 Vdc, Rs = 2.0 kfl, f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton - 150 ns 

II 
Uc= -10 mAdc, le1 = -1.0 mAdc) 

Turn-Off Time loft - BOO ns 
Ue2 = -1.0 mAdc, Vee= -3.6 Vdc, R1 = Rz = 5.0 kfl, RL = 990 !l) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 32 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 800 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!!!_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW65AL T1 = EA 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage 
lie = 10 µAde, VEB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = 0) 

Collector Cutoff Current 
IVcE = 32 Vdc, IE = 0) 
IVcE = 32 Vdc, IE = 0, TA= 150°C) 

Emitter Cutoff Current 
IVEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 100 µAde, VcE = 10 Vdc) 
!le = 10 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 
lie = 500 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 500 mAdc, Is = 50 mAdc) 
Oc = 100 mAdc, 19 = 10 mAdc) 

Base-Emitter Saturation Voltage 
lie = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 20 mAdc, VcE = 10 Vdc, t = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Noise Figure 
lie = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 1.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
lls1 = ls2 = 15 mAdc) 

Turn-Off Time 
lie= 150 mAdc, RL = 150 l.1) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWl°C 

oc/W 

mW 

mWi°C 

oc/W 

oc 

BCW65ALT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' ~~ 
2 Emitter 

GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Symbol Min Typ Max Unit 

V(BR)CEO 32 - - Vdc 

V(BR)CES 60 - - Vdc 

V(BR)EBO 5.0 - - Vdc 

ICES 
- - 20 nAdc 
- - 20 µAde 

IEBO - - 20 nAdc 

hFE -
35 - -
75 - 220 
100 - 250 
35 - -

VcE(sat) Vdc 
- 0.7 -
- 0.3 -

VBE(sat) - - 2.0 Vdc 

fr 100 - - MHz 

Cobo - - 12 pF 

Cibo - - 80 pF 

NF - - 10 dB 

Ion - - 100 ns 

loft - - 400 ns 
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II 

MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vern -45 

Collector-Base Voltage Vcso -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -800 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance, Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9._ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BCW68GLT1 = DH 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le= -10 mAdc, Is= OI 

Collector-Emitter Breakdown Voltage 
!le = -10 µ.Ade, VEB = O) 

Emitter-Base Breakdown Voltage 
!IE = -10 µ.Ade, le = O) 

Collector Cutoff Current 
(VcE = -45 Vdc, IE = 0) 
(VcE = -45 Vdc, Is = 0, TA= 150'C) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
!le = -10 mAdc, VcE = -1.0 Vdcl 
!le= -100 mAdc, VcE = -1.0 Vdc) 
!le = -300 mAdc, VcE = -1.0 Vdcl 

Collector-Emitter Saturation Voltage !le= -300 mAdc, Is = -30 mAdcl 

Base-Emitter Saturation Voltage !le= -500 mAdc, Is = -50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = -20 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance (V CB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = -0.5 Vdc, le = O, f = 1.0 MHz) 

Noise Figure !le = -0.2 mAdc, VcE = -5.0 Vdc, Rs = 1.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

'C 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

ICES 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

Cibo 

NF 

BCW68GLT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' .:.() 
2 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Min Typ Max 

-45 - -

-60 - -

-5.0 - -

- - -20 
- - -10 

- - -20 

120 - 400 
160 - -
60 - -
- - -1.5 

- - -2.0 

100 - -

- - 18 

- - 105 

- - 10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µ.Ade 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -45 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -100 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance, Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA= 25'C 
Derate above 25°C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts!!!. -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW69LT1 = H1; BCW70LT1 = H2 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He = - 2.0 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage 
He = -100 µAde, Vee = Ol 

Emitter-Base Breakdown Voltage 
He= -10 µAde, le= Ol 

Collector Cutoff Current 
(Vee = -20 Vdc, le = o) 
(Vee = -20 Vdc, le = o, TA= 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
He= -2.0 mAdc, Vee = -5.0 Vdc) BCW69 

BCW70 

Collector-Emitter Saturation Voltage 
He= -10 mAdc, Is= -0.5 mAdc) 

Base-Emitter On Voltage 
(le= -2.0 mAdc, Vee = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
He = o, Vee = -10 Vdc, t = 1.0 MHz) 

Noise Figure 
He= -0.2 mAdc, VcE = -5.0 Vdc, Rs= 2.0 kfi, 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWf'C 

•ctw 
mW 

mWf'C 

·ctw 
·c 

BCW69LT1 
BCW70LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,~' .~-© 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

lcso 

hFE 

VcE(sat) 

VBE(on) 

Cobo 

NF 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Refer to 2N5086 for graphs. 

Min Max 

-45 -
-50 -
-5.0 -

- -100 
- -10 

120 260 
215 500 

- -0.3 

-0.6 -0.75 

- 7.0 

- 10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

-

Vdc 

Vdc 

pF 

dB 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltag,e VcE.O 45 Vdc 

Collector-6ase Voltage Vcso 50 Vdc 

Emitter-Base Voltag·e VEBO 5.0 Vdc 

Collector Current - Contin~ous le 100 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient R9JA 556 ·crw 
Total Device Dissipation Po 300 mW 

Alumina Substrate,•• TA= 25°C 
Derate above 25°C 2.4 mWl°C 

Thermal Resistance Junction to Ambient R8JA 417 ·crw 
Junction and Storage Temperature TJ, Ts.!9._ -55 to +150 ·c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCW71LT1 = K1; BCW72LT1 = K2 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
!le = 2.0 mAdc, VEB = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
!le = 2.0 mAdc, VEB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
!le = 10 µAde, IE = OJ 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µAde, le = OJ 

Collector Cutoff Current lceo 
(Vee = 20 Vdc, IE = 0) 
(Vee = 20 Vdc, IE = 0, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain hFE 
!le = 2.0 mAdc, VcE = 5.0 Vdc) BCW71 

BCW72 

Collector-Emitter Saturation Voltage VcE(sat) 
!le = 10 mAdc, le = 0.5 mAdc) 
!le = 50 mAdc, le = 2.5 mAdc) 

Base-Emitter Saturation Voltage VeE(sat) 
!le = 50 mAdc, le = 2.5 mAdc) 

Base-Emitter On Voltage VeE(on) 
!le = 2.0 mAdc, Vee = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
!le = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
!le = o, Vee= 10 Vdc, f = 1.0 MHz) 

Input Capacitance Cibo 
!le = o, Vee = 10 Vdc, f = 1.0 MHz) 

Noise Figure NF 
!le = 0.2 mAdc, Vee = 5.0 Vdc, Rs = 2.0 kn, 
f = 1.0 kHz, BW = 200 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

BCW71LT1 
BCW72LT1 

CASE 318-07, STYLE 6 
SOT-23 .. {T0-236AB) 

3 Collector 

,~' ~() 
2·Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to MPS3904 for graphs. 

Min Typ Max 

45 - -

45 - -

50 - -

5.0 - -

- - 100 
- - 10 

110 - 220 
200 - 450 

- - 0.25 
- 0.21 -
- 0.85 -

0.6 - 0.75 

.- 300 -

- - 4.0 

- 9.0 -

- - 10 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 

dB 
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MAXIMUM RATINGS 

Value 

BCX17LT1 BCX18LT1 
Rating Symbol BCX19LT1 BCX20LT1 

Collector-Emitter Voltage Vern 45 25 

Collector-Base Voltage Vcso 50 30 

Emitter-Base Voltage VEBQ 5.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature T J, T s.!9_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCX17LT1 = T1; BCX1BLT1 = T2; BCX19LT1 = U1; BCX20LT1 = U2 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, Is = 01 BCX17, 19 

BCX18, 20 

Collector-Emitter Breakdown Voltage 
Uc = 10 µ.Ade, le = 01 BCX17, 19 

BCX18, 20 

Collector Cutoff Current 
(VcB = 20 Vdc, IE = O) 
(VcB = 20 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 100 mAdc, VcE = 1.0 Vdcl 
lie = 300 mAdc, VcE = 1.0 Vdcl 
lie = 500 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 500 mAdc, Is = 50 mAdc) 

Base-Emitter On Voltage 
lie = 500 mAdc, VcE = 1.0 Vdc) 

(1) Voltage and current are negative for PNP transistors. 

Note: "LT1" must be used when ordering SOT-23 devices. 

PNP NPN 

Unit 

Vdc 

BCX17LTtm 
BCX18LT1 m 

BCX19LT1 
BCX20LT1 

Vdc 3 Collector 3 Collector 

Vdc 

mAdc .:() .:() 
Unit 

mW 

mW/'C 

'CIW 

mW 

mW!°C 

'C/W 

'C 

Symbol 

V(BR)CEO 

V(BR)CES 

le Bo 

IEBO 

hFE 

VcE(satl 

VsE(onl 

2 Emitter 2 Emitter 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

GENERAL PURPOSE 
TRANSISTORS 

Min Typ Max 

45 - -
25 - -

50 - -
30 - -

- - 100 
- - 5.0 

- - 10 

100 - 600 
70 - -
40 - -
- - 0.62 

- - 1.2 

Unit 

Vdc 

Vdc 

nAdc 
µ.Ade 

!'Ade 

-

Vdc 

Vdc 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 45 Vdc 

Collector-Base Voltage Vcso 45 Vdc 

Emitter-Base Voltage VEBQ 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mW/°C 

Thermal Resistance Junction to Ambient ReJA 556 oc!W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mW/"C 

Thermal Resistance Junction to Ambient ReJA 417 oc!W 

Junction and Storage Temperature TJ, Ts!f!_ -55to +150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BCX70GLT1 =AG; BCX70JLT1 = AJ; BCX70KLT1 =AK 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 2.0 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 1.0 µ,Ade, le = o) 

Collector Cutoff Current 
IVcE = 32 Vdc) 
IVcE = 32 Vdc, TA= 150°C) 

Emitter Cutoff Current 
IVEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 10 µ,Ade, VcE = 5.0 Vdc) BCX70G 

BCX70J 
BCX70K 

lie = 2.0 mAdc, VcE = 5.0 Vdc) BCX70G 
BCX70J 
BCX70K 

lie = 50 mAdc, VcE = 1.0 Vdc) BCX70G 
BCX70J 
BCX70K 

Collector-Emitter Saturation Voltage 
lie = 50 mAdc, Is = 1.25 mAdc) 
lie = 10 mAdc, Is = 0.25 mAdc) 

Base-Emitter Saturation Voltage 
lie = 50 mAdc, 19 = 1.25 mAdc) 
lie = 50 mAdc, Is = 0.25 mAdc) 

Base-Emitter On Voltage 
lie = 2.0 mAdc, VcE = 5.0 Vdc) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Symbol 

V(BR)CEO 

V(BR)EBO 

ICES 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

BCX70GLT1 
BCX70JLT1 
BCX70KLT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

.~-© 
2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to MPS3904 for graphs. 

Min Max 

45 -

5.0 -

- 20 
- 20 

- 20 

- -
40 -
100 -

120 220 
250 460 
380 630 

60 -
90 -
100 -

- 0.55 
- 0.35 

0.7 1.05 
0.6 0.85 

0.55 0.75 

Unit 

Vdc 

Vdc 

nAdc 
µ,Ade 

nAdc 

-

Vdc 

Vdc 

Vdc 
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BCX70GLT1, JLT1, KLT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic [ Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 125 - MHz 
Oc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.5 pF 
(Vcs = 10 Vdc, le = o. f = 1.0 MHz) 

Small-Signal Current Gain hfe -
Oc = 2.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) BCX70G 125 250 

BCX70J 250 500 
BCX70K 350 700 

Noise Figure NF - 6.0 dB 
Oc = 0.2 mAdc, Vee = 5.0 Vdc, Rs = 2.0 kn, 
f = 1.0 kHz, BW = 200 Hz • SWITCHING CHARACTERISTICS 

Turn-On Ti me ton - 150 ns 
Oc = 10 mAdc, ls1 = 1.0 mAdc) 

Turn-Off Time tott - 800 ns 
Os2 = 1.0 mAdc, Vss = 3.6 Vdc, R1 = R2 = 5.0 kn, 
RL = 990 n) 
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II 

MAXIMUM RATINGS 

Rating Symbol 8D801C 808010 Unit 

Collector-Emitter Voltage Vern 8D 1DD Vdc 

Collector-Base Voltage VcES 8D 1DD Vdc 

Emitter-Base Voltage VEBO 5.D Vdc 

Collector Current - Continuous le 0.5 Ade 

Total Device Dissipation Po 1.D Watt 
@TA=25'C 8.D mW/'C 
Derate above 25'C 

Total Device Dissipation Po 2.5 Watt 
@Tc= 25'C 2D mWl'C 
Derate above 25'C 

Operating and Storage Junction TJ, Tstg -55to +15D 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 125 'c/W 

Thermal Resistance, Junction to Case RoJC 5D 'C/W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
(le = 1D mA, 19 = DI BDBD1C 

8DBD1D 

Collector Cutoff Current 
(Vcs = 8D V, IE = DI BDBD1C 
(Vcs = 100 V, IE = DI BDBD1D 

Emitter Cutoff Current 
(le = D, VEB = 5.D VI 

ON CHARACTERISTICS 

DC Current Gain 
(le= 1DD mA, VcE = 1.D V) 
(le = 5DD mA, VcE = 2.D V) 

Collector-Emitter Saturation Voltage* 
Oc = 1DDD mA, Is = 1DD mAl 

Collector-Emitter On Voltage* 
(le = 1DDD mA, VcE = 1.D V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(le = 2DO mA, VcE = 5.0 v, f = 20 MHz 

Output Capacitance 
(Vee = 10 V, IE = D, f = 1.D MHz 

*Pulse Test: Pulse Width :o;;:: 300 µ,s, Duty Cycle 2.0%. 

BDBOlC,D 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

~.~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
8D -
1DD -

lcso µ.Ade 
- .D1 
- .D1 

IEBO - 1DD nAdc 

hFE -
4D 4DD 
25 -

VcE(sat) - D.7 Vdc 

VBE(on) - 1.2 Vdc 

tr 5D - MHz 

Cob - 30 pF 
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BDB01C,D 
FIGURE 1 - D.C. CURRENT GAIN 
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II 

MAXIMUM RATINGS 

Rating Symbol eoe02c eoe02D Unit 

Collector-Emitter Voltage VcEO -80 -100 Vdc 

Collector-e.ase Voltage VcES -80 -100 Vdc 

Emitter-Base Voltage VEeO -5.0 Vdc 

Collector Current - Continuous le -0.5 Ade 

Total Device Dissipation Po 1.0 Watt 
@TA= 25'C 8.0 mWl°C 
Derate above 25'C 

Total Device- Dissipation Po 2.5 Watt 
@Tc= 25'C 20 mWl°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 125 'c/W 

Thermal Resistance, Junction to Case Rruc 50 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
Oc = -10 rnA. le = 01 eoeo2C 

eoeo20 

Collector Cutoff Current 
(Vee = -80 v, IE = O) eoeo2c 
(Vee= -100 v, IE= 0) eOB02D 

Emitter Cutoff Current 
Oc = o, Vee= -5.o v1 

ON CHARACTERISTICS 

DC Current Gain 
(le= -100 mA. VcE = -1.0 VI 
Uc= -500 mA, VcE = -2.0 V) 

Collector-Emitter Saturation Voltage* 
Oc = -1000 mA, le= -100 mAI 

Collector-Emitter On Voltage* 
Uc= -1000inA, VcE = -1.0V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(le= -200 mA. VcE = -5.0 V, f = 20 MHz. 

Output Capacitance 
(Vee= -10V,le = O,f = 1.0MHz 

*Pulse Test: Pulse Width o< 300 µs, Duty Cycle 2.0%. 

BDB02C,D 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

·~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

PNPSILICON 

Symbol Min Max Uri it 

'V(eRICEO Vdc 
-80 -
-100 -

iceo µAde 
- -0.1 
- -0.1 

ieeo - -100 nAdc 

hFE -
40 400 
25 -

VcE(satl - -0.7 Vdc 

VBE(on) - -1.2 Vdc 

fT 50 - MHz 

Cob - 30 pf 
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BDB02C,D 
FIGURE 1 - D.C. CURRENT GAIN 
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FIGURE 5 - CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol BDC01D 

Collector-Emitter Voltage Vern 100 

Collector-Base Voltage Vceo 100 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 0.5 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ Tc = 25°C Po 2.5 
Derate above 25°C 2o 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case R9JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
!le = 10 mA, le = 01 

Collector Cutoff Current 
(Vee = 100 v, IE = 0) 

Emitter Cutoff Current 
!le = 0, VEB = 5.0 VI 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 100 mA, VcE = 1.0 VI 
!le = 500 mA. VcE = 2.0 VJ 

Collector-Emitter Saturation Voltage* 
Uc = 1000 mA. le = 100 mAI 

Collector-Emitter On Voltage* 
!le = 1000 mA, VcE = 1.0 VI 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
!le = 200 mA, VcE = 5.0 V, f = 20 MHz 

Output Capacitance 
(Vee= 10 V, IE = o, f = 1.0 MHz) 

*Pulse Test: Pulse Width ~ 300 µ,s, Duty Cycle 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW!°C 

Watt 
mW!°C 

oc 

Unit 

oc/W 

oc/W 

BDCOlD 

CASE 29-03, STYLE 14 
T0-92 (T0-226AE) 

2 Collector 

.:.-© 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSW05 for gra.phs. 

Symbol Min Max Unit 

V(BR)CEO 100 - Vdc 

iceo - 0.1 µAde 

IEBO - 100 nAdc 

hFE -
40 400 
25 -

VcE(sat) - 0.7 Vdc 

VeE(on) - 1.2 Vdc 

t,- 50 - MHz 

Cob - 30 pF 
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MAXIMUM RATINGS 

Rating Symbol BDC02D 

Collector-Emitter Voltage Vern -100 

Collector-Base Voltage Vcso -100 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -0.5 

Total Device Dissipation@ TA = 25°C Po 1.0 
Oerate above 25°C 8.0 

Total Device Dissipation@ Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 125 

Thermal Resistance, Junction to Case ReJC 50 

ELECTRICAL CHARACTERISTICS ITA = 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 
lie= -10 mA, Is = o) 

Collector Cutoff Current 
(Vcs = -100 V, IE = O) 

Emitter Cutoff Current 
lie= 0, VEB = -5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
lie= -100 mA, VcE = -1.0 V) 
lie = -500 mA, VcE = -2.0 V) 

Collector-Emitter Saturation Voltage* 
lie= -1000 mA, Is= -100 mA) 

Collector-Emitter On Voltage* 
lie = -1000 mA, VcE = -1.0 V) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
lie = -200 mA, VcE = -5.0 V, f = 20 MHz 

Output Capacitance 
(Vcs = -10V,IE = O,f = 1.0MHz) 

*Pulse Test: Pulse Width ..;;:: 300 µs, Duty Cycle 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW!°C 

Watt 
mW!°C 

oc 

Unit 

oc;w 

oc;w 

BDC02D 

CASE 29-03, STYLE 14 
T0-92 (T0-226AE) 

2 Collector 

. ;.~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MPSW55 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -100 - Vdc 

icso - -0.1 µAde 

IEBO - -100 nAdc 

hFE -
40 400 
25 -

VcE(sat) - -0.7 Vdc 

VBE(on) - -1.2 Vdc 

IT 50 - MHz 

Cob - 30 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 300 

Collector-Base Voltage Vcso 300 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Total Device Dissipation@ TA.= 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation@ Tc = 25'C Po 2.5 
Derate above 25°C 50 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS ITA = 25'c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ( 1) 
lie = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 100 "Ade, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 100 "Ade, le = O) 

Collector Cutoff Current 
IVcs = 200 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) 

ON CHARACTl;RISTICS 

DC Current Gain 
lie = 25 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage* 
lie = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 20 mA, Is = 2.0 mA) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 10 Vdc, f = 20 MHz 

Collector-Base Capacitance 
(Vcs = 30 Vdc, IE = o, f = 1.0 MHz) 

*Pulse Test: Pulse Width ~ 300 µs, Duty Cycle 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

BDCOS 
CASE 29-03, STYLE 14 

T0-92 (T0-226AE) 

2 Collector 

.:.() 
l Emitter 

ONE WATT 
HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSW42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso - O.D1 1<Adc 

IEBO - 10 1<Adc 

hFE 40 - -

VcE(sat) - 2 Vdc 

VsE(sat) - 2.0 Vdc 

tr 60 - MHz 

Cre - 2.8 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -300 

Collector-Base Voltage Vcso -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @Tc = 25'C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1 I 
Oc = -1.0 mAdc, ls= OI 

Collector-Base Breakdown Voltage 
Oc = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = -200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -25 mA, VcE = -20 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = - 20 mAdc, Is = - 2.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -20 mA, Is = -2.0 mAI 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -10 mAdc, VcE = -10 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = -30 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ""' 300 µ,s, Duty Cycle 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watt 
mWl°C 

oc 

Unit 

oc;w 

oc;w 

BDC06 
CASE 29-03, STYLE 14 

T0-92 (T0-226AE) 

2 Collector 

.:~ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Refer to MPSW92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -300 - Vdc 

V(BR)CBO -300 - Vdc 

V(BR)CEO -5.0 - Vdc 

lcso - -O.Q1 µAde 

IEBO - -10 µAde 

hFE 40 - -

VcE(sat) - -2.0 Vdc 

VsE(sat) - -2.0 Vdc 

tr 60 - MHz 

Cre - 2.8 pF 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 25 Vdc 

Collector-Base Voltage Ve Bo 40 Vdc 

Emitter-Base Voltage vrno 4.0 Vdc 

Collector Current Continuous ic 100 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW!°C 

Total Device Dissipation @Tc = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 357 'C/W 

Thermal Resistance, Junction to Case RoJC 125 'C/W 

ELECTRICAL CHARACTERISTICS (TA = 25 °c unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = 1 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 100 µAde. IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 1 0 µAde, le = 0) 

Collector Cutoff cu·rrent le Bo 
(VcB = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le = 7 mAdc, VcE = 1 O Vdc) 

Base-Emitter On Voltage VBE(on) 
(le = 7 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product (2) fT 
(le = 5 mAdc, VcE = 1 O Vdc, f = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure Nt 
(le = 4 mA, VcE = 10 V, Rs = 50 0, f = 35 MHz) 

BF199 
CASE 29-04, STYLE 21 

T0-92 (T0-226AA) 

RF TRANSISTOR 

NPN SILICON 

Refer to BF240 for graphs. 

Min. Typ. Max. 

25 

40 

4 

100 

40 85 

770 900 

400 750 

0.25 0.35 

2.5 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-130 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

mVdc 

MHz 

pF 

dB 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage Ve Bo 45 Vdc 

Emitter-Base Voltage vrno 4.0 Vdc 

Collector Current - Continuous ic 50 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @Tc= 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 oc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 357 oc;w 

Thermal Resistance, Junction to Case RoJC 125 oc;w 

ELECTRICAL CHARACTERISTICS (TA= 25 °c unless otherwise noted) 

Characteristic J Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(le = 1 mAdc, IB = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= 100 µAde, IE= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) TA=25°C 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le = 7 mAdc, VcE = 1 O Vdc) 

Base-Emitter On Voltage VBE(on) 
(le = 7 mAdc, VcE = 1 O Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 1 0 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product IT 
(le = 1.5 mAdc, VcE = 1 o Vdc, t = 100 MHz) 
(le= 7 mAdc. VcE = 10 Vdc, t = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(VCE = 10 Vdc, IE= 0, f = 1 MHz) 

Noise Figure Nt 
(le = 1.0 mAdc, VcE = 1 o Vdc, Rs = 50 ohms, t = 100 MHz) 

f = 200 MHz 

BF224 
CASE 29-04, STYLE 21 

T0-92 (l0-226AAI 

RF TRANSISTOR 

NPN SILICON 

Refer to BF240 for graphs. 

Min. Typ. Max. 

30 

45 

4 

100 

100 

30 

0.77 0.9 

0.15 

300 600 
850 

0.28 

2.5 
3.5 
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MAXIMUM. RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage Ve Bo 40 Vdc 

Emitter-Base Voltage vrno 4.0 Vdc 

Collector Current - Continuous IC 25 mAdc 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW!°C 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg - 55 to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 357 'CIW 

Thermal Resistance, Junction to Case RoJC 125 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25 °c unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
lie = 1 mAdc, 19 = O) 

Collector-Base Breakdown Voltage V(BR)C80 
lie = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE= 10 µAde, le= 0) 

Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 1 mAdc, VcE = 1 O Vdc) 

Base-Emitter On Voltage VBE(on) 
lie = 1.0 mAdc, VcE = 1 o Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product fT 
lie = 1.0 mAdc, VcE = 1 O Vdc, f = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse test: Pulse Width:;; 300 µs. Duty cycle:;; 2.0%. 

BF240 

CASE 29-04, STYLE 21 
T0-92 {T0-226AA) 

I !Collector 

3 r?\ 
1 

Bas~ 
2 3 2 Emitter 

AM/FM TRANSISTOR 

NPN SILICON 

Min. Typ. Max. Unit 

Vdr 
40 

Vdc 
40 

Vdc 
4 

nAdc 
100 

-
65 220 

Vdc 
0.65 0.70 0.74 

MHz 
600 

pF 
0.28 0.34 
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FIGURE 1 - CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 3 - DC CURRENT GAIN 
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FIGURE 2 - CAPACITANCES 
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FIGURE 7 - g11a (gial 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 25 Vdc 

Collector-Base Voltage VCBO 30 Vdc 

Emitter-Base Voltage Vrno 3.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Totai Device Dissipation@ Tc = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Operating and Storage Junction TJ, Tstg -55to+150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 357 'C!W 

Thermal Resistance, Junction to Case ReJC 125 'C!W 

ELECTRICAL CHARACTERISTICS IT A = 25 °c unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 1.0 mAdc, IB = 01 

VIBR)CEO 

Collector-Base Breakdown Voltage 
lie= 10 µAde, IE= 0) 

VIBR)CBO 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le= 01 

VIBR)EBO 

Collector Cutoff Current le BO 
IVcB = 25 Vdc, IE= 0) 

Emitter Cutoff Current IEBO 
IVEB = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 1.0 mAdc, VcE = 1 O Vdc) 

Collector-Emitter Saturation Voltage VCElsat) 
lie= 1.0 mAdc, IB = 0.1 mAdc) 
lie = 1 O mAdc, IB = 1 .0 mAdc) 

Base-Emitter Saturation Voltage VBElsat) 
lie = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter On Voltage VBElon) 
lie = 1.0 mAdc, VcE = 1 O Vdc) 
lie= 10 mAdc, VcE = 10 Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product fT 
lie = 1.0 mAdc, VcE = 1 O Vdc, f = 1 oo MHz) 

Common Emitter Feedback Capacitance Cre 
IVcB = 10 Vdc, IE= 0, f = 1.0 MHz) 

Collector-Base Time Constant rbCc 
lie= 4.0 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 

Noise Figure Nt 
lie= 1.0 mAdc, VcE = 10 Vdc, f = 100 MHz, Rs = 50 ohms) 

Common-Emitter Amplifier Power Gain 
lie= 1.0 mAdc, VcE = 10 Vdc, I= 200 MHz) 

Gpe 

BF374 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

,/ .:()'~°' 
2 3 2 Emitter 

VHF TRANSISTOR 

NPN SILICON 

Refer to MPSH 10 for graphs. 

Min. Typ. Max. Unit 

25 Vdc 

30 Vdc 

3.0 Vdc 

100 nAdc 

100 nAdc 

70 250 

50 mVdc 
70 mVdc 

830 mVdc 

700 mVdc 
770 mVdc 

400 800 MHz 

0.55 0.6 pF 

6 ps 

4 dB 

20 dB 
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BF374 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25 °c unless otherwise noted) 

TYPICAL ADMITTANCE PARAMETERS (le = 1.0 mAdc, VcE = 1 0 Vdc, frequency as stated) 

Symbol f = 10.7 MHz 

G11e 0.28 

B11e 0.6 

G22e 6.5 

B22e 0.1 

G21e 36 

B21e - 0.8 

B12e - 52 

FIGURE 1 - INPUT ADMITTANCE 
(Output short circuit) 
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FIGURE 2 - OUTPUT ADMITTANCE 
(Input short circuit) 
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MAXIMUM RATINGS 

Rating Symbol BF BF BF Unit 
391 392 393 

Collector-Emitter Voltage Vern 200 250 300 Vdc 

Collector-Base Voltage Vcso 200 250 300 Vdc 

Emitter-Base Voltage VEBQ 6.0 Vdc 

Collector Current - Continuous ic 500 mAdc 

Total Device Dissipation@ TA= 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

fatal Device D1ss1pat1on@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, T stg -55to+150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance,.Junction to Ambient R9JA 200 oc/W 

Thermal Resistance, Junction to Case R9JC 83.3 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25 °c unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
lie = 1.0 mAdc, Is = o) BF391 

BF392 
BF393 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = 0) BF391 

BF392 
BF393 

Emitter-Base Breakdown Voltage 
llE = 1 oo µAde, le = O) BF391 

BF392 
BF393 

Collector Cutoff Current 
(Vcs = 160 Vdc, IE = 0) BF391 
(Vcs = 200 Vdc, IE = 0) BF392 
(Vcs = 200 Vdc, IE = 0) BF393 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) BF391 
(VEB = 6.0 Vdc, le = O) BF392 
(VEB = 6.0 Vdc, le = 0) BF393 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, VcE = 1 O Vdc) All Types 
lie= 10 mAdc, VcE = 10 Vdc) All Types 

Collector-Emitter Saturation Voltage 
(le = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 20 mA, Is = 2.0 mA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 1 O mAdc, VcE = 20 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance 
IVcs = 60 Vdc, IE = 0, f = 1 .0 MHz) 

(1) Pulse Test: Pulse Width;;; 300 µs, Duty Cycle;;; 2.0%. 

BF391 
thru 

BF393 
CASE 29-04, STYLE 1 

T0-92 (T0-226AAI 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to M PSA42 for graphs. 

Symbol Min. Max. Unit 

V(BR)CEO Vdc 
200 -
250 -
300 -

V(BR)CBO Vdc 
200 -
250 -
300 -

V(BR)EBO Vdc 
6.0 -
6.0 -
6.0 -

ICBO µAde 
- 0.1 
- 0.1 
- 0.1 

IEBQ µAde 
- 0.1 
- 0.1 
- 0.1 

hFE -
25 -
40 -

VCE(sat) Vdc 
2.0 

VBE(sat) Vdc 
2.0 

IT MHz 
50 -

Cre pf 
2.0 
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II 

MAXIMUM RATINGS 
Rating Symbol BF BF Unit 

420 422 

Collector-Emitter Voltage vcrn 300 250 Vdc 

Collector-Base Voltage Ve Bo 300 250 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous ic 500 mAdc 

Total Device Dissipation @TA= 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc= 25°C PD 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ,Tstg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 'C/W 

Thermal Resistance, Junction to Case R9JC 83.3 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Co·llector-Emitter Breakdown Voltage (1) 
(IC = 1 mAdc, IB = 0) BF420 

BF422 

Collector-Base Breakdown Voltage 
(IC = 100 µAde, IE - 0) BF420 

BF422 

Emitter-Base Breakdown Voltage 
(IE = 1 00 µAde, le 0) BF420 

BF422 

Collector Cutoff Current 
(VCB = 200 Vdc, IE - 0) BF420 

BF422 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = 0) BF420 

BF422 

ON CHARACTERISTICS 

DC Current Gain 
lie = 25 mAdc, VcE - 20 Vdc) BF420 

BF422 

Collector-Emitter Saturation Voltage 
(IC = 20 mAdc, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 20 mA, IB = 2.0 mA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance 
(VCB = 30 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width;;; 300 µs, Duty Cycle;;; 2.0%. 

Bf 420 
Bf 422 

CASE 29-04, STYLE 14 
T0-92 (T0-226AA) 

,/ ~()'"~' 
2 3 1 Emitter 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 

Symbol Min. Max. Unit 

V(BR)CEO Vdc 
300 
250 -

V(BR)CBO Vdc 
300 
250 -

V(BR)EBO Vdc 
5.0 
5.0 -

ICBO µAde 
0.01 

-

Imo nAdc 
100 

-

hFE -
50 -
50 -

VcE(sat) Vdc 
0.5 

VBE(sat) 
2.0 

Vdc 

fT MHz 
60 -

Cre pF 
1.6 
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MAXIMUM RATINGS 

Rating Symbol BF BF 
421 423 

Collector-Emitter Voltage Vern -300 -250 

Collector-Base Voltage Vceo -300 -250 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -500 

Total Oevice Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS TA= 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
Oc = -1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Oc = -100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
OE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vee = -200 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = - 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -25 mA, VcE = -20 Vdc) 

Collector-Emitter Saturation Voltage 
(le= -20 mAdc, le = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -20 mA, le = -2.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -10 mAdc, VcE = -10 Vdc, I= 20 MHz 

Common Emitter Feedback Capacitance 
(Vee = -30 Vdc, IE = 0, I= 1.0 MHz) 

(11 Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0% 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 
Watt 

mwrc 
'C 

Unit 

'CIW 

'CIW 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
BF423 

BF421 
Bf 423 

CASE 29-04, STYLE 14 
T0-92 (T0-226AA) 

2 Collector 

~-© 1/1/ 1 Emitter 
3 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-300 -
-250 -

V(BR)CBO Vdc 
-300 -
-250 -

V(BR)EBO Vdc 
-5.0 -
-5.0 -

lceo µ.Ade 
- -0.Ql 
- -

IEBO nAdc 
- -100 
- -

hFE -
50 -
50 -

VcE(sat) - -0.5 Vdc 

VeE(sat) - -2.0 Vdc 

fy) 60 - MHz 

Cre - 2.B pf 
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MAXIMUM RATINGS 

Rating Symbol BF491 BF492 BF493 Unit 

Collector-Emitter Voltage VcEO -200 -250 -300 Vdc 

Collector-Base Voltage vceo -200 -250 -300 Vdc 

Emitter-Base Voltage VEBO -6.0 Vdc 

Collector Current - Continuous le -500 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mwrc 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 °C/W 

Thermal Resistance, Junction to Case RoJC 83.3 °C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
!le = -1.0 mAdc, Is = o) BF491 

BF492 
BF493 

Collector-Base Breakdown Voltage 
!le = -100 µ,Ade, IE = O) BF491 

BF492 
BF493 

Emitter-Base Breakdown Voltage 
!IE = -100 µ,Ade, le = o) BF491 

BF492 
BF493 

Collector Cutoff Current 
(Vee = -160 Vdc, IE = O) BF491 
(Vcs = -200 Vdc, IE = 0) BF492 
(Vee = -200 Vdc, IE = 0) BF493 

Emitter Cutoff Current 
(VEB = - 4.0 Vdc, le = O) BF491 
(VEB = - 6.0 Vdc, le = O) BF492 
(VEB = -6.0 Vdc, le = 0) BF493 

ON CHARACTERISTICS 

DC Current Gain 
!le= -1.0 mAdc, VcE = -10 Vdc) All Types 
!le= -10 mAdc, VcE = 10 Vdc) All Types 

Collector-Emitter Saturation Voltage 
!le = -20 mAdc, Is = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
!le = -20 mA, Is = -2.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le= -10 mAdc, VcE = -20 Vdc, f = 20 MHz) 

Common Emitter Feedback Capacitance 
(Vee= -100 Vdc, IE= 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ;§ 300 µs, Duty Cycle ~ 2.0%. 

Bf 491 
thru 

Bf 493 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

,/· ~~""""' 
2 1 Emitter 

3 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-200 -
-250 -
-300 -

V(BR)CBO Vdc 
-200 -
-250 -
-300 -

V(BR)EBO Vdc 
-6.0 -
-6.0 -
-6.0 -

lcBo µ,Ade 
- -0.1 
- -0.1 
- -0.1 

IEBO µ,Ade 
- -0.1 
- -0.1 
- -0.1 

hfE -
25 -
40 -

VcE(sat) - -2.0 Vdc 

VsE(sat) - -2.0 Vdc 

tr 50 - MHz 

Cre - 1.6 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -350 

Collector-Base Voltage Vceo -350 

Emitter-Base Voltage VEBO -6.0 

Collector Current - Continuous le -500 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 200 

Thermal Resistance, Junction to Case RllJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = -1.0 mAdc, le = o) 

Collector-Base Breakdown Voltage 
Uc= -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = -100 µAde, le = O) 

Collector Cutoff Current 
(VcE = -250 Vdc) 

Emitter Cutoff Current 
(VEe = -6.0 Vdc, lc = O) 

Collector Cutoff Current 
(Vee = -250 Vdc, IE = o. TA= 25°C) 
!Vee = -250 Vdc, IE = o. TA= 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -1.0mAdc,VcE = -10Vdc) 
Uc = -10 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -20 mAdc, le = -2.0 mAdc) 

Base-Emitter On Voltage 
Uc= -20 mA, le = -2.0 mA) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, VcE = -20 Vdc, f = 20 MHz) 

Common-Emitter Feedback Capacitance 
(Vee = -100 Vdc, IE = o. f = 1.0 MHz) 

(11 Pulse Test: Pulse Width " 300 µ.s, Duty Cycle " 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWfC 

Watt 
mWfC 

·c 

Unit 

0 c1W 

°C1W 

Bf 4935 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

3 Collector 

.::© 
1 Emitter 

HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Refer to MPSA93 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -350 - Vdc 

V(BR)CBO -350 - Vdc 

V(BR)EBO -6.0 - Vdc 

ICES - -10 nAdc 

IEBO - 0.1 µAde 

lcso µAde 
- -0.005 
- -1.0 

hFE -
25 -
40 -

VcE(sat) - -2.0 Vdc 

VeE(sat) - -2.0 Vdc 

Fr 50 - MHz 

Cre - 1.6 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage vcso 300 

Collector-Emitter Voltage VcER 300 

Emitter-Base Vo.ltage VEBQ 5.0 

Collector Current ic 100 

Total Power Dissipation up to TA = 25'C Po 1.5 

Storage Temperature Range Tstg -65to+150 

Junction Temperature TJ 150 

DEVICE MARKING 

DC 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient' 
ReJA 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC= 1.0 mAdc, Is= 0) 

Collector-Base Breakdown Voltage 

(le = 100 µAde, IE = O) 

Collector-Emitter Breakdown Voltage 

(le = 1 oo µAde, RsE = 2. 7 k!.1) 

Emitter-Base Breakdown Voltage 

(IE= 10 µAde, le= O) 

Collector-Base Cutoff Current 
(Vcs = 200 Vdc, IE= 0) 

Collector-Emitter Cutoff Current 
(VCE = 250 Vdc, RsE = 2.7 kQ) 
(VCE = 200 Vdc, RsE = 2.7 kQ, Tj = 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(le 25 mAdc, VcE = 20 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 30 mAdc, Is= 5.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= 10 mAdc, VcE = 10 Vdc, f = 35 MHz) 

Feedback Capacitance 
(VCE = 30 Vdc, le= 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

'C 

'C 

'C/W 

BF720T1* 
CASE 318E-04, STYLE 1 

(T0~261AA) 

COLLECTOR 
2,4 

~"~ •• 3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)CER 

V(BR)EBO 

icso 

ICER 

hFE 

VcE(sat) 

fr 

Cre 

EMITIER 

SOT-223 PACKAGE 
NPN SILICON 
TRANSISTOR 

SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

300 -

300 -

300 -

5.0 -

- 10 

- 50 
- 10 

50 -

- 0.6 

60 

- 1.6 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 
µAde 

-

Vdc 

MHz 

pF 

• Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -300 

Collector-Base Voltage Vcso -300 

Collector-Emitter Voltage VcER -300 

Emitter-Base Voltage VEBQ -5.0 

Collector Current ic -100 

Total Power Dissipation up to TA = 25°C* Po• 1.5 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

DF 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient* ReJA 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= - 1.0 mAdc, Is= O) 

Collector-Base Breakdown Voltage 

(le= -100 µAde, IE= O) 

Collector-Emitter Breakdown Voltage 

(le= -100 µAde, RsE = 2.7 kn) 

Emitter-Base Breakdown Voltage 

OE= - 1 o µAde, le= O) 

Collector-Base Cutoff Current 
(Vcs = - 200 Vdc, IE= 0) 

Collector-Emitter Cutoff Current 

(VcE = - 250 Vdc, RsE = 2.7 ki!) 

(VcE = - 200 Vdc, RsE = 2.7 kn, T J = 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
(VCE = -25 mAdc, VcE = -20 Vdc) 

Collector-Emitter Saturation Voltage 
(le= - 30 mAdc, Is= - 5.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = -10 Vdc, le= -10 mAdc, f = 35 MHz) 

Feedback Capacitance 
(VcE = - 30 Vdc, le= 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

"C 

"C 

BF721Tl* 
CASE 318E-04, STYLE 1 

(T0-261AA) 

COLLECTOR 
2,4 

~'-© ,. 
3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)CER 

V(BR)EBO 

icso 

ICER 

hFE 

VcE(sat) 

tr 

Cre 

3 
EMITIER 

SOT-223 PACKAGE 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

-300 -

-300 -
-

-300 -

-5.0 -

- -10 

- -50 
- -10 

50 -

- -0.8 

60 -

- 1.6 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

µAde 

-

Vdc 

MHz 

pf 

*Device mounted on a glass epoxy printed c1rcu1t board 1.575 in. x 1.575 1n. x 0.059 in.; mounting pad for the collector lead min. 0.93 1n2. 
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II 

MAXIMUM RATINGS. 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 400 

Collector-Base Voltage Vceo 450 

Emitter-Basa Voltage Veeo 6.0 

Collector Currant - Continuous le 300 

Total Device Dissipation @TA= 25"C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25"C Po 1.5 
Derata above 25"C 12 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 
CharaCterlstic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Casa R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

l Characterlatic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le= 1.0 mAdc, le= O) 

Collector-Emitter Breakdown Voltage 
(le = 100 µAde, Vee = O) 

Collector-Base Breakdown Voltage 
(le= 100 µAde, le = Ol 

Emitter-Basa Breakdown Voltage 
(le = 10 µAde, le = O) 

Collector Cutoff Currant 
(Vee = 400 Vdc, IE = 0) 

Collector Cutoff Currant 
(Vee = 400 Vdc, Vee = Ol 

Emitter Cutoff Currant 
(Vee = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Currant Gain (1) 
(le= 1.0 mAdc, Vee = 10 Vdc) 
Uc = 10 mAdc, Vee = 10 Vdc) 
Uc = 50 mAdc, Vee = 10 Vdc) 
(le = 100 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(le = 1 .o mAdc, le = 0.1 mAdc) 
(le = 10 mAdc, le = 1.0 mAdc) 
(le = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, le = 1.0 mAdc) 

11) Pulse Test: Pulse Width :a 300 ,.s, Duty Cycle :a 2.0%. 

Unit 
Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watt 
mW/"C 

·c 

Unit 
"C/W 

"C/W 

Bf 844 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/~~'-
2 3 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

iceo 

ices 

IEBO 

hfE 

VcE(sat) 

VBE(sat) 

HIGH VOLTAGE 
TRANSISTOR 

NPN SILICON 

Refer to MPSA44 for graphs. 

Min Max Unit 

400 - Vdc 

450 - Vdc 

450 - Vdc 

6.0 - Vdc 

- 0.1 µAde 

- 500 nAdc 

- 0.1 µAde 

-
40 -
50 200 
45 -
20 -

Vdc 
- 0.4 
- 0.5 
- 0.75 

- 0.75 Vdc 
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ELECTRICAL CHARACTERISTICS (continued) IT A = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max 

DYNAMIC CHARACTERISTICS 

High Frequency Current Gain lhtel 1.0 -
Oc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Collector-Base Capacitance Cob - 6.0 
IVcs = 20 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Gib - 110 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Turn-On Time Ion - 0.6 
!Vee = 150 Vdc, VBE(off) = 4.0 V, 
le ~ 30 mAdc, ls1 = 3.0 mAdc} 

Turn-Off Time I off - 10 
(Vee = 150 Vdc, le = 30 mAdc, ls1 = ls2 = 3.0 mAdc) 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage vcrn 20 Vdc 

Collector-Base Voltage VcBo 30 Vdc 

Emitter-Base Voltage vrno 3.0 Vdc 

Collector Current - Continuous ic 100 mAdc 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc= 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 "C/W 

Thermal Resistance, Junction to Case RoJC 83.3 "CIW 

ELECTRICAL CHARACTERISTICS IT A = 25 °c unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 1.0 mAdc, IB = 0) 

V(BR)CEO 

Collector-Base Breakdown Voltage V(BR)CBO 
lie= 10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage 
(IE= 10 µAde, le= 0) 

V(BR)EBO 

Collector Cutoff Current ICBO 
IVcs = 20 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 5 mAdc, VcE = 1 o Vdcl 
lie = 20 mAdc, VcE = 1 O Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
lie = 30 mAdc, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
lie = 30 mAdc, IB = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product ft 
lie = 20 mAdc, VcE = 1 O Vdc, f = 100 MHz) 
(le = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Common Emitter Feedback Capacitance Cre 
(Vcs = 10 Vdc, Pt= 0, f = 10 MHz) 

Noise Figure Nt 
lie = 4 mA, VcE = 10 V, Rs = 50 Q, f = 200 MHz) 

BF959 
CASE 29-04, STYLE 21 

T0-92 (T0-226AA) 

1 Collector 

~-© 
2 Emitter 

VHF TRANSISTOR 

NPN SILICON 

Min. Typ. Max. Unit 

Vdc 
20 - -

Vdc 
30 - -

Vdc 
3.0 - -

nAdc 
- - 100 

35 - -
40 - -

Vdc 
- - 1.0 

Vdc 
- - 1 

MHz 
700 - -
600 - -

pF 
- 0.65' -

dB 
- 3 -
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FIGURE 1 - Hfe AT 10 V 
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FIGURE 2 - VCE Sat AT IC/IB = 10 
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FIGURE 3 - CURRENT-GAIN-· BANDWIDTH-PRODUCT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -300 

Collector-Base Voltage VcBo -350 

Emitter-Base Voltage VEBO -6.0 

Collector Current le -1000 

Base Current IB -500 

Total Power Dissipation, TA = 25°C• pD• 1.5 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

BT2 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient• ReJA 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless othenwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = - 50 mAdc, IB = O, L = 25 mH) 

Collector-Base Breakdown Voltage 

(IC= - 100 µAde, IE.= 0) 

Collector-Emitter Cutoff Current 
(VcE = - 250 Vdc, IB = 0) 

Collector-Base Cutoff Current 
(VCB = - 280 Vdc, IE= 0) 

Emitter-Base Cutoff Current 
(VEB = - 6.0 Vdc, le= 0) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = -10 Vdc, le= - 50 mAdc) 

Collector-Emitter Saturation Voltage 
(le= - 50 mAdc, IB = - 5.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = -10 Vdc, le= -10 mAdc, f = 30 MHz) 

Collector-Base Capacitance 
(VcB = -10 Vdc, IE= 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

Watts 

'C 

'C 

°C/W 

BSP16Tl* 
CASE 318E-04, STYLE 1 

(T0-261AA) 

COLLECTOR 
2,4 

~'~,· 

Symbol 

V(BR)CEO 

V(BR)CBO 

lcEO 

le Bo 

IEBO 

hFE 

VcE(sat) 

tr 

Cobo 

3 
EMITIER 

SOT-223 PACKAGiE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

*This is a Motomla 
designated preferred device. 

Min Max 

-300 ·-

-300 -

- -50 

- -1.0 

- -20 

30 

! 

120 

I 
- -2.0 

15 

: 

-

I 
-· 15 

Unit 

Vdc 

Vdc 

µAde 

µAde 

µAde 

-

Vdc 

MHz 

pF 

•Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -100 

Collector-Emitter Voltage VcER -110 
RsE = 10 kn 

Collector Current - Continuous ic -100 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance, Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance, Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!9_ -55 to +150 

*FR-5 = 1 .0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BSS63LT1 = T1 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = - 100 µAde) 

Collector-Emitter Breakdown Voltage 
lie = - 10 µAde, IE = 0, RsE = 10 kn) 

Collector-Base Breakdown Voltage 
llE = -10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = - 10 µAde) 

Collector Cutoff Current 
IVcs = -90 Vdc, IE = O) 

Collector Cutoff Current 
IVcE = - 110 Vdc, RsE = 10 kn) 

Emitter Cutoff Current 
IVEB = -6.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -10 mAdc, VcE = -1.0 Vdc) 
lie = -25 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie= -25 mAdc, Is= -2.5 mAdc) 

Base-Emitter Saturation Voltage 
lie = -25 mAdc, Is = -2.5 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
lie = - 25 mAdc, VcE = -5.0 Vdc, f = 20 MHz) 

Case Capacitance 
llE =le= O, Vcs = -10Vdc,f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

oc;w 

mW 

mW!°C 

oc;w 

oc 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

icso 

le ER 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cc 

BSS63LT1 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

,~' .:~ 
2 Emitter 

HIGH VOLTAGE TRANSISTOR 

PNP SILICON 

Min Typ Max I Unit 

-100 - - Vdc 

-110 - - Vdc 

-110 - - Vdc 

-6.0 - - Vdc 

- - -100 nAdc 

- - -10 µAde 

- - -200 nAdc 

-
30 - -
30 - -
- - -250 mVdc 

- - -900 mVdc 

50 95 - MHz 

- - 5.0 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEo 80 

Collector-Base Voltage Vceo 120 

Emitter-Base Voltage VEeo 5.0 

Collector Current - Continuous le 100 

THERMAL CHARAC1ERl$TICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Cerate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25'C 
Cerate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Ts.la. -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0:024 in. 99.5%.alumina. 

DEVICE MARKING 
I BSS64L T1 = AM 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 4.0 mA) 

Collector-Base Breakdown Voltage 
Uc= 100 µA) 

Emitter-Base Breakdown Voltage 
Ue = 1ooµA) 

Collector Cutoff Current 
!Vee= 90 Vl 
(TA= 150'C) 

Emitter Cutoff Current 
!Vee= 4.0Vl 

ON CHARACTERISTICS 

DC Current Gain 
(Vee = 1.0 V, le = 10 mA) 

Collector-Emitter Saturation Voltage 
Uc = 4.0 mA, le = 400 µA) 
Uc= 50 mA. le = 15 mA) 

Forward Base-Emitter Voltage 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 4.Q mA, Vee = 10 V, f = 20 MHz) 

Output Capacitance 
!Vee = 10 v. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Unit 

mW 

mW/"C 

'C!W 

mW 

mW/"C 

'C!W 

'C 

BSS64LT1 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

,~· ~-© 
2 Emitter 

DRIVER TRANSISTOR 

NPN SILICON 

Symbol Min Max I· Unit 

V(BR)CEO 80 - Vdc 

V(BR)CBO 120 - Vdc 

V(BR)EBO 5.0 - Vdc 

le Bo µA 
- 0.1 
- 500 

IEBO - 200 nA 

hFE 20 - -

VcE(sat) Vdc 
- 0.15 
- 0.2 

VBE(sa!)_ - - -

fr 60 - MHz 

Cob - 5.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 12 

Collector-Base Voltage vcso 20 

Collector Current - Continuous ic 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!9_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BSV52L T1 = 82 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He = 1.0 mAdc) 

Collector Cutoff Current 
(Vcs = 10 Vdc, IE = 0) 
(Vcs = 10 Vdc, IE = 0, TA= 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
He= 1.0 mAdc, VcE = 1.0 Vdc) 
He= 10 mAdc, VcE = 1.0 Vdc) 
He= 50 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
He = 10 mAdc, Is = 300 µAdel 
He = 10 mAdc, Is = 1.0 mAdc) 
He = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
He= 10 mAdc, 19 = 1.0 mAdc) 
He = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
He = 10 mAdc, Vee = 10 Vdc, t = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, le = o. t = 1.0 MHz) 

Input Capacitance 
(Ves = 1.0 Vdc, le = o, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time 
He= 191 = 192 = 10 mAdc) 

Turn-On Time 
(VBE = 1.5 Vdc, le= 10 mAdc, Is = 3.0 mAdc) 

Turn,Off Time 
He = 10 mAdc, Is = 3.0 mAdc) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

°CIW 

mW 

mW/°C 

°CIW 

oc 

BSV52LT1 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

,~' .~~ 
2 Emitter 

SWITCHING TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 12 - Vdc 

lcso nAdc 
- 100 µAde 
- 5.0 

hFE -
25 -
40 120 
25 -

VcE(sat) mVdc 
- 300 
- 250 
- 400 

VBE(sat) mVdc 
700 850 
- 1200 

tr 400 - MHz 

Cobo - 4.0 pF 

Cibo - 4.5 pF 

Is - 13 ns 

Ion - 12 ns 

loft - 18 ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo -35 Vdc 

Collector-Base Voltage Vceo -40 Vdc 

Emitter-Base Voltage Veeo -25 Vdc 

Collector C,urrent - Continuous le -150 mAdc 

THERMAL CHARACTERISITCS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA= 25°C 
Cerate above 25°C 1.8 mWl°C 

Thermal Resistance, Junction to_ Ambient ReJA 556 •CfW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,•• TA = 25°C 
Cerate above 25°C 2.4 mWl°C 

Thermal Resistance, Junction to Ambient ReJA 417 •cJW 

Junction and Storage Temperature TJ, Ts!g_ -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBT404ALT1 = 2N 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -10 mAdc, le = Ol 

Collector-Emitter Breakdown Voltage 
Uc= -10 µAde, le= O) 

Emitter-Base Breakdown Voltage 
lie= -1oµAdc,1c = Ol 

Collector Cutoff Current 
(Vee= -10 Vdc, le = Ol 

Emitter Cutoff Current 
!Vee = -10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -12 mAdc, Vee= -0.15 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -12 mAdc, le= -0.4 mAdc) 
Uc= -24 mAdc, le= -1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= -12 mAdc, le= -0.4 mAdc) 
Uc= -24 mAdc, 19 = -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee= -6.0 Vdc, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee = -10 Vdc, le = -10 mAdc) (Figure 1) 

Rise Time 
1101 = -1.0 mAdc, Ve§_of!l. = -14 Vdc) 

Storage Time 
(Vee= -10Vdc,lc = -10mAdc) 

Fall Time 
Ue1 = 192 = -1.0 mAdc) (Figure 1) 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

leeo 

hFE 

Vce(sat) 

VeE(sat) 

Cobo 

Id 

tr 

'• 
If 

MMBT404ALT1* 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

,.' "--© 
2 2 Emitter 

CHOPPER TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-35 - -

-40 - -
-25 - -

- - -100 

- - -100 

-
100 400 

- - -0,15 

- - -0.20 

- - -0.85 
- - -1.0 

20 

- 43 -

- 180 -

- 675 -

- 160 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

pF 

ns 

ns 

ns 

ns 
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MMBT404ALT1 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vee Vee= -1ov 

0.1 µF 

Vin °°"T 
151 

ton• td, tr 

toff• ts and tf 

Ree 
1.0 k 

Vin 
(Volts) 

- 12 

+20.6 

To Scope 

Vee 
(Volts) 

+1.4 

-11.6 

Voltages and resistor values shown are 
for le = 10 mA, le/le = 10 and le1 = le2 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Base Voltage Vceo 30 

Emitter-Base Voltage VEBO 3.Q 

Collector Current - Continuous ic 50 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts:!!!_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
MMBT918LT1 = M3B 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 3.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Oc = 1.0 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
Oe = 10 1LAdc, le = Ol 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 3.0 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 1 o mAdc, le = 1.0 mAdcl 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, le = 1.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance 
!Vee = o Vdc, le = o, t = 1.0 MHz) 
(Vee = 10 Vdc, le = o, t = 1.0 MHz) 

Input Capacitance 
(Vee = o.5 Vdc, le = o. t = 1.0 MHz) 

Noise Figure 
Oc = 1.0 mAdc, Vee = 6.o Vdc, Rs = 50 n. 
f = 60 MHz) (Figure 1) 

Power Output 
Oc = 8.0 mAdc, Vee = 15 Vdc, f = 500 MHz) 

Common-Emitter Amplifier Power Gain 
Oc = 6.0 mAdc, Vee = 12 Vdc, t = 200 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/"C 

"CIW 

mW 

mW/"C 

"C/W 

"C 

MMBT918LT1 
CASE 318-07, STYLE 6 

SOT-23 (T0·236AB) 

3 Collector 

.:.~ 
2 Emitter 

VHF/UHF TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 15 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 3.0 - Vdc 

iceo - 50 nAdc 

hFE 20 - -

Vce(satl - 0.4 Vdc 

Vee(satl - 1.0 Vdc 

tr 600 - MHz 

Cobo pF 
- 3.0 
- 1.7 

Cibo - 2.0 pF 

NF - 6.0 dB 

Pout 30 - mW 

Gpe 11 - dB 
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MMBT918LT1 

FIGURE 1 - NF, Gpe MEASUREMENT CIRCUIT 20-200 

Vas Vee 

) ( 1000 pf Bypass 

c 
~,_F ____ ____, 3 G 

1 O.Q18 µF 

O.Q18 µF 

NF Test Conditions 
le= 1.0 mA 
VcE = 6.0 Volts 
Rs=500 
f = 60 MHz 

Gpe Test Conditions 
le= 6.0 mA 
VcE = 12 Volts 
f = 200 MHz 
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II 

MAXIMUM RATINGS 

Rating Symbol MMBT2222 MMBT2222A Unit 

Collector-Emitter Voltage Vern 30 40 Vdc 

Collector-Base Voltage VcBo 60 75 Vdc 

Emitter-Base Voltage VEBO 5.0 6.0 Vdc 

Collector Current - Continuous IC 600 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient ReJA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient ReJA 417 'CIW 

Junction and Storage Temperature TJ, Ts.!9_ -55to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT2222LT1 = M1B; MMBT2222ALT1 = 1P 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, Is = O) MMBT2222 

MMBT2222A 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) MMBT2222 

MMBT2222A 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = Ol MMBT2222 

MMBT2222A 

Collector Cutoff Current 
IVcE = 60 Vdc, VEfil_off) = 3.0 Vdc) MMBT2222A 

Collector Cutoff Current 
!Vee = 50 Vdc, IE = 0) MMBT2222 
(VcB = 60 Vdc, IE = O) MMBT2222A 
(VcB = 50 Vdc, IE = 0, TA = 125'C) MMBT2222 
(Vcs = 50 Vdc, IE = 0, TA = 125'C) MMBT2222A 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) MMBT2222A 

Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) MMBT2222A 

ON CHARACTERISTICS 

DC Current Gain 
lie = 0.1 mAdc, VcE = 10 Vdcl 
(le = 1.0 mAdc, VcE = 10 Vdc) 
lie = 10 mAdc, VcE = 10 Vdc) 
(le= 10 mAdc, VcE = 10 Vdc, TA= -55'C) MMBT2222A only 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 
lie = 150 mAdc, VcE = 1.0 Vdc)(1) 
lie= 500 mAdc, VcE = 10 Vdc)(1) MMBT2222 

MMBT2222A 

Collector-Emitter Saturation Voltage( 1) 
Oc = 150 mAdc, IB = 15 mAdc) MMBT2222 

MMBT2222A 

lie = 500 mAdc, IB = 50 mAdc) MMBTS2222 
MMBT2222A 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT2222LT1 
MMBT2222ALT1 * 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

Symbol 

VIBR)CEO 

VIBR)CBO 

VIBR)EBO 

lcEX 

iceo 

IEBO 

IBL 

hFE 

VcE(sat) 

2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPS2222 for graphs. 

Min Max 

30 -
40 -

60 -
75 -

5.0 -
6.0 -
- 10 

- O.Q1 
- 0.01 
- 10 
- 10 

- lU 

- 20 

35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

- 0.4 
- 0.3 

- 1.6 
- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAOC 

nAdc 

-

Vdc 
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MMBT2222LT1, ALT1 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage(l) VBE(sat) Vdc 
(le = 150 mAdc, Is = 15 mAdc) MMBT2222 - 1.3 

MMBT2222A 0.6 1.2 

(le = 500 mAdc, Is = 50 mAdc) MMBT2222 - 2.6 
MMBT2222A - 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fi" MHz 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) MMBT2222 250 -

MMBT2222A 300 -
Output Capacitance Cobo - 8.0 pF 

(Vcs = 10 Vdc, IE = 0, I = 1.0 MHz) I 
Input Capacitance Cibo pF 

(VEB = 0.5 Vdc, le = 0, I = 1.0 MHz) MMBT2222 - 30 
MMBT2222A - 25 

Input Impedance hie kn 
(le = 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) MMBT2222A 2.0 8.0 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 0.25 1.25 

Voltage Feedback Ratio hre x 10-4 
Uc =.1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) MMBT2222A - 8.0 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A - 4.0 

Small-Signal Current Gain hfe -
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 50 300 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 75 375 

Output Admittance hoe µ,mhos 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 5.0 35 
Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 25 200 

Collector Base Time Constant rb'Cc - 150 ps 
OE = 20 mAdc, Vcs = 20 Vdc, f = 31.8 MHz) MMBT2222A 

Noise Figure NF - 4.0 dB 
Uc= 100 µAde, VcE = 10 Vdc, Rs = 1.0 kfl, f = 1.0 kHz) MMBT2222A 

SWITCHING CHARACTERISTICS MMBT2222A only 

Delay Time (Vee = 30 Vdc, VsE(offl = -0.5 Vdc, Id - 10 ns 

Rise Time le = 150 mAdc, ls1 = 15 mAdc) 
tr - 25 ns 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, Is - 225 ns 

Fall Time ls1 = ls2 = 15 mAdc) If - 60 ns 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 
(2) fi" is defined as the frequency at which lhfel extrapolates to unity. 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 15 Vdc 

Collector-Emitter Voltage VcES 40 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage Ve so 4.5 Vdc 

Collector Current - Continuous le 200 mAdc· 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mWf'C 

Thermal Resistance Junction to Ambient RBJA 556 "C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mWi°C 

Thermal Resistance Junction to Ambient RoJA 417 "C/W 

Junction and Storage Tempfi!rature TJ, TS!ll -55to +150 "C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
••Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT2369LT1 = M1J MMBT2369ALT1 = 1JA 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
Uc = 10 mAde, le = 01 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 10 ,,Ade, Vse = 01 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 ,,Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
Ue = 10 ,,Ade, le = 01 

V(BR)EBO 

Collector Cutoff Current icso 
!Vcs = 20 Vde, le = 01 
(Vee = 20 Vde, le= 0, TA= 150°C) 

Collector Cutoff Current Ices 
(Vee = 20 Vde, VsE = Ol MMBT2369A 

ON CHARACTERISTICS 

DC Current Gain(1 I hFE 
Uc = 10 mAde, Vee = 1.0 Vdel MMBT2369 
Uc = 10 mAde, Vee = 1.0 Vde) MMBT2369A 
Uc = 10 mAdc, Vee = 0.35 Vdel MMBT2369A 
Uc= 10 mAde, Vee= 0.35 Vde, TA= -55°CI MMBT2369A 
Uc = 30 mAde, Vee = o.4 Vdel MMBT2369A 
Uc= 100 mAde, Vee = 2.0 Vdc) MMBT2369 
Uc = 100 mAde, Vee = 1.0 Vdel MMBT2369A 

Collector-Emitter Saturation Voltage(1) VcE(satl 
Uc = 10 mAde, Is = 1.0 mAdel MMBT2369 
Uc = 10 mAde, Is = 1.0 mAdel MMBT2369A 
Uc= 10 mAde, Is= 1.0 mAde, TA= +125°CI MMBT2369A 
Uc = 30 mAde, Is = 3.0 mAdel MMBT2369A 
Uc = 100 mAde, le = 10 mAdel MMBT2369A 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 10 mAde, Is = 1.0 mAde) MMBT2369,A 
Uc = 10 mAde, Is = 1.0 mAde, TA = -55°C) MMBT2369A 
Uc = 30 mAde, Is = 3.0 mAde) MMBT2369A 
Uc= 100 mAde, le = 10 mAde) MMBT2369A 

MMBT2369LT1 
MMBT2369ALT1 * 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 _L7\ • 

3Collector 

1 2 e~ •• ~ 
2 Emitter 

SWITCHING TRANSISTORS 

NPNSILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N2369 in Section 3 for graphs. 

Min Typ Max Unit 

15 - - Vdc 

40 - - Vde 

40 - - Vde 

4.5 - - Vde 

,,Ade 
- - 0.4 
- - 30 

- - 0.4 ,,Ade 

-
40 - 120 
- - 120 
40 - -
20 - -
30 - -
20 - -
20 - -

Vde 
- - 0.25 
- - 0.20 
- - 0.30 
- - 0.25 
- - 0.50 

Vde 
0.7 - 0.85 
- - 1.02 
- - 1.15 
- - 1.60 
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MMBT2369LT1, ALT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic l Symbol Min Typ 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - -
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain hte 5.0 -
!le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time Is - 5.0 
!101 = 192 = le = 10 mAdc) 

Turn-On Time Ion - 8.0 
(Vee = 3.0 Vdc, le = 10 mAdc, 101 = 3.0 mAdci 

Turn-Off Time lo ff - 10 
(Vee = 3.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdc, 192 = 1.5 mAdc) 
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- -
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• 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 60 

Collector-Base Voltage VcBO 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 50 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ. Ts_!g_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT2484LT1 = 1U 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
(VcB = 45 Vdc, IE = 0) 
(VcB = 45 Vdc, le = 0, TA 150'C) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, lc = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 
Uc = 10 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 1.0 mAdc, IB = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 1.0 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 5.0 Vdc, IE = o, f = 1 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Noise Figure 
Uc = 10 µ.Ade, VcE = 5.0 Vdc, Rs = 10 kn, f = 1.0 kHz, BW = 200 Hz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mwrc 
'C/W 

mW 

mW/'C 

'C/W 

'C 

MMBT2484LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236ABI 

2 Emitter 

LOW NOISE TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 60 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcBO 
- 10 nAdc 
- 10 µ.Ade 

IEBO - 10 nAdc 

hFE -
250 -
- 800 

VcE(sat) - 0.35 Vdc 

VBE(on) - 0.95 Vdc 

Cobo - 6.0 pF 

Cibo - 6.0 pF 

NF - 3.0 dB 
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MAXIMUM RATINGS 

Rating Symbol MMBT2907}.1MBT2907 A Unit 

Collector-Emitter Voltage VcEO -40 l -60 Vdc 

Collector-Base Voltage Vcso -60 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous Jc -600 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient RoJA 556 'C/W 

Totai Device Dissipation Po 300 rnW 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient RoJA 417 'C/W 

Junction and Storage Temperature TJ, Ts!g_ -55 to + 150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT2907LT1 = M2B MMBT2907ALT1 = 2F 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
Uc= -10 mAdc, Is= OI MMBT2907 

MMBT2907A 

Collector-Base Breakdown Voltage 
Uc= -10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage 
OE = -10 ,,Ade, le = 01 

Collector Cutoff Current 
(VcE = -· 30 Vdc, VEB(off) = -0.5 Vdc) 

Collector Cutoff Current 
(Vcs = -50 Vdc, IE = O) MMBT2907 

MMBT2907A 

(Vcs = -50 Vdc, IE = o, TA= 125'C) MMBT2907 
MMBT2907A 

Base Current 
(VcE = -30 Vdc, VEB(off) = -0.5 Vdc 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -0.1 mAdc, VcE = -10 Vdc MMBT2907 

MMBT2907A 

Uc = -1.0 mAdc, VcE = -10 Vdc) MMBT2907 
MMBT2907A 

(le = -10 mAdc, VcE = -1 o Vdc) MMBT2907 
MMBT2907A 

Uc= -150 mAdc, VcE = -10 Vdc)(1) MMBT2907 
MMBT2907A 

Uc= -500 mAdc, VcE = -10 Vdc)(1) MMBT2907 
MMBT2907A 

Collector-Emitter Saturation Voltage( 1) 
Uc= -150 mAdc, Is= -15 mAdcl 
Uc = - 500 mAdc, Is = - 50 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc= -150 mAdc, Is= -15 mAdcl 
Uc = - 500 mAdc, Is = - 50 mAdc) 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT2907LT1 
MMBT2907ALT1 * 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

lcso 

Is 

hFE 

VcE(satl 

VsE(sat) 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

.~-© 
2 Emitter 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPS2907 for graphs. 

Min Max 

-40 -
-60 -
-60 -
-5.0 -

- -50 

- -0.020 
- -0.010 

- -20 
- -10 

- -50 

35 -
75 -

50 -
100 -

75 -
100 -

100 300 

30 -
50 -

- -0.4 
- -1.6 

- -1.3 
- -2.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

Vdc 

Vdc 
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MMBT2907LT1, ALT1 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1 ),(2) tr 200 - MHz 
Uc = -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
(Vcs = -10 Vdc, IE= o. f = 1.0 MHz) 

Input Capacitance Cibo - 30 pF 
(VEB = - 2.0 Vdc, le = 0, f = 1.0 MHz) 

II 
SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 45 ns 

Delay Time !Vee = -30 Vdc, le = -150 mAdc, 
Id - 10 ns 

191 = -15 mAdc) 
Rise Time tr - 40 ns 

Turn-On Time lo ff - 100 ns 

Delay Time 
(Vee = -6.0 Vdc, le = -150 mAdc, 

Is - 80 ns 
191 = 192 = -15 mAdc) 

Rise Time If - 30 ns 

(1) Pulse Test: Pulse Width~ 300 µ,s, Duty Cycle~ 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo -12 Vdc 

Collector-Base Voltage Vceo -12 Vdc 

Emitter-Base Voltage Veeo -4.0 Vdc 

Collector Current - Continuous le -80 mAdc 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mwrc 

Thermal Resistance, Junction to Ambient RBJA 556 'CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 mwrc 

Thermal Resistance, Junction to Ambient RoJA 417 'C/W 

Junction and Storage Temperature TJ, Ts.!ll_ -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT3640LT1 = 2J 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage !le = - 1 oo jLAdc, Vee = 01 

Collector-Emitter Sustaining Voltage(1) Uc= -10 mAdc, le = O) 

Collector-Base Breakdown Voltage (le = -100 jLAdc, IE = O) 

Emitter-Base Breakdown Voltage !le = -100 ,.Ade, le = 0) 

Collector Cutoff Current !Vee = -6.o Vdc, Vee = Ol 
(Vee = -6.0 Vdc, Vee = 0, TA = 65'C) 

Base Current (Vee = -6.0 Vdc, Vee = O) 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = -10 mAdc, Vee = -0.3 Vdc) 
Uc= -50 mAdc, Vee= -1.0 Vdc 

Collector-Emitter Saturation Voltage !le= -10 mAdc, le = -1.0 mAdc) 
!le = -50 mAdc, le = -5.0 mAdc) 
!le= -10 mAdc, le = -1.0 mAdc, TA= 65'Cl 

Base-Emitter Saturation Voltage !le= -10 mAdc, le= -0.5 mAdc) 
!le= -10 mAdc, le= -1.0 mAdc) 
!le = -50 mAdc, le = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le= -10 mAdc, Vee= -5.0 Vdc, f = 100 MHz) 

Output Capacitance (Vee = -5.0 Vdc, le =O, t = 1.0 MHz) 

Input Capacitance !Vee = -0.5 Vdc, le= o. t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee= -6.0Vdc,lc = -50mAdc,Vee(off) = -1.9Vdc, 

Rise Time le1 = -5.0 mAdc) 

Storage Time !Vee= -6.0 Vdc, lc = -50 mAdc, le1 = le2 = -5.0 mAdc) 

Fall Time 

Turn-On Time 
(Vee = -a.o Vdc, ic = -50 mAdc, VEB(off) = -1.9 Vdc, IB1 = -5.0 mAdc) 
!Vee= -1.5 Vdc, le = -10 mAdc, le1 = -0.5 mAdc) 

Turn-Off Time 
(Vee= -s.o Vdc, lc = -50 mAdc, Vee(offl = -1.9 v, le1 = 1e2 = 
(Vee = -1.5 Vdc, le = -10 mAdc, le1 = le2 = -0.5 mAdc) 

-5.0 mAdc) 

(1) Pulse Test: Pulse Width "' 300 ,,s, Duty Cycle "' 2.0%. 

MMBT3640LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

,~' ~~ 
2 Emitter 

SWITCHING TRANSISTOR 

PNP SILICON 

*This is a Motorola designated 
preferred device. 

Refer to MPS3640 for graphs. 

Symbol Min Max 

V(BR)CES -12 -
VcEO(sus) -12 -
V(BR)CBO -12 -

V(BR)EBO -4.0 -
ICES - -0.Q1 

- -1.0 

le - -10 

hFE 30 120 
20 -

VcE(sat) - -0.2 
- -0.6 
- -0.25 

VBE(sat) -0.75 -0.95 
-0.8 -1.0 
- -1.5 

fT 500 -

Cobo - 3.5 

Cibo - 3.5 

Id - 10 

tr - 30 

ts - 20 

If - 12 

Ion - 25 
- 60 

loft 
- 35 

75 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

jLAdc 

nAdc 

-
Vdc 

Vdc 

MHz 

pf 

pf 

ns 

ns 

ns 

ns 

ns 

ns 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage VcBo 60 Vdc 

Emitter-Base Voltage VEBQ 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA= 25"C 
Derate above 25"C 1.8 mW/"C 

Thermal Resistance Junction to Ambient ReJA 556 "CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,•• TA = 25"C 
Derate above 25°C 2.4 mW!°C 

Thermal Resistance Junction to Ambient ReJA 417 "CIW 

Junction and Storage Temperature TJ. Ts.!!!_ -55 to + 150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT3904LT1 = 1AM 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Oc = 10 1<Adc, IE = 0) 

Emitter:Base Breakdown Voltage 
(IE = 10 µAde, Jc = 0) 

Base Cutoff Current 
(VcE = 30 Vdc, VEB = 3.0 Vdc) 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain(1) 
Uc = 0.1 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 
Uc = 50 mAdc, VcE = 1.0 Vdc) 
Oc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, 19 = 1.0 mAdc) 
Oc = 50 mAdc, IB = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 10 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Output Capacitance 
(Vcs = 5.0Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MMBT3904LT1 * 

Symbol 

V(BR)CEO 

V(BR)CEO 

V(BR)EBO 

IBL 

ICEX 

hFE 

VcE(sat) 

VsE(sat) 

tr 
Cobo 

Cibo 

hie 

hre 

hfe 

CASE 318-07, STYLE 6 
SOTc23 (T0-236ABl 

3 Collector 

·~ 2 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3903 for graphs. 

Min Max 

40 -

60 -

6.0 -

- 50 

- 50 

40 -
70 -
100 300 
60 -
30 -

- 0.2 
- 0.3 

0.65 0.85 
- 0.95 

300 -
- 4.0 

- 8.0 

1.0 10 

0.5 8.0 

100 400 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

k ohms 

x 10-4 

-
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MMBT3904L T1 

ELECTRICAL CHARACTERISTICS (continued) IT A = 25°c unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 1.0 40 /Lmhos 
lie = 1.0 mAdc, VeE = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 5.0 dB 
lie = 100 /LAdc, VeE = 5.0 Vdc, Rs = 1.0 k ohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee = 3.0 Vdc, VsE = -0.5 Vdc, Id - 35 ns 

Rise Time le = 10 mAdc, 191 = 1.0 mAdc) 
Ir - 35 ns 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, 191 = 192 = 1.0 mAdc) Is - 200 ns 

Fall Time If - 50 
---- ------ • 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo -40 Vdc 

Collector-Base Voltage Vceo -40 Vdc 

Emitter-Base Voltage Veeo -5.0 Vdc 

Collector Current - Continuous le -200 mAdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5.Board, * Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mWfC 

Thermal Resistance Junction to Ambient ReJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 mWfC 

Thermal Resistance Junction to Ambient R8JA 417 'CIW 

Junction and Storage Temperature TJ, TS!!!.. -55to+150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
I MMBT3906LT1 = 2.0 A 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
Uc= -1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc= -10 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
Ue = -10 µAde, le= Ol 

Base Cutoff Current 
!Vee = -30 Vdc, Vee = -3.o Vdc) 

Collector Cutoff Current 
!Vee = -30 Vdc, Vee = -3.0 Vdc 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= -0.1 mAdc, Vee= -1.0Vdc) 
Uc = -1.0 mAdc, Vee = -1.0 Vdc) 
Uc= -1omAdc,Vce = -1.0Vdc) 
Uc= -50mAdc,Vce = -1.0Vdc) 
Uc= -100mAdc,Vce = -1.0Vdc) 

Collector-Emitter Saturation Voltage 
Uc = -10 mAdc, le= -1.0 mAdc) 
Uc = -50 mAdc, le= -5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= -10 mAdc, IB = -1.0 mAdc) 
Uc= -50 mAdc, le = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, Vee= -20 Vdc, f = 100 MHz) 

Output Capacitance 
!Vee = -5.0 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
!Vee = -0.5 Vdc, le = o. f = 1.0 MHz) 

Input Impedance 
Uc= -1.0 mAdc, Vee= -10 Vdc, t = 1.0 kHz) 

Voltage Feedback Ratio 
Uc= -1.0 mAdc, Vee= -10 Vdc, t = 1.0 kHz) 

Small-Signal Current Gain 
Uc= -1.0 mAdc, Vee= -10 Vdc, f = 1.0 kHz) 

MMBT3906LT1* 
CASE 318-07, STYLE 6 

SOT-23 (T0-236ABI 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

*This is a Motorola designated 
preferred device. 

Refer to 2N3905 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vdc 

V(BR)CBO -40 - Vdc 

V(BR)EBO -5.0 - Vdc 

IBL - -50 nAdc 

icex - -50 nAdc 

hfE -
60 -
80 -
100 300 
60 -
30 -

VcE(sat) Vdc 
- -0.25 
- -0.4 

VBE(sat) Vdc 
-0.65 -0.85 

- -0.95 

tr 250 - MHz 

Cobo - 4.5 pF 

Cibo - 10.0 pf 

hie 2.0 12 kohms 

hre 0.1 10 x 10-4 

hte 100 400 -
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MMBT3906L T1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted). 

Characteristic Symbol Min Max Unit 

Output Admittance hoe 3.0 60 µmhos 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
Oc = -100 µAde, VcE = -5.0 Vdc, Rs= 1.0 k ohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee= -3.0 Vdc, VsE = 0.5 Vdc, Id - 35 ns 

Rise Time le= -10 mAdc, ls1 = -1.0 mAdc) 
1, - 35 ns 

Storage Time (Vee= -3.0 Vdc, le = -10 mAdc, Is - 225 ns 

Fall Time 1s1 = 1s2 = -1.0 mAdc) 
If - 75 ns 

·--' 

(1 I Pulse Width "' 300 µs, Duty Cycle "' 2.0%. • 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBQ 6.0 

Collector Current - Continuous le 600 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!f!_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT4401LT1 = 2X 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) !le= 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage !le= 0.1 mAdc, IE= O) 

Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, le = O) 

Base Cutoff Current (VcE = 35 Vdc, VEB = 0.4 Vdc) 

Collector Cutoff Current (VcE = 35 Vdc, VEB = 0.4 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain Oc = 0.1 mAdc, VcE = 1.0 Vdc) 
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 
(le= 10 mAdc, VcE = 1.0 Vdc) 
Oc = 150 mAdc, VcE = 1.0 Vdc) 
(le = 500 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage Oc = 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage (le = 150 rnAdc, Is = 15 mAdc) 
Oc = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance 
Oc = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

Voltage Feedback Ratio 
Oc = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

Small-Signal Current Gain 
Oc = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

Output Admittance 
Oc = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VEB = 2.0 Vdc, 

Rise Time le = 150 mAdc, ls1 = 15 mAdc) 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, 

Fall Time 191 = ls2 = 15 mAdc) 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWl°C 

"C!W 

mW 

mWl°C 

"C!W 

"C 

MMBT4401LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236ABI 

3 Collector 

,~' ·~ 
2 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CEO 

NPN SILICON 

*This is a Motorola designated 
preferred device. 

Refer to 2N4401 for graphs. 

Min Max 

40 -

Unit 

Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 6.0 - Vdc 

IBEV - 0.1 µAde 

ICEX - 0.1 µAde 

hFE 20 - -
40 -
80 -
100 300 
40 -

VcE(sat) - 0.4 Vdc 
- 0.75 

VsE(sat) 0.75 0.95 Vdc 
- 1.2 

IT 250 - MHz 

Ccb - 6.5 pF 

Ceb - 30 pF 

hie 1.0 15 k ohms 

hre 0.1 8.0 x 10-4 

hte 40 500 -

hoe 1.0 30 µmhos 

Id - 15 ns 

tr - 20 ns 

Is - 225 ns 

If - 30 ns 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -40 Vdc 

Collector-Base Voltage Vceo -40 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -600 mAdc 

THERMAL CHARACTERISITCS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25•c 
Derate above 25°C 1.8 mW/"C 

Thermal Resistance, Junction to Ambient ROJA 556 ·crw 
Total Device Dissipation Po 300 mW 

Alumina Substrate,•• TA= 25°C 
Derate above 25°C 2.4 mW/"C 

Thermal Resistance, Junction to Ambient RoJA 417 ·crw 
Junction and Storage Temperature TJ, Ts.!l!. -55 to +150 ·c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 
MMBT4403LT1 = 2T 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc= -1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage Uc = -0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage OE = -0.1 mAdc, le= O) 

Base Cutoff Current (VcE = -35 Vdc, VEB = -0.4 Vdc) 

Collector Cutoff Current (VcE = -35 Vdc, VEB = -0.4 Vdc) 

ON CHARACTERISTICS 

DC Current Gain Uc= -0.1 mAdc, VcE = -1.0 Vdc) 
Uc= -1.0mAdc,VcE = -1.0Vdc) 
Uc = -10 mAdc, VcE = -1.0 Vdc) 
Uc= -150 mAdc, VcE = -2.0Vdc)(1) 
Uc= -500 mAdc, VcE = -2.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) lie= -150 mAdc, le= -15 mAdc) 
Uc= -500 mAdc, le = -50 mAdc) 

Base-Emitter Saturation Voltage(1) lie= -150 mAdc, le= -15 mAdc) 
Uc = -500 mAdc, le = -50 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = -20 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance (Vee = -10 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance (VBE = - 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance lie = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio Uc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Uc= -1.0 mAdc, VcE = -10Vdc,f = 1.0kHz) 

Output Admittance lie = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee= -30 Vdc, VEB = -2.0 Vdc, 
Risenme le = -150 mAdc, le1 = - t5 mAdc) 

Storage Time (Vee= -30Vdc,lc = -150mAdc, 
Fall Time le1 = IB2 = -15 mAdc) 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 

MMBT4403LT1* 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

,~' ~~·-
2 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(Bfil_EBO 

IBEV 

ICEX 

hfE 

VcE(sat) 

VBE(sat) 

tr 

Ccb 

Cab 

hie 

hre 

hte 

hoe 

Id 

tr 

Is 
If 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N4402 for graphs. 

Min Max 

-40 -
-40 -
-5.0 -
- -0.1 

- -0.1 

30 -
60 -
100 -
100 300 
20 -
- -0.4 
- -0.75 

-0.75 -0.95 
- -1.3 

200 -
- 8.5 

- 30 

1.5k 15k 

0.1 8.0 

60 500 

1.0 100 

- 15 

- 20 

- 225 

- 30 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pf 

pf 

ohms 

x 10-4 

-
µmhos 

ns 

ns 

ns 

ns 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -50 

Collector-Base Voltage Vcso -50 

Emitter-Base Voltage VEBo -3.0 

Collector Current - Continuous le -50 

THERMAL CHARACTERISITCS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance, Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts!!!. -55to +150 

*FA·5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5087LT1 = 20 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= -1.0 mAdc, Is= O) 

Collector-Base Breakdown Voltage 
lie = -100 µAde, IE = O) 

Collector Cutoff Current 
(Vcs = -10 Vdc, IE = 0) 
(Vcs = -35 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie = -100 µAde, VcE = -5.0 Vdc) 
lie = -1.0 mAdc, VcE = - 5.0 Vdc) 
lie= -10mAdc,VcE = -5.0Vdc) 

Collector-Emitter Saturation Voltage 
lie= -10 mAdc, Is= -1.0 mAdc) 

Base-Emitter Saturation Voltage 
lie= -10 mAdc, Is= -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = -500 µAde, VcE = -5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = -5.0 Vdc, IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain 
lie = -1.0 mAdc, VcE = - 5.0 Vdc, f = 1.0 kHz) 

Noise Figure 
lie= -20 mAdc, VcE = -5.0 Vdc, Rs= 10 kn, t = 1.0 kHz) 
lie= -100 µAde, VcE = -5.0 Vdc, Rs= 3.o kn, t = 1.0 kHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

'C 

MMBT5087LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

2 Emitter 

LOW NOISE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

lcso 

hFE 

VcE(sat) 

VBE(sat) 

IT 

Cobo 

hte 

NF 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N5086 for graphs. 

Min Max 

-50 -

-50 -

- -10 
- -50 

250 800 
250 -
250 -
- -0.3 

- -0.85 

40 -

- 4.0 

250 900 

- 2.0 
- 2.0 

Unit 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

-

dB 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBT5088 MMBT5089 Unit 

Collector-Emitter Voltage Vern 30 25 Vdc 

Collector-Base Voltage Vcso 35 30 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 50 mAdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient R9JA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25'C 
De rate above 25'C 2.4 mWl°C 

Thermal Resistance Junction to Ambient R9JA 417 'CIW 

Junction and Storage Temperature TJ, Ts.!!!_ -55to +150 'C 

*FR-5 = 1 .0 x 0. 75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5088LT1 = 10; MMBT5089LT1 = 1R 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He= 1.0 mAdc, Is = O) MMBT5088 

MMBT5089 

Collector-Base Breakdown Voltage 
He = 100 µAde, IE = 0) MMBT5088 

MMBT5089 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = 0) MMBT5088 
(Vcs = 15 Vdc, IE = 0) MMBT5089 

Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, le = 0) MMBT5088 
(VEfil_offl = 4.5 Vdc, le = O) MMBT5089 

ON CHARACTERISTICS 

DC Current Gain He = 100 µAde, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 

He= 1.0 mAdc, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 

He = 10 mAdc, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 

Collector-Emitter Saturation Voltage He= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage He = 10 mAdc, le = 1.0 mAdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
He = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vee = 5.0 Vdc, IE = 0, f = 1.0 MHz emitter guarded) 

Emitter-Base Capacitance 
(Ves = 0.5 Vdc, le = 0, f = 1.0 MHz collector guarded) 

Small Signal Current Gain 
Uc= 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) MMBT5088 

MMBT5089 

Noise Figure 
He = 100 µAde, VcE = 5.o Vdc, Rs = 10 kn, 
f = 1.0 kHz) MMBT5088 

MMBT5089 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT5088LT1 
MMBT5089LT1 * 

CASE 318-07, STYLE 6 
SOT-23 (T0-236ABI 

,~' "--©"-
2 Emitter 

LOW NOISE TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

lcso 

IEBO 

hFE 

VcE(sat) 

Ve~a!l.. 

tr 

Ccb 

Ceb 

hfe 

NF 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPSA18 for graphs. 

Min Max 

30 -
25 -

35 -
30 -

- 50 
- 50 

- 50 
- 100 

300 900 
400 1200 

350 -
450 -
300 -
400 -
- 0.5 

- 0.8 

50 -
- 4.0 

- 10 

350 1400 
450 1800 

- 3.0 
- 2.0 

Unit 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

itdc 

MHz 

pf 

pF 

-

dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -150 

Collector-Base Voltage Vcso -160 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance, Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction arid Storage Temperature TJ, Ts.!.9._ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5401LT1 = 2L 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -1.0 mAdc, Is = o) 

Collector-Base Breakdown Voltage 
Oc = -100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE= -10 µAde, le= O) 

Collector Cutoff Current 
(Vcs = -120 Vdc, IE = O) 
(Vcs = -120 Vdc, IE= o, TA= 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0 mAdc, VcE = -5.0 Vdc) 
Oc = -10 mAdc, VcE = -5.0 Vdc) 
Oc = - 50 mAdc, V CE = - 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = -10 mAdc, Is= -1.0 mAdc) 
Oc = - 50 mAdc, Is = - 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -10 mAdc, Is= -1.0 mAdc) 
Oc = -50 mAdc, Is = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -10 mAdc, VcE = -10 Vdc, I = 100 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Small Signal Current Gain 
Oc = -1.0 mAdc, VcE = -10Vdc,f = 1.0kHz) 

Noise Figure 
Oc = -200 µAde, VcE = -5.0 Vdc, Rs = 10 ohms, 
f = 1.0 kHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWl°C 

oc/W 

mW 

mWl°C 

oc/W 

oc 

MMBT5401LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

.~-© 
2 Emitter 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Cobo 

hte 

NF 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N5401 for graphs. 

Min Max 

-150 -

-160 -

-5.0 -

- -50 
- -50 

50 -
60 240 
50 -

- -0.20 
- -0.5 

- -1.0 
- -1.0 

100 300 

- 6.0 

40 200 

- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

-

Vdc 

Vdc 

MHz 

pF 

-

dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 140 

Collector-Base Voltage Vcso 160 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 600 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Tsjg -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT5550LT1 = M1F; MMBT5551LT1 = G1 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
lie = 1.0 mAdc, Is = OI 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = 10 µAde, le = 01 

Collector Cutoff Current 
IVcs = 100 Vdc, IE = 0) 
(Vcs = 120 Vdc, IE = O) 
(Vcs = 100 Vdc, IE = 0, TA = 100°C) 
(Vcs = 120 Vdc, IE = o, TA = 100°CI 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 5.0 Vdc) 

lie = 10 mAdc, VcE = 5.0 Vdcl 

Oc = 50 mAdc, VcE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdcl 

Oc = 50 rnAdc, Is = 5.0 mAdcl 

Base-Emitter Saturation Voltage 
lie = 10 mAdc, IB = 1.0 mAdc) 

lie = 50 mAdc, IB = 5.0 mAdc) 

(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 
MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

MMBT5550 
MMBT5551 

Both Types 

MMBT5550 
MMBT5551 

Both Types 

MMBT5550 
MMBT5551 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWi°C 

oc/W 

mW 

mWi°C 

oc/W 

oc 

MMBT5550l Tl 
MMBT5551LT1* 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

~3 
1~~ 

3 Collector 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

2 ··~ 2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N5550 for graphs. 

Min Max 

140 -
160 -

160 -
180 -
6.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

60 -
80 -

60 250 
80 250 

20 -
30 -

- 0.15 

- 0.25 
- 0.20 

- 1.0 

- 1.2 
- 1.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collecto~-Emitter Voltage Vceo 40 

Collector-B~se Voltage Vceo 40 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA= 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ, Ts.!ll.. -55 to +150 

*FR-5 = 1.0 x 0. 75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT6427LT1 = 1V 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 10 mAdc, Vee = 01 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Uc = 10 µAde, le = 01 

Collector Cutoff Current 
(Vee = 25 Vdc, le = 01 

Collector Cutoff Current 
(Vee = 30 Vdc, le = 01 

Emitter Cutoff Current 
(Vee = 10 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, Vee = 5.0 Vdcl 
Uc = 100 mAdc, Vee = 5.0 Vdc) 
Uc = 500 mAdc, Vee = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 50 mAdc, le = 0.5 mAdcl 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 500 mAdc, le = 0.5 mAdc) 

Base-Emitter On Voltage 
Uc = 50 mAdc, Vee = 5.0 Vdc) 
----

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee= 10 Vdc, le = o. f = 1.0 MHz) 

Input Capacitance 
(Vee = 0.5, le = o, 1 = 1.0 MHz) 

Current Gain - High Frequency 
Uc = 10 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Noise Figure 
Uc = 1.0 mAdc, Vee = 5.0 Vdc, Rs = 100 k!l, 
f = 1.0 kHz) 

*Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 
OCfW 

mW 

mW!°C 

oc/W 

oc 

MMBT6427LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

Collector 3 

Emitter 2 

DARLINGTON TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

lceo 

leeo 

hFE 

Vce(sat>* 

Vee(satl 

Vee(onl 

Cobo 

Cibo 

lhtel 

NF 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6426 for graphs. 

Min Max 

40 -

40 -

12 -
- 1.0 

- 50 

- 50 

10,000 100,000 
20,000 200,000 
14,000 140,000 

- 1.2 
- 1.5 

- 2.0 

- 1.75 

- 7.0 

- 15 

1.3 -
- 10 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

pF 

pF 

Vdc 

dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Value 

Rating Symbol MMBT6428 MMBT6429 Unit 

Collector-Emitter Voltage Vern 50 45 Vdc 

Collector-Base Voltage Vcso 60 55 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mwrc 

Thermal Resistance Junction to Ambient ReJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient ReJA 417 'C/W 

Junction and Storage Temperature TJ, Ts!9_ -55to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT6428LT1 = 1KM; MMBT6429LT1 = lL 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, le = O) MMBT6428 
(le = 1.0 mAdc, le = O) MMBT6429 

Collector-Base Breakdown Voltage 
(le = 0.1 mAdc, IE = O) MMBT6428 
(le = 0.1 mAdc, IE = O) MMBT6429 

Collector Cutoff Current 
(VcE = 30 Vdc) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = o.oi mAdc, VcE = 5.0 Vdc) MMBT6428 

MMBT6429 

(le = 0.1 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 

Oc = 1.0 mAdc, VcE = 5.0 Vdc) MMBT6428 
MMBT6429 

Oc = 10 mAdc, VcE = 5.0 Vdc) MMf~6428 

MMBT6429 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 0.5 mAdc) 
(le = 100 mAdc, Is = 5.0 mAdc) 

Base-Emitter On Voltage 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Note: "LTl" must be used when ordering SOT-23 devices. 

MMBT6428LT1 
MMBT6429LT1 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

~3 3Colleotoc '" .:~ 2 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSA18 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
50 -
45 -

V(BR)CBO Vdc 
60 -
55 -

lcEO - 0.1 µAde 

lcso - O.Q1 µAde 

IEBO - O.Q1 µAde 

hFE -
250 -
500 -

250 650 
500 1250 

250 -
500 -

250 -
500 -

VcE(sat) Vdc 
- 0.2 
- 0.6 

VeE(on) 0.56 0.66 Vdc 

tr 100 700 MHz 

Cobo - 3.0 pF 

Cibo - 8.0 pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vern 350 

Collector-Base Voltage VcBo 350 

Emitter-Base Voltage vrno 5.0 

Base Current Is 250 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!!!_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT6517LT1 = 1Z 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mA) 

Collector-Base Breakdown Voltage 
Oc = 100 µAl 

Emitter-Base Breakdown Voltage 
OE = 10 µA) 

Collector Cutoff Current 
!Vcs = 250 vi 

Emitter Cutoff Current 
!Ves = 5.o vi 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mA, VcE = 10 V) 
Oc = 10 mA, Vee = 10 Vl 
Oc = 30 mA, VcE = 1ov) 
Oc = 50 mA, VcE = 10 V) 
Oc = 100 mA, Vee = 10 V) 

Collector-Emitter Saturation Voltage 
Oc = 10 mA, Is = 1.0 mA) 
Oc = 20 mA, Is = 2.0 mA) 
(le = 30 mA, Is = 3.0 mA) 
Oc = 50 mA, Is = 5.0 mAl 

Base-Emitter Saturation Voltage 
Oc = 10 mA, IB = 1.0 mA) 
Oc = 20 mA, Is = 2.0 mAl 
Oc = 30 mA, Is = 3.0 mA) 

Base-Emitter On Voltage 
(le = 100 mA, Vee = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current·Gain - Bandwidth Product 
Oc = 10 mA, Vee = 20 v, t = 20 MHz) 

Collector-Base Capacitance 
(Vea= 20 V, f = 1.0 MHz) 

Emitter-Base Capacitance 
(Vea = 0.5 V, f = 1.0 MHz) 

*Pulse Test: Pulse Width = 300 µ.s, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mA 

Unit 

mW 

mwrc 

'C/W 

mW 

mwrc 

'C/W 

'C 

MMBT6517l Tl* 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector 

~-© 
2 Emitter 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

Imo 

hFE 

VcE(sat)* 

VsE(satl 

VsE(on) 

tr 

Ccb 

Ceb 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6517 for graphs. 

Min Max 

350 -

350 -

6.0 -

- 50 

- 50 

20 -
30 -
30 200 
20 200 
15 -

- 0.30 
- 0.35 
- 0.50 
- 1.0 

- 0.75 
- 0.85 

- 0.90 

- 2.0 

40 200 

- 6.0 

- 80 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -350 

Collector-Base Voltage Vcso -350 

Emitter-Base Voltage VEBO -5.0 

Base Current Is -250 

Collector Current - Continuous le -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance. Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA= 25°C 
Derate above 25°C 2.4 

Thermal Resistance, Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!ll_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBT6520LT1 = 2Z 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -1.0 mA) 

Collector-Base Breakdown Voltage 
(le= -100,.A) 

Emitter-Base Breakdown Voltage 
OE= -10 ,.A) 

Collector Cutoff Current 
!Vcs = -250 vi 

Emitter Cutoff Current 
(VEB = -4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0 mA, VcE = -10 V) 
Oc = -10 mA, VcE = -10 V) 
(le= -30 mA, VcE = -10 V) 
Oc = -50 mA, VcE = -10V) 
Oc = -100mA,VcE = -10V) 

Collector-Emitter Saturation Voltage 
Oc = -10mA.ls = -1.0mA) 
Oc = -20 mA, Is = -2.0 mA) 
Oc = -30 mA, Is = -3.0 mA) 
(le= -50 mA, Is= -5.0 mA) 

Base-Emitter Saturation Voltage 
Oc= -10mA,ls= -1.0mA) 
!le = -20 mA, Is = -2.0 mA) 
!le = -30 mA, Is = -3.0 mA) 

Base-Emitter On Voltage 
(le= -100 mA, VcE = -10 V) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -10 mA, VcE = -20 V, f = 20 MHz) 

Collector-Base Capacitance 
(Vcs = -20 V, f = 1.0 MHz) 

Emitter.-Base Capacitance 
(VEB = -0.5 V, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mAdc 

Unit 

mW 

mWl°C 

oc!W 

mW 

mWl°C 

°CIW 

oc 

MMBT6520LT1 * 
CASE 31S-07, STYLE 6 

SOT-23 (T0-236AB) 

HIGH VOLTAGE TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBQ 

hfE 

VcE(sat) 

VsE(sat) 

VsE(on) 

IT 

Ccb 

Cab 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6520 for graphs. 

Min Max 

-350 -

-350 -

-5.0 -

- -50 

- -50 

20 -
30 -
30 200 
20 200 
15 -

- -0.30 
- -0.35 
- -0.50 
- -1.0 

- -0.75 
- -0.85 
- -0.90 

- -2.0 

40 200 

- 6.0 

- 100 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector,Emitter Voltage Vern -80 v 
Collector-Base Voltage VcBo -80 v 
Emitter-Base Voltage VEBO -5.0 v 
Collector Current - Continuous le -500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance, Junction to Ambient RoJA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance, Junction to Ambient RoJA 417 'CIW 

Junction and Storage Temperature TJ, Tsjg_ -55 to + 150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBT8599LT1 = 2W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, IE = O) 

Collector-Base Breakdown Voltage 
(le = -100 1LAdc, IE = Ol 

Emitter~Base Breakdown Voltage 
OE= -101LAdc, le= O) 

Collector Cutoff Current 
(Vcs = -80 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = -1.0 mAdc, VcE = -5.0 Vdcl 
(le = -10 mAdc, VcE = -5.0 Vdcl 
Oc = -100 mAdc, VcE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Oc = -100 mAdc, Is = - 10 mAdc) 
(le= -100 mAdc, Is= -5.0 mAdc) 

Base-Emitter On Voltage(1) 
Oc = -10 mAdc, Is= -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -10 mAdc, VcE = -5.0 Vdc, I= 100 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(VcB = -5.0 Vdc, IE = 0, f = 1 .o MHz) 

(1) Pulse Test: Pulse Width = 300 IL•· Duty Cycle = 2.0%. 

MMBT8599LT1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcBo 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

tr 

Cibo 

Ccb 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector 

"--© 
2 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Refer to 2N4125 for graphs. 

Min Max 

-80 -

-80 -

-5.0 -

- -100 

- -100 

100 300 
100 -
75 -
- -0.3 
- -0.4 

-0.6 -0.8 

150 -

- 30 

- 4.5 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA05 MMBTA06 

Collector-Emitter Voltage VcEO 60 80 

Collector-Base Voltage Vcso 60 80 

Emitter-Base Voltage Vrno 4.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts.!fl_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA05LT1 = 1H; MMBTA06LT1 = 1GM 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 1.0 mAdc, Is = 01 

Emitter-Base Breakdown Voltage 
!IE - 100 jLAdc, le = 01 

Collector Cutoff Current 
(VcE = 60 Vdc, 19 = 0) 

Collector Cutoff Current 
!Vcs = 60 Vdc, IE = 01 
(Vcs = 80 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 10 mAdc, VcE = 1.0 Vdcl 
Oc = 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
!le = 100 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
!le= 10 mA, VcE = 2.0 V, f = 100 MHz) 

(1) Pulse Test: Pulse Width,,;; 300 µ.s, Duty Cycle,,;; 2.0%. 

MMBTA05 
MMBTA06 

MMBTA05 
MMBTA06 

(2) fr is defined as the frequency at which lhfel extrapolates to unity. 
Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

oc;w 

mW 

mW!°C 

oc;w 

oc 

MMBTAOSLTl 
MMBTA06LT1 * 

Symbol 

V(BR)CEO 

V(BRIEBO 

lcEO 

lcso 

hFE 

VcE(sat) 

VsE(onl 

tr 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector .• ' ,:,~ 
2 2 Emitter 

DRIVER TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

60 -
80 -

4.0 -

- 0.1 

- 0.1 
- 0.1 

100 -
100 -
- 0.25 

- 1.2 

100 

Unit 

Vdc 

Vdc 

jLAdc 

jLAdc 

-

Vdc 

Vdc 

MHz 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcES 30 Vdc 

Collector-Base Voltage VcBo 30 Vdc 

Emitter-Base Voltage VEBO 10 Vdc 

Collector Current - Continuous le 300 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient RoJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient ReJA 417 'C/W 

Junction and Storage Temperature TJ, Ts!ll._ -55to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBTA13LT1 = 1M; MMBTA14LT1 = 1N 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µ,Ade, VBE = 0) 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = O) 

Emitter Cutoff Current 
IVEB = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 100 mAdc, IB = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mAdc, VcE = 5.0 Vdc, I = 100 MHz) 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 
(2) fr = lhfel • ftest· 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA13 
MMBTA14 

MMBTA13 
MMBTA14 

MMBTA13LT1 
MMBTA14LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

Collector 3 

~3 
1~~ 

2 
~@ 

Emitter 2 

DARLINGTON AMPLIFIER 
TRANSISTORS 

Symbol 

V(BR)CES 

le Bo 

IEBO 

hFE 

VcE(sat) 

VBE 

fr 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6426 for graphs. 

Min Max 

30 -

- 100 

- 100 

5000 -
10,000 -

10,000 -
20,000 -

- 1.5 

- 2.0 

125 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ. Tsjg_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA20LT1 = 1C 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 1.0 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mwrc 

"CIW 

mW 

mwrc 

"C/W 

"C 

MMBTA20LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector ,.' ·~ 2 2 Emitter 

GENERAL PURPOSE AMPLIFIER 

NPN SILICON 

Refer to MPS3!1o4 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

lceo - 100 nAdc 

hFE 40 400 -

VcE(sat) - 0.25 Vdc 

tr 125 - MHz 

Cobo - 4.0 pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol MMBTA42 MMBTA43 

Collector-Emitter Voltage VcEO 300 200 

Collector-Base Voltage Vcso 300 200 

Emitter-Base Voltage VEBQ 6.0 6.0 

Collector Current - Continuous le 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts!ll_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA42LT1 = 1D; MMBTA43LT1 = M1E 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = 100 µAde, le = O) 

Collector Cutoff Current 
IVcs = 200 Vdc, IE = O) 
IVcs = 160 Vdc, IE = 0) 

Emitter Cutoff Current 
IVEB = 6.0 Vdc, le = O) 
IVEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 1.0 mAdc, VcE = 10 Vdc) 
lie = 10 mAdc, VcE = 10 Vdc) 

lie = 30 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage 
lie = 20 mAdc, 19 = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"' 300 µs, Duty Cycle"' 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

Both Types 
Both Types 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

MMBTA42 
MMBTA43 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mwrc 
oc/W 

mW 

mwrc 
oc/W 

oc 

MMBTA42LT1* 
MMBTA43LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

3 Collector -.t 
1~ 

2 
.~-© 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBQ 

hFE 

VcE(sat) 

VsE(sat) 

'1 

Ccb 

2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPSA42 for graphs. 

Min Max 

300 -
200 -

300 -
200 -

6.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

25 -
40 -

40 -
40 

- 0.5 
- 0.5 

- 0.9 

50 -

- 3.0 
- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA56 MMBTA56 

Collector-Emitter Voltage VcEO -60 -80 

Collector-Base Voltage Vceo -60 -80 

Emitter-Base Voltage VEBQ -4.0 

Collector Current - Continuous le -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ. Ts:!!I_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA55LT1 = 2H; MMBTA56LT1 = 2GM 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= -1.0 mAdc, IB = O) MMBTA55 

MMBTA56 

Emitter-Base Breakdown Voltage 
UE = -100 µAde, le = o) 

Collector Cutoff Current 
(VcE = -60 Vdc, le = O) 

Collector Cutoff Current 
(Vee= -60 Vdc, IE = 0) MMBTA55 
(Vee = -80 Vdc, IE = 0) MMBTA56 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -10mAdc,VcE = -1.0Vdc) 
Uc = -100 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -100 mAdc, le= -10 mAdc) 

Base-Emitter On Voltage 
Uc = -100 mAdc, VcE = -1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = -100 mAdc, VcE = -1.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) fy is defined as the frequency at which lhtel extrapolates to unity. 
Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

·c 

Symbol 

MMBTASSLTl 
MMBTA56LT1* 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

DRIVER TRANSISTORS 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

V(BR)CEO Vdc 
-60 -
-80 -

V(BR)EBO -4.0 - Vdc 

lcEO - -0.1 µAde 

lceo µAde 
- -0.1 
- -0.1 

hFE -
100 -
100 -

VcE(sat) - -0.25 Vdc 

VeE(onl - -1.2 Vdc 

50 MHz 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcES -30 

Collector-Base Voltage VcBo -30 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous le -500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA63LT1 = 2U; MMBTA64LT1 = 2V 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = -100 µAdel 

Collector Cutoff Current 
(VcB = -30 Vdcl 

Emitter Cutoff Current 
(VEB = -10 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 11) 
(le= -10 mAdc, VcE = -5.0 Vdc) 
lie= -10mAdc,VcE = -5.0Vdc) 
lie= -100 mAdc, VcE = -5.0 Vdc) 
Oc = -100 mAdc, VcE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie= -100mAdc,IB = -0.1 mAdc) 

Base-Emitter On Voltage 
lie = -100 mAdc, VcE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie= -10 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA63 
MMBTA64 
MMBTA63 
MMBTA64 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/"C 

oc;w 

mW 

mW/"C 

oc;w 

oc 

MMBTA63LT1 
MMBTA64LT1* 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

Collector 3 

,~' .:@ 
Emitter 2 

DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

icBo 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPSA75 for graphs. 

Min Max 

-30 -

- -100 

- -100 

5,000 -
10,000 -
10,000 -
20,000 -

- -1.5 

- -2.0 

125 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -40 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous le -100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Pp 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!ll_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA70LT1 = M2C 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -1.0 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
OE = -100 l'Adc, le = 0) 

Collector Cutoff Current 
(Vcs = -30 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = - 5.o mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
(le= -10 mAdc, Is= -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -5.0 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE= 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mwrc 

'C/W 

'C 

MMBTA70LT1 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AA) 

3 Collector 

~3 
1~ 

2 "~-© 
2 Emitter 

GENERAL PURPOSE TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vdc 

V(BR)EBO -4.0 - Vdc 

lcso - -100 nAdc 

hFE 40 400 -

VcE(sat) - -0.25 Vdc 

IT 125 - MHz 

Cobo - 4.0 pF 
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MAXIMUM RATINGS 

Rating Symbol MMBTA92 MMBTA93 Unit 

Collector-Er'nil!e! Volt~ge ' Vceo -300 -200 Vdc 

Collector-Base Voltage -- Vceo -300 -200 Vdc 

Emitter-Base Voltage Veeo -5.0 -5.0 Vdc 

Collector Current -- Continuous ic -500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25"C 
Cerate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient ReJA 556 "C!W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25'C 
Cerate above 25'C 2.4 mWl°C 

Thermal Resistance Junction to Ambient R8JA 417 "C!W 

Junction and Storage Temperature TJ, T S!9.. -55 to +150 ·c 

*FR-5 = 1 .0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTA92LT1 = 20; MMBTA93LT1 = 2E 

ELECmlCAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= -1.0 mAdc, le= 01 

Collector-Base Breakdown Voltage 
lie = -100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
lie = -100 µAde, le = 01 

Collector Cutoff Current 
!Vee = - 200 Vdc, le = 01 
(Vee = -160 Vdc, IE = 0) 

Emitter Cutoff Current 
!Vee = -3.0 Vdc, le = Ol 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= - 1.0 mAdc, Vee= -10 Vdc) 
Uc = -10 mAdc, Vee "' - 10 Vdc) 

Uc= -30mAdc,Vce = -10Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -20 mAdc, le = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = -20 mAdc, le = -2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, Vee = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee= -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"' 300 µs, Duty Cycle"' 2.0%. 
Note: "LT1" must be used when ordering SOT-23 devices. 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

Both Types 
Both Types 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

MMBTA92 
MMBTA93 

MMBTA92LT1* 
MMBTA93LT1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

leeo 

hFE 

VcE(sat) 

VeE(sat) 

tr 

Ccb 

CASE 318-07, STYLE 6 
SOT-23 (T0-236AB) 

,~' .. ()-' 
2 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPSA92 for graphs. 

Min Max 

-300 -
-200 -
-300 -
-200 -
-5.0 -

- --0.25 
- -0.25 

- -0.1 

25 -
40 -
25 -
25 -

- -0.5 
- -0.5 

- -0.9 

50 -

- 6.0 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 25 

Collector-Base Voltage VcBo 30 

Emitter-Base Voltage VEBO 3.0 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA= 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9._ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH10LT1 = 3EM 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le = 1 oo µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
(VcB = 25 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 4.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 4.0 mAdc, IB = 0.4 mAdc) 

Base-Emitter On Voltage 
Oc = 4.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Common-Base Feedback Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant 
Uc = 4.0 mAdc, VcB = 1 o Vdc, t = 31.8 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

'C 

MMBTHlOLTl * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236AB) 

3 Collector ,.' .~() 
2 2 Emitter 

VHF/UHF TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

IEBO 

hFE 

VcE(sat) 

VBE 

tr 

Ccb 

Crb 

rb'Cc 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPSH10 for graphs. 

Min Max 

25 -

30 -
3.0 -

- 100 

- 100 

60 -

- 0.5 

- 0.95 

650 -

- 0.7 

- 0.65 

- 9.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ps 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage Vceo 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 50 

THERMAL CHARACTERISTICS 
Charac:teristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Ts.!a -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH24LT1 = M3A 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Charac:terlstic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 8.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc ,,; 8.o mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = o. f = 1.0 MHz) 

Conversion Gain 
(213 MHz to 45 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

Uc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWl°C 

0 c1W 
mW 

mWl°C 

0 c1W 
·c 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

hFE 

tr 

Ccb 

-

CG 

MMBTH24LT1* 
CASE 318-07, STYLE 6 

SOT-23 (T0-236ABI 

VHF MIXER TRANSISTOR 

NPNSIUCON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

30 - -
40 - -
4.0 - -

- - 50 

30 

400 620 -

- 0.25 0.45 

19 24 -
24 29 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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• Designed for UHFNHF Amplifier Applications 
• High Current Gain Bandwidth Product 

ty = 2000 MHz Min@ 10 mA 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

THERMAL CHARACTERISTICS 

Characteristic 

Total Oevice Dissipation FR-5 Board.* 
TA= 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Total Device Dissipation 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

Symbol 

Vern 

VcBo 

VEBO 

Symbol 

Po 

ReJA 

Po 

ReJA 

TJ, Ts!!l_ 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBTH69LT1 = M3J 

Value 

-15 

-15 

-4.0 

Max 

225 

1.8 

556 

300 

2.4 

417 

-55 to + 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

Unit 

mW 

mW/°C 

"CIW 

mW 

mW/°C 

"C/W 

"C 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie = -1.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage V(BRICBO 
lie= -10 J.LAdc, IE= O) 

Emitter-Base Breakdown Voltage V(BRIEBO 
llE = - 10 J.LAdc, le = O) 

Collector Cutoff Current lcBo 
IVcB = -10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = -10 mAdc, VcE = -10 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
lie = -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Crb 
(VCE = -10 Vdc, IE = 0, f = 1.0 MHz) 

Min 

-15 

-15 

-4.0 

-

30 

2000 

-

MMBTH69LT1 * 
CASE 318-07, STYLE 6 

SOT-23 (T0-236ABl 

3 Collector 

,~' ,:.~ 
2 Emitter 

UHFNHF TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

300 

- -

- 0.35 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -20 Vdc 

Collector-Base Voltage Vceo -20 Vdc 

Emitter-Base Voltage VEBO -3.0 Vdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient RllJA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient RllJA 417 'CIW 

Junction and Storage Temperature TJ, Tst_g_ -55to +150 •c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.50/o alumina. 

DEVICE MARKING 

I MMBTH81LT1 = 30 

ELECTRICAL CHARACTERISTICS (TA = 25'c unless otherwise noted.} 

\ Characteristic \ Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR}CEO 
lie= -1.0 mAdc, le= O} 

Collector-Base Breakdown Voltage V(BR}CBO 
lie= -10 µAde, IE = O} 

Emitter-Base Breakdown Voltage V(BR)EBO 
lie= -10 µAde, le= o} 

Collector Cutoff Current iceo 
(Vee= -10 Vdc, IE = 0) 

Emitter Cutoff Current ieeo 
(VEB = -2.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie= -5.0 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage Vce(sat} 
lie = -5.0 mAdc, le= -0.5 mAdc} 

Base-Emitter On Voltage VeE(on} 
lie = -5.0 mAdc, VcE = -10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
lie = -5.0 mAdc, Vee = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
!Vee = -10 Vdc, le = o, f = 1.0 MHz} 

Collector-Emitter Capacitance Cce 
lie= o, Vee= -10 Vdc, f = 1.0 MHz) 

MMBTH81LT1* 

Min 

-20 

-20 

-3.0 

-

-

60 

-

-

600 

-

-

CASE 318-07, STYLE 6 
SOT-23 (T0·236AB) 

,~' ~-©-· 
2 Emitter 

UHFNHF TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max · 1 Unit 

- - Vdc 

- - Vdc 

- - Vdc 

- -100 nAdc 

- -100 nAdc 

- - -

- -0.5 Vdc 

- -0.9 Vdc 

- - MHz 

- 0.85 pF 

- 0.65 pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol MMPQ2222 MMP02222A 

Collector-Emitter Voltage Vern 30 40 

Collector-Base Voltage Vcs 60 75 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous le 500 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25'C Po 0.52 1.0 
Derate above 25'C 4.2 8.0 

Total Power Dissipation@ Tc = 25'C Po 0.8 2.4 
Derate above 25'C 6.4 19.2 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) MMP02222 
Oc = 10 mAdc, Is = 01 MMPQ2222A 

Collector-Base Breakdown Voltage MMP02222 
(le = 10 µAde, IE = 0) MMP02222A 

Emitter-Base Breakdown Voltage 
Os = 10 µAde, le = 01 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) MMPQ2222 
(Vcs = 60 Vdc, IE = O) MMPQ2222A 

Emitter Cutoff Current MMPQ2222 
(VEB = 3.0 Vdc, le = 0) MMP02222A 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = 100 µA, VcE = 10 V) MMP02222A 
(le = 1.0 mA, VcE = 10 V) MMP02222A 
(le = 10 mA, VcE = 10 V) MMP02222 

MMPQ2222A 
(le = 150 mA, VcE = 10 V) MMPQ2222 

MMP02222A 
(le = 300 mA, VcE = 10 V) MMPQ2222 
(le = 500 mA, VcE = 10 V) MMPQ2222A 
(le= 150 mA, VcE = 1.0 V) MMPQ2222A 

Collector-Emitter Saturation Voltage(1) 
(le = 150 mAdc, Is = 15 mAdc) MMP02222 

MMP02222A 
(le = 300 mAdc, Is = 30 mAdc) MMP02222 
Oc = 500 mAdc, Is = 50 mAdc) MMPQ2222A 

Base-Emitter Saturation Voltage(1) 
(le = 150 mAdc, Is = 15 mAdc) MMP02222 

MMP02222A 
(le = 300 mAdc, Is = 30 mAdc) MMP02222 
Oc = 500 mAdc, Is = 50 mAdc) MMPQ2222A 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/°C 

Watts 
mW/°C 

'C 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BRIEBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

MMPQ2222,A* 
CASE 7518-03, STYLE 1 

S0-16 

PIN CONNECTIONS 
DIAGRAM 

Min 

30 
40 

60 
75 

5.0 
-

-
-

-
-

35 
50 
75 
75 
100 
100 
30 
40 
50 

-
-
-
-

-
-
-
-

NPN SILICON 

*MMP02222A is a Motorola 
designated preferred device. 

Typ Max 

- -
- -
- -
- -

- -
- -

- 50 
- 10 

- 50 
- 10 

- -
- -
- -
- -
- -
- 300 
- -
- -
- -

- 0.4 
- 0.3 
- 1.6 
- 1.0 

- 1.3 
- 1.2 
- 2.6 
- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MMPQ2222, A 

ELECTRICAL CHARACTERISTICS (Continued) 

J Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr - 350 - MHz 
Uc = 20 mAdc, Vee = 20 Vdc, f = 100 MHz) 

Output Capacitance Cob - 4.5 - pF 
(Vee = 10 Vdc, le = o. f = 1.0 MHz) 

Input Capacitance Cib - 17 - pF 
(Vee= 0.5 Vdc, le= o, f = 1.0 MHz) 

II 
SWITCHING CHARACTERISTICS 

Tum-On Time Ion - 25 - ns 
(Vee= 30 Vdc, VBE(off) = -o.5 Vdc, le = 150 mAdc, 101 = 15 mAdc) 

Turn-Off Time !off - 250 - ns 
(Vee = 30 Vdc, le = 150 mAdc, 101 = 102 = 15 mAdc) 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEQ 15 Vdc 

Collector-Base Voltage Vcs 40 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current - Continuous le 500 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation@ TA= 25°C Po 0.4 0.72 Watts 
Derate above 25°C 3.2 6.4 mwrc 

Total Power Dissipation @ Tc = 25°C Po 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mwrc 

Operating and Storage Junction TJ, Tstg -55to +150 ·c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µ.Ade, le = Ol 

Collector Cutoff Current icso 
(Vcs = 20 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) hfE 
Oc = 10 mAdc, VcE = 1.0 Vdcl 
Oc = 100 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Oe = 10 mAdc, Is = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
VEB = 0.5 Vdc, le= 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
(Vee = 3.0 Vdc, (VEB(ofll = 1.5 Vdc, le = 10 mAdc, 151 = 3.0 mAdc) 

Turn-Off Time lo ff 
(Vee = 3.0 Vdc, le = 10 mAdc, 151 = 3.0 mAdc, 152 = 1.5 mAdc) 

(1) Pulse Test: Pulse Width ~ 300 µ.s, Duty Cycle = 2.0%. 

MMPQ2369* 
CASE 7518-03, STYLE 1 

S0-16 

PIN CONNECTIONS 
DIAGRAM 

NPN SILICON 

Min 

15 

40 

4.5 
-
-

-

40 
20 

-

-

450 

-

-

-

-

*This is a Motorola 
designated preferred device~ 

Typ Max 

- -

- -

- -
- -
- 0.4 

- 0.5 

- -
- -
- 0.25 

- 0.9 

550 -

2.5 4.0 

3.0 5.0 

9.0 -

15 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µ.Ade 

-

Vdc 

Vdc 

MHz 

pF 

pf 

ns 

ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol MMPQ2907 I MMP02907A Unit 

Collector-Emitter Voltage Vern -40 I -60 Vdc 

Collector-Base Voltage Vcs -60 Vdc 

Emitter-Base Voltage VEB -5.0 Vdc 

Collector Current - Continuous le -600 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25°C Po 0.52 1.0 Watts 
Derate above 25°C 4.2 8.0 mW!°C 

Total Power Dissipation@ Tc = 25°C Po 0.8 2.4 Watts 
Derate above 25°C 6.4 19.2 mW!°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 2s0 c unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) MMPQ2907 V(BR)CEO 
Oc = -10 mAdc, Is= OI MMPQ2907A 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = ~10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = -30 Vdc, IE = 0) MMPQ2907 
(Vcs = -50 Vdc, IE = 0) MMPQ2907A 

Emitter Cutoff Current IEBO 
(VEB = -3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Oc = -100 µAde, VcE = -10V) MMPQ2907A 
(le= -1.0 mAdc, VcE = -10 VI MMPQ2907A 
(le = -10 mAdc, VcE = -10 VI MMPQ2907/2907A 
(le = -150 mAdc, VcE = -10 VI MMPQ2907/2907A 
(le = -300 mAdc, VcE = --10 VI MM PQ2907 /2907 A 
Oc = -500 mAdc, VcE = -10 V) MMPQ2907/2907A 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
!le= -150 mAdc, Is= -15 mAdcl MMPQ2907 
(le = -300 mAdc, Is = -30 mAdcl MMPQ2907 
(le= -500 mAdc, 19 = -50 mAdc) MMPQ2907 

Base-Emitter Saturation Voltage(1) VsE(satl 
(le = -150 mAdc, 19 = -15 mAdc) MMPQ2907 
(le = -300 mAdc, 19 = -30 mAdcl MMPQ2907 
(le = -500 mAdc, Is = -15 mAdc) MMPQ2907A 

MMPQ2907,A* 
CASE 7518-03, STYLE 1 

S0-16 
PIN, CONNECTIONS 

DIAGRAM 

16 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 

Min 

-40 
-60 

-60 

-5.0 
-

-
-

-

75 
100 

75/100 
100 

30/50 
50 

-
-
-

-
-
-

PNP SILICON 

*MMP02907A is • Motorola 
designated preferred device. 

Typ Max 

- -
- -

- -

- -
- -

- -50 
- -10 

- -50 

- -
- -
- -
- 300 
- -
- -

- -0.4 
- -1.6 
- -1.6 

- -1.3 
- -2.6 
- -2.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MMPQ2907, A 

ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) fr - 350 - MHz 
lie = -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cob - 6.0 - pF 
IVcB = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib - 20 - pF 
IVEB = - 2.0 Vdc, le = 0, f = 1.0 MHz) 

Turn-On Time 
!Vee = -30 Vdc, le = -150 mAdc, ls1 

ton 30 • SWITCHING CHARACTERISTICS 
--------------

ns 
-15 mAdc) 

Turn-Off Time to ff 100 ns 
!Vee= -6.0 Vdc, le= -150 mAdc, ls1 = ls2 = -15 mAdc) 

(1) Pulse Test: Pulse Width"' 300 µs, Duty Cycle = 2.0%. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -40 Vdc 

Collector-Base Voltage VcB -40 Vdc 

Emitter-Base Voltage VEB -5.0 Vdc 

Collector Current - Continuous le -1.0 Ade 

Four 
Each Transistors 

Transistor Equal Power 

Power Dissipation @ TA = 25'C Po 0.52 1.2 Watts 
Derate above 25'C 4.2 9.6 mW/'C 

Power Dissipation @ Tc = 25'C Po 1.0 2.5 Watts 
Derate above 25°C 8.0 20 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc= -10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = -10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = - 10 µ.Ade, le = O) 

Collector Cutoff Current le Bo 
(VcB = -30 Vdc, le = O) 

Emitter Cutoff Current IEBO 
(VEB = - 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(1) hfE 
Uc = -500 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
He = - 500 mAdc, IB = - 50 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
He = - 500 mAdc, le = - 50 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
He= -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vee= -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
Oc = - 500 mAdc, le1 = -50 mAdc) 

Turn-Off Time lo ff 
Oc = -500 mAdc, IB1 = le2 = - 50 mAdc) 

MMPQ3467* 
CASE 7518-03, STYLE 1 

S0-16 

PIN CONNECTIONS 
DIAGRAM 

"# 1 

QUAD 
MEMORY DRIVER 

TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-40 - -

-40 - -

-5.0 - -
- - -
- - -200 

- - -200 

20 - -

- -0.23 -0.5 

- -0.9 -1.2 

- 190 -

- 10 -

- 55 -

- 20 -

- 60 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Emitter Voltage VcES 60 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 

Temperature Range 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25°C Po 0.6 1.4 Watts 
Derate above 25°C 4.8 11.2 mWi°C 

Power Dissipation @ Tc = 25°C Po 1.0 2.5 Watts 
Derate above 25°C 8.0 2.0 mWi°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel1) V(BR)CEO 
lie = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CES 
lie = 100 µAde, VsE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 40 Vdc, IE = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
lie = 100 mAdc, VcE = 1.0 Vdc) 
Oc = 500 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = 500 mAdc, 19 = 50 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cob 
IVcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = 0.5 Vdc, IC = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
lie = 500 mAdc, 191 = 50 mAdc, VBEloff) = -3.8 Vdc) 

Turn-Off Time !off 
lie = 500 mAdc, 191 = 192 = 50 mAdc) 

(1) Pulse Test: Pulse Width~ 300 µ,s, Duty Cycle :s: 2.0%. 

MMPQ3725* 
CASE 7518-03, STYLE 1 

S0-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
CORE DRIVER 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -
60 - -

5.0 - -
-

- - 0.5 

35 75 200 
25 45 -
- 0.32 0.45 

0.8 0.9 1.0 

- 275 -
- 5.1 -

- 62 -

- 20 -

- 50 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -60 Vdc 

Collector-Base Voltage 
.·. 

VcB -60 Vdc 

Emitter-Base Voltage VEB -5.0 Vdc 

Collector Current - Continuous le -200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Power Dissipation @ TA = 25'C Po 0.4 0.72 Watts 
Derate above 25'C 3.2 6.4 mW/'C 

Power Dissipation @ Tc = 25'C Po 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to +150 'C 
Temperature Range 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise. noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = -10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= -10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = - 10 µAde, le = O) 

Collector Cutoff Current lcBO 
(VcB = -50 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Oc = - 10 µAde, VcE = -5.0 Vdcl 
Oc = - 100 µAde, VcE = -5.0 Vdcl 
Oc = -500 µAde, VcE = -5.0 Vdcl 
Oc = - 10 mAdc, VcE = -5.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = - 100 µAde, IB = -10 µAde) 
Oc = --1.0 mAdc, IB = -100 µAde) 

Base-Emitter Saturation Voltage VBE(sat) 
(le = - 100 µAde, IB = - 10 µAdel 
(le = -1.0 mAdc, IB = -100 µAdel 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 
Oc = -1.0 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VcB = -5.0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vdc, le = 0, f = 100 kHz) 

Noise Figure NF 
Oc = -100 µAde, VcE = - 10 Vdc, Rs = 3.0 kohms, 
f = 1.0 kHz) 

(2) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 

MMPQ3799* 
CASE 7518-03. STYLE 1 

S0-16 

QUAD 
AMPLIFIER 

TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-60 - -

-60 - -

-5.0 - -

- - -10 

- - -20 

225 - -
300 - -
300 - -
250 - -

- -0.12 -0.2 
- -0.07 -0.25 

- -0.62 -0.7 
- -0.68 -0.8 

60 250 -

- 2.1 4.0 

- 5.5 8.0 

- 1.5 -

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

dB 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage Vcs 60 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25°C Po 0.4 0.72 Watts 
Oerate above 25°C 3.2 6.4 mWi°C 

Total Power Dissipation @Tc = 25°C Po 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mWi°C 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55to +150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 1.0 mAdc, Is = O) 

Collllctor-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µAde, le = O) 

Collector Cutoff Current icso 
(Vcs = 40 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
Uc = 0.1 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Gib 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
Oc = 10 Vdc, VsE(off) = -0.5 Vdc, ls1 = 1.0 mAdc) 

Turn-Off Time !off 
Uc = 10 mAdc, ls1 = ls2 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width..;; 300 µs, Duty Cycle..;; 2.0%. 

MMPQ3904* 

CASE 7518-03, STYLE 1 
S0-16 

"# 
PIN CONNECTIONS 

DIAGRAM 

1 

QUAD 1 · 

AMPLIFIER/SWITCH ~-~ 
TRANSISTOR ~--~ 

NPN SILICON 

Min 

40 

60 

6.0 
-

-

-

30 
50 
75 

-

-

250 

-

-

-

-

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -
- -
- 50 

- 50 

90 -
160 -
200 -
0.1 0.2 

0.65 0.85 

300 -
2.0 4.0 

4.0 8.0 

37 -

136 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf, 

pf 

ns 

ns 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO -40 Vdc 

Collector-Base Voltage Vcs -40 Vdc 

Emitter-Base Voltage VEB -5.0 Vdc 

Collector Current - Continuous le -200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Power Dissipation @ TA = 25°C Po 0.4 0.72 Watts 
Derate above 25°C 3.2 6.4 mW/"C 

Power Dissipation @ Tc = 25°C Po 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mW!°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Oc = -1.0 mAdc, Is = o) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = -10 µAde, IE= O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE= -10 µAde, le= O) 

Collector Cutoff Current icso 
(Vee = -30 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = -4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hfE 
Oc = -0.1 mAdc, VcE = -1.0 Vdc) 
Oc = -1.0 mAdc, VcE = -1.0 Vdc) 
He = -10 mAdc, VcE = -1.0 Vdcl 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = -10 mAdc, ls= -1.0 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = -10 mAdc, Is = -1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cob 
IV cs = - 5.0 Vdc, le = o. t = 1.0 MHz) 

Input Capacitance Cib 
IVEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
Oc = -10 mAdc, VBE(off) = 0.5 Vdc, 191 = -1.0 mAdc) 

Turn-Off Time lo ff 
(le = -10 mAdc, 191 = ls2 = -1.0 mAdc) 

(1) Pulse Test: Pulse Width>;;,;; 300 µ,s, Duty Cycle.;,;: 2.0%. 

MMPQ3906* 
CASE 7518-03, STYLE 1 

S0-16 

.. ,: PIN CONNECTIONS 
DIAGRAM 

1 I • 

QUAD 
AMPLIFIER/SWITCH . 

TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-40 - -

-40 - -

-5.0 - -

- - -50 

- - -50 

40 160 -
60 180 -
75 200 -
- -0.1 -0.25 

- -0.65 -0.85 

200 250 -

- 3.3 4.5 

- 4.8 10 

- 43 -

- 155 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pf 

pf 

ns 

ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcs 40 

Emitter-Base Voltage Vrn 5.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation @ TA = 25°C Po 0.4 0.72 
Derate above 25°C 3.2 6.4 

Total Power Dissipation @ Tc = 25°C Po 0.66 1.92 
Derate above 25°C 5.3 15.4 

Operating and Storage Junction TJ, Tstg ~55 to + 150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 l'Adc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 l'Adc, le = 0) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 0.1 mAdc, VcE = 1.0 Vdc) 
(le = 1.0 mAdc, VcE = 1.0 Vdc) 
(le = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = 10 mAdc, Is = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
lie = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) PNP 

NPN 

(1) Pulse Test: Pulse Width~ 300 µ.s, Duty Cycle :s; 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/°C 

Watts 
mwrc 

"C 

MMPQ6700* 
CASE 7518-03, STYLE 1 

S0-16 

I PIN CONNECTIONS 
DIAGRAM 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hfE 

VcE(sat) 

VsE(sat) 

tr 

Cob 

Cib 

PNPl2l/NPN SILICON 

*This is Ii Motorola 
designated preferred device. 

Min Max 

40 -

40 -

5.0 -

- 50 

- 50 

30 
50 -
70 -
- 0.25 

- 0.9 

200 -

- 4.5 

- 10 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 30 Vdc 

Collector-Base Voltage VcB 30 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation@ TA = 25°C Po 0.4 0.72 Watts 
Derate above 25°C 3.2 6.4 mWl°C 

Total Power Dissipation @ Tc = 25°C Po 0.66 1.92 Watts 
Derate above 25°C 5.3 15.4 mW/°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = 0.5 mAdc, VcE = 1.0 Vdc) 
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
Oc = 0.5 mAdc, Is = 0.05 mAdc, 0°C "' T "' 10°C) 

Base-Emitter Saturation Voltage 
Oc = 0.5 mAdc, 19 = 0.05 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Oc = 10 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, I = 1 .0 MHz) PNP 

NPN 

SWITCHING CHARACTERISTICS {TA = 25°C, Vee = 5.0 Vdc) 

Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 

Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 

(1) Pulse Test: Pulse Width ~ 300 µ.s Duty Cycle ,,,,; 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcBo 

IEBO 

hFE 

VcE{satl 

VsE{sat) 

tr 

Cob 

Cib 

IPLH 
tPHL 

Ir 

If 

MMPQ6842 
CASE 7518-03, STYLE 1 

S0-16 

PIN CONNECTIONS 
DIAGRAM 

QUAD 
MPU CLOCK BUFFER 

TRANSISTOR 

PNPl2l/NPN SILICON 

Min Typ Max 

30 - -

30 - -

4.0 - -

- - 50 

- - 50 

30 
50 - -
70 - -
- 0.05 0.15 

- 0.65 0.9 

200 350 -

- 3.0 4.5 

- 5.0 10 
- 4.0 8.0 

- 15 25 
- 6.0 15 

5.0 25 35 

5.0 10 20 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol MPQ2222 JMPQ2222A 

Collector-Emitter Voltage Vern 30 _l 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBQ 5.0 

Collector Current - Continuous le 500 

Each Total 
Transistor Device 

Total Device Dissipation (a) TA = 25'C Po 0.65 1.9 
Derate above 25'C 5.2 15.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 66 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 10 mAdc, Is = 01 MP02222 

MP02222A 

Collector-Base Breakdown Voltage 
!le = 10 µAde, IE = O) MPQ2222 

MPQ2222A 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) MPQ2222 

MPQ2222A 

Collector Cutoff Current 
(Vcs = 50 Vdc, IE = 0) MPQ2222 
(Vcs = 60 Vdc, IE = 0) MPQ2222A 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, Jc = 0) MPQ2222 

MPQ2222A 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 100 µAde, VcE = 10 Vdc) MP02222A 
!le = 1.0 mAdc, VcE = 1 o Vdc) MP02222A 
!le = 10 mAdc, VcE = 10 Vdc) MP02222,A 
!le = 150 mAdc, VcE = 10 Vdc) MP02222,A 
Oc = 300 mAdc, VcE = 10 Vdc) MP02222 
(le = 500 mAdc, VcE = 10 Vdcl MPQ2222A 

Collector-Emitter Saturation Voltage 
!le= 150 mAdc, Is= 15 mAdc) MPQ2222 

MP02222A 
(le = 300 mAdc, Is = 30 mAdc) MP02222 
!le = 500 mA, Is = 50 mA) MP02222A 

Base-Emitter Saturation Voltage 
(le = 150 mAdc, Is = 15 mAdc) MP02222 

MP02222A 
(le = 300 mAdc, Is = 30 mAdcl MPQ2222 
(le = 500 mA, Is = 50 mA) MP02222A 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/'C 

'C 

Unit 

'C!W 

MPQ2222,A* 

-,I r-Y--Y--'.,L-L &:i :~·.~I 
1234567 

CASE 646-06, STYLE 1 
T0-116 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBQ 

hFE 

VcE(satl 

VsE(sat) 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 
NPN SILICON 

*MPQ2222A is a Motorola 
designated preferred device. 

Refer to MD2218 for graphs. 

Min Max 

40 -
40 -

60 -
75 -

5.0 -
6.0 -

- 50 
- 10 

- 50 
- 10 

35 -
50 -
75 -
100 300 
30 -
40 -

- 0.4 
- 0.3 
- 1.6 
- 1.0 

- 1.3 
0.6 1.2 
- 2.6 
- 2.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MPQ2222, A 

ELECTRICAL CHARACTERISTICS- Continued (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) tr 200 - MHz 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) Cobo - 8.0 pF 

Input Capacitance (VE8 = 0.5 Vdc, le = 0, f = 1.0 MHz) Cibo - 30 pF 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 35 ns 
(Vee = 30 Vdc, V0E(off) = -0.5 Vdc, 
le = 150 mAdc, 191 = 15 mAdc) MPQ2222A 

Turn-Off Time !off - 285 ns 
(Vee = 30 Vdc, le = 150 mAdc, 
191 = 192 = 15 mAdc) MPQ2222A 

(1) Pulse Test: Pulse Width~ 300 µ.s, Duty Cycle..;;: 2.0%. 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME<; 2.0 ns 

FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 

PW<; 200 ns 
DUTY CYCLE= 2.()% 

O-n05V 

+30 v 

200 

SCOPE 
Rin > 100 k ohms 
C;n<; 12pF 
RISE TIME<; 5.0 ns 

DUTY CYCLE= 2.ll% 

1-frl~ ~o: ::. 
+16 2 v 

O-"A,..,_..-1--1 

~ 500µs -1 ~3.BV -3.0V 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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200 

SCOPE 
Rin > 100 k ohms 
C;0 <; 12pF 
RISE TIME<; 5.0 ns 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 15 

Collector-Base Voltage Vceo 40 

Emitter-Base Voltage Veeo 4.5 

Collector Current - Continuous le 500 

Each Total 
Transistor Device 

Total Device Dissipation @ TA = 25°C Po 0.5 1.5 
Derate above 25°C 5.0 15 

Operating and Storage Junction TJ, Tstg -55to +125 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 83 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) Uc = 10 mAdc, le = Ol 

Collector-Base Breakdown Voltage Uc = 10 µAde, le = Ol 

Emitter-Base Breakdown Voltage Oe = 10 µAde, le = Ol 

Collector Cutoff Current (Vee = 20 Vdc, IE = 0) 

Emitter Cutoff Current (Vee = 3.0 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain(1) Uc= 10 mAdc, Vee = 1.0 Vdcl 
Uc = 100 mAdc, Vee = 2.0 Vdc) 

Collector-Emitter Saturation Voltage Uc= 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 5.0 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
(Vee = o.5 Vdc, lc = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee= 3.0 Vdc, Vee = 1.5 Vdc, le = 10 mAdc, le1 = 3.0 mAdcl 

Turn-Off Time 
(Vee = 3.0 Vdc, le= 10 mAdc, le1 = 3.0 mAdc, le2 = 1.5 mAdcl 

(1) Pulse Test: Pulse Width .;; 300 µs;, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mwrc 

oc 

Unit 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BRJEBO 

lceo 

IEBO 

hFE 

Vc§.sa!l. 

VBE(sat) 

tr 

Cobo 

Cibo 

Ion 

loff 

MPQ2369* 

CASE 646-06, STYLE 1 
T0-116 

QUAD 
SWITCHING TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MD2369 for graphs. 

Min Typ Max 

15 - -
40 - -
4.5 - -
- - 0.4 

- - 0.5 

40 - -
20 - -
- - 0.25 

- - 0.9 

450 550 -

- 2.5 4.0 

- 3.0 5.0 

- 9.0 -
- 15 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-
Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

MOTOROLA SMALL-SIGNAL SEMICONDUCTORS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBQ 6.0 

Collector Current - Continuous le 50 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc = 25°C 0.825 2.4 
Derate above 25'C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 134 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = 10 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = OI 

Collector Cutoff Current 
(Vcs = 45 Vdc, IE = O) 

Emitter Cutoff Current 
!VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) 
Oc = 0.1 mAdc, VcE = 5.0 Vdcl MP02483 

MP02484 

Oc = 1.0 mAdc, VcE = 5.0 Vdcl MP02483 
MP02484 

Oc = 10 mAdc, VcE = 5.0 Vdcl MP02483 
MP02484 

Collector-Emitter Saturation Voltage 
Oc = 1.0 mAdc, Is = 0.1 mAdcl 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(2) 
Oc = 100 µAde, VcE = 5.0 Vdc) 
Oc = 10 mAdc, VcE = 5.0 Vdcl 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 
'C/W 

% 
% 

Symbol 

V(BRICEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBQ 

hFE 

VcE(sat) 

VsE(sat) 

MPQ2483 
MPQ2484* 

CASE 646-06, STYLE 1 
T0-116 

-1 

QUAD 
AMPLIFIER TRANSISTORS 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

40 - -

60 - -

6.0 - -

- - 20 

- - 20 

100 - -
200 - -

150 - -
300 - -

150 - -
300 - -

- 0.13 0.35 
- 0.15 0.5 

- 0.58 0.7 
- 0.70 0.8 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MPQ2483, MPQ2484 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 50 100 - MHz 
lie = 500 µAde, VcE = 5.0 Vdc, f = 20 MHz) 

Input Capacitance Ciba - 4.0 8.0 pf 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance Ccb - 1.B 6.0 pf 
IV cs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

' ------- -------+-----· -··-·----1 ------i 
Noise Figure NF dB 

lie = 10 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, MPQ2483 - 3.0 -
f = 1.0 kHz, BW = 10 kHz) MP02484 - 2.0 - • (2) Pulse Test: Pulse Width "'°' 300 µ.s, Duty Cycle .::.:: 2.0%. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

MPQ2906 MPQ2907A 
Rating Symbol MPQ2907 

Collector-Emitter Voltage VcEQ -40 -60 

CoUector-Base Voltage Vcso -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -600 

Each Total 
Transistor Device 

Total Device Dissipation @ TA = 25°C Po 0.65 1.9 
Derate above 25°C 6.5 19 

Operating and Storage Junction TJ, Tstg -55 to + 125 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 66 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le= -10 mAdc, Is= o) MPQ2906, MPQ2907 

MPQ2907A 

Collector-Base Breakdown Voltage !le = - 10 µAde. IE = 0) 

Emitter-Base Breakdown Voltage !IE = -10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = -30 Vdc, IE = 0) MPQ2906, MPQ2907 
(Vcs = -50 Vdc, IE = 0) MPQ2907A 

Emitter Cutoff Current (VEB = -3.0 Vdc, IE = 0) MPQ2906,7 Only 

ON CHARACTERISTICS 

DC Current Gain(1) 
!le = -100 µAde, VcE = -10 Vdc) MPQ2907A 
!le= -1.0mAdc,VcE = -10Vdc) MPQ2907A 
!le= -10mAdc,VcE = -10Vdc) MPQ2906 

MPQ2907 
!le = -10 mAdc, VcE = -10 Vdc) MPQ2907A 
Uc= -150 mAdc, VcE = -10 Vdc) MPQ2907A 
!le= -150 mAdc, VcE = -10 Vdc) MPQ2906 

MPQ2907 
!le= -300 mAdc, VcE = -10 Vdc) MPQ2906 

MPQ2907 
!le= -500 mAdc, VcE = -10 Vdc) MPQ2907A 

Collector-Emitter Saturation Voltage(1) 
!le= -,150 mAdc, ls= -15 mAdc) 
!le = -300 mAdc, Is = -30 mAdc) MPQ2906, MPQ2907 
!le = -500 mA, Is = -500 mA) MPQ2907A 

Base-Emitter Saturation Voltage(1) 
!le= -150 mAdc, ls= -15 mAdc) MPQ2906, MPQ2907 
!le = -300 mAdc, Is = -30 mAdc) MPQ2906, MPQ2907 
!le = -soo mA, Is = -50 mA) MPQ2907A 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW!°C 

"C 

Unit 

"C!W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

MPQ2906 
MPQ2907,A* 

CASE 646-06, STYLE 1 
T0-.116 

QUAD 
GENERAL PURPOSE 

TRANSISTORS 
PNP SILICON 

*MPQ2907A is a Motorola 
designated preferred device. 

Refer to MD2905 for graphs. 

Min Max 

-40 -
-60 -
-60 -
-5.0 -
- -50 

- -50 

75 -
100 -
35 -
75 -
100 -
100 300 
40 -
100 -
20 -
30 -
50 -

- -0.4 
- -1.6 
- -1.6 

- -1.3 
- -2.6 
- -2.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MPQ2906, MPQ2907,A 

ELECTRICAL CHARACTERISTICS - Continued IT A = 25°C unless otherwise noted.) 

Characteristic I Symbol Mio Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = -50 mAdc, VcE = -20 Vdc, t = 100 MHz) 

Output Capacitance, IVcs = -10 Vdc, IE = 0, t = 1.0 MHz) 

Input Capacitance, IVEB = 2.0 Vdc, le = 0, t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn~On Time 
!Vee = -30 Vdc, le = -150 mAdc, 

ls1 = 15 mAdc) MPQ2907 A Only 

Turn-Off Time 
(Vee = -6,0 Vdc, le = -150 mAdc, 

ls1 = ls2 = 15 mAdcl MPQ2907A Only 

111 Pulse Test: Pulse Width ,,;; 300 µ.s, Duty Cycle ,,;; 2.0%. 

INPUT 
Z0 == 50 n 
PAF" 150 PPS 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

-30 

RISE TIME~ 2.0 ns 

50 

TO OSCILLOSCOPE 
RISE TIME.;;; 5.0 ns 

INPUT 
Zo "50 l! 
PRF = 150 PPS 
RISE TIME,,;;,; 2.0 µs 

IT 200 - MHz 

Cobo - 8.0 pF 

Cibo - 30 pF 

Ion - 45 ns 

!off - 180 ns 

FIGURE 2 - STORAGE AND FALL 

TIME TEST CIRCUIT 

+15 v 

10k 

so IN916 

-6.0 

TO OSCILLOSCOPE 
RISE TIME.;; S.0 ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO -40 

Collector-Base Voltage VcBo -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -1.0 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 650 1500 
Derate above 25°C 5.2 12 

Total Device Dissipation Po 
@Tc=25°c 1.25 3.2 
Derate above 25°C 10 25.6 

Operating and· Storage Junction TJ. Tstg -55 to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Rwc RIJ.IA 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 100 193 
Effective, 4 Die 39 83.2 

Coupling Factors 01-04 or 02-03 45 55 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mW!°C 

Watts 
mW!°C 

·c 

Unit 

·c!W 
·c!W 

% 
% 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Uc = -10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= -10µ.Adc,IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = -10 µAde, le = 0) 

Collector Cutoff Current icso 
!Vea = -30 Vdc, le = 01 

Emitter Cutoff Current IEBO 
IVEB = -3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(2) hFE 
Uc = -500 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
Uc = -500 mAdc, Is = -50 mAdc) 

Base-Emitter Saturation Voltage(2) VsE(sat) 
Uc = -500 mAdc, Is = -50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(VcB = -10 Vdc, IE= 0, f = 1.0 MHz) 

Input Capacitance Cibo 
IVEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
lie = -500 mAdc, ls1 = -50 mAdc) 

Turn-Off Time loff 
Uc = -500 mAdc, le1 = ls2 = -50 mAdc) 

(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MPQ3467* 
CASE 646-06, STYLE 1 

T0-116 

-1_ 

li¢i~~I 
1 2 3 4 5 's 1 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3467 in Section 3 for graphs. 

Min Typ Max Unit 

-40 - - Vdc 

-40 - - Vdc 

-5.0 - - Vdc 

- - -200 nAdc 

- - -200 nAdc 

-20 - - -

- -0.23 -0.5 Vdc 

- -0.90 -1.2 Vdc 

125 190 - MHz 

- 10 25 pF 

- 55 80 pf 

- - 40 ns 

- - 90 ns 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

.2-210 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Emitter Voltage VcES 60 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current Continuous le 1.0 Ade 

Four 
One Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C 1.0 2.5 Watts 
Derate above 25°C 8.0 20 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 oc 

THERMAL CHARACTERISTICS 

Characteristics J Symbol Max Unit 

Effective 
One For Four 

Transistor Transistors 

Thermal Resistance, l RoJA 125 50 oc;w 

Junction to Ambient(1) 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(le = 100 µ.Ade, VsE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 10 µ.Ade, le = O) 

Collector Cutoff Current lcso 
(Vcs = 40 Vdc, IE = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hfE 
Oc = 100 mAdc, VcE = 1.0 Vdcl 
Oc = 500 mAdc, VcE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage VsE(sat) 
(le = 500 mAdc, Is = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
ilc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width ~ 300 µs, Duty Cycle .,,:: 2.0%. 

MPQ3725* 
CASE 646-06, STYLE 1 

T0-116 

-1 

QUAD 
CORE DRIVER TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MM3725 in Section 3 for graphs. 

Min Typ Max Unit 

40 - - Vdc 

60 - - Vdc 

5.0 - - Vdc 

- - 0.5 µ.Ade 

-
35 75 200 
25 45 -
- 0.32 0.45 Vdc 

0.8 0.9 1.0 Vdc 

250 275 - MHz 

- 5.1 10 pF 

- 62 80 pf 
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II 

MPQ3725 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min 

SWITCHING CHARACTERISTICS 

Turn-On Time ton -
Oc = 500 mAdc, 181 = 50 mAdc, VBE(off) = -3.8 Vdc) 

Turn-Off nme lo ff -
Oc = 500 mAdc, Jar = le2 = 50 mAdc) 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Pulse Generator 
tr, tf ~ 1.0 ns 

PW ~1.0µs 
Zin:: 50 n 

Duty Cycle~ 2.0% 

-3.8 v +30 v 

1.0µF r 
15 

1.0 µF 
1.0 k (---oTo 

43 

100 

Sampling 
Oscilloscope 

Zin ~100 kfl 
tr <1.0 ns 

Typ 

20 

50 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -40 Vdc 

Collector-Base Voltage VcBo -40 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -1.5 Ade 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C 750 1700 mW 
Derate above 25°C 5.98 13.6 mW/"C 

Total Device Dissipation Po 
@Tc= 25°C 1 ?fi 3.2 Watts 
Derate above 25°C 10 25.6 mW/"C 

Operating and Storage Junction TJ, Tstg -5510 +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(1) Each Die 100 167 "C/W 
Effective, 4 Die 39 73.5 "C/W 

Coupling Factors 01-04 or 02-03 46 56 % 
01-02 or 03-04 5.0 10 % 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
lie= -10 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = - 10 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = - 1 o µ.Ade, le = O) 

Collector Cutoff Current icBo 
IVcB = -30 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
IVEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS(2) 

DC Current Gain hfE 
lie= -150 mAdc, VcE = -1.0 Vdc) 
lie = -500 mAdc, VcE = - 2.0 Vdc) 
lie = - 1 .o Ade, VcE = -2.0 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
lie= -500 mAdc, IB = -50 mAdc) 
lie= -1.0 Ade, IB = -100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
lie = - 500 mAdc, IB = - 50 mAdc) 
lie = -1.0 Ade, IB = -100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) IT 
lie = -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance IVcB = -10 Vdc, IE= o, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = -0.5 Vdc, le= 0, f = 1.0 MHz) Cibo 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion 
!Vee = -30 Vdc, le = - 1 .0 Ade, IB1 = -100 mAdc, 
VBE(off) = 2.0 Vdc) 

Turn-Off Time to ff 
!Vee= -30 Vdc, le = -1.0Adc,IB1 = IB2 = -100mAdc) 

(2) Pulse Test: Pulse Width :-.;::: 300 µs, Duty Cycle ,,;::; 2.0%. 

MPQ3762 
CASE 646-06, STYLE 1 

T0-116 

-1 

14 13 12 11 10 9 B 

,~0VJ1 

I PNP I rtl 0 rtJ 
3 4 5 6 

QUAD 
MEMORY DRIVER TRANSISTOR 

PNPSILICON 

Refer to 2N3467 in Section 3 for graphs. 

Min Typ Max Unit 

-40 - - Vdc 

-40 - - Vdc 

-5.0 - - Vdc 

- - -100 nAdc 

- - -100 nAdc 

-
35 70 -
30 65 -
20 35 -

Vdc 
- -0.3 -0.55 
- -0.6 -0.9 

Vdc 
- -0.9 -1.25 
- -1.0 1.4 

150 275 - MHz 

- 9.0 15 pf 

- 55 80 pf 

- - 50 ns 

- - 120 ns 
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II 

MPQ3762 

EQUIVALENT TEST CIRCUITS 
FIGURE 1 - TURN-ON 

-30 v 

•2 · 0~-1f-~o 
Scope 

100 
-11.1 v . . 

PW= 200 ns 

Rise Time is:;;;2.o ns . . 
DC <;;2.0% -:-

FIGURE 2 - TURN-OFF 

-30 v 

+4.0 v 
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MAXIMUM RATINGS 

Rating Symbol MP03798 MP03799 

Collector-Emitter Voltage Vern -40 -60 

Collector-Base Voltage Vcso -60 

Emitter-Base Voltage Vrno -5.0 

Collector Current - Continuous le -50 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 0.5 0.9 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc = 25°C 0.825 2.4 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ,Tstg -55 to + 150 
Temperature Range 

(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Rruc Ro.JA 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors Q1-Q4 or Q2-Q3 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/°C 

Watts 
m/°C 

oc 

Unit 

oc/W 
oc/W 

% 
% 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = -10 mAdc, Is= O) MP03798 

MPQ3799 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = -10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = - 50 Vdc, IE = 0) 

Emitter Cutoff Current lrno 
!Vrn = -3.o Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc = -10 µAde, VcE = -5.0 Vdc) MPQ3798 

MP03799 

Uc= -100 µAde, VcE = -5.0 Vdc) MP03798 
MPQ3799 

Uc = -500 µAde, VcE = - 5.0 Vdc) MP03798 
MP03799 

Uc = -10 mAdc, VcE = - 5.0 Vdc) MPQ3798 
MP03799 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = -100 µAde, 19 = -10 µAdel 
Uc = -1.0 mAdc, Is = -100 µAde) 

Base-Emitter Saturation Voltage VsE(satl 
Uc = -100 µAde, Is = -10 µAdel 
(le= -1.0 mAdc, Is= -100 µAdel 

MPQ3798 
MPQ3799* 

CASE 646-06, STYLE 1 
T0-116 

-1 

14 13 12 11 10 9 8 1:::1 
1234567 

QUAD 
AMPLIFIER TRANSISTORS 

Min 

-40 
-60 

-60 

-5.0 

-

-

100 
225 

150 
300 

150 
300 

125 
250 

-
-

-
-

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3810 for graphs. 

Typ Max 

- -
- -
- -

- -

- -10 

- -20 

- -
- -

- -
- -

- -
- -

- -
- -

-0.12 -0.2 
-0.07 -0.25 

-0.62 -0.7 
-0.68 -0.8 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 
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MPQ3798, MP03799 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 60 250 - MHz 
Uc = -1.0 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance Caba - 2.1 4.0 pF 
(VcB = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Ciba - 5.5 8.0 pF 
(VEB = -0.5 Vdc, le= 0, f = 1.0 MHz) 

Noise Figure NF dB 
Uc = -100 l'Adc, VcE = -1 O Vdc, Rs = 3.0 k ohms, MPQ3798 - 2.5 -
f = 1.0 kHz) MPQ3799 - 1.5 -II (2) Pulse Test: Pulse Width .:;;; 300 µs, Duty Cycle .:;;; 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc=25°c 825 2.4 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
(le= 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = 0) 

Emitter Cutoff Current 
fVEB = 40 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le= 0.1 mAdc, VcE = 1.0 Vdc) 
(le = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee= 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Uc= 10 mAdc, VeE(off) = -0.5 Vdc, le1 = 1.0 mAdc) 

Turn-Off Time 
(le = 10 mAdc, le1 = le2 = 1.0 mAdc) 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle.;; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mWi°C 

·c 

Unit 

·crw 
·crw 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

fy 

Cobo 

Cibo 

ton 

loft 

MPQ3904* 
CASE 646-06, STYLE 1 

T0-116 

-, 
!~·~!¢ii 
1234567 

QUAD 
AMPLIFIER SWITCHING 

TRANSISTOR 
NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3904 for graphs. 

Min Typ Max 

40 - -

60 - -
6.0 - -
- - 50 

- - 50 

30 90 -
50 160 -
75 200 -
- 0.1 0.2 

- 0.65 0.85 

250 300 -

- 2.0 4.0 

- 4.0 8.0 

- 37 -

- 136 -
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Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -40 Vdc 

Collector-Base Voltage VcBO --40 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C 500 900 mW 
Derate above 25°C 4.0 7.2 mWl°C 

Total Device Dissipation Po 
@Tc= 25°C 825 2.4 Watts 
Derate above 25°C 6.7 19.2 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 oc 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 oc;w 
Effective, 4 Die 52 139 oc;w 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = -1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = -10 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 µAde, le = 0) 

Collector Cutoff Current ICBO 
(Vcs = -30 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEB = -4.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc= -0.1 mAdc, VcE = -1.0 Vdc) 
Uc = -1.0 mAdc, VcE = -1.0 Vdc) 
Uc= -10mAdc,VcE = -1.0Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = -10 mAdc, Is = -1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
Oc = -10 mAdc, Is = -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(le = -10 mAdc, VBE(off) = 0.5 Vdc, IB1 = -1.0 mAdc) 

Turn-Off Time lo ff 
Oc = -10 mAdc, IB1 = IB2 = -1.0 mAdc) 

(1) Pulse Test: Pulse Width~ 300 µs, Duty Cycle,.,,;: 2.0%. 

Min 

-40 

-40 

MPQ3906* 
CASE 646-06, STYLE 1 

T0-116 

• 1 

QUAD 
AMPLIFIER SWITCHING 

TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3906 for graphs. 

Typ Max 

- -

- -

-5.0 - -

- - -50 

- - -50 

40 160 -
60 180 -
75 200 -
- -0.1 -0.25 

- -0.65 -0.85 

200 250 -

- 3.3 4.5 

- 4.8 10 

- 43 -

- 155 -
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Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 



MPQ3906 

FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-_, i-< 10 ns 

t05~Lf 10~ 

10 6 V - i-- 300 ns 
DUTY CYCLE - 2% 

I 
I 

_[C, < 4.0 pF· 
'T' 

FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 

:·~ v f T' JOK l.Oi 

IN916 
10 < 11 < 500 /LS J0.6 V 

DUTY CYCLE~ 2% +1 11 1-'-

*Total shunt capacitance of test Jig and connectors 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 
MP06001, MP06002, MP06501, 
MP06502 0.65 1.25 

Derate above 25°C 
MP06001, MP06002, MP06501, 
MP06502 5.18 10 

Total Device Dissipation Po 
@Tc~ 25°C 
MP06001, MP06002, MP06501, 
MP06502 1.0 3.0 

Derate above 25°C 
MP06001, MP06002, MP06501, 
MP06502 8.0 24 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

mW/°C 

Watts 

mW/°C 

oc 

MPQ6001 
MPQ6002* 

STYLE 1 
TYPE A 

CASE 646-06 
T0-116 

TYPE A 

~ 
1 2 3 4 5 6 7 

MPQ6501 
MPQ6502* 

STYLE 1 
TYPE B 

TYPE B 
14 13 12 11 10 9 8 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTORS 
NPNIPNP(1) SILICON 
*These are Motorola 

designated preferred devices. 

Junction to Junction to 
Case Ambient Unit 

°CIW 
Each Die MP06001, MP06002, MP06501, MP06502 125 193 
Effective, 4 Die MP06001, MP06002, MP06501, MP06502 41.6 100 

Coupling Factors % 
01-04 or 02-03 MP06001, MP06002, MP06501, MP06502 30 60 
01-02 or 03-04 MP06001, MP06002, MP06501, MP06502 20 24 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.I 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) lie = 10 mAdc, Is = O) V(BR)CEO 30 - - Vdc 

Collector-Base Breakdown Voltage Ile = 10 µ,Ade, IE = 0) V(BRICBO 60 - - Vdc 

Emitter-Base Breakdown Voltage llE = 10 µ,Ade, le = 01 V(BR)EBO 5.0 - - Vdc 

Collector Cutoff Current (Vcs = 50 Vdc, IE = 0) lcso - - 30 nAdc 

Emitter Cutoff Current (VEB = 3.0 Vdc, le = O) IEBO - - 30 nAdc 

ON CHARACTERISTICS 

DC Current Gain(2) hFE -
lie = 1.0 mAdc, VcE = 10 Vdc) MP06001, MP06501 25 - -

MP06002, MP06502 50 - -

Ile = 10 mAdc, VcE = 10 Vdc) MP06001, MP06501 35 - -
MP06002, MP06502 75 - -

lie = 150 mAdc, VcE = 10 Vdcl MP06001, MP06501 40 - -
M P06002, M P06502 100 - -

Ile = 300 mAdc, VcE = 1 o Vdc) MP06001, MP06501 20 - -
M P06002, M P06502 30 - -

(1) Voltage and Current are negative for PNP Transistors. 
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MPQ6001, MPQ6002, MPQ6501, MPQ6502 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

Collector-Emitter Saturation Voltage(2) VcE(sat) 
lie = 150 mAdc, Is = 15 mAdcl 
lie = 300 mAdc, Is = 30 mAdc) 

Base-Emitter Saturation Voltage(2) VsE(sat) 
lie = 150 mAdc, 19 = 15 mAdc) 
lie = 300 mAdc, Is = 30 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fT 
lie = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) PNP 

NPN 

Input Capacitance Cibo 
IVEB = 2.0 Vdc, le = 0, f = 1.0 MHz) PNP 

NPN 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(Vee = 30 Vdc, VEB = 0.5 Vdc, le = 150 mAdc, 
191 = 15 mAdc, Figure 1) 

Turn-Off Time tott 
(Vee = 30 Vdc, le = 150 mAdc, 
191 = 192 = 15 mAdc) 

(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 
(2) Pulse Test: Pulse Width ,,; 300 µ.s, Duty Cycle "' 2.0%. 

NPN DATA 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

Min 

-
-

-
-

200 

-
-

-
-

-

-

Typ Max Unit 

Vdc 
- 0.4 
- 1.4 

Vdc 
- 1.3 
- 2.0 

350 - MHz 

pF 
6.0 8.0 
4.5 8.0 

pF 
20 30 
17 30 

30 - ns 

225 - ns 

0 
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II 

MPQ6001, MPQ6002, MPQ6501, .MPQ6502 

NOISE FIGURE 
IVcE = 10 Vdc, TA= 25°Ci 

FIGURE 4 - FREQUENCY EFFECTS FIGURE 5 - SOURCE RESISTANCE EFFECTS 

50~ 
N 

4.0 .--t--+--r''d-+++t-tt---+-+-t--+--++-t+H---+--+--+--~++H-i 

~ 1)- IC= lOµA 
Rs. 4.3 kn 

3.0 l--f--f'...+-++-l+l+P*+-N--+-+++++++-+-1--t---t-+J_++++I 
i'N 

2.0 f--1-+-+-t-++f!.;.r--t--+-f-t-++H+t--t-+--+-+++t+H 

~ 
IC 0 IOOµA 
Rs= 1.0 kSZ 

1.0l--l-l-l-l-+++l-l++--+-l--l-l-,.,..f.l.+l-4-1---1--++4-l-l-l-I 

t. FREQUENCY (kHz) 

o~~~~~~~~~~~~--+--+-~~ 

0.1 0.2 0.5 1.0 2.0 5 0 10 20 50 100 

Rs. SOURCE RESISTANCE {k OHMS) 
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MAXIMUM RATINGS 

MPQ6100A 
Rating Symbol MP06600A1 Unit 

Collector-Emitter Voltage Vern 45 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBQ 5.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
(d' TA= 25°C 500 900 mW 
Derate above 25°C 4.0 7.2 mW/°C 

Total Device Dissipation Po 
(w Tc = 25°C 0.825 2.4 Watts 
Derate above 25°C 6.7 19.2 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance(1) Each Die 151 250 oc!W 

Effective, 4 Die 52 139 oc/W 

Coupling Factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

(1) RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = Ol MP061OOA,6600A1 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 µAde, le = 0) 

Collector Cutoff Current icso 
(Vea = 50 Vdc, le = o) 

ON CHARACTERISTICS(2) 

DC Current Gain hFE 
Oc = 100 µAde, VcE = 5.0 Vdc) M P061OOA,6600A1 
Oc = 500 µAde, VcE = 5.0 Vdc) MP06100A,6600A1 
Oc = 1.0 mAdc, Vee = 5.0 Vdcl MP061OOA,6600A1 
(le = 10 mAdc, VcE = 5.0 Vdc) MP061OOA,6600A1 

Collector-Emitter Saturation Voltage VcE(sat) 
(le = 1.0 mAdc, Is = 100 µAde) 

Base-Emitter Saturation Voltage VsE(sat) 
Oc = 1.0 mAdc, Is = 100 µAde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(le = 500 µAde, V CE = 5.0 Vdc, f = 20 MHz) 

Output Capacitance Cobo 
(Vea = 5.0 Vdc, IE = 0, f = 1.0 MHz) PNP 

NPN 

MPQ6100A 
STYLE 1 
TYPE A 

MPQ6600Al* 
STYLE 1 
TYPE B 

CASE 646-06 
T0-116 

TYPE A TYPE B 

~ 
14 13 12 11 10 9 B 

1 2 3 4 5 6 7 

QUAD COMPLEMENTARY PAIR 
TRANSISTORS 
NPN/PNP(1) SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3799 in Section 3 for PNP Curves. 

Min Typ Max Unit 

Vdc 
45 - -

Vdc 
60 - -

Vdc 
5.0 - -

nAdc 
- - 10 

-
100 - -
150 - -
150 - -
125 - -
- - 0.25 Vdc 

- - 0.8 Vdc 

50 - - MHz 

pF 
- 1.2 4.0 
- 1.8 4.0 
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II 

MPQ6100A, MPQ6600A1 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25'C unless otherwise noted.) 

Characteristic 

Input Capacitance 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) PNP 

NPN 

Noise Figure 
lie = 100 µAde, VcE = 5.0 Vdc, Rs = 10 k ohms, 
f = 1.0 kHz, BW = 10 kHz) 

MATCHING CHARACTERISTICS (MPQ6600A1 ONLY) 

DC Current Gain Ratio 
lie = .100 µAde, VcE = 5.0 Vdc) 

Base-8,,itter Voltage Differential 
lie ='JOO µAde, VcE = 5.0 Vdc) 

(1) Voltage and Current are negative for PNP Transistors. 
(2) Pulse Te_st: Pulse Width ~ 300 µs, Duty Cycle,,;,; 2.0%. 

Symbol 

C;bo 

NF 

hfE1ihfE2 

1vsE1-VsE2I 

Min Typ 

- -
- -
- 4.0 

0.8 -

- -

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-224 

Max Unit 

pf 
8.0 
8.0 

- dB 

1.0 -

20 mVdc 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage Vrno 12 

Collector Current - Continuous le 500 

Four Die 
Each Die Equal Power 

Total Device Dissipation Po 
@TA = 25'C(1) 500 900 
Derate above 25'C 4.0 7.2 

Total Device Dissipation Po 
@Tc = 25'C 825 2400 
Derate above 25"C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors Q1-Q4 or Q2-Q3 34 70 
Q1-Q2 or Q3-Q4 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc = 100 l'.Adc, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 10 !'Ade, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = O) 

Emitter Cutoff Current 
IVEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain 
Uc = 10 mAdc, VcE = 5.0 Vdc) 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = o. 1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, IE = 0, I= 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, I = 1.0 MHz) 

(2) Pulse Test: Pulse Width ~ 300 µ,s, Duty Cycle ,,.,; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

mW 
mW/'C 

'C 

Unit 

'C/W 
'C/W 

% 
% 

MPQ6426 
CASE 646-06, STYLE 1 

T0-116 

-1 

i'4 13 12 11 10 9 B 

l~E·iQII 
2 3 4 5 6 

QUAD 
DARLINGTON TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 

V(BR)CBO 40 - Vdc 

V(BR)EBO 12 - Vdc 

lcso - 100 nAdc 

Imo - 100 nAdc 

hFE -
5000 -

10,000 -

VcE(sat) - 1.5 Vdc 

VBE(on) - 2.0 Vdc 

tr 125 - MHz 

Cobo - 8.0 pf 

Cibo - 15 pF 
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II 

FIGURE 1 - NOISE VOLTAGE 

MPQ6426 

NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, TA= 25°C) 

FIGURE 2 - NOISE CURRENT 
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MPQ6501, MPQ6502 For Specifications, See MPQ6001 Data~-----------~ 

MPQ6600Al For Specifications, See MPQ6100A Data 
MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VEBQ 5.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
(w TA = 25°C(1) 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25°C 825 2400 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
!le = 10 mAdc, Is = OI 

Collector-Base Breakdown Voltage 
!le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vcs = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 0.1 mAdc, VcE = 1 .o Vdc) 
!le = 1 .o mAdc, VcE = 1.0 Vdcl 
!le= 10 mAdc, VeE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
!le= 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
(le= 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1 I 
!le= 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Ves = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width~ 300 J.LS, Duty Cycle~ 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

PNP 
NPN 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

mW 
mWl°C 

oc 

Unit 

'CIW 
°CIW 

% 
% 

MPQ6700* 
CASE 646-06, STYLE 1 

T0-116 
TYPE B 

-
TYPE B 

1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BRIEBO 

icso 

IEBQ 

hfE 

VcE(sat) 

VsE(sat) 

IT 

Cobo 

Cibo 

NPN/PNP(2) SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

40 -

5.0 -

- 50 

- 50 

30 -
50 -
70 -
- 0.25 

- 0.9 

200 -

- 4.5 

- 10 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MPQ6700 

NPN PNP 

FIGURE 4 - COLLECTOR SATURATION REGION 
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MPQ6700 

NPN PNP 

FIGURE 7 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vceo 30 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 200 

Four 
Each Transistors 

Transistor Equal Power 

Total Device Dissipation Po 
@TA= 25°C(1) 500 900 
Derate above 25°C 4.0 7.2 

Total Device Dissipation Po 
@Tc= 25·c 825 2400 
Derate above 25°C 6.7 19.2 

Operating and Storage Junction TJ. Tstg -55to +150 
Temperature Range 

(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 

Coupling Factors 01-04 or 02-03 34 70 
01-02 or 03-04 2.0 26 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) Uc = 10 mAdc. le = O) 

Collector-Base Breakdown Voltage Uc = 10 µAde, IE = 0) 

Em.itter-Base Breakdown Voltage OE = 10 µAde, le = O) 

Collector Cutoff Current (Vee = 20 Vdc, IE = O) 

Emitter Cutoff Current IVEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain Uc = 0.5 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage Uc = 0.5 mAdc, le = 0.05 mAdc, 
0°c "' T "' 10°c1 

Base-Emitter Saturation Voltage Uc = 0.5 mAdc, le = 0.05 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(!) 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 5.0 Vdc, IE = o. f = 1.0 MHz 

Input Capadtance 
(VEe = 0.5 Vdc, le = o. f = 1.0 MHz PNP 

NPN 

SWITCHING CHARACTERISTICS (TA= 25°C, Vee = 5.0 Vdc) 

Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 

Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 

Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 

(1) Pulse Test: Pulse Width os: 300 µs, Duty Cycle....,;: 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

mW 
mWl°C 

·c 

Unit 

0c1W 
0c1W 

% 
% 

Symbol 

V(BR)CEO 

VjBR)CBO 

V(Bf!l_EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

fy 

Cobo 

Cibo 

tPLH 
tPHL 

tr 

tf 

MPQ6842 
CASE 646-06, STYLE 1 

T0-116 
TYPE B 

TYPEB 

-
14 13 12 11 10 9 8 

1 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

NPN/PNP(2) SILICON 

Min Typ Max 

30 - -
30 - -
4.0 - -
- - 50 

- - 50 

30 - -
50 - -
70 - -
- 0.05 0.15 

- 0.65 0.9 

200 350 -

- 3.0 4.5 

- 5.0 10 
- 4.0 8.0 

- 15 25 
- 6.0 15 

5.0 25 35 

5.0 10 20 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 
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1/4 MC3001 (74H08) 

TP1 

I 0.1 µF ce .. mic 

22 

._--<1>----<k'> l T P 3 NOTES · 

I160pF 

-::-

Vee -=-

I 160pF 

14 - -

1. Unless otherwise noted, all resistors 
carbon composition% W ±5%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 

good power and ground busses. 

3. TP1 thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MP06842. 

5. 160 pF toad does not include stray 
or scope probe capacitance. 

6. Scope probe resistance> 5 k!l. 
Scope probe capacitance < 10 p F. 

TP1ocTP2 ~ r 
tpH~~ _J~ . 

TP3 or TP4 
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II 

MAXIMUM RATINGS 
Rating Symbol MP07041 MPQ7042 MP07043 

Collector-Emitter Voltage Vern 150 200 250 

Collector-Base Voltage Vcso 150 200 250 

Emitter-Base Voltage VEBO 5.0 

Collector Current~ Continuous le 500 

Each Four Die 
Die Equal Power 

Total Device Dissipation Po 
@TA= 25°C 750 1700 
Derate above 25°C 5.98 13.6 

Total Device Dissipation Po 
@TA= 25°C 1.25 3.2 
De rate above 25°C 10 25.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Junction to Junction to 

Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 1.0 mAdc, IB = O) MP07041 

MP07042 
MP07043 

Collector-Base Breakdown Voltage 
lie = 100 /LAdc, le = Ol MP07041 

MP07042 
MPQ7043 

Emitter-Base Breakdown Voltage 
lie = 100 /LAdc, le = Ol 

Collector Cutoff Current 
(VcB = 120 Vdc, IE = 0) MPQ7041 
(VcB = 150 Vdc, IE = O) MP07042 
(VcB = 180 Vdc, IE = O) MP07043 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, Vee = 10 Vdcl 
(le = 10 mAdc, Vee = 10 Vdc) 
lie = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 20 mAdc, IB = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = 20 mAdc, IB = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(VcB = 20 Vdc, le = o. f = 1.0 MHz) 

Input Capacitance 
(VEB = 3.0 Vdc, le = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWfC 

Watts 
mWfC 

oc 

Unit 

oc/W 
°C/W 

% 
% 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

VcE(sat) 

VBE(sat) 

ly 

Cobo 

Cibo 

MPQ7041 
MPQ7042 

MPQ7043* 
CASE 646-06, STYLE 1 

T0-116 

• 1 

1!¢E·1!11 
234567 

QUAD 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Min 

150 
200 
250 

150 
200 
250 

5.0 

-
-
-

25 
40 
40 

-

-

50 

-

-

*This is a Motorola 
designated preferred device. 

Refer to MP07051 for graphs. 

Typ Max 

- -
- -
- -

- -
- -
- -
- -

- 100 
- 100 
- 100 

45 -
60 -
80 -

0.3 0.5 

0.7 0.9 

80 -

2.5 5.0 

40 50 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 150 

Collector-Base Voltage Vcso 150 

Emitter-Base Voltage VEBQ 5.0 

Collector Current - Continuous le 500 

Four Die 
Equal 

Each Die Power 

Total Device Dissipation Po 
@TA= 25°C 750 1700 
Derate above 25°C 5.98 13.6 

Total Device Dissipation Po 
@Tc= 25°C 1 25 '.l.7 
Derate above 25°C 10 25.6 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient 

Thermal Resistance Each Die 100 167 
Effective, 4 Die 39 73.5 

Coupling Factors 01-04 or 02-03 46 56 
01-02 or 03-04 5.0 10 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie~ 1.0 mAdc, Is= 01 

Collector-Base Breakdown Voltage 
lie = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = 100 µAde, le = 01 

Collector Cutoff Current 
(Vcs = 120 Vdc, IE = O) 

Emitter Cutoff Current 
IVsE = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain lie = 1.0 mAdc, VcE = 1 o Vdcl 
lie = 10 mAdc, VcE = 10 Vdc) 
lie = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage lie = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage lie = 20 mAdc, Is = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
lie = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 20 Vdc, le = o, f = 1.0 MHz) 

Input Capacitance 
IVEB = 3.0 Vdc, le = 0, f = 1.0 MHz) NPN 

PNP 

(1) Voltage and current are negative for PNP transistors. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watts 
mWl°C 

oc 

Unit 

°CIW 
°CIW 

% 
% 

MPQ7051* 
CASE 646-06, TYPE B 

T0-116 

QUAD 
COMPLEMENTARY PAIR 

TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(satl 

VsE(satl 

IT 

Cobo 

Cibo 

NPN/PNP(1) SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

150 -

150 -

5.0 -

- 250 

- 100 

25 -
35 -
25 -
- 0.7 

- 0.9 

50 -

- 6.0 

- 50 
- 75 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pf 
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II 

MPQ7051 

DC CHARACTERISTICS 

NPN I PNP 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol MPQ7091 MPQ7093 Unit 

Collector-Emitter Voltage Vern -150 -250 Vdc 

Collector-Base Voltage VcBo -150 -250 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -500 mAdc 

Each Four Die 
Die Equal Power 

Total Device Dissipation Po 
@TA= 25°C 750 1700 mW 
Derate above 25°C 5.98 13.6 mwrc 

Total Device Dissipation Po 
@Tc= 25•c 1.25 3.2 Watts 
Derate above 25°C 10 25.6 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·c 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 100 167 •CfW 
Effective, 4 Die 39 73.5 •ctw 

Coupling Factors 01-04 or 02-03 46 56 % 
01-02 or 03-04 5.0 10 % 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Uc= -1.0 mAdc, IB = O) MP07091 

MP07093 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = -100 µAde, IE = O) MP07091 

MPQ7093 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = -100 µAde, le = O) 

Collector Cutoff Current le Bo 
(Vee = -120 Vdc, IE = 0) MP07091 

MPQ7093 

Emitter Cutoff Current IEBO 
(VEB = - 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Uc= -1.0mAdc,VcE = -10Vdcl 
Uc = -10 mAdc, VcE = -10 Vdcl 
Uc= -30mAdc,VcE = -10Vdc) 

Collector-Emitter Saturation Voltage Uc = -20 mAdc, le = -2.0 mAdc) VcE(sat) 

Base-Emitter Saturation Voltage Uc = -20 mAdc, le = -2.0 mAdc) Ve~a.!l. 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
Uc= -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = -20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = -3.0 Vdc, le = 0, f = 1.0 MHz) 

MPQ7091 
MPQ7093* 

CASE 646-06, STYLE 1 
T0-116 

-' li¢i~&11 • 
1234567 

QUAD 
AMPLIFIER TRANSISTORS 

Min 

-150 
-250 

-150 
-250 

-5.0 

-
-
-

25 
35 
25 

-
-

50 

-
-

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to MPQ7051 for graphs. 

Typ Max 

- -
- -

- -
- -
- -

- -250 
- -250 

- -100 

40 -
55 -
50 -

-0.3 -0.5 

-0.7 -0.9 

70 -

3.0 5.0 

60 75 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO -35 

Collector-Base Voltage vceo -40 

Emitter-Base Voltage VEBO -25 

Collector Current - Continuous le -150 

Total Device Dissipation @ TA = 25°C Po 625 
Cerate above 25"C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Cerate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8.JA(1) 200 

Thermal Resistance, Junction to Case R8.JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

J Characteristic 

OFF CHARACTERISTICS 

Collectpr-Emitter Breakdown Voltage(2) 
Uc= -10 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc = -10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = -10 µAde, le = O) 

Collector Cutoff Current 
(Vee= -10Vdc, IE= 0) 

Emitter Cutoff Current 
(VeE = -10 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -12 mAdc, VcE = -0.15 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -12mAdc,le = -0.4mAdc) 
Uc= -24 mAdc, le= -1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = -12 mAdc, le = -0.4 mAdc) 
Uc= -24 mAdc, le= -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Common-Base Cutoff Frequency 
Uc = -1.0 mAdc, Vee = 6.0 Vdc) 

Output Capacitance 
(Vea = -6.0 Vdc, IE·= 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width "' 300 "'"' Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mWi°C 

·c 

Unit 

"C!W 

"C!W 

MPS404A* 
CASE 29-02, STYLE 1 

T0-92 (T0-226AA) 

,/ 
3 

CHOPPER TRANSISTOR 
PNP SILICON 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

fob 

Cobo 

*This Is a Motorola 
designatad preferred device. 

Min Max 

-35 -

-40 -

-25 -
- -100 

- -100 

30 400 

- -0.15 
- -0.20 

- -0.85 
- -1.0 

4.0 -

- 20 
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Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 



MPS404A 

FIGURE 1 - COLLECTOR-EMITTER VOLTAGE 
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FIGURE 7 - COLLECTOR SATURATION REGION 
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FIGURE 13 - SWITCHING TIME TEST CIRCUIT FIGURE 14 - STORED BASE CHARGE TEST CIRCUIT 

0.1µ.f 

Vina--r 

l51 

ton• td and tr 

t0 ff, ts and tf 

Vss 

Rs0 
1.0k 

Vin 
(Volts) 

-12 

+20.6 

Vs0 
(Volts) 

+1.4 

-11.6 

Vcc-1ov 

Voltages and resistor values shown 
are for le = 10 mA, lc/19 = 10 
and 191 = 192. Resistor values 
changed to obtain curves in 
Figures 11 and 12. 

Vee 
l-6.0V) 

Re 1560 fl) 

MEASUREMENT PROCEDURE 
C1 is increased until the !off time of 
the output waveform is decreased to 
0.2 µ.s, Os is then calculated by 
Os = C1 Vin· 
Os3 or Os7 by B-line Electronics 
or equivalent may also be used. 
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MPS536 
CASE 29-04, STYLE 2 

T0-92 (T0-226AA) 

3 Collector 

MAXIMUM RATINGS 
Rating Symbol MPS536 Unit 

Collector-Emitter Voltage VCEO -10 Vdc 

Collector-Base Voltage Vceo -15 Vdc 

Emitter-Base Voltage VEBQ -4.5 Vdc 

Collector Current - Continuous le -30 mA 

Power Dissipation @TA= 25°C Po 625 mW 
Cerate above 25°C 5.0 mWf'C 

Storage Temperature TS!g_ -65 to +150 ·c 

*Free air 

ELECTRICAL CHARACTERISTICS (Tc = 25°C *For both package types unless otherwise noted.) 

~-© 
2 Emitter 

HIGH FREQUENCY 
TRANSISTOR 

PNP SILICON 

Characteristic I Symbol I Min I Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = -2.0 mA, le = 0) V(Bfli_CEO -10 - -
Collector-Base Breakdown Voltage Uc = -100 µ.A, IE = O) V(Bfli_CBO -15 - -
Emitter-Base Breakdown Voltage UE = -10 µA, le = O) ~R)EBO -4.5 - -
Collector Cutoff Current (Vee = -10 Vdc, IE = 0) lceo - - -10 

ON CHARACTERISTICS 

I DC Current Gain Uc= -20 mA, VcE = -5.0 V) 20 200 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr - 4.5 -
Uc= -20 mAdc, VcE = -5.0 Vdc, f = 1.0 GHz) 

Collector-Base Capacitance Ccb - 0.8 1.2 
(Vee= -5.0 Vdc, IF= 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Gain @ Noise Figure GNF 
Uc = -10 mAdc, VcE = -5.0 Vdc) f = 500 MHz - 14 -

f = 1.0 GHz - 8.0 -
Noise Figure NF 

Uc= -10 mAdc, VcE = -5.0 Vdc f = 500 MHz - 4.5 -
f = 1.0 GHz - 6.0 -
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Vdc 

nAdc 
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MPS536 
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Figure 1. Current Gain-Bandwidth Product 
versus Collector Current 
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Figure 3. Maximum Unilateral Gain IGumaxl 
and Insertion Gain llS2112) 

versus Frequency 
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Figure 5. Noise Figure versus Collector Current 
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Figure 2. Maximum Available Gain IGAmaxl 
versus Frequency 
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Figure 4. Gain at Noise Figure versus 
Collector Current 
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Figure 6. Input Capacitance versus 
Emitter-Base Voltage 
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VcE 

MPS536 

00~~~~2~~~~4~~~6'--_._~~~'----'10 

Vee. COLLECTOR-BASE VOLTAGE (Vdt:) 

Figure 7. Output Capacitance versus 
Collector-Base Voltage 

INPUT/OUTPUT REFLECTION COEFFICIENT 
versus 

FORWARD/REVERSE 
TRANSMISSION COEFFICIENTS 

versus 
FREQUENCY FREQUENCY 

VcE = 10 V, le = 10 mA VcE = 10 V, le = 10 mA 

+90" 

-j50 
-90" 

COMMON EMITTER S-PARAMETERS 

le f 811 821 812 822 
(Volts) (mA) (MHz) 15111 L</> 15211 L</> 15121 L</> 15221 

10 5 200 0.60 -43 6.60 125 0.07 68 0.71 
500 0.30 -60 3.64 87 0.14 57 0.47 
1000 0.17 -103 2.11 56 0.22 43 0.32 
1500 0.15 156 1.70 28 0.30 28 0.22 
2000 0.28 110 1.29 2 0.33 13 0.25 

10 200 0.48 -52 8.78 118 0.06 69 0.62 
500 0.21 -66 4.31 84 0.12 60 0.37 
1000 0.12 -122 2.40 54 0.20 47 0.24 
1500 0.18 138 1.90 29 0.29 31 0.16 
2000 0.32 104 1.41 4 0.33 16 0.23 

20 200 0.38 -59 10.21 112 0.06 70 0.54 
500 0.14 -76 4.72 81 0.12 63 0.30 
1000 0.11 -144 2.58 53 0.20 49 0.19 
1500 0.22 132 1.99 28 0.29 34 0.12 
2000 0.35 103 1.46 4 0.33 19 0.22 
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MAXIMUM RATINGS 

MPS650 MPS651 
Rating Symbol MPS750 MPS751 

Collector-Emitter Voltage VcE 40 60 

Collector-Base Voltage Vcs 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous le 2.0 

Total Power Dissipation Po 
@TA= 25°C 625 
Derate above 25°C 5.0 

Total Power Dissipation Po 
@Tc= 2s0 c 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RnJA 200 

Thermal Resistance, Junction to Case RBJc 83.3 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, Is = O) MPS650, MPS750 

MPS651, MPS751 

Collector-Base Breakdown Voltage 
(le = 100 µ,Ade, IE = 0) MPS650, MPS750 

MPS651, MPS751 

Emitter-Base Breakdown Voltage 
(le = 0, IE = 10 µ,Ade) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = O) MPS650, MPS750 
(Vcs = 80 Vdc, IE = 0) MPS651, MPS751 

Emitter Cutoff Current 
!VEB = 4.0 V, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 50 mA, VcE = 2.0 V) 
(le = 500 mA, VcE = 2.0 V) 
(le = 1.0 A, VcE = 2.0 V) 
(le = 2.0 A, VcE = 2.0 V) 

Collector-Emitter Saturation Voltage 
Oc = 2.0 A, Is = 200 mA) 
Oc = 1.0 A, Is = 100 mA) 

Base-Emitter On Voltage 
(le = 1.0 A, VcE = 2.0 V) 

Base-Emitter Saturation Voltage 
Oc = 1.0 A, Is = 100 mAl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 50 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

11) Pulse Test: Pulse Width" 300 µ.s, Duty Cycle = 2.0%. 
(2) ti" is defined as the frequency at which lhtel extrapolates to unity. 
(3) Voltage and current are negative for PNP transistors. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mW/°C 

Watt 
mW/°C 

oc 

Unit 

oc!W 

oc!W 

NPN 

MPS650, MPS651 * 
PNP(31 

MPS750, MPS751 * 
CASE 29-04, STYLE 1 3 Collector 

T0-92 (T0-226AA~ fQ 
Base 

,,/ 1 Emitter 

3 Collector 

.:~ 3 

1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

VBE(sat) 

*These are Motorola 
designated preferred devices. 

Min Max 

40 -
60 -
60 -
80 -
5.0 -

- 0.1 
- 0.1 

- 0.1 

75 -
75 -
75 -
40 -

- 0.5 
- 0.3 

- 1.0 

- 1.2 

75 

Unit 

Vdc 

Vdc 

Vdc 

µ,Ade 

µ,Ade 

-

Vdc 

Vdc 

Vdc 

MHz 
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NPN MPS650, MPS651, PNP MPS750, MPS751 

FIGURE 1 - MPS650. MPS651 
TYPICAL DC CURRENT GAIN 
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FIGURE 3 - MPS650, MPS651 
ON VOLTAGES 
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FIGURE 5 - MPS650, MPS651 
COLLECTOR SATURATION REGION 
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FIGURE 2 - MPS750, MPS751 
TYPICAL DC CURRENT GAl'N 
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FIGURE 4 - MPS750. MPS751 
ON VOLTAGES 
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FIGURE 6 - MPS750. MPS751 
COLLECTOR SATURATION REGION 
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NPN MPS650, MPS651, PNP MPS750, MPS751 
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40 

FIGURE 7 - MPS650, MPS651 SOA, 
SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPS918 MPS3563 Unit 

Collector-Emitter Voltage Vceo 15 12 Vdc 

Collector-Base Voltage Vcso 30 30 Vdc 

Emitter-Base Voltage Ve so 3.0 2.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWf'C 

Total Device Dissipation @ Tc = 25°C Po 0.85 Watt 
Derate above 25°C 6.8 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA(1) 357 ·crw 
Thermal Resistance, Junction to Case ReJC 147 ·crw 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc = 3.0 mAdc, Is = O) MPS918 

MPS3563 

Collector-Base Breakdown Voltage 
Uc = 1.0 µAde, le = O) MPS918 
Uc = 100 µAde, le = O) MPS3563 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = o) MPS918 

MPS3563 

Collector Cutoff Current 
!Vea = 15 Vdc, le = O) MPS918 

MPS3563 

ON CHARACTERISTICS 

DC Current Gain(2) 
Uc = 3.0 mAdc, Vee = 1.0 Vdc) MPS918 
Uc = 8.0 mAdc, Vee = 10 Vdc) MPS3563 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) MPS918 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, Is = 1.0 mAdc) MPS918 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) MPS918 
Uc = 8.0 mAdc, Vee = 10 Vdc, t = 100 MHz) MPS3563 

Output Capacitance 
(Vea = o Vdc, le = o, f = 1.0 MHz) MPS918 
(Vea = 10 Vdc, le = o, f = 1.0 MHz) MPS918 
(Vea = 10 Vdc, le = o, f = 1.0 MHz) MPS3563 

Input Capacitance 
(Vea = o.5 Vdc, le = o, f = 1.0 MHz) MPS918 

Small-Signal Current Gain 
Uc = 8.0 mAdc, Vee = 10 Vdc, f = 1.0 kHz) MPS3563 

Noise Figure 
Uc = 1.0 mAdc, Vee = 6.0 Vdc, Rs = 400 ohms, f = 60 MHz) MPS918 

(1) RruA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;; 300 µs, Duty Cycle .;; 1.0%. 

MPS918* 
MPS3563 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

Vce(sat) 

Vse(sat) 

fr 

Cobo 

Cibo 

hfe 

NF 

NPN SILICON 
*This is a Motorola 

designated preferred device. 

Min Max 

15 -
12 -

30 -
30 -
3.0 -
2.0 -

- 10 
- 50 

20 -
20 200 

- 0.4 

- 1.0 

600 -
600 1500 

- 3.0 
- 1.7 
- 1.7 

- 2.0 

20 250 

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

-
dB 
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MPS918, MPS3563 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain Gpe dB 
Uc = 6.0 mAdc, Vee = 12 Vdc, f = 200 MHz) MPS918 15 -
Uc= 8.0 mAdc, VcE = 10 Vdc, f = 200 MHz) MPS3563 14 -

(Gfd + Gre < -20 dB) 

Power Output Pout 30 - mW 
Uc = 8.0 mAdc, Vee = 15 Vdc, f = 500 MHz) MPS918 

Oscillator Collector Efficiency 11 25 - % 
Uc = 8.0 mAdc, Vee = 15 Vdc, Pout = 30 mW, f = 500 MHz) MPS918 

II 
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II 

MAXIMUM RATINGS 

Rating Symbol MPSZ222 MPS2222A Unit 

Collector-Emitter Voltage VcEO 30 40 Vdc 

Collector-Base Voltage Vcso 60 75 Vdc 

Emitter-Base Voltage VEBO 5.0 6.0 Vdc 

Collector Current - Continuous le 600 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW/°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 200 oc/W 

Thermal Resistance, Junction to Case R8JC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
He = 10 mAdc, IB = O) MPS2222 

MPS2222A 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) MPS2222 

MPS2222A 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) MPS2222 

MPS2222A 

Collector Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A 

Collector Cutoff Current 
(VcB = 50 Vdc, IE = O) MPS2222 
(VcB = 60 Vdc, IE = 0) MPS2222A 
(VcB = 50 Vdc, le = o, TA= 125°C) MPS2222 
(VcB = 50 Vdc, IE = 0, TA = 125'C) MPS2222A 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) MPS2222A 

Base Cutoff Current 
(VcE = 60 Vdc, VEB(offj_ = 3.0 Vdc) MPS2222A 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 0.1 mAdc, Vee = 10 Vdc) 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, Vee = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc, TA= -55°C) MPS2222A only 
Uc= 150 mAdc, VcE = 10 Vdc)(1) 
Uc = 150 mAdc, Vee = 1.0 Vdc)(1) 
Uc= 500 mAdc, Vee = 10 Vdc)(1) MPS2222 

MPS2222A 

Collector-Emitter Saturation Voltage(!) 
(le = 150 mAdc, Is = 15 mAdc) MPS2222 

MPS2222A 

(le = 500 mAdc, IB = 50 mAdc) MPS2222 
MPS2222A 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le EX 

le Bo 

IEBO 

IBL 

hFE 

VcE(sat) 

MPS2222,A* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*MPS2222A is a Motorola 
designated preferred device. 

Min Max 

30 -
40 -

60 -
75 -

5.0 -
6.0 -
- 10 

- 0.01 
- O.Q1 
- 10 
- 10 

- 10 

- 20 

35 -
50 -
75 -
35 -
100 300 
50 -
30 -
40 -

- 0.4 
- 0.3 

- 1.6 
- 1.0 
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Vdc 

Vdc 

nAdc 
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nAdc 

nAdc 

-
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MPS2222, A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min 

Base-Emitter Saturation Voltage(1) VBE(sat) 
Uc = 150 mAdc, IB = 15 mAdc) MPS2222 -

MPS2222A 0.6 

(le = 500 mAdc, IB = 50 mAdc) MPS2222 -
MPS2222A -

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) tr 
(le = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) MPS2222 250 

MPS2222A 300 

Output Capacitance Cobo -
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) MPS2222 -

MPS2222A -
Input Impedance hie 

Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 2.0 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 0.25 

Voltage Feedback Ratio hre 
Oc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A -
(le = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A -

Small-Signal Current Gain hte 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 50 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 75 

Output Admittance hoe 
(le = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 5.0 
Oc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 25 

Collector Base Time Constant rb'Cc -
(IE = 20 mAdc, VcB = 20 Vdc, f = 31.8 MHz) MPS2222A 

Noise Figure NF -
Oc = 100 µAde, VcE = 10 Vdc, Rs= 1.0 kn, f = 1.0 kHz) MPS2222A 

SWITCHING CHARACTERISTICS MPS2222A only 

Delay Time (Vee = 30 Vdc, VBE(off) = -0.5 Vdc, td -
Rise Time le = 150 mAdc, IB1 = 15 mAdc) (Figure 1) 

Ir -
Storage Time (Vee = 30 Vdc, le= 150 mAdc, Is -
Fall Time IB1 = IB2 = 15 mAdc) (Figure 2) 

If -
(1) Pulse Test: Pulse Width ,,; 300 µs, Duty Cycle,,; 2.0%. 
(2) tr is defined as the frequency at which lhtel extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN·ON TIME FIGURE 2 - TURN-OFF TIME 

+30 v 

""h "' ."11 l ~ ·;:~~.·~;: 
:cs·< 10pF -14 v I 

___ J ___..I ........ < 20 ns 1 N914 

Scope Rise Time< 4 ns 
•Total shunt capacitance of test jig, 

connectors, and oscilloscope. 
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-4 v 

Max 

1.3 
1.2 

2.6 
2.0 

-
-
8.0 

30 
25 

8.0 
1.25 

8.0 
4.0 

300 
375 

35 
200 

150 

4.0 

10 

25 

225 

60 

+30 v 
200 

' _l_ 
-, -

Unit 

Vdc 

MHz 

pF 

pF 

k!l 

x 10-4 

-

µmhos 

ps 

dB 

ns 

ns 

ns 

ns 

:cs· < 10 pF 
___ _J 

• 
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MPS2222, A 

FIGURE 3 - DC CURRENT GAIN 
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MPS2222, A 

FIGURE 7 - FREQUENCY EFFECTS 
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FIGURE 9 - CAPACITANCES 
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FIGURE 10 - CURRENT-GAIN BANDWIDTH PRODUCT 

I 500 T J 
~ j----+--i V CE = 10 V +-+-+++t---+-+--+--t-t--t-+-lr+i i 300 TJ = 15'C 

~ 100 ~ 
"' y ii LJ 

: Y1 
;ji 1 oo ILh"-+-+--+----+-t-t-+-1-++--+--+----11--b-!-+-+++t 

~ ~ 701----+--+--+--+-+--i__,_.,H-+--+--+-----tf--+-i--+-+++< 

~ 50~~~-+-~+--i~~-~~----tf--~~~~ 
1.0 1.0 3.0 5.0 7.0 10 10 30 50 70 100 

le. COLLECTOR CURRENT {mA) 

FIGURE 12 -TEMPERATURE COEFFICIENTS 

+0.5 

±Hit 
RevctorVcE!satl 

~ -0.5 > .s 
~ -1.0 

k'. 
H 

~ 

u 

~ -1.5 

Revs torVsE 
I- 1-H 

rtttt 
-1.0 

-1.5 
0.1 0.1 0.5 1.0 1.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT {mAI 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-253 

• 



II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 15 Vdc 

Collector-Emitter Voltage VcES 40 Vdc 

Collector-Base Voltage Vceo 40 Vdc 

Emitter-Base Voltage VEBO 4.5 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 m.W 
Derate above 25°C 5.0 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient .Re.JA 200 "C!W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
Uc = 10 mAdc, le = O) MPS2369A 

Collector-Emitter Breakdown Voltage V(BR)CES 
Uc = 10 µ.Ade, VeE = O) MPS2369,A 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 10 µ.Ade, IE = 0) MPS2369,A 

Emitter-Base Breakdown Voltage V(BR)EBO 
!IE = 10 µ.Ade, le = O) MPS2369,A 

Collector Cutoff Current iceo 
(Vee = 20 Vdc, IE = O) 
(Vee = 20 Vdc, IE = o. TA= 125°C) MPS2369.A 

Collector Cutoff Current ICES 
(VcE = 20 Vdc,VeE = O) MPS2369,A 

ON CHARACTERISTICS 

DC Current Gain(1) hFE 
Uc = 10 mAdc. VcE = 1.0 V) MPS2369A 

. Uc = 10 mAdc. VcE = 1.0 Vdc, TA = -55°C) MPS2369 
Uc = 10 mAdc, VcE = 1.0 Vdc) MPS2369 
Uc = 10 mAdc, VcE = 0.35 Vdc) MPS2369A 
Uc = 10 mAdc, VcE = 0.35 Vdc, TA = -55°C) MPS2369A 
Uc = 30 mAdc, VcE = 0.4 Vdcl MPS2369A 
Uc = 100 mAdc, VcE = 2.0 Vdc) MPS2369 
Uc = 100 mAdc, VcE = 1.0 Vdcl MPS2369A 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
Uc= 10 mAdc, le = 1.0 mAdc) MPS2369 
Uc= 10 mAdc, le = 1.0 mAdc) MPS2369A 
Uc= 10 mAdc, le = 1.0 mAdc, TA= +125°C) MPS2369A 
Uc = 30 mAdc, le = 3.0 mAdc) MPS2369A 
Uc = 100 mAdc, le = 10 mAdc) MPS2369A 

Base-Emitter Saturation Voltage(1) VeE(sat) 
Uc = 10 mAdc, le = 1 .o mAdc) MPS2369 
Uc =· 10 mAdc, le = 1.0 mAdc, TA = +125°C) MPS2369A 
Uc = 10 mAdc, le = 1.0 mAdc, TA = -55°C) MPS2369A 
Uc= 30 mAdc, le = 3.0 mAdc) MPS2369A 
Uc= 100 mAdc, le = 10 mAdc) MPS2369A 

(1 I Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MPS2369,A* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

~~ 
1 Emitter 

SWITCHING TRANSISTORS 

Min 

15 

40 

40 

4.5 

-
-
-

-
20 
40 
40 
20 
30 
20 
20 

-
-
-
-
-

0.7 
0.5 
-
-
-

NPNSILICON 

*MPS2369A is a Motorola 
designated preferred device. 

Typ Max 

- -

- -
- -

- -

- 0.4 
- 30 

- 0.4 

- 120 
- -
- 120 
- -
- -
- -
- -
- -

- 0.25 
- 0.20 
- 0.30 
- 0.25 
- 0.50 

- 0.85 
- -
- 1.02 
- 1.15 
- 1.60 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µ.Ade 

µ.Ade 

-

Vdc 

Vdc 
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MPS2369,A 

ELECTRICAL CHARACTERISTICS (Continued) IT A = 25°C unless otherwise noted.) 

Characteristic Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo 
IVcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) MPS2369,A 

Small Signal Current Gain hfe 
lie = 10 mAdc, VcE = 10 Vdc, t = 100 MHz) MPS2369,A 

SWITCHING CHARACTERISTICS 

Storage Time Is 
lls1 = ls2 = le = 10 mAdc) !Figure 3) MPS2369,A 

Turn-On Time Ion 
!Vee = 3.0 Vdc, tc = 10 mAdc, ts1 = 3.0 mAdcJ 
(Figure 1) MPS2369,A 

Turn-Off Time loft 
!Vee = 3.0 Vdc, le = 10 mAdc, ls1 = 3.0 mAdc, 
ls2 = 1.5 mAdc) (Figure 2) MPS2369,A 

FIGURE 1 - t 0 n CIRCUIT 

--1 t1 f-
+10.6 V -r\ 

°--_j-1 \_ 
-1.5~ I 

-1 r--< 1.0ns 

PULSE WIDTH lt1 I = 300 ns 
DUTY CYCLE = 2.0% 

FIGURE 2 - t 0 tt CIRCUIT 

~ t1 f.- 30V 

+10.75:~----

-4.15v--- I 
f4- < 1.0 ns 

PULSE WIDTH lt1 I = 300 ns 
DUTY CYCLE = 2.0% 

= 

Min 

-

5.0 

-

-

-

I -•--T, 

Typ 

-

-

5.0 

8.0 

10 

_J Cs* < 4.0 pF 

_.L_ 
,T. 
_ J Cs* < 4.0 pF 

FIGURE 3 - STORAGE TEST CIRCUIT 

+6.o0v!i 10V 

- 4.0 V >---"\/lvv--t-i 

<1 1-
PULSE WIDTH lt1I = 300 ns 

DUTY CYCLE = 2.0% 

I 
_.L_ 
'T• 

- J Cs* < 3.0 pF 

*TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS. 
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II 

MAXIMUM RATINGS 

Rating Symbol MPS2907 I MPS2907A 

Collector-Emitter Voltage VcEO -4o I -60 

Collector-Base Voltage Vcao -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -600 

Total Device Dissipation Po 
@TA=25°C 625 
Derate above 25°C 5.0 

Total Device Dissipation Po 
@Tc= 25°C 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -500to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RruA 200 

Thermal Resistance, Junction to Case Rruc 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, la = O) MPS2907 

MPS2907A 

Collector-Base Breakdown Voltage 
Uc= -10µAdc, IE= 0) 

Emitter-Base Breakdown Voltage 
OE= -10 µAde, le= 0) 

Collector Cutoff Current 
(VCE = -30 Vdc, VEB(off) = -0.5 Vdc) 

Collector Cutoff Current 
(Vea = -50 Vdc, IE = 0) MPS2907 

MPS2907A 
!Vea = -50 Vdc, IE = o. TA = 150°C) MPS2907 

MPS2907A 

Base Current 
(VcE = -30 Vdc, VEB(off) = -0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -0.1 mAdc, VcE = -10 Vdcl MPS2907 

MPS2907A 
Oc = -1.0 mAdc, VcE = -10 Vdc) MPS2907 

MPS2907A 
Oc = -10 mAdc, VcE = -10 Vdcl MPS2907 

MPS2907A 
Oc = -150 mAdc. VcE = -10 Vdc)(1) MPS2907, MPS2907A 
Oc = -500 mAdc, VcE = -10 Vdc)(1) MPS2907 

MPS2907A 

Collector-Emitter Saturation Voltage (1) 
Oc = -150 mAdc, la= -15 mAdc) 
Oc = -500 mAdc, la = -50 mAdcl 

Base-Emitter Saturation Voltage(1) 
Oc = -150 mAdc, la= -15 mAdcl 
Uc = -500 mAdc, la = -50 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watts 
mW/°C 

oc 

Unit 

oc/W 

oc!W 

MPS2907,A* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) ,/ ,,;,~""""' 

2 3 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

lcao 

la 

hFE 

VcE(sat) 

VBE(sat 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

*MPS2907A is a Motorola 
designated preferred device. 

Min Max 

-40 -
-60 -
-60 -

-5.0 -

- -50 

- -0.020 
- -0.010 
- -20 
- -10 

- -50 

35 -
75 -
50 -
100 -
75 -
100 -
100 300 
30 -
50 -
- -0.4 
- -1.6 

- -1.3 
- -2.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

-

Vdc 

Vdc 
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MPS2907, A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic \ Symbol Min Max 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product( 1 ),(2) tr 200 -
Uc= -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - B.O 
(Vee = -10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance Cibo - 30 
(VEe = -2.0 Vdc, le = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee= -30Vdc,lc = -150mAdc, Ion - 45 

Delay Time lei = -15 mAdc) (Figures 1 and 5) 
Id - 10 

Rise Time tr - 40 

Turn-Off Time !Vee = -6.0 Vdc, le= -150 mAdc, Iott - 100 

Storage Time le1 = le2 = 15 mAdc) (Figure 2) 
ts - 80 

Fall Time If - 30 

(1) Pulse Test: Pulse Width.;; 300 µ,s, Duty Cycle<> 2.0%. 
(2) tr is defined as the frequency at which lhfel extrapolates to unity. 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 
Zo=SOO 
PRF = 150 PPS 
RISE TIME <> 2.0 ns 
P.W. < 200 ns 

-30V 

200 

INPUT 
Zo=SOO 
PRF = 150 PPS 
RISE TIME .;; 2.0 ns 
P.W. < 200 ns 

+15 v -6.0 v 

Unit 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

1.0 k TO OSCILLOSCOPE 
RISE TIME.;; 5.0 ns 

TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 

50 

TYPICAL CHARACTERISTICS 

FIGURE 3 - DC CURRENT GAIN 

a.o i--~rvd =r -1.~V I I -::i-- -~=o=J···-=-±-._+~~--+;::;-+-t-++-+-+-+--+-+-1 
2.0 t----- - Vee = -to v 1-+-++++--_,........_..,'=-=-+-+-~-H-+--f--+-+-+--+-++1+++~..:.:-~"'"'"--1-1--1---l 

- --1-1 -- - :..::I - ' 

0.2 ~~-~~-~~~~~~-~~~~~~~-~~-~~~~~~-~~~~~~ 
-0.t -0.2 -0.3 -0.5 -0.7 -1.0 -lO -3.0 -5.0 -7.0 -to -20 -30 -50 -10 -too -200 -300 -500 

le. COLLECTOR CURRENT lmA) 
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II 

-1.0 

-0.8 

-0.6 

-0.4 

-0.1 

0 

MPS2907, A 

FIGURE 4 - COLLECTOR SATURATION REGION 
rl ,--· 
H t- -+-+-+-+--+--+++--+++t--+--+-+-+--+-+- -++IT-Ht·++ T [I 

1 

le= -1.0mA 

T 'I I \ r-+-r+++--+-+-+-+-+-H+-+++t--1--r-t-i--4-+-+-1-+++--+--+-+-+-+-+-+++++--i-+c--1-+-t--+-1 
-~~ ~-500~ ! -10mA 

H i--· 

r+++tt+---t--t-+-+--+--r+-+-++r---+--+--+-+--+-+-t-t-+++--- t--i·-+-t---t-T-t-t-t-tt---t-DJ-..N--t-r--t--1 

t---t-·+-+-+--+-+-*~~+++--+-+-1 ++-+-+-++H~Nct--+·-t--H-t-+++ttt~t-t-t""k:..__~t--,-1 

JS: N ~ 

H 

H 

t- 'l----thi-J-=f:.::!::±±l:±tt---4 __ t-P=t=+-+=l==!::±±1 ±ti~+-"'9+t--lit--t~=t=r-rHit--t-+-t-t-t-1 
I 

H 

-0.005 - O.Dl -0.01 -0.03 - 0.05 -0.07 -0.1 -0.1 -0.3 -0.5 -0.7 -1.0 

IB BASE CURRENT (mA) 

-1.0 -3.0 -5.0 -7.0 -10 -10 -30 -50 

FIGURE 5 - TURN-ON TIME FIGURE 6 - TURN-OFF TIME 

! 70 

"' 50 

"' ;:: 
30 1-1 

10 

10 

7.0 
5.0 
-5.0-7.0 -10 -10 -30 -50 -70 -100 

IC, COLLECTOR CURRENT le, COLLECTOR CURRENT (mA) 

TYPICAL SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

Vee = 10 Vdc, TA= 25°C 

-100 -300 -500 

FIGURE 7 - FREQUENCY EFFECTS FIGURE 8 - SOURCE RESISTANCE EFFECTS 

a.o I\ 
Lillt1_ 

8.01\ 
IL 

6.o[\[ll ~~ p le= -1.0mA,Rs = 4300 
lL'. 6.0 lrl+lllt--t-t-1-+-++l-+tt--t-+-+-++rttttf-l:"l-T-t--1 

- 500 !'A Rs 560 n ...__,-+-+++++++< 

4.0 will -50JLA,Rs1.7k0 

f-+#JH!f{tttllv-+ -100 )LA, Rs = 1.6 kO 
\J1 I I 1111111 I I I 11111 

1.0 1l b J.li:i.lilliMilSilli:~~ 
ottll:J:Ellm~~~ 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 1.0 5.0 10 10 50 100 

f, FREQUENCY (kHz) R,,SOURCE RESISTANCE (OHMS) 
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MPS2907, A 

FIGURE 9 - CAPACITANCES 

30 ,----,-, 

t-H 
~ r'-+-- Ceb 

20 

N 
t::,,. 

b,r:sl 
t-- ··- lSI 

10 

7.0 
Ccb t-

5.0 
l'b 

3.0 

2.0 
-0.1 -0.2-0.3-0.5-0.7-1.0 -2.0-3.0-5.0-7.0-10 -20-30 

REVERSE VOLTAGE (VOLTS) 

FIGURE 11 - "ON" VOLTAGE 

-1.0 

-0.8 

H ~ JJIIII 
TJ - 25'C I I I I 111111 I v VeE(sat) @ Idle ~ 10 

j--H J.1 ilLLll.ll ..+-H 
-0.6 -11 nm I 

F" VeE(on) @ VCE - -10 V 

-0.4 

-0.2 
v 

VcE(sat) @ Idle ~ 10 L' 
0 II 

-0.1-0.2 -0.5-1.0-2.0 -5.0-10-20 -511-100-200 -500 

le. COLLECTOR CURRENT lmA) 

FIGURE 10 - CURRENT-GAIN - BANDWIDTH PRODUCT 

~ ~o~~~~~~~~~~·~~~~~ 
~ 3001--l-+-+-H-lr-Wb.4~~~::+1~f++-+-l--+~~~ 
=> 
0 

~ 
"' l-
o 

~ 
;;; 
I 

z 

~ 

~ 
~ 

=> 
'-' 
.t:-

200 f-t-+--b1'++++tt--t-+-t-+-t++ltir-..-\-t-+-+-t-++l+H 
~ \ 

100 ---~-+-1111-+-1-++++++--+-+--+-+-++++#---+-N+-+-+++<>++< 
60f-t-+--+-t-+1+ttf-t-+--+-r++++tt--t-MrHr+t++tt 

601-t-1 VcE ~ -20V -+--+-+-+++->+++--+-+-+--+++-...... 

f-+-1 TJ ~ 25°C 

::::]:~======~= -1.0 -2.0 -5.0 -10 -20 -511 -100 -200 -500 -1000 

le. COLLECTOR CURRENT (mA) 

FIGURE 12 -TEMPERATURE COEFFICIENTS 

+0.5 JIIllI 
Jlllll. 

Rwc for VtElsatJ 

-05 

-1.0 
k'I v 

-15 
+-

+-"!iwe for VeE H--
lilllt 

-2.0 

-2.5 
-0.1-0.2 -0.5 -1.0-2.0 -5.0-10 -20 -511-100-200 -500 

le. COLLECTOR CURRENT lmAJ 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 60 

Collector-Base Voltage Vcso 80 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous ic 600 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5 

Total Device Dissipation@ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
!le = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc = 1 o.o µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le= O) 

Collector Cutoff Current 
(Vcs = 40 Vdc, IE = 0) 
(Vcs = 40 Vdc, IE = o, TA = 75'C) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 30 mAdc, VcE = 1.0 Vdc) 
Uc = 150 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage 
!le= 150 mAdc, Is = 15 mAdc) 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 10 V, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = o, f = 1.0 MHz) 

(1 )Pulse Test: Pulse Width ::;;;300 µs, Duty Cycle ~2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

MPS3568 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS8098 for graphs. 

Symbol Min Max Unit 

VcEO(sus) 60 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso 
- 50 nAdc 
- 5.0 µAde 

IEBO - 25 nAdc 

hFE -
100 -
100 300 

VcE(sat) - 0.25 Vdc 

VBE(sat) - 1.1 Vdc 

tr 60 - MHz 

Cobo - 20 pf 

Cibo - 80 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -25 

Collector-Emitter Voltage VcES -25 

Collector-Base Voltage Vcso -25 

Emitter-Base Voltage VEBO -40 

Collector Current - Continuous le -500 

Total Device Dissipation (d' TA = 25°C Po 625 
Derate above 25'C 5.0 

Tota! Device Dissipation(!_-,. Tc = 25'"C PD 1 5 
Derate above 25'C 12 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJAl11 200 

Thermal Resistance, Junction to Case RoJC 83.3 

(1 )RoJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Ile = -100 µAde, VsE = 01 

Collector-Emitter Sustaining Voltage(1 I 
Ile= -10 mAdc, Is= OI 

Collector-Base Breakdown Voltage 
Ile = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = -100 µAde, le = 01 

Collector Cutoff Current 
IVcE = -15 Vdc, VsE = O) 
IVcE = -15 Vdc, VsE = 0, TA = -65'CI 

Emitter Cutoff Current 
IVEB = -3.0 V, le = 0) 

Base Current 
IVcE = -15 Vdc, VsE = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Ile= -1.0 mAdc, VcE = -10 Vdc) MPS3638A 

Ile= -10 mAdc, VcE = -10 Vdc) MPS3638 
MPS3638A 

Ile= -50 mAdc, VcE = -1.0 Vdc) MPS3638 
MPS3638A 

Ile = -300 mAdc, VcE = -2.0 Vdc) MPS3638 
MPS3638A 

Collector-Emitter Saturation Voltage 
Ile= -50 mAdc, Is= -2.5 mAdcl 
Ile = -300 mAdc, Is = -30 mAdc) 

Base-Emitter Saturation Voltage 
Ile = -50 mAdc, lg = -2.5 mAdc) 
Ile = -300 mAdc, Is = -30 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

MPS3638, A 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

. I .:.-©""'"' 21 1 Emitter 
3 

SWITCHING TRANSISTORS 

PNP SILICON 

Refer to 2N4402 for graphs. 

Symbol Min Max Unit 

V(BR)CES -25 - Vdc 

VcEO(susl -25 - Vdc 

V(BR)CBO -25 - Vdc 

V(BR)EBO -4.0 - Vdc 

ICES µAde 
- -0.035 
- -2.0 

IEBO - -35 nA 

Is - -0.035 µAde 

hFE -
80 -

20 -
100 -

30 -
100 -

20 -
20 -

VcE(sat) Vdc 
- -0.25 
- -1.0 

VsE(sat) Vdc 
- -1.1 

-0.80 -2.0 
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MPS3638, A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
(VcE = -3.0 Vdc, le = -50 mAdc, f = 100 MHz) MPS3638 100 -

MPS3638A 150 -
Output Capacitance Cobo pF 

(Vcs = -10 Vdc, IE =0, f = 1.0 MHz) MPS3638 - 20 
MPS3638A - 10 

Input Capacitance Cibo pF 

II 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) MPS3638 - 65 

MPS3638A - 25 

Input Impedance hie - 2000 Ohms 
Oc = -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre x 10-4 
(le= -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) MPS3638 - 26 

MPS3638A - 15 

Small-Signal Current Gain hte -
Oc = -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) MPS3638 25 -

MPS3638A 100 -
Output Admittance hoe - 1.2 mm hos 

(le = -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee= -10 Vdc, le = -300 mAdc, td - 20 ns 

Rise Time ls1 = -30 mAdc) 
tr - 70 ns 

Storage Time (Vee = -10 Vdc, le = -300 mAdc, ts - 140 ns 

Fall Time ls1 = -30 mAdc, ls2 = -30 mAdc) 
tf - 70 ns 

Turn-On Time Oc = -300 mAdc, ls1 = -30 mAdc) ton - 75 ns 

Turn-Off Time Oc = - 300 mAdc, Is 1 = -30 mAdc, ls2 = 30 mAdc) loff - 170 ns 

(1) Pulse Test: Pulse Width .....:300 µs, Duty Cycle ~2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -12 Vdc 

Collector-Base Voltage Vcso -12 Vdc 

Emitter-Base Voltage VEBO -4.0 Vdc 

Collector Current - Continuous le -80 mAdc 

Total Device Dissipation (dJ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation <a_·, Tc = 25"C Po 1.5 Watts 
Derante above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 oc/W 

Thermal Resistance, Junction to Case R9JC 83.3 oc!W 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage lie = -100 µAde, VsE = Ol 

Collector-Emitter Sustaining Voltagel1) lie= -10 mAdc, Is= O) 

Collector-Base Breakdown Voltage lie = -100 µAde, IE = O) 

Emitter-Base Breakdown Voltage llE = -100 µAde, le = O) 

Collector Cutoff Current IVcE = -6.0 Vdc, VBE = O) 
IVcE = '-6.0 Vdc, VsE = 0, TA = 65°C) 

Base Current - IVcE = -6.0 Vdc, VEB = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain lie= -10 mAdc, VcE = -0.3 Vdc) 
lie= -50 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = -10 mAdc, Is = -1.0 mAdc) 
lie= - 50 mAdc, 19 = -5.0 mAdc) 
lie= -10 mAdc, Is = -1.0 mAdc, TA= 65°C) 

Base-Emitter Saturation Voltage lie= -10 mAdc, Is = -0.5 mAdc) 
lie = -10 mAdc, Is = -1.0 mAdc) 
lie= -50 mAdc, Is = -5.0 mAdc) 

SMALL,SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = -10 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

Output Capacitance (Vcs = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time !Vee= - 6.o Vdc, le = -50 mAdc, VsE(off) = -1.9 Vdc, 

Rise Time 191 = -5.0 mAdc) 

Storage Time !Vee= -6.o Vdc, le = - 50 mAdc, 191 = 192 = -5.0 mAdc) 

Fall Time 

Turn-On Time 
<Vee= -6.0 Vdc, le = -50 mAdc, 191 = -5.0 mAdc) 
!Vee= -1.5 Vdc, le = -10 mAdc, 191 = -0.5 mAdc) 

Turn-Off Time 
<Vee= -6.o Vdc, le = - 50 mAdc, 191 = 192 = -5.0 mAdc) 
<Vee= -1.5 Vdc, le = -10 mAdc, 191 = 192 = -0.5 mAdc) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle,;; 2.0%. 

MPS3640 

CASE 29-04, STYLE 1 
T0-92 (T0-226AAI 

Ir 3 Collector 

2_0\ 
Bas~ 

1f I/ 1 Emitter 
3 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

VIBR)CES -12 - Vdc 

VcEOlsus) -12 - Vdc 

VIBR)CBO -12 - Vdc 

VIBR)EBO -4.0 - Vdc 

ICES - -0.01 µAde 
- -1.0 

19 - -10 nAdc 

hFE 30 120 -
20 -

VcE(sat) Vdc 
- -0.2 
- -0.6 
- -0.25 

VsE(sat) -0.75 -0.95 Vdc 
-0.75 -1.0 

- -1.5 

fr 500 - MHz 

Cobo - 3.5 pF 

Cibo - 3.5 pF 

Id - 10 ns 

tr - 30 ns 

ls - 20 ns 

If - 12 ns 

ton ns 
- 25 
- 60 

lo ff - ns 
- 35 

75 
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II 

MPS3640 
FIGURE 1 

Vss =+1.9 v Vee= -6.0 v 

_:ir 1.0 k 

0.1 µF 

Vin:r 
Vout 

"' w 
.... -

PULSE SOURCE 
Rise Time:= 1.0 ns 
Pulse Width ~100 ns Zin= 50 Ohms 

TO SAMPLING SCOPE 
Input Z '.:"100 k 
RiseTime'S1.0ns 

Fall Time~ 1.0 ns NOTES: Collector Current= 50 mA, Turn-On and Turn-Off Time 
Base Currents= 5.0 mA. 

FIGURE 3- DC CURRENT GAIN 

VcE ~ -1.0V 

20>---+-+--+-+--i--H-++i-t-i-+-r++++++---<f--+-t-i-+-++i.., 

le, COLLECTOR CURRENT lmA) 

FIGURE 5 - COLLECTOR SATURATION REGION 

-1.0 

ffi 
TJ ~ 25'C 

-0.8 
le~ -1.0mA -5.0mA -20mA -80 mA 

!:: ~ 
~ i5 -0.6 
"'- > ~ o
.... w 

'-'"' 
~ ~ -0.4 __, __, 
0 0 
'-' > 
~ 
> -0.2 

0 

1' 

\... 't'-
r-

r--
-0.01 -0.02 -0.05 -0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 

Is, BASE CURRENT (mA) 

FIGURE 7 -CURRENY-OAIN-BANDWIDTH PRODUCT 

le. COLLECTOR CURRENT (mA) 

FIGURE 2 

Vss = -6.o v Vee= 1.5 v 

:n Vout 
5.0 k 

0.1 µF 5.0 k 

Vin1 
PULSE SOURCE 
Rise Times 1.0 ns 
Pulse Width ::-200 ns 
Zin= 50 Ohms 

TO SAMPLING SCOPE 
Input Z ~100 k 
Rise Time:=: 1.0 ns 

Fall Times 1.0 ns NOTES: Collector Current= 10 mA, Turn-On and Turn-Off Time 
Base Currents= 0.5 mA. 

~ 
> s 
.... 
~ 
u 

FIGURE 4 - "ON" VOLTAGES 

-l.
4 r- TJ ~' 25'~ -Trrtttt~-r--t-t-t-11tt1111rrlliur--1-r--t1-t-t-+++H 

-1.2 r-----t--t-++-H+tt~t---t-+-ttjj++Jlltt---+±-±t-+++++H 

-o.2 - llill ldi 
~o ~.1----,0~.2~~_--:o ..... 5~-~i. .... o --~2.-:-0 ~~-~5.:-'o ~~':':10--_J~2o_J~_~5~0~-~100 

le. COLLECTOR CURRENT (mA) 

FIGURE 6 - TEMPERATURE COEFFICIENTS 

+0.5 
·APPLIES FOR le/ls" hfE/4 unto 1251oc l 

R6Vc FOR VcE(sat) 

-55°~c 'I"} 
~ -0.5 
w 
0 
'-' 
w 

~ -1.0 .... 

~ 
~ -1.5 

25'C to 125'C 

.... 
~ r R6VB FOR VBE +-j,~fu J. 

--r-
-2.0 

-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 -50 -100 

le, COLLECTOR CURRENT lmA) 

FIGURE 8 - CAPACITANCE 

3.0 i----t-+--t-H-1-t-t--t--t--r---t--t-T-1-MH---t---1 

0.1 t----t-+-+-t-t-++-+--+--+--+---r--r--t-1-t-H---t---i 

~o~.2--70.1=--~-~o~.5--~o~.1~-_.,.,1.o,.--~--72.0:---~3~.o~ .... _75.~o~-71.o::-'--~100-~----=20· 
VA, REVERSE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 15 Vdc 

Collector-Emitter Voltage VcES 40 Vdc 

Collector-Base Voltage Vcso 40 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 300 mAdc 
- 10 µ,s Pulse 500 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Device Dissipation @Tc = 25'C Po 1"5 Watts 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -55 to + 150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 200 'CIW 

Thermal Resistance, Junction to Case ReJC 83.3 'CIW 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = 100 µAde, VsE = O) 

Collector-Emitter Sustaining Voltage(1) (le = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = 100 µAde, le = O) 

Collector Cutoff Current (VcE = 20 Vdc, VsE = O) 
(VcE = 20 Vdc, VsE = 0, TA = 65'C) 

ON CHARACTERISTICS(1) 

DC Current Gain Oc = 30 mAdc, VcE = 0.4 Vdc) 
Oc = 100 mAdc, VcE = 0.5 Vdc) 
Oc = 300 mA, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage Oc = 30 mAdc, Is = 3.0 mAdc) 
Oc = 100 mAdc, Is = 10 mAdc) 
(le = 300 mAdc, Is = 30 mAdc) 
(le = 30 mA, Is = 3.0 mA, TA = 65'C) 

Base-Emitter Saturation Voltage Oc = 30 mAdc, Is = 3.0 mAdc) 
(le = 100 mAdc, Is = 10 mAdc) 
(le = 300 mAdc, Is = 30 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time 
(Vee = 10 Vdc, le = 300 mAdc, ls1 = 30 mAdc) 
(Figure 1) 

Rise Time 

Turn-Off Time (Vee = 10 Vdc, le = 300 mAdc, 191 = 192 = 30 mAdc) 

Fall Time (Figure 1) 

Storage Time 
(Vee = 10 Vdc, le = 10 mAdc, 191 = 192 = 10 mAdc) (Figure 2) 

(1) Pulse Test: Pulse Width ,.; 300 µ,s, Duty Cycle ,.; 2.0%. 

MPS3646* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

I, 3 Collector 

2~ Base 

i 'l/;J 
2 3 1 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CES 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

ICES 

hFE 

VcE(sat) 

VBE(sat) 

IT 

Cobo 

Cibo 

Ion 

Id 

tr 

loft 

If 

Is 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N4264 for graphs. 

Min Max 

40 -
15 -
40 -
5.0 -
- 0.5 
- 3.0 

30 120 
25 -
15 -
- 0.2 
- 0.28 
- 0.5 
- 0.3 

0.73 0.95 
- 1.2 
- 1.7 

350 -

- 5.0 

- 9.0 

- 18 

- 10 

- 15 

- 28 

- 15 

- 18 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 
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II 

MPS3646 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

-3.0 v +10 v 

+7.6Vif 

_J L 0.1 

0 V;n1 
tr,tf <1.0 ns 
Pulse Width~ 240 ns 50 

Zin= 50 S1 

FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 

o:x& -r:6 
t,<1.0ns lot 
Pulse Width = 300 ns ~ 

Duty Cycle= 2.0% 
Zin= 50 fl 

+11 v 

500 

500 

"A" 

+10 v 

+6.0 v 

'• 
To Sampling Scope 

tr~1.0ns 
Zin= 100 kfl 

10% Pulse 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage Vcso 55 

Emitter-Base Voltage VEBQ 3.5 

Collector Current - Continuous le 0.4 

Total Device Dissipation @TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation (@ Tc = 25°C PD 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oe = 5.0 mAdc, RsE = 1 o !ll 

Collector-Emitter Sustaining Voltage 
Oe = s.o mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 28 Vdc, Is = 0) 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB = -1.5 Vdc (Rev.), Tc = 150°C) 
!VcE = 55 Vdc, VEB = -1.5 Vdc (Rev.) 

Emitter Cutoff Current 
(VEB = 3.5 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oe = 360 mAdc, VcE = 5.0 Vdc)(1) 
Oe = 50 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 20 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oe = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 

Output Capacitance 
(Ves = 28 Vdc, IE = o. f = 1 .0 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(Vee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Collector Efficiency 
(Vee = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

(1 I Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

mW 
mW!°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

MPS3866 

CASE 29-04, STYLE 1 
T0-92 (T0-226AAI 

11 IA .~.~""'" 
2 1 Emitter 

3 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

VcER(sus) 55 - Vdc 

VcEO(sus) 30 - Vdc 

V(BR)EBO 3.5 - Vdc 

lcEO - 0.02 mAdc 

ICEX mAdc 
- 5.0 
- 0.1 

IEBQ - 0.1 mAdc 

hfE -
5.0 -
10 200 

VcE(sat) - 1.0 Vdc 

fT 500 - MHz 

Cobo - 3.0 pF 

Gpe 10 - dB 

,, 45 - % 
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Cl: 
C2, C5: 

C3: 

II 
C4: 
C6: 
Ll: 

L2: 

L3, L4: 
L5: 

Rl: 

MPS3866 

FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 

C5 L5 

RF 
C2 

Inputs 

L3 C6 
3.0 35 pF 
8.0 60 pF L2 

12 pF 
1000 pF 
0.9-7.0 pF 
Two turns #18 Wire, 
1 /4" ID, 1 /8" long R1 

FERRITE RF Choke, C4 

One Turn, z = 450 Ohms 
RF Choke, 0.1 µH 
2-3/4 Turns, #18 Wire, 
1 /4" ID, 3/16" long 

T~--<11l>------<( ~8 Vac 

5.6 Ohms 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-268 

RF 
Inputs 



MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vceo 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 100 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25"C 5.0 

Total Power Dissipation @ TA = 60°C Po 450 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 200 

Thermal Resistance, Junction to Case R8JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = Ol 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 

Base Cutoff Current 
(VcE = 30 Vdc, VE!lli>ffl_ = 3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= 0.1 mAdc, VcE = 1.0 Vdc) 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) 
Uc= 10 mAdc, VcE = 1.0 Vdc) 
Uc= 50 mAdc, VcE = 1.0 Vdc) 
Uc= 100 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

mW 

Watts 
mwrc 

"C 

Unit 

·ctW 
0 c1W 

MPS3904 

CASE 29-04, STYLE 1 
T0-92 (T0·226AA) 

,/ ~~'~" 
2 1 Emitter 

3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le EX 

leL 

hFE 

VcE(sat) 

VeE(sat) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Min Mex 

40 -
60 -
6.0 -

- 50 

- 50 

40 -
70 -
100 300 
60 -
30 -
- 0.2 
- 0.3 

0.65 0.85 
- 1.1 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 
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MPS3904 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 200 - MHz 
(le = 10 mAdc, VcE = 20 Vdc, I = 100 MHz) 

Output Capacitance Cobo - 4.0 pF 
IVcB = 5.0 Vdc, IE = 0, I = 1.0 MHz) 

Input Capacitance Cibo - 8.0 pF 
IVEB = 0.5 Vdc, le = 0, I = 1.0 MHz) 

•• Input Impedance hie 1.0 10 kfl 
(le = 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 

Voltage Feedback Ratio hre 0.5 8.0 x 10-4 
Uc = 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 

Small-Signal Current Gain hfe 100 400 -
Uc = 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 

Output Admittance hoe 1.0 40 I'm hos 
Uc = 1.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 

Noise Figure NF - 5.0 dB 
(le = 100 !'Ade, VcE = 5.0 Vdc, Rs = 1.0 kfl, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time IV cc = 3.0 Vdc, VBE(off) = - 0.5 Vdc, Id - 35 ns 

Rise Time le = 10 mAdc, IB1 = 1.0 mAdc) 
tr - 50 ns 

Storage Time (Vee = 3.0 Vdc, le = 10 mAdc, Is - 900 ns 

Fall Time IB1 = IB2 = 1.0 mAdc) 
If - 90 ns 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle"' 2.0%. 

EQUIVALENT SWITCHING TIME TEST CIRCUITS 

FIGURE 1 -TURN-ON TIME FIGURE 2 -TURN-OFF TIME 

300 ns -+I r-- +~.o v 
Duty Cycle= 2~Yo ~ +lo. 9 V 275 

10 k. I 

>---- ' 
-0.5 v j L _Les< 4.0 pF* 

<1.0 ns ,r, 

10<t1 <500µs-...j t1 I:!::__ +logv 

OM Mo ': ~ .," 

-9-:IJ --1 r-- <1.0 ns 
•Total shunt capacitance of test jig and connectors 
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MP53904 

TYPICAL NOISE CHARACTERISTICS 
IVcE = 5.0 Vdc, TA= 25°Cl 

50 100 200 500 1.0k 2.0k 50k IOk 
I, FREQUENCY (Hz) 

NOISE FIGURE CONTOURS 
(VcE = 5.0 Vdc, TA= 25°C) 

FIGURE 4 - NOISE CURRENT 

f, FREQUENCY (Hz) 

FIGURE 5 - NARROW SANO, 100 Hz FIGURE 6 - NARROW BAND, 1.0 kHz 

le, COLLECTOR CURRENT (µA) 

FIGURE 7 - WIDEBAND 

500k~~~~s:j~~~~~f===i=::r===i:===~I:=i:X:~ 
200k~;:::;j~~j:'.s;:::;j~"S:::'j'~~tf::j::j'j,,..=:--s;j::~===.,;'10~H~z~10~1~5+.7~kH~z:+1 

0100k~~E;..,;J~~~i-.;:;~~~:ll!!:~~:s,~~~~~~'!I ! :: : f=-+_. !S f";;: is,: 1' N 

1-0 M 

500 k 

;,/) 200 k 

~ 100 k 

50 k 

z 
~- 20 k 

10 k 

a: 5.0 k 

~ 2.0 k 

!-..., 

-::-,,,,, b. 

. 1' 

== ::s 
E ~ s; 1.0 k 

/t 500 

t" 
200 
100 

10 

:f:--., 

20 

Bandwidth 

b.. 

j,,.. 1'>. ]';;;; 

:s s 
1.0 dB 

~c 2 o·.;B1 ts: 
3.0 d!L_ 

30 50 70 100 200 300 
le. COLLECTOR CURRENT (µA) 

Noise Figure is Defined as: 

NF = 20 log10 fen 2 + 4KTRS +In 2Rs 2\ 1 /2 

\ 4KTRs / 

1.0 Hz-; 

5.0 dB 

8.0 dB 

500 700 1.0 k 

~ 10kllll:s ll!S ~5.0k 1.0dB 

~ 2.0 k - 2.0 dB \-t--

~ 1.0 k _., 3.0 dB J3 
0 500 5.0 dB 

en =Noise Voltage of the Transistor referred to the input. (Figure 3) 

10 =Noise Current of the transistor referred to the input (Figure 4) 

K = Boltzman's Constant (1.38 x 10-23 j/°K) 

£ 200 - 8.0 dB 
100 
50 

10 20 30 50 70 100 200 300 500 700 1.0 k 
le. COLLECTOR CURRENT (µA) 

T ""'Temperature of the Source Resistance (°K) 

Rs= Source Resistance (Ohms) 
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II 

MPS3904 

TYPICAL STATIC CHARACTERISTICS 

40 .._... i:;:f""" 
0.004 0.006 0.01 0.02 0.03 0.05 0.07 0.1 

FIGURE 8 - DC CURRENT GAIN 

JU. 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

tc. COLLECTOR CURRENT (mA) 

N 
20 30 50 70 100 

FIGURE 9 -COLLECTOR SATURATION REGION FIGURE 10 - COLLECTOR CHARACTERISTICS 

ti; 1.0 
::; 
~ rs 
0 

;:; 0.6 

~ 
i 
~ 0.4 
"' t 
w 
~0.2 
c ..., 
~ 
> 0 

tc=l.OmA 

,.... 

1JJ3~~-
TJ = 25°c 

11 
1DmA 50mA li100 mA 

lJ 
b 

t-
0.002 0.005 O.Ql 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

ts. BASE CURRENT (mA) 

FIGURE 11 - "ON" VOLTAGES 

1.4 
f-TJ--:!°2Jc 

1.2 

~1.0 

.f-" 
f-- ~aE1r~@ 1c11a. 10 

c 
~0.8 

~ .... 0.6 

f--_1~~.ov 
J_ lilll 

§; 
>" 0.4 

0,2 J_ JlllI 
f-- VCE(11t) O tc/ts. 10 

0 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 

le, COLLECTOR CURRENT lmA) 

.I' 

50 100 

0 ~o~--=-5.~0~--.:10,.--__,.15=--~~2a~--=275~~30=----:3~5~....,.40 
VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 12 - TEMPERATURE COEFFICIENTS 

1.B ~~T"TTT~~..--r-rrrrrrll----r-J--rj-,--r-.-TTTI 
u *Applies for le/le.;;;; hfE/2 
'-
!. as t---t---++-JH-tJl+++--~+++++]1+--Jt-Jr-+++7tti 
§ . t---1--1r-t-JTJTJ1"ttt---1--1--t-TTttr2rs_0c_to11_251°~c~~Tt1T 
C3 *eve tor VCE(sat) lJ 1--1' 
~ .. - 0 ~ - -ssoc to 2soc ,..,.. 
8 t---1--1r-t-TT1"ttt---1--1--t-TTttrt---t--t---t-t"Tftott 

~ -o.s t---t-T-t-Ttii"tt----l---t--rt-ttttr---ij_JT-r1-nt11 
~ l~soc to 1mbc ~ 

~ -1.6 r-++++-++ttt--t-c++1-i±W1L~:::tJ..-:::t:"""l"m=rm 
~ t--eva tor vae i-+- t1 -55°c to 25°c 

~ l [ ll 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

le. COLLECTOR CURRENT (mA) 
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MPS3904 

TYPICAL DYNAMIC CHARACTERISTICS 

300 

200 

100 

70 

~ 50 

~ 30 

S20 

10 

7.0 

5.0 

3.0 

.......... 

FIGURE 13 - TURN-ON TIME 

:s; 

:::si 
~ ,, 

N 
b... 

td @ VsE(off) • 0.5 Vdc r--. b,,,,. 

J. Jll 

Vee •3.0V 
1c11s = 10 

TJ • 25°C 

!-"" 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 
IC, COLLECTOR CURRENT (mA) 

FIGURE 15 - CURRENT-GAIN - BANDWIDTH PRODUCT 

~500~~~~~-~~-~~~~-~~-~~~ 

~ n 
t; fJ~~M 
5 300 f- f = 100 MHz -+--+--+--+--+-+4-H-+--+-+-->--1-4 
~ J T. 
:;: VCE • 20,~v_J~d:::t:+:P:t:_:--t-t't---- . 

6200t-i-t-t-tt---+--:1:"""5~~:c....ir-t-++-l+t--f'~""'!-l__:-..,<::"""~.+--t 
~ _y-5.ov "h.~ 

~ ~ N 
~100,.. ..... ~-+-H-t---+-f---+--i--i-+-+-+-++--+--+--+---+--f 
,:. <-
~ 

~ 70t--t-+-H-t---+~f---+--i--i-+-+-+-++--+--+--+--+--f 
.i 50L->-'-'--'-'---J.-'----'----''--'--'--'--'..Ll.---'---'---'----'---' 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 
IC, COLLECTOR CURRENT (mA) 

FIGURE 17 - INPUT IMPEDANCE 

20~N~N~~~~I~[[~~ VcE"' 10 Vdc 
f = 1.0 kHz 

10E~~~~~~~~~~~~::'.~!:=TJA~-f2lsloc~ _ 7.0 MPS3904 
E 5.0 l--+--+-+--+-+-1-++-Prs-- hte ;::, 200@ le = 1.0 mA 

w 
~ 3.0 l--+--+-+--+-+-H+++--+--+~--f-+-H-t+t+--+-+--1-+-++++-H 
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FIGURE 14 - TURN-OFF TIME 
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II 

MPS3904 

FIGURE 19 - THERMAL R.ESPONSE 
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DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented 
by the model as shown in Figure 19A. Using the model 
and the device thermal response the normalized effective 
transient thermal resistance of Figure 19 was calculated 
for various duty cycles. 

To find ZoJA(t)• multiply the value obtained from Figure 
19 by the steady state value RoJA 

Example: 
The MPS3904 is dissipating 2.0 watts peak under the fol
lowing conditions: 

t1 = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 
Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 

The peak rise in junction temperature is therefore 
AT = r(t) x P(pk) x RoJA = 0.22 x 2.0 x 200 = BB'C. 

For more information, see AN-569. 

The safe operating area curves indicate lc-VCE limits 
of the transistor that must be observed for reliable oper
ation. Collector load lines for specific circuits must fall 
below the limits indic:ited by the applicable curve. 

The data of Figure 20 is based upon T J(pk) = 150'C; 
Tc or TA is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided TJ(pk) 
.,; 150'C. T J(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi
tations will reduce the power than can be handled to 
values less than the limitations imposed by second 
breakdown. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -40 

Collector-Base Voltage Vceo -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -200 

Total Device Dissipation @J TA = 25°C Po 625 
Cerate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= -1.0 mAdc, le= Ol 

Collector-Base Breakdown Voltage 
Uc= -10 l'Adc, IE= 0) 

Emitter-Base Breakdown Voltage 
OE = -10 !LAdc, le = Ol 

Collector Cutoff Current 
(VcE = -30 Vdc, VEBjoff) = -3.0 Vdc) 

Base Cutoff Current 
(VCE = -30 Vdc, VEB(off) = -3.0 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= -0.1 mAdc, VcE = -1.0 Vdc) 
Uc= -1.0 mAdc, VcE = -1.0 Vdcl 
Uc= -10mAdc,Vce = -1.0Vdc) 
Uc= -50 mAdc, Vee= -1.0 Vdc) 
Uc = -100 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc= -50 mAdc, le= -5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc = -50 mAdc, le = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -10 mAdc, VcE = -20 V, f = 100 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mW 
mW!°C 

Watts 
mW/'C 

oc 

Unit 

oc/W 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

leL 

hfE 

VcE(sat) 

VeE(sat) 

MPS3906 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Min Max 

-40 -

-40 -

-5.0 -

- -50 

- -50 

60 -
80 -
100 300 
60 -
30 -

- -0.25 
- -0.4 

-0.65 -0.85 
- -0.95 

250 
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-
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MPS3906 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 4.5 pF 
(Vcs = -5.0 Vdc, IE = o, f = 1.0 MHz) 

Input Capacitance Cibo - 10 pF 
(VEB = -0.5 Vdc, le= 0, f = 1.0 MHz) 

Input Impedance hie 2.0 12 k ohms 
Uc= -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hre 1.0 10 x 10-4 
Uc = -1.o mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

II Small-Signal Current Gain -- hfe 100 400 -
Uc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Output Admittance hoe 3.0 60 µmhos 
Uc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 4.0 dB 
Uc = -100 µAde, VcE = -5.0 Vdc, Rs = 1.0 k ohm, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = -3.0 Vdc, VBE(off) = +0.5 Vdc, td - 35 ns 

Rise Time le= -10mAdc,191 = 1.0 mAdc) 
tr - 50 ns 

Storage Time (Vee= -3.0Vdc,lc = -10mAdc, ts - 600 ns 

Fall Time 191 = 192 = -1.0 mAdc) If - 90 ns 

(1) Pulse Test: Pulse Width = 300 µs, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol MPS4123 MPS4124 Unit 

Collector-Emitter Voltage VcE 30 25 Vdc 

Collector-Base Voltage Vcs 40 30 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Power Dissipation @ TA = 25'C Po 625 mW 
Derate above 25°C 5.0 mW/'C 

Total Power Dissipation@ Tc = 25'C Po 1.5 w 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 200 'C/W 

Thermal Resistance, Junction to Case ReJC 83.3 'C/W 

ELECTRICAL CHARACTERISTICS (Tc= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage MPS4123 
!le = 1.0 mA, Is = o) MPS4124 

Collector-Base Breakdown Voltage MPS4123 
!le = 10 µA, IE = O) MPS4124 

Emitter-Base Breakdown Voltage !le = 0, IE = 10 µA) 

Collector Cutoff Current (Vcs = 20 V, IE = O) 

Emitter Cutoff Current (VEB = 3.0 V, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 2.0 mA, VcE = 1.0 V) MPS4123 

MPS4124 
!le = 50 mA, VcE = 1.0 V) MPS4123 

MPS4124 

Collector-Emitter Saturation Voltage 
!le = 50 mA, Is = 5.0 mA) 

Base-Emitter Saturation Voltage 
!le = 50 mA, Is = 5.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product MPS4123 
!le = 10 mA, VcE = 20 V, f = 100 MHz) MPS4124 

Output Capacitance 
(Vcs = 5.0 V, IE = o, f = 1.0 MHz) 

Input Capacitance MPS4123 
!Ves = o.5 v, ic = o, t = 1.0 MHz) MPS4124 

Small-Signal Current Gain MPS4123 
!le = 2.0 mA, Vee = 1.0 V, t = 1.0 kHz) MPS4124 

Noise Figure 
!le = 100 µA, VcE = 5.0 V, Rs = 1.0 k!1, MPS4123 
f = 1.0 kHz) MPS4124 

MPS4123 
MPS4124 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

.:~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 
25 -

V(BR)CBO 40 - Vdc 
30 -

V(BR)EBO 5.0 - Vdc 

lcso - 50 nAdc 

Imo - 50 nAdc 

hFE -
50 150 
120 360 
25 -
60 -

VcE(sat) - 0.3 Vdc 

VsE(sat) - 0.95 Vdc 

fr 100 - MHz 
170 -

Cob - 4.0 pF 

Cib - 14 pF 
- 13.5 

hte 50 200 -
120 480 

NF dB 
- 6.0 
- 5.0 
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II 

MAXIMUM RATINGS 

Rating Symbol MPS4125 MPS4126 Unit 

Collector-Emitter Voltage VcE -30 -25 Vdc 

Collector-Base Voltage Vcs -10 -25 Vdc 

Emitter-Base Voltage VEB -4.0 Vdc 

Collector Current - Continuous le -200 mAdc 

Total Power Dissipation (ill TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Power Dissipation (dJ Tc = 25°C Pb 1.5 w 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc;w 

Thermal Resistance, Junction to Case RoJC 83.3 oc;w 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage MPS4125 
Uc= -1.0 mA, IB = 01 MPS4126 

Collector-Base Breakdown Voltage MPS4125 
Uc = -10 µA, IE = 01 MPS4126 

Emitter-Base Breakdown Voltage Uc = 0, IE = -10µA) 

Collector Cutoff Current (VcB = - 20 V, IE = O) 

Emitter Cutoff Current (VEB = -3.0 V, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -2.0 mA, VcE = -1.0 VI MPS4125 

MPS4126 
Uc= -50mA,VcE = -1.0V) MPS4125 

MPS4126 

Collector-Emitter Saturation Voltage 
Uc= -50 mA, Is= -5.0 mAI 

Base-Emitter Saturation Voltage 
Uc= -50 mA. Is= -5.0 mAI 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product MPS4125 
Uc= -10 mA. VcE = -20 V, f = 100 MHz) MPS4126 

Output Capacitance 
(Vee= -5.0 V, IE= 0, f = 1.0 MHz) 

Input Capacitance MPS4125 
(VEB = -0.5 v, le = 0, f = 1.0 MHz) MPS4126 

Small-Signal Current Gain MPS4125 
Uc = - 2.0 mA, VcE = -1.0 V, f = 1.0 kHz) MPS4126 

Noise Figure 
(le= -100 µA, VcE = -5.0 V, Rs= 1.0 k!l, MPS4125 
f = 1.0 kHz) MPS4126 

MPS4125 
MPS4126 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

I 3 Collector 

2 fv\ 
1 Bas~ 

2 3 1 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -30 - Vdc 
-25 -

V(BRICBO -30 - Vdc 
-25 -

V(BRIEBO -4.0 - Vdc 

le Bo - -50 nAdc 

IEBO - -50 nAdc 

hFE -
50 150 
120 360 
25 -
60 -

VcE(sat) - -0.4 Vdc 

VBE(sat) - -0.95 Vdc 

tr 150 - MHz 
170 -

Cob - 4.5 pF 

Cib - 12 pF 
- 11.5 

hte 50 200 -
120 480 

NF dB 
- 5.0 
- 4.0 
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MAXIMUM RATINGS 

Rating Symbol MPS4250 MPS4249 Unit 

Collector-Emitter Voltage Vern -40 -60 Vdc 

Collector-Emitter Voltage VcES -40 -60 Vdc 

Collector-Base Voltage Vcso -40 -60 Vdc 

Emitter-Base Voltage VEBO --5.0 -5.0 Vdc 

Collector Current - Continuous le - -50 mAdc 

Total Device Dissipation @! TA = 25°C Po 625 625 mW 
Derate above 25°C 5.0 5.0 mWl°C 

Total Device Dissipation (!f Tc - 25°C Po 1.5 1.5 mW 
Derate above 25°C 12 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc/W 

Thermal Resistance, Junction to Case RoJC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le= -10 µA) MPS4249 
(le= -5.0 mA) MPS4250 

Collector-Emitter Sustaining Voltage(l) 
!le = -5.o) MPS4250 
(le= -5.0l MPS4249 

Collector-Base Breakdown Voltage 
(le= -10 µA) MPS4250 
(le= -10µ,A) MPS4249 

Emitter-Base Breakdown Voltage 
OE= -10 µA) 

Collector Cutoff Current 
!Vcs = -40 V) MPS4249 
!Vcs = -5oV) MPS4250 
(Vcs = -40 V, TA = 65°C) MPS4249, MPS4250 

Emitter Cutoff Current 
(VEB = -3.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(le= -100 µA, VcE = -5.0 V) MPS4249 
!le= -1.0 mA, VcE = -5.0 V) MPS4249 
(le= -1.0 mA, VcE = -5.0 V) MPS4250 
(le= -10mA,VcE = -5.0V) MPS4249 
(le= -10 mA, VcE = -5.0 V) MPS4250 

Collector-Emitter Saturation Voltage(1) 
Oc = -10 mA, Is= -0.5 mA) 

Base-Emitter Saturation Voltage(1) 
(le= -10 mA, Is= -0.5 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = -5.0 V, f = 1.0 MHz) 

MPS4249 
MPS4250 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

',, .:.~~~· 
3 

TRANSISTORS 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CES Vdc 
-60 -
-40 -

V(BR)CEO(sus) Vdc 
-40 -
-60 -

V(BR)CBO Vdc 
-40 -
-60 -

V(BR)EBO -5.0 - Vdc 

lcso nA 
- -10 
- -10 
- -3.0 

IEBO - -20 nA 

hfE -
100 300 
100 -
250 -
100 -
250 -

VcE(sat) - -0.25 Vdc 

VsE(sat) - -0.9 Vdc 

Cobo 6.0 pF 
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MPS4249, MPS4250 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Capacitance Cibo - 16 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Small-Signal Current Gain hte -
Oc = -1.0 mA, VcE = -5.0 V, f = 1.0 kHz) MPS4249 100 500 
Oc = -1.0 mA, VcE = -5.0 V, f = 1.0 kHz) MPS4250,A 250 800 
(le= -0.5 mA, VcE = -5.0 v, f = 20 MHz) MPS4249,50 2.0 -

II 
Noise Figure NF dB 

(le= -20 µA, VcE = -5 .. 0 V, Rs = 10 k!l, 
t = 1.0 kHz, Psw = 150 Hz) MPS4250,A - 2.0 
Oc = -20 µA, VcE = -5.0 V, Rs= 1.0 k!l, 
t = 1.0 kHz, Psw = 150 Hz) MPS4249 - 3.0 
(le = -250 µ.A, VcE = -5.0 V, Rs = 1 .0 k!l, 
t = 1.0 kHz, Psw = 150 Hz) MPS4250,A - 2.0 
Oc = -250 µ.A, VcE = -5.0 V, Rs = 1.0 k!l, 
t = 1.0 kHz, Psw = 150 Hz) MPS4249 - 3.0 

(1) Pulse Test: Pulse Width = 300 µ,s, Duty Cycle = 2.0%. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-280 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -12 

Collector-Base Voltage VcBo -12 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous le -80 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation@ Tc = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case ReJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = -100 µAde, VBE = O) 

Collector-Emitter Sustaining Voltage(1) 
Uc = -3.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Oe = -100 µAde, le = Ol 

Collector Cutoff Current 
(Vee = -6.o Vdc, Vse = Ol 
(Vee = -6.0 Vdc, VBE = o, TA= +65'C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -1.0 mAdc, Vee = -0.5 Vdc) 
(le = -10 mAdc, VcE = -3.0 Vdc) 
Uc= -50mAdc,VcE = -1.0Vdc) 

Collector-Emitter Saturation Voltage 
(le= -10 mAdc, IB = -1.0 mAdc) 
Uc = -50 mAdc, IB = -5.0 mAdc) 

Base-Emitter On Voltage 
Uc= -10 mAdc, IB = -1.0 mAdc) 
Uc = -50 mAdc, IB = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) 
Uc = -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(VcB = -s.o Vdc, le = o, t = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'C/W 

MPS4258 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/.~.~"-
2 1 Emitter 

3 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to MPS364o for graphs. 

Symbol Min Max Unit 

V(BR)CES -12 - Vdc 

VcEO(sus) -12 - Vdc 

V(BR)CBO -12 - Vdc 

V(BR)EBO -4.5 - Vdc 

Ices µAde 
- -0,01 
- -5.0 

hFE -
15 -
30 120 
30 -

VcE(sat) Vdc 
- -0.15 
- -0.5 

VBE(sat) Vdc 
-0.75 -0.95 
- -1.5 

fy 700 - MHz 

Cibo - 3.5 pF 

Ccb - 3.0 pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-281 

• 



MPS4258 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°e unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Time !Vee= -1.5Vdc, ton - 15 ns 

Delay Time VE8(off) = 0. Id - 10 ns 

II 
Rise Time le= -10 mAdc, 191 = -1.0 mAdc) 

tr - 15 ns 

Turn-Off Time !Vee = -1.5 Vdc, lo ff - 20 ns 

Storage Time le= -10 mAdc, ts - 10 ns 

Fall Time 191 = 192 = 1.0 mAdc) 
If - 20 ns 

Storage Time ls - 20 ns 
Oe = -10 mAdc, 191 = -10 mAdc, 192 = 10 mAdc) 

(1) Pulse Test: Pulse Width .;;: 300 µs, Duty Cycle ::s; 2.0%. 
(2) fr is defined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Vss Vee 

R1 
R2 

Vin Vss Vee R1 R2 R3 IC 1s1 IB2 
0.1 µF Volts Volts Volts Ohms Ohms Ohms mA mA mA 

V;,~ Zj0 =50fl 
tr<l.Ons son 

tw"' 240 ns 

'°" -5.8 GNO -1.5 130 2.2 k 5k 10 1.0 -
to ff +9.8 -8.0 -1.5 130 2.2k 5k 10 1.0 1.0 

Is +9.0 -10 -3.0 270 510 390 10 10 10 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 12 Vdc 

Collector-Base Voltage Vcso 20 Vdc 

Emitter-Base Voltage VEBO 2.5 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 200 mW 
Derate above 25'C 1.14 mW/'C 

Total Device Dissipation @ Tc = 25'C Po 300 mW 
Derate above 25'C 1.71 mW/'C 

Storage Temperature Range Ts.!fl_ -55 to + 150 'C 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Oc = 3.0 mAdc, ts = O) 

Collector-Base Breakdown Voltage 
Uc = 0.001 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 0.01 mAdc, tc = O) 

Collector Cutoff Current 
(Vcs = 15 Vdc, IE = 0) 
(Vcs = 15 Vdc, IE = 0, TA= 150'C) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 3.0 mAdc, VcE = 1 .o Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 10 mAdc, ts = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, ts = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
(tc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE= 0, f = 0.1to1.0 MHz) 

Small Signal Current Gain 
Oc = 2.0 mAdc, VcE = 6.0 Vdc, f = 1 .o kHz) 

Collector Base Time Constant 
(IE = 2.0 mAdc, Vcs = 6.0 Vdc, f = 31 .9 MHz) 

Noise Figure (See Figure 1) 
(le = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 

Common-Emitter Amplifier Power Gain (See Figure 1) 
(VcE = 6.0 Vdc, le = 5.0 mAdc, f = 200 MHz) 

(1) fr is defined as the frequency at which lhtel extrapolates to unity. 

MPS5179* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AAI 

I , ''"'"""' 
,J// ... ~ 

2 3 1 Emitter 

HIGH FREQUENCY TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Symbol Min Max 

VcEO(sus) 12 -

V(BR)CBO 20 -

V(BR)EBO 2.5 -

lcso 
- 0.02 
- 1.0 

hFE 25 250 

VcE(sat) - 0.4 

VsE(sat) - 1.0 

tr 900 2000 

Ccb - 1.0 

hfe 25 300 

rb'Cc 3.0 14 

NF - 5.0 

Gpe 15 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

-

ps 

dB 

dB 
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II 
DC 

MPS5179 

FIGURE 1 - 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 

TYPE 
1N3195 

TYPE 
1N3195 

CDMMDN...,. ']200 

FRDMson-=
SDURCE 0.02 ~F 

> 0-:- ) T C;n 
3.0 - 35 

L1 1-3/4 Turns, #18 AWG, 0.5" L, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" L, 0.5" Diameter 
L3 2 Turns, #13 AWG, 0.25" L, 0.5" Diameter (Position 1/4" from L2) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -15 

Collector-Base Voltage Vcso -15 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Oc = -3.0 mA)(1) 

Collector-Emitter Breakdown Voltage Oc = -100 µ,A) 

Collector-Base Breakdown Voltage Oc = -100 µ,Al 

Emitter-Base Breakdown Voltage OE = -100 µ,A) 

Collector Cutoff Current IVcs = -8.0 Vdc) 

Collector Cutoff Current (VcE = -8.0 Vdc) 
(VCE = -8.0 Vdc, TA = 125°C) 

Emitter Cutoff Current IVEB = -4.5 Vdc) 

ON CHARACTERISTICS 

DC Current Oc = -1.0 mA, VcE = -0.5 Vdc)(1) 
Oc = -10 mA, VcE = -1.0 Vdc)(1) 
lie= -50 mA, VcE = -1.0 Vdc)(1) 
Oc = -10 mA, VcE = -1.0 Vdc, TA= -55°C) 

Collector-Emitter Saturation Voltage(1) 
Oc = -1.0 mA, Is= -0.1 mA) 
Oc = -10 mA, Is= -1.0 mA) 
Oc = -50 mA, Is = -5.0 mA) 

Base-Emitter Saturation Voltage(1) Oc = -1.0 mA, Is = -0.1 mA) 
Oc = -10 mA, IB = -1.0 mA) 
Oc = -50 mA, IB = -5.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
IVcs = -5.0 Vdc, f = 140 kHz, f = 1.0 MHz) 

Emitter-Base Capacitance 
(VEB = -0.5 Vdc, f = 140 kHz, f = 1.0 MHz) 

Small-Signal Current Gain 
lie = -10 mA, VcE = -10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time !Vee= -1.5 Vdc, le = -10 mAdc, 
Is= -1.0 mA) 

Rise Time 

Turn-Off Time !Vee= -1.5 V, le= -10 mA, 

Fall Time ls1 = ls2 = -1.0 mA) 

Storage Time !Vee= -1.5 V, IC= -10 mA, 
ls1 = IB2 = -10 mAl 

(1) Pulse Conditions: Pulse Length = 300 µ.s, Duty Cycle = 1.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watts 
mW!°C 

Watt 
mW!°C 

oc 

Unit 

oc!W 

oc!W 

MPS5771 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -15 - Vdc 

V(BR)CES -15 - Vdc 

V(BR)CBO -15 - Vdc 

V(BR)EBO -4.5 - Vdc 

lcso - -10 nA 

lcES - -10 nA 
- -5.0 µ,A 

IEBO - -1.0 µ,A 

hFE 30 - -
35 120 
25 -
15 -

VcE(sat) Vdc 
- -0.15 
- -0.18 
- -0.6 

VBE(sat) - -0.8 Vdc 
-0.75 -0.95 
- -1.5 

Ccb - 3.0 pF 

Ceb - 3.5 pF 

hfe 8.5 - -

Ion - 15 ns 

Id - 10 ns 

tr - 15 ns 

lo ff - 20 ns 

If - 10 ns 

ts - 20 ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 50 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le= 0.1 mAdc, IE = O) 

Collector Cutoff Current 
(VcE = 30 Vdc) 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(VcE = 5.0 Vdc, le = O.D1 mAdc) 
(VcE = 5.0 Vdc, le = 0.1 mAdc) 
(VcE = 5.0 Vdc, le = 1.0 mAdc) 
(VcE = 5.0 Vdc, le = 10 mAdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 0.5 mAdc) 
(le = 100 mAdc, Is = 5.0 mAdc) 

Base-Emitter On Voltage 
(le = 1.0 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= 1.0 mAdc, VcE = 5.0 V, f = 100 MHz) 

Output Capacitance 
(Vea = 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = o. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWi°C 

Watts 
mWi°C 

oc 

Unit 

oc/W 

oc/W 

MPS6428 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

.:~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 50 - Vdc 

V(BR)CBO 60 - Vdc 

lcEO - 0.025 µA 

le Bo - 0.01 µA 

IEBO - 0.01 µA 

hFE -
250 -
250 650 
250 -
250 -

VcE(sat) Vdc 
- 0.2 
- 0.6 

VBE(on) 0.56 0.66 Vdc 

tr 100 700 MHz 

Cobo - 3.0 pF 

Cibo - 8.0 pF 
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MPS6428 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic 

Input Impedance 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

Output Admittance 
(le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

NOISE FIGURE/TOTAL NOISE VOLTAGE CHARACTERISTICS 

Noise FigureNoltage 
(VcE = 5.0 v, le = 0.1 mA, TA= 25°C) 

(1) Rs= 10 k!l, BW = 1.0 Hz, f = 100 Hz 
(2) Rs = 50 k!l, BW = 15.7 kHz, f = 10 Hz-10 kHz 
(3) Rs = 500 11, BW = 1.0 Hz, f = 1 O Hz 

Symbol Min 

hie 3.0 

hre 2.0 

hfe 200 

hoe 5.0 

NF Vr NF Vr 
Max (1) Max(2) 

7.0118.1 6.015700 
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30 k!l 

20 x 10-4 
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50 I'm hos 

• NF Vr 
Max(3) Unit 

3.5 I 4.3 dB I nV 



MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 20 Vdc 

Collector-Base Voltage VeBo 30 Vdc 

Emitter,Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Der,ate above 25"C 5.0 mWi°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°e 12 mWi°e 

Operating and Storage Junction 
Temperature Range 

TJ,'Tstg -55to+150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 •ctw 

Thermal Resistance, Junction to Case R8JC 83.3 ·ctw 
(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)eEO 
lie= 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage V(BR)eBO 
lie = 100 µAde, IE = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 100 µAde, le = Ol 

Collector Cutoff Current iceo 
!Vee = 15 Vdc, IE = Ol 
(Vee = 15 Vdc, IE = 0, TA = 60°C) 

ON CHARACTERISTICS 

DC Current Gain(2) 
lie = 2.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
lie = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vee = 10 Vdc, IE= 0, f = 1.0 MHz) 

Small-Signal Current Gain hte 
lie = 2.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 

(2) Pulse Test: Pulse Width "" 300 µ.s, Duty Cycle "" 2.0%. 

MPS6507 

CASE 29·04, STYLE 1, 
T0-92 (T0-226AA) 

,/~~'-· 
2 3 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

20 - - Vdc 

30 - - Vdc 

3.0 - - Vdc 

- - 50 nAdc 
- - 1.0 µAde 

25 75 

700 800 - MHz 

- 1.25 2.5 pF 

20 - - -
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MAXIMUM RATINGS 

Rating Symbol NPN PNP 

Collector-Emitter Voltage Vceo 
MPS6520, MPS6521 25 -

MPS6523 - 25 

Collector-Base Voltage Vceo 
MPS6520, MPS6521 40 -

MPS6523 - 25 

Emitter-Base Voltage Veeo 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation@ TA= 25°C Po 625 
Cerate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Cerate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, .Junction to Ambient R9JA 200 
(Printed Circuit Board Mounting) 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 0.5 mAdc, le = O) 

Emitter-Base Breakdown Voltage 
!le = 10 µ.Ade, le = O) 

Collector Cutoff Current 
!Vee = 30 Vdc, le = O) MPS6520,MPS6521 
!Vee = 20 Vdc, le = O) MPS67523 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 100 µAde, Vee = 10 Vdc) MPS6520 

MPS6521 

Uc= 2.0 mAdc, Vee = 10 Vdc) MPS6520 
MPS6521 

Uc = 100 µ.Ade, Vee = 10 Vdc) MPS6523 

Uc = 2.0 mAdc, Vee = 10 Vdc) MPS6523 

Collector-Emitter Saturation Voltage 
Uc = 50 mAdc, le = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
Uc = 10 µ.Ade, Vee = 5.0 Vdc, Rs = 10 k ohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points@ 10 Hz and 10 kHz) 

*Refer to 2N5086 for PNP graphs. 
(1) Voltage and Current are negative for PNP Transistors. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mwrc 

·c 

Unit 

•CfW 

"C!W 

NPN 
MPS6520 

MPS6521* 

3 Collector 

.:~ 
1 Emitter 

3 Collector 

PNP111 

MPS6523 .:~ 
1 Emitter 

CASE 29-04, STYLE 1 I 
T0-92 (T0-226AA) 

AMPLIFIER 1 
TRANSISTORS 2 3 . 

*This is a Motorola 
designated prafarrad device. 

Refer to MPS3904 for NPN graphs. 
Refer to 2N5086 for PNP graphs. 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

V(BR)EBO 4.0 - Vdc 

lceo µ.Ade 
- 0.05 
- 0.05 

hFE -
100 -
150 -

200 400 
300 600 

150 -
300 600 

Vce(sat) - 0.5 Vdc 

Cobo - 3.5 pF 

NF - 3.0 dB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 40 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBQ 5.0 Vdc 

Collector Current~ Continuous le 600 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 

Junction Temperature TJ, Ts~ 150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 0.2 'CimW 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, Is = Ol 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Us = 10 µAde, le= Ol 

Collector Cutoff Current 
(Vcs = 40 Vdc, IE = 0) 
(Vcs = 40 Vdc, IE = 0, TA = 60'C) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, VcE = 1.0 Vdcl MPS6530 

MPS6531 

Uc = 100 mAdc, VcE = 1.0 Vdcl MPS6530 
MPS6531 

Uc = 500 mAdc, VcE = 10 Vdc) MPS6530 
MPS6531 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) MPS6530 

MPS6531 

Base-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

MPS6530 
MPS6531 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

I , 3 Collector 

2__GJ\ 
1 

Base~ 
2 3 1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N4400 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 60 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso µAde 
- 0.05 
- 2.0 

hFE -
30 -
60 -
40 120 
90 270 

25 -
50 -

VcE(satl Vdc 
- 0.5 
- 0.3 

VBE(sat) - 1.0 Vdc 

Cobo 5.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -40 Vdc 

Collector-Base Voltage Vceo -40 Vdc 

Emitter-Base Voltage VEBO -4.0 Vdc 

Collector Current - Continuous le -600 mAdc 

Total Device Dissipation@ TA = 25'C Po 625 mW 
Derate above 25'C 

Junction Temperature TJ, TS!ll 150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 0.2 'C/mW 

ELECTRiCAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie = 10 mAdc, le = O) 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
lie = 10 µAde, le = o) 
lie = 10 µAde, le = o) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 
(Vee= 30 Vdc, IE = 0, TA= 60'C) 

ON CHARACTERISTICS 

DC Current Gain 
lie= -10 mAdc, VcE = -1.0 Vdc) 
lie = -100 mAdc, VcE = -1.0 Vdc) 
lie = -500 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
lie= -100 mAdc, le= -10 mAdc) 

Base-Emitter Saturation Voltage 
lie= -100 mAdc, le= -10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

MPS6534 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

PNPSILICON 

Refer to 2N44Cl2 for graphs. 

Symbol Min Mex Unit 

V(BR)CEO -40 - Vdc 

V(BR)CBO -40 - Vdc 

V(BR)EBO Vdc 
-5.0 -
4.0 -· 

iceo µAde 
- 0.05 
- 2.0 

hFE -
60 -
90 270 
50 -

VcE(sat) - -0.3 Vdc 

VeE(sat) - -1.0 Vdc 

Cobo 7.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emi.tter Voltage Vern 25 Vdc 

Collector-Base Voltage VcBo 25 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA =. 25°C Po 625 mW 
Derate above 25°C 5.0 mW!°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mW!°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 °C/mW 

Thermal Resistance, Junction to Case RBJC 83.3 °C/mW 

(1) RllJA is measµred with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakqown Voltage(1) 
Uc = 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcE = 25 Vdc, IB = 0) 

Collector Cutoff Current 
(VcB "' 20 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEflli>ffL = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= 10 mAdc, Vee = 1.0 Vdc) 
Uc = 100 mAdc, VcE = 1.0 Vdc) 
Uc= 500 mAdc, Vee = 1.0 Vd~) 

Collector-Emitter Saturation Voltage 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter On Voltage 
Uc= 500 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vea = 10 Vdc, le = o, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ~ 300 µ.s, Duty Cycle ,-;;; 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

NPN 
MPS6560 

PNP'21 

MPS6562 

3 Collector 

~~ 
1 Emitter 

~-©'"~' 
1 Emitter 

CASE 29-04, STYLE ,,. . . 
T0-92 (T0-226AA) 

1 
2 

3 

AUDIO TRANSISTORS 

Symbol Min Max Unit 

V(BR)CEO 25 - Vdc 

V(BR)CBO 25 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcEO - 100 nAdc 

le Bo - 100 nAdc 

IEBO - 100 nAdc 

hFE -
35 -
50 -
50 200 

Vce(sat) - 0.5 Vdc 

VBE(on) - 1.2 Vdc 

tr 60 - MHz 

Cobo - 30 pF 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 20 Vdc 

Collector-Base Voltage vcBo 20 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/"C 

Total Device Dissipation @Tc = 25°C Po 1.0 Wart 
Derate above 25°C 8.0 mW/"C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RllJA 357 0 ctw 
Thermal Resistance, Junction to Case(1) RllJC 125 •CfW 

(1) RllJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = O) 

Collector Cutoff Current 
!Vee = 10 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 4.0 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz. emitter guarded) 

Noise Figure 
(V AGC = 1.4 Vdc, Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
(V AGC = 1.4 Vdc, Rs = 50 ohms, f = 200 MHz) 

Forward AGC Voltage 
(Gain Reduction = 30 dB, Rs = 50 ohms, f = 200 MHz) 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

hFE 

VcE(sat) 

VeE(sat) 

tr 

Ccb 

NF 

Gpe 

VAGC 

MPS6568A 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

VHF TRANSISTOR 

NPNSIUCON 

Min Max 

20 -
20 -
3.0 -

- 50 

20 200 

0.1 3.0 

- 0.96 

375 800 

- 0.65 

- 3.3 

20 27 

4.0 5.0 
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Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-
Vdc 

Vdc 

MHz 

pF 

dB 

dB 

Vdc 



II 

30 
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;;; 20 

"" ~ 15 
ffi 
~ IO 

-5 

50Q 
INPUT 

0 

FIGURE 1 - POWER GAIN 

MPS6568A 

AGC CHARACTERISTICS 
Vee = 12 Vdc, Rs= 50 OHMS, SEE FIGURES 9 ANO IO 

-I= 45 MHz -- I= 200 MHz 

14 

12 ..l 

FIGURE 2 - NOISE FIGURE 
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(NEUTRALIZED) 

VAGC 

2.2 k!l 
v. w 

50Q 
OUTPUT It""' ,,.,,. >-----tf-© 

T, 820 pf 0 pf 

1--,:ff'--+-.. 

RF BEADS 0.7 -IO pf 
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~ 

0 z 
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0 

v r/-I 

\ 7 L 
!'... ~ ~ v 
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FIGURE 4 - 45 MHz FUNCTIONAL TEST CIRCUIT 
(UNNEUTRALIZED) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 20 

Collector-Base Voltage Vcso 25 

Emitter-Base Voltage VEBO 3.0 

Collector Current - Continuous ic 50 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient Ro.JA 200 

Thermal Resistance, Junction to Case Rruc 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
!le = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Collector Cutoff Current 
(Vcs = 20 Vdc, IE = 0) 

Emitter Cutoff Current 
!VE!iliJffJ_ = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
!le = 100 µAde, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter On Voltage 
!le = 10 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 500 µAde, Vee = 5.0 Vdc, t = 20 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Noise Figure 
!le = 100 µAde. Vee = 5.0 Vdc, Rs = 10 kohms, t = 100 Hz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/"C 

Watts 
mW/"C 

"C 

Unit 

"C/W 

"CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

icso 

IEBO 

hFe 

Vce(sat) 

Vee( on) 

fT 

Cobo 

NF 

MPS6571 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/ ~«>,_ 
2 3 1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSA18 for graphs. 

Min Typ Max Unit 

20 - - Vdc 

25 - - Vdc 

- - 50 nAdc 

- - 50 nAdc 

250 - 1000 -

- - 0.5 Vdc 

- - 0.8 Vdc 

50 175 - MHz 

- - 4.5 pF 

- 1.2 - dB 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 12 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.81 mW/"C 

Total Device Dissipation@ Tc = 25°C Po 1.0 Watt 
Derate above 25°C 8 mW/"C 

Operating and Storage Junction TJ, Tstg -55to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA(1) 357 "C/W 

Thermal Resistance, Junction to Case R9JC 125 "C/W 

(1) RoJA 1s measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS <TA= 25°C unless otherwise noted.) 

Characteristic j Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc '" 1.0 mAdc, le = Ol 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 2.5 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 10 mAdc, VcE = 5.0 Vdcl 
Oc = 50 mAdc, Vee = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
<Vee = 10 Vdc, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width .;; 300 1-<S, Duty Cycle .;; 2.0%. 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

leeo 

hfE 

fr 

Ccb 

MPS6595* 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

3 Collector 

.~() 
1 Emitter 

AMPLIFIER TRANSISTOR 

Min 

12 

20 

3.0 

-

-

25 
20 

1200 

-

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Typ 

-

-

-

-

-

-

-

Max 

-

-

-

100 

1.0 

250 
230 

-

1.3 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

1-<Adc 

MHz 

pf 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO Vdc 
MPS6601/6651 25 
MPS6602/6652 40 

Collector-Base Voltage Vcso Vdc 
MPS6601/6651 25 
MPS6602/6652 30 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 1000 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Cerate above 25°C 5.0 mW!°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Cerate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R6JA(1) 200 "C/W 

Thermal Resistance, Junction to Case RBJC 83.3 "C/W 

(1) RBJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, Is = O) MPS6601/6651 

MPS6602/6652 

Collector-Base Breakdown Voltage 
Uc - 100 µAde, IE - 0) MPS6601/6651 

MPS6602/6652 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = O) 

Collector Cutoff Current 
IVcE = 25 Vdc, le = 0) MPS6601/6651 
IVcE = 30 Vdc, le = O) MPS6602/6652 

Collector Cutoff Current 
(Vee = 25 Vdc, IE = 0) MPS6601/6651 
(Vee = 30 Vdc, IE = 0) MPS6602/6652 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 100 mAdc, VcE = 1.0 Vdc) 
Uc = 500 mAdc, VcE = 1.0 Vdc) 
Uc= 1000 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= 1000 mAdc, Is= 100 mAdc) 

Base-Emitter On Voltage 
Uc= 500 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= 50mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee= 10 Vdc, IE = o. f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 

Rise Time IVcc = 40 Vdc, le = 500 mAdc, 

Storage Time 
le1 = 50 mAdc, 
tp ;;. 300 ns Duty Cycle) 

Fall Time 

(1) Voltage and Current are negative for PNP Transistors. 

3 Collector 

~-© 
1 Emitter 

PNP(l) 3 Collector 

MPS665~,:~ 
MPS6652 1 Emitter 

CASE 29-04, STYLE 1/ 
T0-92 (T0-226AA) 

AMPLIFIER 
TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcEO 

iceo 

hFE 

VcElsat) 

VeE(on) 

fr 

Cobo 

Id 

tr 

ts 

tf 

*These are Motorola 
designated preferred devices. 

Min Max 

25 -
40 -

25 -
40 -
4.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

50 -
50 -
30 -
- 0.6 

- 1.2 

100 -

- 30 

- 25 

- 30 

- 250 

- 50 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

ns · 

ns 

ns 

ns 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS66.52 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS 
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•Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 
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FIGURE 2 - MPS6601 /6602 DC CURRENT GAIN 
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FIGURE 3 - MPS6651 /6652 DC CURRENT GAIN 

r-r-,.... 
~ 1001---+--+--+--+-+--+-t-t-t+----i-t---t---t--t-l'l~,....H-Tot::I 
"' i ~1---+-1----+-1--1--++-l-+l--t--+--+--+--+-+-+++1 
:::J 

~ 50 t----+- Vee = -1.0 V +-+-+-1-+--+--t-----ir---t--.,_,1-t-..,..,_, 
.lt 

~'----'-'----'-~--'~~-~--'--+---'--'-+-~~ 
- 10 -.100 -1000 

le. COLLECTOR CURRENT (mA) 

FIGURE 5 - CURRENT GAIN BANDWIDTH PRODUCT 

50 1----t- TJ ~ 25"C 

f--+- f ~ 30 MHz 

.t:- 30~1~1~1~~~~ 
-10 -100 -m -1000 

le, COLLECTOR CURRENT (mA) 

MOTOROLA SMA!,.L-SIGNAL TRANSISTORS, FETs AND DIODES 

2"298 



NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 6 - ON VOLTAGES 
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FIGURE 10 - MPS6601 /6602 NOISE FIGURE 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 12 - MPS6601/6602 SWITCHING TIMES 
10k 

5k 
3k 

lk 

~ 500 
:ii 
::; 200 

100 

50 

ts;;: 

20 
10 

10 

i;:.: 

20 

td @ VBE(ott) - 0.5 v= 
Vee - 40 v 
1c118 = 10 

ls1 = 102 
l= TJ 25°C 

t, 
'!'--< 

IS lf 

~ t, 
'd 

50 100 200 500 1000 
le. COLLECTOR CURRENT (mA) 

NPN 

FIGURE 13 - MPS6651/6652 SWITCHING TIMES 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 

FIGURE 1 B - MPS6601 /6602 SATURATION REGION 
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FIGURE 19 - MPS6651/6652 SATURATION REGION 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 
MPS6714 30 
MPS6715 40 

Collector-Base Voltage Vceo 
MPS6714 40 
MPS6715 50 

Emitter-Base Voltage Veeo 5.0 

Collector Current"- Continuous le 1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RBJA 125 

Thermal Resistance, Junction to Case RBJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, le = Ol MPS6714 

MPS6715 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPS6714 

MPS6715 

Emitter-Base Breakdown Voltage 
lie = 100 µAde, le = o) 

Collector Cutoff Current 
(Vee = 40 Vdc, IE = 0) MPS6714 
(Vee = 50 Vdc, IE = 0) MPS6715 

Emitter Cutoff Current 
(Vee = 5.o Vdc, le = Ol 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 100 mAdc, Vee = 1.0 Vdc) 
Uc= 1000 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 1000 mAdc, le = 100 mAdc) 

Base-Emitter On Voltage 
Uc= 1000 mAdc, Vee = 1.0 Vdc) 

SMALL-SIGNAL CHARACTER•sncs 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 50 mAdc, Vee = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width "' 30 µ.s, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWf'C 

Watts 
mWf'C 

·c 

Unit 

"C!W 

"C!W 

MPS6714 
MPS6715 

CASE 29-03, STYLE 1 
T0-92 (T0-226AEI 

3 Collector 

~~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPSW01 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
30 -
40 

V(BR)CBO Vdc 
40 -
50 

V(BR)EBO 5.0 - Vdc 

lceo µAde 
- 0.1 
- 0.1 

leeo - 0.1 µAde 

hFE -
60 -
50 250 

VcE(sat) - 0.5 Vdc 

VeE(on) - 1.2 Vdc 

Ccb - 30 pF 

hfe 2.5 25 -
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 80 

Collector-Base Voltage Vcso 80 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

---
Total Device Dissipation@ Tc = 25°C Po 2.5 

Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le= 0) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 50 mAdc, VcE = 1.0 Vdc) 
Uc = 250 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter saturation Voltage 
Uc = 250 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
Uc = 250 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 200 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width ~ 300 µs, Duty Cycle ~ 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW!°C 

Watts 
mW!°C 

oc 

Unit 

oc!W 

oc/W 

MPS6717 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

.:.~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPSW05 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 80 - Vdc 

V(BR)CBO 80 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso - 0.1 µAde 

IEBO - 10 µAde 

hFE -
80 -
50 250 

VcE(sat) - 0.5 Vdc 

VsE(on) - 1.2 Vdc 

Ccb - 30 pF 

hfe 2.5 25 -
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MAXIMUM RATINGS 
Rating Symbol MPS6724 MPS6725 

Collector-Emitter Voltage VcES 40 50 

Collector-Base Voltage Vceo 50 60 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 1000 

Total Device Dissipation @TA= 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ Tc = 25°C Po 2.5 
Derate above .25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to+150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8JC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le= O) MPS6724 

MPS6725 

Collector'Base Breakdown Voltage 
Uc = 1.0 µAde, IE = 0) MPS6724 

MPS6725 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) MPS6724 
(Vee = 40 Vdc, IE = 0) MPS6725 

Emitter Cutoff Current 
(VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 200 mAdc, VcE = 5.0 Vdc) 
'.!!<. = 1000 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 1000 mAdc, le = 2.0 mAdc) 

Base-Emitter On Voltage 
Uc = 1000 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watts 
mWl°C 

·c 

Unit 

·crw 
°C!W 

MPS6724 
MPS6725 

CASE 29-03, STYLE 1 
(T0-226AEI 

, Collector 3 

ONE WATT 
DARLINGTON TRANSISTORS 

NPN SILICON 

Refer to 2N6428 for graphs. 

Symbol Min Max Unit 

V(BR)CES Vdc 
40 -
50 -

V(BR)CBO 
50 - Vdc 
60 - Vdc 

V(BR)EBO 12 - Vdc 

lceo nAdc 
- 100 
- 100 

IEBO - 100 nAdc 

hFE -
25,000 -
4,000 40,000 

VcE(sat) - 1.5 Vdc 

VeE(on) - 2.0 Vdc 

fy 100 1000 MHz 

Ccb - 10 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 
MPS6726 -30 
MPS6727 -40 

Collector-Base Voltage Vcso 
MPS6726 -40 
MPS6727 -50 

Emitter-Base Voltage VEBQ -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation@ Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -10 mAdc, Is= O) MPS6726 

MPS6727 

Collector-Base Breakdown Voltage 
(le = -100 µAde, IE = 0) MPS6726 

MPS6727 

Emitter-Base Breakdown Voltage 
!IE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = -40 Vdc, IE = O) MPS6726 
(Vcs = -50 Vdc, IE = O) MPS6727 

Emitter Cutoff Current 
(VEB = - 5.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
!le = -100 mAdc, VcE = -1.0 Vdc) 
Oc = -1000 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = -1000 mAdc, Is = -100 mAdc) 

Base-Emitter On Voltage 
Oc= -1000mAdc,VcE= -1.0Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
Oc = -50 mAdc, VcE = -10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width ~ 300 µs, Duty Cycle .;,;: 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mWl°C 

Watts 
mW/°C 

oc 

Unit 

oc/W 

oc/W 

MPS6726 
MPS6727 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

~{Q 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

PNPSILICON 

Refer to MPSW51 for graphs. 

Symbol Min Max Unit 

V(BR)CEO Vdc 
-30 -
-40 

V(BR)CBO Vdc 
-40 -
-50 

V(BR)EBO - Vdc 
-5.0 

lcso µAde 
-0.1 

- -0.1 

IEBO - -0.1 µAde 

hFE -
60 -
50 250 

VcE(sat) - -0.5 Vdc 

VBE(on) - -1.2 Vdc 

Ccb - 30 pF 

hte 2.5 25 -
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MAXIMUM RATINGS 

Rating . Symbol Value 

Collector-Emitter Voltage VcEO -40 

Collector-Base Voltage Vcso -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -200 

Total Device Dissipation @TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ Tc = 60'C Po 450 

Total Device Dissipation@ Tc = 25'C Po L5 
Derate above 25'C 12 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -10 mAdc) 

Collector-Base Breakdown Voltage 
Uc = -100 µAde) 

Emitter-Base Breakdown Voltage 
(IE = -100 µAde) 

Collector Cutoff Current 
!Vcs = -20 V) 

Emitter Cutoff Current 
(VEB = -3.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -50 mAdc, VcE = -2.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = - 50 mAdc, Is = - 5.0 mAdc) 

Base-Emitter On Voltage 
Uc= -50 mAdc, VcE = -2.0 V) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

mW 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

MPS8093 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

1, ~()'"""' 
2 1 Emitter 

3 

GENERAL PURPOSE TRANSISTOR 

PNPSILICON 

Refer to 2N4402 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vdc 

V(BR)CBO -40 - Vdc 

V(BR)EBO -5.0 - Vdc 

lcso - -100 nAdc 

IEBO - -100 nAdc 

hFE 100 300 -

VcE(sat) - -0.25 Vdc 

VBE(on) -0.6 -1.0 Vdc 
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MAXIMUM RATINGS 

MPS8098 MPS8099 
Rating Symbol MPS8598 MPS8599 Unit 

Collector-Emitter Voltage VcEO 60 80 Vdc 

Collector-Base Voltage Vcso 60 80 Vdc 

MPS8598 
MPS8099 MPS8599 

Emitter-Base Voltage Vrno 6.0 5.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

f----------------- ------
Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 

Derate above 25°C 12 mW/°C 

Operating Storage Junction TJ, Tstg -55 to + 150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RaJA 200 "C!W 

Thermal Resistance, Junction to Case RaJC 83.3 "C!W 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc, Is = O) MPS8098, MPS8598 

MPS8099, MPS8599 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) MPS8098, MPS8598 

MPS8099, MPS8599 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) MPS8098, MPS8099 

MPS8598, MPS8599 

Collector Cutoff Current 
IVcE = 60 Vdc, Is = 0) 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = O) MPS8098, MPS8598 
IVcs = 80 Vdc, IE = O) MPS8099, MPS8599 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, le = 0) MPS8098, MPS8099 
(VEB = 4,0 Vdc, le = 0) MPS8598, MPS8599 

ON CHARACTERISTICS(1) 

DC Current Gain (le = 1.0 mAdc, VcE = 5.0 Vdc) 
(le = 10 mAdc, VcE = 5.0 Vdc) 
(le = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage (le = 100 mAdc, Is = 5.0 mAdc) 
(le = 100 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
Oc = 1.0 mAdc, VcE = 5.0 Vdc) 
Oc = 10 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, Vee = 5.0 Vdc, t = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(Ves = 0.5 Vdc, le = o, t = i.o MHz) 

(1) Pulse Test: Pulse Width ..,,;. 300 µs, Duty Cycle "" 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 

MPS8098, MPS8098 
MPS8099, MPS8599 

MPS8098, MPS8099 
MPS8598, MPS8599 

M PS8098, M PS8099 
M PS8598, M PS8599 

3 Collector 

~~ 
NPN 

MPS8098 
MPS8099* 1 Emitter 

PNP(2) 3 Collector 

MPS8598 ";,~ 
MPS8599* 1 Emitter 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

• 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcEO 

icso 

IEBO 

hfE 

VcE(sat) 

VBE(on) 

tr 

Cobo 

Cibo 

*These are Motorola 
designated preferred devices. 

Min Max 

60 -
80 -

60 -
80 -

6.0 -
5.0 -
- 0.1 

- 0.1 
- 0.1 

- 0.1 
- 0.1 

100 300 
100 -
75 -
- OA 
- 0.3 

0.5 0.7 
0.6 0.8 

150 -

- 6.0 
- 8.0 

- 25 
- 30 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pf 

pf 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-307 

• 



NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 1 - SWITCHING TIME TEST CIRCUITS 

Turn-on Time 
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+40V 
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*Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 

FIGURE 2 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 3 - CAPACITANCE 
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FIGURE 4 - SWITCHING TIMES 

200 

1000 

700 
500 

300 

!200 
w 
.. 100 
>= .., 70 

w 

30 

20 

Is 

............... 
.......... 

b. ~ 
= 

t-... ~ 

['-.... 
1<1@VeEloffl 0.5V 

Vee <IO v 
lc~B 10 

151 152 - TJ = 25'C r-- --
......... 

~ ~ 
......... --r.... 10 

-10 -20 -30 -50 -70 -100 -200 
IC, COLLECTOR CURRENT (mA) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-308 



NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 5 - THERMAL RESPONSE 

FIGURE 6 - ACTIVE REGION, SAFE OPERATING AREA 
MPS8098, MPS8099 

FIGURE 6 - ACTIVE REGION, SAFE OPERATING AREA 
MPS8598, MPS8599 

-1K 

! 500 1---i"..,-t--+-::'Sl-+.-+-+-++++-:S:--"o--lCS:-:S:__..,f-CS:-P'<+-+-!-tiH 

~ ~'~ bl N ts: '1~ 
""'1 "'S.: 

~ ~ 
-;;;;:i IS 

'1 

........ N [\ 

-500 ... 
~ ! 200 I---+--+-'_,.,.:si,....._-+-+-+'-'<-++--+--f~~:s,,.__,__,, ":"l..+-_...,.!Sc-HH 

~ 100§m§mg)'...11'~~~~~1b.11 
1-200 
:> 
~-100 

""'l 
r-,.. ........ , 

1'. "'\ 
"" ~t\ !'-.. 

8 501---+-+--+--+-+-+-++++...::-~--l---""'i->'>!,--!-f-+'ll-+j 
5'i t=f=jTHER~AL ,LIM/T+-++++--+-°:-.l-J"o.~~1--+lSJ->t--i'+-l-tiH 

20 I-+- I SECOND BREAKDOWN LIMIT :_::-.. ~ 
1----+-1 cuRRENT LIMIT I+H-++rr-+-+--+"i--+::±=-1--i"'!H-i 

10~~---+D_U_TY_._cv_c_iE_~~l0~%~~~-M_Ps_s_o_s9~-i~~-~~~~ 

t3 
~ -50 
8 

-20 

-10 

l=j F=-= 
I-I-
i= l=i 

-;;: 

' THERMAL LIMIT "I I' 

SECOND BREAKDOWN LIMIT ....... ~ 
CURR~NT ~IMI! T 1T MPS8598 ' 
DUTY CYCLE ,;; 10% T MPSB59s'-1 :..... 

u u u 10 w ~ ~ -1.0 -2.0 -5.0 -10 -20 -50 -80 
VCE, CDLLECTDR-EMITIER VOLTAGE (V) VCE, COLLECTOR-EMITIER VOLTAGE (V) 

MPS8098, MPS8099 

FIGURE 7 - DC CURRENT GAIN 

400 [~vc~E~:r5~-0~vIIIIUI=I=[=[J]Q~-llH~HrtE=:f::~~t~~['-.._~~B!E~ ....... ~,J[] 
;J=1~5Jc i--+---- ,~ I'\. 'I 

~200 ]_ ~ 1' ir-- ~ ~ \.~ 
i'l !--- -5s0c ~ I\ \ 
u ~ 
0 100"---"""'==--1--+--l--+--l-~--l----l----l---ll---l--l---l-l--!.-+----ll---l----l----l--l--l-.l-j~-l--~_.1.--1-----\-

~ BOf---+-+--+-+-++-.f--1---+---l---l--l--+--+--+-+-1-+--l---+--+---il---l---l---l-l-f-+-\'~\.+-----I 
60~---l--+--1--+-l--+--.f--l----l---l---l--1---+----l--+---l---l-1---l--->--+-~l---1--+---l-.f--1---1--~i>.--

40 '-----'----'----'---1-...i.....L-'-L----'----1----'---'----'--_.L__J_....LJ.___l___L,__-L----l-.l...-L-l-_L.JL.LJL,_--1-\-'-' 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

le. COLLECTOR CURRENT (mA) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-309 

• 



NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 8 - "ON" VOLTAGES FIGURE 9 - COLLECTOR SATURATION REGION 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 

FIGURE 12 - "ON" VOLTAGES FIGURE 13 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 

MPSAOS MPSA06 
Rating Symbol MPSA55 MPSA56 Unit 

Collector-Emitter Voltage VcEO 60 80 Vdc 

Collector-Base Voltage Vcso 60 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWi°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 "C 

THERMAL CHARACTERISTICS 
Charact11ristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA(1) 200 "CIW 

Thermal Resistance, Junction to Case RoJC 83.3 °C/W 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 1.0 mAdc, Is = Ol MPSA05, MPSA55 

MPSA06, MPSA56 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = Ol 

Collector Cutoff Current 
(VcE = 60 Vdc, Is = 0) 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = 0) MPSAOS, MPSA55 
(Vee = 80 Vdc, IE = 0) MPSA06, MPSA56 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 mAdc, VcE = 1.0 Vdc) 
Uc= 100 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, Is = 10 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = 10 mA, VcE = 2.0 v, f = 100 MHz) MPSA05 

MPSA06 

Uc = 100 mAdc, VcE = 1.0 Vdc, f = 100 MHz) MPSA55 
MPSA56 

(1) Pulse Test: Pulse Width "' 300 p.s, Duty Cycle "' 2.0%. 
(2) fr is defined as the frequencY at which lhfel extrapolates to unity. 
(3) Voltage and Current are negative for PNP Transistors. 

NPN 3 Collector 

.:.-© MPSAOS 
MPSA06* 1 Emitter 

PNP131 
3 Collector 

~:EQ MPSASS 
MPSA56* 1 Emitter 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

lcEO 

lcso 

hFE 

VcE(sat) 

VBE(on) 

tr 

*These are Motorola 
designated preferred devices. 

Min Max 

60 -
80 -
4.0 -

- 0.1 

- 0.1 
- 0.1 

100 -
100 -
- 0.25 

- 1.2 

100 -

50 -

Unit 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 
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NPN MPSAOS, MPSA06, PNP MPSA55, MPSA56 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vces 30 Vdc 

Collector-Base Voltage VcBo 30 Vdc 

Emitter-Base Voltage Ve Bo 10 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25"C Po 625 mW 
Derate above 25"C 5.0 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25"C 12 mW/"C 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -55to+150 "C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 "C/W 

Thermal Resistance, Junction to Case RoJC 83.3 "C/W 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, IB = Ol 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 10 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 mAdc, Vee = 5.0 Vdc) 

Uc = 100 mAdc, Vee = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, IB = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = 10 mAdc, VcE = 5.0 Vdc, I = 100 MHz) 

(1) Pulse Test: Pulse Width "'300 µ,s, Duty Cycle"' 2.0%. 
(2) fr = ihfel • ftest· 

MPSA13 
MPSA14 

MPSA13 
MPSA14 

MPSA13 
MPSA14* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

Collector 3 

',/ 3 Emitter 1 

DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

le Bo 

le Bo 

hfE 

VcE(sat) 

VBE 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N6426 for graphs. 

Min Max 

30 -

- 100 

- 100 

5000 -
10,000 -
10,000 -
20,000 -

- 1.5 

- 2.0 

125 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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II 

MAXIMUM RATINGS 

Rating Symbol MPS-A1~MPS-A17 
Collector-Emitter Voltage Vern 40 

Emitter-Base Voltage VEBO 12 l 15 

Collector Current-.., Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Total Device Dissipation@ Tc = 25°C Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

Thermal Resistance, Junction to Case RoJC 125 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le = O) MPS-A16 

MPS-A17 

Collector Cutoff Current 
(Vcs =.30Vdc, IE= 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS-A16 

MPS-A17 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watt 
mW/°C 

oc 

Unit 

°CIW 

°C/W 

MPSA16 
MPSA17* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

,/ .:()""~ 
2 3 1 Emitter 

CHOPPER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

tr 

Cobo 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

12 -
15 -
- 100 

- 100 

200 600 

- 0.25 

100 -
80 -
- 4.0 

Unit 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

MHz 

pF 
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MPSA16, MPSA17 

FIGURE 1 - DC CURRENT GAIN 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 45 Vdc 

Collector-Base Voltage Vcso 45 Vdc 

Emitter-Base Voltage Ve so 6.5 Vdc 

Collector Current - Continuous le 200 mAdc 

Total Device Dissipation @ TA = 25'C Po 625 mW 
Derate above 25'C 5.0 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.5 Watts 
Derate above 25'C 12 mW/'C 

Operating and Storage Junction TJ, Tstg -55to+150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 'C/W 

Thermal Resistance, Junction to Case R8JC 83.3 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 10 mAdc, Is = Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, le = Ol 

Emitter-Base Breakdown Voltage V(BR)EBO 
Oe = 10 µAde, le= O) 

Collector Cutoff Current lcso 
(Vcs = 30 Vdc, le = Ol 

ON CHARACTERISTICSl2l 

DC Current Gain hFE 
Oc = 10 µAde, Vee = 5.0 Vdcl 
Oc = 100 µAde, Vee = 5.0 Vdcl 
Oc = 1.0 mAdc, Vee = 5.0 Vdc) 
(le = 10 mAdc, Vee = 5.0 Vdc) 

Collector-Emitter Saturation Voltage Vce1satl 
Oc = 10 mAdc, Is = 0.5 mAdc) 
Oc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
Oc = 1.0 mAdc, Vee = 5.0 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 1.0 mAdc, Vee = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = 5.0 Vdc, le = o, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb 
(Ves = 0.5 Vdc, le = o, f = 1.0 MHz) 

Noise Figure NF 
Oc = 100 µAde, Vee = 5.0 Vdc, Rs = 10 kO, f = 1.0 kHz) 
Oc = 100 µAde, Vee = 5.0 Vdc, Rs = 1.0 kn, f = 100 Hzl 

Equivalent Short Circuit Noise Voltage VT 
Oc = 100 µAde, Vee = 5.0 Vdc, Rs = 1.0 kn, f = 100 Hzl 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

MPSA18* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) ,/ .:.~,~~ 

2 1 Emitter 
3 

LOW NOISE TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

45 - -
45 - -

6.5 - -

- 1.0 50 

400 580 -
500 850 -
500 1100 -
500 1150 1500 

- - 0.2 
- 0.08 0.3 

- 0.6 0.7 

100 160 -

- 1.7 3.0 

- 5.6 6.5 

- 0.5 1.5 
- 4.0 -
- 6.5 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

dB 

nV/VHz 
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MPSA18 

FIGURE 1 - TRANSISTOR NOISE MODEL 
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II 

MPSA18 

100 Hz NOISE DATA 

FIGURE 6 - TOTAL NOISE VOLTAGE FIGURE 7 - NOISE FIGURE 
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MPSA18 

FIGURE 11 - CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 40 Vdc 

Collector-Base Voltage VcBO 4.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation @ TA = 25°C Po 626 mW 
Derate above 25°C 5.0 mW/"C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25°C 12 mW/"C 

Operating and Storage Junction TJ, Tstg -55to +150 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 200 "C/W 

Thermal Resistance, Junction to Case R8JC 83.3 "C/W 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
(le = 1.0 mAdc, IB = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(VcB = 30 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain(2) 
(le = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 5.0 mAdc, VcE = 10 Vdc, t = 100 MHz 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) RwA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

MPSA20 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

~.~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to MPS3904 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)EBO 4.0 - Vdc 

le BO - 100 nAdc 

hFE 40 400 -

VcE(sat) - 0.25 Vdc 

IT 125 - MHz 

Cobo - 4.0 pF 
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MAXIMUM RATINGS 

Rating Symbol MPS-A2s[_MPS-A26,MPS-A27 Unit 

Collector-Emitter Voltage VcES 40 l 50 l 60 Vdc 

Emitter-Base Voltage VEBO 10 Vdc 

Collector Current ~ Continuous ic 500 mAdc 

Total Device Dissipation Po 625 mW 
@TA= 25'C 5.0 mW/'C 
Derate above 25'C 

Operating and Storage Junction TJ, Tstg -55to +150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA 200 'C/W 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 100 µAde, VsE = O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc = 100 µAde, IE = O) 

Collector Cutoff Current ICBO 
(Vea = 30 v. IE = 0) 
(Vea = 40 v. IE = O) 
(Vea = 50 v. IE = 0) 

Collector Cutoff Current ICES 
(VCE = 30 V, VBE = 0) 
(VcE = 40 v, VsE = 0) 
(VcE = 50 v. VaE = 0) 

Emitter Cutoff Current IEBO 
(VEB = 10 Vdc) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE 
Uc = 10 mA, VcE = 5.0 V) 
Oc = 100 mA. VcE = 5.0 V) 

Collector-Emitter Saturation Voltage VcE(sat) 
Uc = 100 mA, 19 = 0.1 mAdc) 

Base-Emitter On Voltage VBE(on) 
Uc = 100 mA, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Small Signal Current Gain hfe 
(le = 10 mA, VcE = 5.0 v. f = 100 MHz) 

(1) Pulse Test: Pulse Width~ 300 µ,s, Duty Cycle..,;;,; 2.0%. 

MPSA27 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

Collector 3 

~ 
Emitter 1 

DARLINGTON TRANSISTOR 

NPN SILICON 

Min Typ Max Unit · I 
60 - - Vdc 

60 - - Vdc 

- - 100 nAdc 

- - 500 nAdc 

- - 100 nAdc 

-
10,000 - -
10,000 - -

- - 1.5 Vdc 

- - 2.0 Vdc 

1.25 2.4 
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FIGURE 1 - DC CURRENT GAIN 

_l _lj ll 
120 r-- VcE = 5.o v I 

>---+---+-++++++>-~IF1~5~~-+t"H+-~+-f-+++-l+H 
~ 100 ./' 

"' I aof----t--t7.k'F-+-~H+++-~+-+-+-+-++H~::S:~~'\--+-+-~~ 
- 60f----l--l-t-!+jft+t~-1--l--H--U-J++-~-"I--+-~~ 

oL----1..---Lf--.J...LLiullil.L_--1--L_.L.JJ..LUL~Lt'-~:is....LJ..LJJ 

1.6 

~ 1.5 
0 
2:. 1.4 
w 

1.0 2.0 3.0 10 20 30 100 200 500 lK 
le. COLLECTOR CURRENT (mA) 

FIGURE 3 - COLLECTOR SATURATION REGION 

* 

MPSA27 

1.6 

1.4 
"' ~ 
~ 1.2 
w 

"' ~ 1.0 
0 
> 
> 0.8 

0.6 

FIGURE 2 - "ON" VOLTAGES 

I I 
I 1 

1-- TA= 25°C 
J,... 

VsE1s1@ le/ls~ r.::.P 

~11ITT 
VsE(on)@ Vcii 15;~ v 

11ITT ~ 

wErn .-V 

]1111j 1c11s
1 
=1

1
oo

1
o 

1.0 2.0 3.0 10 20 30 100 200 500 
le. COLLECTOR CURRENT (mA) 

FIGURE 4 - HIGH FREQUENCY CURRENT GAIN 

4.0 
VcE'5.0V 

z 

~ 2.0 

f= lOOMHz ~ ~ TA= 25°C 

lK 

"' ~ 1.3 
TA=25°C 

i vf !'-.. 
~ §; 1.2 

"' i= 11 
:ii: 
~ 1.0 

t; 0.9 
'.!l 8 0.8 

~ 0.7 
> 

cs 
I~ 

,..... 

tlliffiit1 
~1,°,?mA 

rrnrrr 
Jlilll lIITlll 

N ic = 500 mA => 
u 1.0 

ITH[: 
le= 250 mA 

~ 

O.B 
~ 
'" 0.6 

lZ 

.._ :: 
" 0.4 1ji 

i 
0.2 

0.10 0.20 0.50 1.0 2.0 5.0 10 20 50 100 200 500 1 K 0.5 1.0 2.0 5.0 10 20 50 
lg. BASE CURRENT (µA) le. COLLECTOR CUA RENT (mA} 

FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 

< .s 

1000 

500 ... 
... 

... 

1.0m~lOOµs 
E;: "" ~ ... IR 1oi\: ' C'~ " J'.,_ ~ 200 

~ 1-- TA= 25°C ~ f,: 
<'soC' '\ \ 

1', '\ 1. fl => 
~ 100 

ti 
~ 50 
8 
.,;? 

20 

10 
1.0 

.... 
- CURRENT LIMIT ... 

-1-- -THERMAL LIMIT ... .... 
SECOND BREAKDOWN UMIT 

2.0 4.0 6.0 10 20 

VCE· COLLECTOR-EMITTER VOLTAGE (VOLTS! 

3: 

JS: ,K 
r-.: 

... 
... 

ts 
40 50 60 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-326 

N 

100 200 500 



MAXIMUM RATINGS 

Rating Symbol MPSA28 MPSA29 Unit 

Collector-Emitter Voltage VcES 80 100 Vdc 

Collector-Base Voltage Vcso 80 100 Vdc 

Emitter-Base Voltage VEBO 12 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mwrc 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mwrc 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 oc/W 

Thermal Resistance, Junction to Case R9JC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µ,Ade, VsE = O) MPSA28 

MPSA29 

Collector-Base Breakdown Voltage 
Uc = 100 µ,Ade, IE = 0) MPSA28 

MPSA29 

Emitter-Base Breakdown Voltage 
OE = 10 µ,Ade, le = O) 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = 0) MPSA28 
(Vee = 80 Vdc, IE = 0) MPSA29 

Collector Cutoff Current 
(VcE = 60 Vdc, VsE = 0) MPSA28 
(VcE = 80 Vdc, VsE = 0) MPSA29 

Emitter Cutoff Current 
!VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 10 mAdc, VcE = 5.0 Vdc) 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 1 O mAdc, Is = O.Q1 mAdc) 
He= 100 mAdc, Is = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(le = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width~ 300 µs, Duty Cycle,,;,:;: 2.0%. 
(2) tr = hte • ftest· 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

lcso 

ICES 

IEBO 

hFE 

VcE(sat) 

VsE(on) 

fr 

Cobo 

MPSA28 
MPSA29* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

Collector 3 

,,/ 
3 

Emitter 1 

DARLINGTON TRANSISTORS 

Min 

80 
100 

80 
100 

12 

-
-

-
-
-

10,000 
10,000 

-
-
-

125 

-

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -
- -

- -
- -
- -

- 100 
- 100 

- 500 
- 500 

- 100 

- -
- -

0.7 1.2 
0.8 1.5 

1.4 2.0 

200 -

5.0 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 
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MPSA28, MPSA29 

FIGURE 1 ;_DC CURRENT GAIN 
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FIGURE 3 - TEMPERATURE COEFFICIENTS 
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FIGURE 5 - ACTIVE REGION - SAFE OPERATING AREA 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 

Rating Symbol MPSA42 MPSA43 Unit 

Collector-Emitter Voltage VcEO 300 200 Vdc 

Collector-Base Voltage vceo 300 200 Vdc 

Emitter-Base Voltage VEBO 6.0 6.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ. Tstg -55 to + 150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 200 °C/mW 

Thermal Resistance, Junction to Case R9JC 83.3 °C/mW 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le = 1.0 mAdc, le = O) MPSA42 

MPSA43 

Collector-Base Breakdown Voltage 
!le = 100 µAde, IE = O) MPSA42 

MPSA43 

Emitter-Base Breakdown Voltage 
!IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 200 Vdc, IE = 0) MPSA42 
(Vee = 160 Vdc, IE = O) MPSA43 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, le = 0) MPSA42 
(VEB = 4.0 Vdc, le = O) MPSA43 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdc) 
!le = 30 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 20 mAdc, Is = 2.0 mAdc) MPSA42 

MPSA43 

Base-Emitter Saturation Voltage 
Uc = 20 mAdc, le = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 20 Vdc, IE = o. f = 1.0 MHz) MPSA42 

MPSA43 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 

MPSA42* 
MPSA43 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

~~ 
1 Emitter 

HIGH VOLTAGE TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

fr 

Ccb 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

300 -
200 -

300 -
200 -
6.0 -

- 0.1 
- 0.1 

- 0.1 
- 0.1 

25 -
40 -
40 -
- 0.5 
- 0.4 

- 0.9 

50 -

- 3.0 
- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MPSA42, MPSA43 

FIGURE 1 -DC CURRENT GAIN 
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FIGURE 2-CAPACITANCES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 400 

Collector-Base Voltage Vceo 500 

Emitter-Base Voltage Vceo 6.0 

Collector Current - Continuous le 300 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25"C 12 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

Thermal Resistance, Junction to Case R8Jc 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= 1.0 mAdc, le = O) 

Collector-Emitter Breakdown Voltage 
Uc = 100 µ.Ade, Vee = o) 

Collector-Base Breakdown Voltage 
Uc = 100, µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
Ue = 10 µ.Ade, le = o) 

Collector Cutoff Current 
(Vee = 400 Vdc, IE = 0) 

Collector Cutoff Current 
!Vee = 400 Vdc, VeE = o) 

Emitter Cutoff Current 
(Vee = 4.0 Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain(1) Uc = 1.0 mAdc, Vee = 10 Vdc) 
Uc = 10 mAdc, Vee = 10 Vdc) 
Uc = 50 mAdc, Vee = 10 Vdc) 
Uc = 100 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) Uc= 1.0 mAdc, le= 0.1 mAdc) 
Uc = 10 mAdc, le = 1.0 mAdc) 
Uc = 50 mAdc, le = 5.0 mAdc) 

Base-Emitter Saturation Voltage Uc= 10 mAdc, le = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance (Vee = 20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (Vee = o.5 Vdc, lc = o, f = 1.0 MHz) 

Small-Signal Current Gain 
Uc = 10 mAdc, Vee = 10 Vdc, f = 20 MHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mWl°C 

•c 

Unit 

"C/W 

"C/W 

MPSA44* 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

'
~«>,_ 

12 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

iceo 

ICES 

ieeo 

hFE 

VcE(sat) 

VeE(sa!)_ 

Cobo 

Cibo 

hte 

3 

HIGH VOLTAGE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

400 -

500 -

500 -

6.0 -

- 0.1 

- 500 

- 0.1 

40 -
50 200 
45 -
40 -
- 0.4 
- 0.5 
- 0.75 

- 0.75 

- 7.0 

- 130 

1.0 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µ.Ade 

nAdc 

µ.Ade 

-

Vdc 

Vdc 

pF 

pF 

-
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MPSA44 

FIGURE 1 - OC CURRENT GAIN 
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MPSA44 

FIGURE 7 - TURN-ON SWITCHING TIMES AND TEST CIRCUIT 

10~~~-
5.oEE 

2.0 1---+b,._,,_JS_........_._.__._....._l-+.+-----l----+-"--............................ 
;;; 

: 1.0§§§~~~§~ill~gg~~~il >= ., 0.5 

100 

1- Vee = 150 v -+-+-++++l'S:_,.,.,._+--1--+-+-+-+-H-1 
l-1ctle=10 ~ 1, 

o.2t-TA = 25°C ~ 
1-VeE(OFF) = 4.0 Vdc+-++++1---+--+td~"""'i~l::--::-++H-H 0.1 .J. .1 ...!. .1 = 
1.0 3.0 10 30 50 

le. COLLECTOR CURRENT (mA) 

Re 

FIGURE B - TURN-OFF SWITCHING TIMES AND TEST CIRCUIT 
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MPSASS, MPSA56 For Specifications, 
See MPSA05, MPSA06 Data 

MAXIMUM RATINGS 

MPSA63 
Rating Symbol MPSA62 MPSA64 

Collector-Emitter Voltage VcES -20 -30 

Collector-Base Voltage Vceo -20 -30 

Emitter-Base Voltage VEBo -10 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25'C Po 625 
Derate above 25'C 5.0 

Total Device Dissipation @ TA = 25'C Po 1.5 
Derate above 25'C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = -100 µAde, VeE = O) MPSA62 

MPSA63, MPSA64 

Collector Cutoff Current 
(Vee = -15 Vdc, IE = O) MPSA62 
(Vee = -30 Vdc, IE = 0) MPSA63, MPSA64 

Emitter Cutoff Current 
!VEB = -10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= -10 mAdc, VcE = -5.0 Vdc) MPSA63 

MPSA64 
MPSA62 

Uc = -100 mAdc, VcE = -5.0 Vdc) MPSA63 
MPSA64 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -o.oi mAdc) MPSA62 
!le= -100 mAdc, le= -0.1 mAdc) MPSA63, MPSA64 

Base-Emitter On Voltage 
(le = -10 mAdc, Vee = -5.0 Vdc) MPSA62 
(le= -100 mAdc, Vee= -5.o Vdc) MPSA63, MPSA64 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = -100 mAdc, VcE = -5.0 Vdc, f = 100 MHz) MPSA63, MPSA64 

(1) Pulse Test: Pulse Width ~ 300 µ.s, Duty Cycle ~ 2.0%. 
(2) IT = lhtel • ftest· 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watts 
mW/'C 

'C 

Unit 

'CIW 

'CIW 

MPSA62 
thru 

MPSA64* 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

·~ 
Emitter 1 

DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(on) 

PNPSILICON 
*MPSA64 is a Motorola 

designated preferred device. 

Refer to MPSA75 for graphs. 

Min Max 

-20 -
-30 -
- -100 
- -100 

- -100 

5000 -
10,000 -
20,000 -

10,000 -
20,000 -

- -1.0 
- -1.5 

- -1.4 
- -2.0 

125 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -40 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous le -100 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -1.0 mAdc, Is= O) 

Emitter-Base Breakdown Voltage 
(IE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = -30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -5.0 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -10mAdc,ls = -1.0mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -5.0 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mwrc 
Watts 
mwrc 

oc 

Unit 

oc;w 

oc;w 

MPSA70 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

"' 
3 Collector 

,:~ 
1 Emitter 

3 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -40 - Vdc 

V(BR)EBO -4.0 - Vdc 

lcso - -100 nAdc 

hFE 40 400 -

VcE(sat) - -0.25 Vdc 

tr 125 - MHz 

Cobo - 4.0 pf 
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MAXIMUM RATINGS 

Rating Symbol MPSA75 I MPSA77 

Collector-Emitter Voltage Vces -4o I -60 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 200 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

\ Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = -100 µ.Ade, VBE = o) MPSA75 

MPSA77 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) MPSA75 

MPSA77 

Collector Cutoff Current 
!VcB = -30 v, le = o> MPSA75 
(VcB = -50 V, IE = O) MPSA77 

Collector Cutoff Current 
!Vee = -3o v, VBE = o) MPSA75 
(Vee = -50 V, VBE = O) MPSA77 

Emitter Cutoff Current 
(VEB = -10 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -10 mA, Vee= -5.0 V) 
Uc= -100 mA, Vee= -5.0 V) 

Collector-Emitter Saturation Voltage 
Uc= -100 mA, IB = -0.1 mAdc) 

Base-Emitter On Voltage 
Uc = -100 mA, Vee = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - High Frequency 
Uc= -10 mA, Vee= -5.0 V, f = 100 MHz) 

Unit 

Vdc 

Vdc 

Ade 

mW 
mW/°C 

·c 

Unit 

0 ctw 

Symbol 

V(BR)CES 

V(BR)CBO 

lcBo 

Ices 

IEBO 

hFE 

VcE(sat) 

Vse 

ihfel 

MPSA75 
MPSA77 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

Collector 3 

·~ 
Emitter 1 

DARLINGTON TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

Vdc 
-40 - -
-60 - -

Vdc 
-40 - -
-60 - -

nAdc 
- - -100 
- - -100 

nAdc 
- - -500 
- - -500 

- - -100 nAdc 

-
10,000 - -
10,000 - -
- - -1.5 Vdc 

- - -2.0 Vdc 

1.25 2.4 
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MPSA75, MPSA77 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol MPSA92 MPSA93 

Collector-Emitter Voltage Vern -300 -200 

Collector-Base Voltage VcBo -300 -200 

Emitter-Base Voltage VEBQ -5.0 

Collector Current - Continuous le -500 

Total Device Dissipation Po 
@TA= 25°c 625 
Derate above 25°C 5.0 

Total Device Dissipation Po 
@Tc= 25°C 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= -1.0 mAdc, 19 = O) MPSA92 

MPSA93 

Collector-Base Breakdown Voltage 
(le = -100 1<Adc, IE = O) MPSA92 

MPSA93 

Emitter-Base Breakdown Voltage 
Oe = -100 "Adc, le = O) 

Collector Cutoff Current 
(Vee = -200 Vdc, le = Ol MPSA92 
(Vee = -160 Vdc, le = Ol MPSA93 

Emitter Cutoff Current 
(Vee = -3.o Vdc, le = Ol 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= -1.0 mAdc, VcE = -10 Vdc) Both Types 
Uc= -10mAdc,Vce = -10Vdc) Both Types 

Uc= -30 mAdc, Vee = -10 Vdc) MPSA92 
MPSA93 

Collector-Emitter Saturation Voltage 
Uc= -20 mAdc, 19 = -2.0 mAdc) MPSA92 

MPSA93 

Base-Emitter Saturation Voltage 
Uc= -20 mAdc, 19 = -2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, Vee= -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = -20 Vdc, le = o, f = 1.0 MHz) MPSA92 

MPSA93 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWf'C 

Watts 
mWf'C 

oc 

Unit 

oc;w 

oc;w 

MPSA92* 
MPSA93 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

1 

I 3 Collector 

2~ Base 

2 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICBO 

IEBQ 

hFE 

Vce(sat) 

Vse(sat) 

tr 

Ccb 

3 

HIGH VOLTAGE 
TRANSISTORS 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-300 -
-200 -

-300 -
-200 -
-5.0 -

- -0.25 
- -0.25 

- -0.1 

25 -
40 -

25 -
25 -

- -0.5 
- -0.4 

- -0.9 

50 -

- 6.0 
- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

1<Adc 

1<Adc 

-

Vdc 

Vdc 

MHz 

pF 
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MPSA92, MPSA93 

FIGURE 1 -DC CURRIENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Va'lue Unit 

Collector-Emitter Voltage VcEO 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 100 mAdc 

Total Device Dissipation @ TA 7 25°C Po 625 mW 
Derate above 25°C fi.O mW/°C 

Total Device Dissipation @ Tc = 25°C Po '1.5 Watt 
Derate above 25°C 12 mwrc 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 1Max Unit 

Thermal Resistance, Junction to Ambient ReJA(1) 200 oc!W 

Thermal Resistance, Junction to Case ReJC 83.3 oc!W 

(1) RruA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
Oc = 1.0 mAdc, Is= O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE = 100 µAde, le = O) 

Collector Cutoff Current lcso 
(Vee = 60 Vdc, IE = O) 

Emitter Cutoff Current IEBO 
(VEB = 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = 1.5 mAde, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Crrent-Gain - Bandwidth Product tr 
Oc = 1.5 mAde, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vee = 10 Vdc, f = 1.0 MHz) 

Output Admittance hoe 
Oc = 1.5 mAdc, Vee = 10 Vdc, f = 1.0 kHz) 

Noise Figure NF 
Oc = 1.5 mAdc, VcE = 10 Vdc, Rs= 50 ohms, f = 1.0 MHz) MPSH04 

(2) Pulse Test: Pulse Width .; 300 /LS, Duty Cycle .; 2.0%. 

MPSH04 
CASE 29-04, STYLE 1 

T0-92 (T0-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

80 - - Vdc 

80 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

- - 50 nAde 

-
30 - 120 

-
- - 0.25 Vdc 

80 - - MHz 

- - 1.6 pF 

- - 5.0 1-'mhos 

- - 2.0 dB 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 30 Vdc 

Collector-Base Voltage Vceo 30 Vdc 

Emitter-Base Voltage VEBO 3.0 Vdc 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.81 mWl°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 150 •c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8JC 125 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 3.0 mAdc, VcE = 10 Vdc) 

Base-Emitter On Voltage 
Uc= 3.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 3.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Emitter Capacitance 
(VcE = 10 Vdc, le = O, f = 1.0 MHz, base guarded) 

Noise Figure 
Uc = 3.0 mAdc, Vee = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
Uc = 3.0 mAdc, Vee = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) 
Uc = 3.0 mAdc, Vee = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) 

Forward AGC Current 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 100 MHz) 

MPSH07A 

CASE 29·04, STYLE 1 
T0-92 (T0·226AAI 

3 Collector 

~-© 
1 Emitter 

,fMNHF TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 30 - Vdc 

V(BR)CBO 30 - Vdc 

V(BR)EBO 3.0 - Vdc 

lceo - 50 nAdc 

hFE 20 - -

VeE(on) - 0.9 Vdc 

t-r 400 - MHz 

Cce - 0.3 pF 
(Crbl 

NF - 3.2 dB 

Gpb dB 
18 -
14 -

IAGC 5.0 a·.o mAdc 
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MPSH07A 

AGC CHARACTERISTICS 
V cc = 10 Vdc, Rs = 50 Ohms, See Figure 9 
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MPSH07A 

FIGURE 7 - COLLECTOR-BASE TIME CONSTANT 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 25 Vdc 

Collector-Base Voltage Vcso 30 Vdc 

Emitter-Base Voltage Ve Bo 3.0 Vdc 

Total.Device Dissipation @TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.0 Watt 
Derate above 25'C 8.0 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 357 'C/W 

Thermal Resistance, Junction to Case R9JC 125 'CIW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, 19 = 01 

Collector-Base Breakdown Voltage 
Oc = 100 µAde, le = 01 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le = 01 

Collector Cutoff Current 
!VcB = 25 Vdc, le = 01 

Emitter Cutoff Current 
!Vee = 2.0 Vdc, le = 01 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 4.0 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 4.0 mAdc, le = 0.4 mAdc) 

Base-Emitter On Voltage 
Oc = 4.0 mAdc, Vee = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 4.0 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee= 10 Vdc, IE = o, f = 1.0 MHz) 

Common-Base Feedback Capacitance 
!VcB = 10 Vdc, le = o, t = 1.0 MHz) MPS-H10 

MPS-H11 

Collector Base Time Constant 
Oc = 4.0 mAdc, Vee = 10 Vdc, f = 31.8 MHz) 

MPSH10* 
MPSH11* 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

3 Collector 

,_O\ 
Bas~ 

2 Emitter 

VHF/UHF TRANSISTORS 

Symbol 

V(BR)CEO 

V(BRICBO 

V(BR)EBO 

lcso 

le Bo 

hFE 

VCE(sat) 

Vee 

tr 

Ccb 

Crb 

rb'Cc 

NPN SILICON 

*These are Motorola 
designated preferred devices. 

Min Max 

25 -

30 -

3.0 -

- 100 

- 100 

60 -
- 0.5 

- 0.95 

650 -

- 0.7 

0.35 0.65 
0.6 0.9 

- 9.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

ps 
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MPSH10, MPSH11 

COMMON-BASE y PARAMETERS versus FREQUENCY 

(Vee; 10 Vdc, le; 4.0 mAdc, TA; 25°e) 

Yib. INPUT ADMITTANCE 

FIGURE 1 - RECTANGULAR FORM 
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COMMON-BASE y PARAMETERS versus FREQUENCY 

(Vee; 10 Vdc, le; 4.0 mAdc, TA; 2s0 e) 
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II 

MPSH10, MPSH11 

Yob. OUTPUT ADMITTANCE 

FIGURE 7 - RECTANGULAR FORM FIGURE 8 - POLAR FORM 
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MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25'C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 

Symbol Value 

Vern 15 

VcBo 20 

VEBO 3.0 

Po 350 
2.81 

TJ, Tstg -55 to +150 

Symbol Max 

Ro.JA 357 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
IVcs = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 5.0 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 10 mAdc, IB = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
IVcB = 10 Vdc, t = 1.0 MHz) 

Small-Signal Current Gain 
lie= 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 
lie = 5.0 mAdc, Vee = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 

FUNCTIONAL TEST 

Amplifier Power Gain 
lie = 5.0 mAdc, Vee = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mW/'C 

oc 

Unit 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

VcE(sat) 

tr 

Ccb 

hte 

NF 

MPSH17* 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

I 3 Collector 

1~ 
,Jf Base\~ 
2 3 2 Emitter 

CATV TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

15 - -

20 - -

3.0 - -

- - 100 

25 - 250 

- - 0.5 

800 - -

0.3 - 0.9 

30 - -

- - 6.0 

24 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

MHz 

pF 

-
dB 

dB 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 30 

Collector-Base Voltage VcBo 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 100 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.81 

Total Device Dissipation @ Tc = 25°C Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

Thermal Resistance, Junction to Case R9JC 125 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le= Ol 

Collector Cutoff Current 
IVcB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
lie= 4.0 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
IVcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Collector Base Time Constant 
OE = 4.0 mAdc, VcB = 10 Vdc, f = 31.8 MHz) 

Conversion Gain (213 to 45 MHz) 
(le = 4.0 mAdc, VcE = 10 Vdc, Oscillator 
Injection = 200 mVdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

Watts 
mwrc 

oc 

Unit 

oc/W 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

fr 

Ccb 

rb'Cc 

Ge 

MPSH20* 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

3 Collector 

.:() 
2 Emitter 

VHF TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

30 - -

40 - -

4.0 - -

- - 50 

25 

400 620 -
- 0.5 0.65 

- 10 -

18 23 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pF 

ps 

dB 
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MPSH20 

CONVERSION GAIN CHARACTERISTICS 

(TEST CIRCUIT FIGURE 9) 
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MPSH20 

FIGURE 7 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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FIGURE 8 - CAPACITANCES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 30 

Collector-Base Voltage VcBo 40 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous le 50 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Junction TJ, Tstg -55to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 357 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = 01 

Collector Cutoff Current 
(VcB = 15 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 8.0 mAdc, VcE = 10 Vdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Conversion Gain 
(213 MHz to 45 MHz) 

Oc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

Oc = 8.0 mAdc, Vee = 20 Vdc, Oscillator Injection = 150 mVrms) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

·c 

Unit 

•cJW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

t,-

Ccb 

Ge 

MPSH24 

CASE 29·04, STYLE 2 
T0-92 (T0·226AA) 

,11, ~~''"""' 
2 2 Emitter 

3 

VHF TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

30 - - Vdc 

40 - - Vdc 

4.0 - - Vdc 

- - 50 nAdc 

30 

400 620 - MHz 

- 0.25 0.36 pf 

dB 

19 24 -

24 29 -
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MPSH24 

CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

(Vee= 20 Vdc, Rs= RL = 50 Ohms, fit= 44 MHz, B.W. = 6.0 MHz) 

FIGURE 1 -CONVERSION GAIN versus COLLECTOR CURRENT FIGURE 2 - CONVERSION GAIN versus INJECTION LEVEL 
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FIGURE 7 - VHF MIXER TEST CIRCUIT 

(f;t = 44 MHz, B.W. = 6.0 MHz) 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage Veso 4.0 

Collector Current - Continuous le 50' 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Junction TJ, Tstg -55 to +135 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 357 

ELECTRICAL CHARACTERISTICS (TA = 2s0 c unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1.0 mAdc, le = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, le = Ol 

Emitter-Base Breakdown Voltage 
Oe = 10 µAde, le = Ol 

Collector Cutoff Current 
(Vee = 30 Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain 
(le= 7.0 mAdc, VcE = 15 Vdc) 
Oc = 20 mAdc, Vee = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 7.0 mAdc, le = 2.0 mAdc) 

Base-Emitter On Voltage 
Oc = 7.0 mAdc, Vee = 15 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 15 mAdc, Vee = 15 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

oc 

Unit 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

hFE 

VcE(sat) 

VeE(on) 

fT 

Ccb 

MPSH34 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

3 Collector 

.~-© 
2 Emitter 

IF TRANSISTOR 

NPN SILICON 

Refer to MPSH24 for graphs. 

Min Typ Max 

40 - -

40 - -

4.0 - -

- - so 

40 - -
15 - -
- - 0.5 

- - 0.95 

500 720 -

- 0.25 0.32 
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Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 



• Designed for UHFNHF Amplifier Applications 
• High Current Bandwidth Product 

fy = 2000 MHz @ 10 mAdc 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Total Device Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

Vern 

VcBo 

VEBO 

Po 

TJ, Tstg 

Characteristic Symbol 

Thermal Resistance, Junction to Ambient RoJA 

Value 

-15 

-15 

-4 

350 
2.81 

-55to+150 

Max 

357 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Vdc 

mW 
mwrc 

•c 

Unit 

·ctw 

I Characteristic [ Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
lie= -1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage V(BR)CBO 
Uc= -10 µAde, IE= O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = -10 µAde, le = O) 

Collector Cutoff Current iceo 
(Vee = -10 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -10mAdc,VcE = -10Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 
Uc= -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Crb 
(VcE = -10 Vdc, IE= o, f = 1.0 MHz) 

MPSH69* 
CASE 29-04, STYLE 1 

T0-92 (T0-226AAI 

1 1~-©"~' 
2 1 Emitter 

3 

RF AMPLIFIER TRANSISTOR 

Min 

-15 

-15 

-4 

-

30 

2000 

-

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

300 

- -
- 0.3 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

MHz 

pf 
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II 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern -20 Vdc 

Collector-Base Voltage Vcso -20 Vdc 

Emitter-Base Voltage VEBO -3.0 Vdc 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.81 mWl°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 357 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
Oc = -1.0 mAdc, Is= Ol 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= -10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
OE= -10 µAde, le= 0) 

Collector Cutoff Current lcso 
(Vcs = -10 Vdc, IE = 0) 

Emitter Cutoff Current IEBO 
(VEB = -2.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain hFE 
Oc = -5.0 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = -5.0 mAdc, Is = -0.5 mAdc) 

Base-Emitter On Voltage VBE(on) 
Oc = -5.0mAdc,VcE = -10Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Oc = -5.0 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb 
(Vcs = -10 Vdc, IE= 0, f = 1.0 MHz) 

Collector-Emitter Capacitance Cce 
Os = o, Vcs = -10 Vdc, t = 1.0 MHz 

MPSH81* 

CASE 29-04, STYLE 2 
T0-92 (T0-226AA) 

3 Collector 

.:.~ 
2 Emitter 

RF AMPLIFIER TRANSISTOR 

Min 

-20 

-20 

-3.0 

-

-

60 

-

-

600 

-

-

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -100 

- -100 

- -

- -'0.5 

- -0.9 

- -

- 0.85 

- 0.65 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 120 Vdc 

Collector-Base Voltage Vcso 140 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous ic 150 mAdc 

Total Device Dissipation @ TA = 25°C Po 625 mW 
Derate above 25°C 5.0 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 1.5 Watts 
Derate above 25°C 12 mWl°C 

Operating and Storage Junction TJ, Tstg -55to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 m IW 

IW 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = o) 

Collector Cutoff Current 
(VcB = 75 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = 10 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 10 mAdc, IB = 1.0 mAdc) 
(le = 50 mAdc, IB = 5.0 mAdc) 

Base-Emitter Saturation Voltage 
(le = 10 mAdc, IB = 1.0 mAdc) 
(le = 50 mAdc, IB = 5.0 mAdc)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
(le = 10 mAdc, VcE = 10 Vdc, I = 20 MHz) 

Collector-Base Capacitance 
(VcB = 10 Vdc, le = o, t = 1.0 MHz) 

Small-Signal Current Gain 
(le = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 p.s, Duty Cycle = 2.0%. 

MPSLOl 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

3 Collector 

~~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N5550 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 120 - Vdc 

V(BR)CBO 140 - Vdc 

V(BR)EBO 5.0 - Vdc 

le Bo - 1.0 µAde 

IEBO - 100 nAdc 

hFE 50 300 -

VcE(sat) Vdc 
- 0.20 
- 0.30 

VBE(sat) Vdc 
- 1.2 
- 1.4 

fr 60 - MHz 

Ccb - 8.0 pF 

hte 30 - -
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -100 

Collector-Base Voltage VcBo -100 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Ctoninuous le -600 

Total Device Dissipation@ TA= 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12.0 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
!le= -1.0 mAdc, 1B = O) 

Collector-Base Breakdown Voltage 
Uc = -100 1LAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
!IE= -10 ILAdc, le= 0) 

Collector Cutoff Current 
(VcB = -50 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain(l) 
Oc = -50 mAdc, VcE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, Is= -1.0 mAdcl 
Uc = -50 mAdc, Is = -5.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -10 mAdc, Is= -1.0 mAdc) 
Uc = -50 mAdc, Is = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = -10 mAdc, VcE = -10 Vdc, I = 20 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain 
Uc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Test = 300 /LS, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

MPSL51 

CASE 29-04, STYLE 1 
T0-92 (T0-226AAI 

3 Collector 

~.~ 
1 Emitter 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N5400 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -100 - Vdc 

V(BR)CBO -100 - Vdc 

V(BR)EBO -4.0 - Vdc 

le Bo - -1.0 1LAdc 

IESO - -100 nAdc 

hFE 40 250 -

VcE(sat) Vdc 
- -0.25 
- -0.30 

VSE(sat) Vdc 
- -1.2 
- -1.2 

fr 60 - MHz 

Cobo - 8.0 pF 

hte 20 - -
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II 

MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO 
MPSW01 30 
MPSW01A 40 

Collector-Base Voltage VcBO 
MPSW01 40 
MPSW01A 50 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous . le 1000 

Total Device Dissipation@ TA= 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JA 125 

Thermal Resistance, Junction to Case R8Jc 50 

ELECTRICAL CHARACTERISTICS lTA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
Uc = 10 mAdc, ls = O) MPSW01 

MPSW01A 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPSW01 

MPSW01A 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vea = 3.0 Vdc, IE = 0) MPSW01 
(VcB = 40 Vdc, IE = 0) MPSW01A 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

ON CHARACTERISTICS(11 

DC Current Gain 
Uc = 10 mAdc, VcE = 1.0 Vdc) 
Uc = 100 mAdc, VcE = 1.0 Vdcl 
Uc = 1000 mAdc, VcE = 1.0 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 1000 mAdc, Is = 100 mAdc) 

Base-Emitter On Voltage 
Uc = 1000 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(VcB = 10 Vdc, IE = o. f = 1.0 MHzi 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWi°C 

Watts 
mWi°C 

'C 

Unit 
OCfW 

oc/W 

MPSWOl, A* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

.~~ 
1 Emitter 

ONE WATT 
HIGH CURRENT TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcBO 

IEBO 

hFE 

VcE(sat) 

VsE(on) 

t-r 

Cobo 

NPN SILICON 

*MPSW01A is a Motorola 
designated preferred device. 

Min Max 

30 -
40 -

40 -
50 -
5.0 -

- 0.1 
- 0.1 

- 0.1 

55 -
60 -
50 -
- 0.5 

- 1.2 

50 -
- 20 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MPSW01, A 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - CURRENT GAIN-BANDWIDTH PRODUCT 
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MPSW01, A 

FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW05 MPSW06 Unit 

Collector-Emitter Voltage Vern 60 80 Vdc 

Collector-Base Voltage Vcso 60 80 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Total Device Dissipation @Tc = 25°C Po 2.5 Watts 
Derate above 25°C 20 mW/°C 

Operating and Storage Junction TJ, Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 125 oc;w 

Thermal Resistance, Junction to Case R9JC 50 oc;w 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel1) 
lie= 1.0 mAdc, Is = O) MPSW05 

MPSW06 

Emitter-Base Breakdown Voltage 
lie = 1 oo !<Ade, le = o) 

Collector Cutoff Current 
!Vee = 40 Vdc, Is = Ol MPSW05 
IVcE = 60 Vdc, Is = O) MPSW06 

Collector Cutoff Current 
IVcs = 40 Vdc, IE = O) MPSW05 
IVcs = 60 Vdc, le = O) MPSW06 

Emitter Cutoff Current 
IVes = 3.0 Vdc, le = o) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie= 50 mAdc, Vee = 1.0 Vdc) 
lie = 250 mAdc, Vee = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 250 mAdc, Is = 10 mAdc) 

Base-Emitter Saturation Voltage 
lie = 250 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 200 mAdc, Vee = 5.0 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 10 V, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

MPSWOS 
MPSWO&* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

' '~ 
1 I Base 1 Emitter 

2 3 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol 

VIBR)CEO 

VIBR)EBO 

lcEO 

lcso 

IEBO 

hFE 

VcE(sat) 

Vse(sat) 

fr 

Cobo 

*This is a Motorola 
designated preferred device. 

Min Max 

60 -
80 -
4.0 -

- 0.5 
- 0.5 

- 0.1 
- 0.1 

- 0.1 

80 -
60 -
- 0.40 

- 1.2 

50 -
- 12 

Unit 

Vdc 

Vdc 

!<Ade 

!<Ade 

!<Ade 

-

Vdc 

Vdc 

MHz 

pF 
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MPSW05, MPSW06 

FIGURE 1 - 0.C. CURRENT GAIN 
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MPSWOS, MPSW06 

FIGURE 6 - CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 7 - ACTIVE REGION - SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 300 

Collector-Base Voltage Vcso 300 

Emitter-Base Voltage Ve so 6.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1 I 
Ile = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 100 µAde, le = 01 

Emitter-Base Breakdown Voltage 
Ile = 100 µAde, le = o) 

Collector Cutoff Current 
IVcs = 200 Vdc, IE = O) 

Emitter Cutoff Current 
IVes = 6.o Vdc, le = 01 

ON CHARACTERISTICS(1) 

DC Current Gain 
Ile = 1.0 mAdc, VcE = 10 Vdc) 
Ile = 10 mAdc, Vee = 10 Vdc) 
lie = 30 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 30 mAdc, Is = 3.0 mAdc) 

Base-Emitter On Voltage 
lie = 30 mAdc, Vee = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = 10 mAdc, Vee = 20 Vdc, t = 20 MHz) 

Collector-Base Capacitance 
IVcs = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width"" 300 µ.s, Duty Cycle"" 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/°C 

Watts 
mwrc 

oc 

Unit 

oc;w 

oc;w 

MPSWlO 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

,:,fQ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Refer to MPSW42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BRIEBO 6.0 - Vdc 

lcso - 0.2 µAde 

IEBO - 0.1 µAde 

hFE -
25 -
40 -
40 -

VcE(sat) - 0.75 Vdc 

VBE(on) - 0.85 Vdc 

tr 45 - MHz 

Ccb - 3.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcES 30 

Collector-Base Voltage Vcso 30 

Emitter-Base Voltage VEBO 10 

Collector Current - Continuous le 1.0 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation @Tc = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RaJA 125 

Thermal Resistance, Junction to Case RaJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µ.Ade, V0E = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc, le= 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 mAdc, VcE = 5.0 Vdc) 

Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 100 mAdc, 19 = 0.1 mAdc) 

Base-Emitter On Voltage 
Oc = 100 mAdc, VcE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = 10 mAdc, Vee = 5.0 Vdc, t = 100 MHz) 

(1) Pulse Test: Pulse Width ,,;; 300 µ,s, Duty Cycle,,;; 2.0%. 
(2) fr = lhtel • ftest· 

MPSW13 
MPSW14 

MPSW13 
MPSW14 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C!W 

'C!W 

MPSW13 
MPSW14 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CES 30 - Vdc 

1c00 - 100 nAdc 

IEBO - 100 nAdc 

hFE -
5000 -

10,000 -

10,000 -
20,000 -

VcE(sat) - 1.5 Vdc 

VBE(on) - 2.0 Vdc 

125 MHz 
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MPSW13, MPSW14 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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MPSW13, MPSW14 

FIGURE 6 - HIGH FREQUENCY CURRENT GAIN FIGURE 7 - CAPACITANCE 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 300 

Collector-Base Voltage vcao 300 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation@ Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 125 

Thermal Resistance, Junction to Case RBJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = 1.0 mAdc, 19 = O) 

Collector-Base Breakdown Voltage 
(le = 100 µ.Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(le = 100 µ.Ade, le = O) 

Collector Cutoff Current 
(Vee = 200 Vdc, IE = O) 

Emitter Cutoff Current 
<Vee = 6.o Vdc, le = o) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 1.0 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, Vee = 10 Vdc) 
(le = 30 mAdc, Vee = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(le = 20 mAdc, 19 = 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, I = 20 MHz) 

Collector-Base Capacitance 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW!°C 

Watts 
mW!°C 

oc 

Unit 

°CIW 

°CIW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

fr 

Ccb 

MPSW42* 
CASE 29-03, STYLE 1 

T0-92 (T0-226AE) 

3 Collector 

.:~ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE 

TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

300 -

300 -

6.0 -

- 0.1 

- 0.1 

25 -
40 -
40 -
- 0.5 

- 0.9 

50 -

- 3.0 

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

µ.Ade 

-

Vdc 

Vdc 

MHz 

pf 
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MPSW42 

FIGURE 1 - D.C. CURRENT GAIN 
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MPSW42 

FIGURE 1 -ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW45 MPSW45A Unit 

Collector-Emitter Voltage VcES 40 50 Vdc 

Collector-Base Voltage Vceo 50 60 Vdc 

Emitter-Base Voltage VEBO 12 12 Vdc 

Collector Current - Continuous le 1.0 1.0 Ade 

Total Device Dissipation Po 
@TA= 25°C 1.0 Watt 
Derate above 25°C 8.0 mWf'C 

Total Device Dissipation Po 
@Tc= 25°C 2.5 Watts 
Derate above 25°C 20 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to +150 ·c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA 125 °CIW 

Thermal Resistance, Junction to Case R8JC 50 "CIW 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

I Charactarlstlc 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 100 µAde, VeE = o) MPSW45 

MPSW45A 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) MPSW45 

MPSW45A 

Emitter-Base Breakdown Voltage 
!IE = 10 µAde, le = O) 

Collector Cutoff Current 
(Vee = 30 Vdc, IE = 0) MPSW45 
(Vee = 40 Vdc, IE = 0) MPSW45A 

Emitter Cutoff Current 
fVEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 200 mAdc, VcE = 5.0 Vdc) 
Uc = 500 mAdc, VcE = 5.0 Vdc) 
Uc = 1.0 Ade, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc = 1.0 Ade, le = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 1.0 Ade, le = 2.0 mAdc) 

Base-Emitter On Voltage 
Uc = 1.0 Ade, VcE = 5.0 Vdc) 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "'300 µs, Duty Cycle"' 2.0%. 

MPSW45,A* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

Collector 3 

Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(sat) 

VeE(on) 

fy 

Ccb 

NPNSILICON 

*MPSW45A is a Motorola 
designated prafarrad devica. 

Refar to 2N6426 for graphs. 

Min Max 

40 -
50 -
50 -
60 -
12 -

- 100 
- 100 

- 100 

25,000 150,000 
15,000 -
4,000 -
- 1.5 

- 2.0 

- 2.0 

100 -

- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage MPSW51 Vern -30 Vdc 
MPSW51A -40 

Collector-Base Voltage MPSW51 Vcso -40 Vdc 
MPSW51A -50 

Emitter-Base Voltage Ve so -5.0 Vdc 

Collector Current - Continuous le -1000 mAdc 

Total Device Dissipation @ TA = 25'C Po 1.0 Watt 
Derate above 25'C 8.0 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 2.5 Watts 
Derate above 25'C 20 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 125 'C/W 

Thermal Resistance, Junction to Case R9JC 50 'CIW 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
He = -1.0 mAdc, Is = O) MPSW51 

MPSW51A 

Collector-Base Breakdown Voltage 
He= -100 µAde, IE= O) MPSW51 

MPSW51A 

Emitter-Base Breakdown Voltage 
(IE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vcs = -30 Vdc, IE = 0) MPSW51 
(Vcs = -40 Vdc, IE = 0) MPSW51A 

Emitter Cuttoff Current 
IVEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
He= -10mAdc,VcE = -1.0Vdc) 
He = -100 mAdc, VcE = -1.0 Vdc) 
He = -1000 mAdc, Vee = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
He = -1000 mAdc, Is = - 100 mAdc) 

Base-Emitter On Voltage 
lie = -1 ooo mAdc, VcE = -1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = -50 mAdc, Vee = - 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = - 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width os: 300 µs, Duty Cycle .s: 2.0%. 

MPSWSl,A* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

.:.() 
1 Emitter 

ONE WATT 
HIGH CURRENT TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(on) 

fr 

Cobo 

PNP SILICON 

*MPSW51A is a Motorola 
designated preferred device. 

Min Max 

-30 -
-40 -

-40 -
-50 -
-5.0 -

- -0.1 
- -0.1 

- -0.1 

55 -
60 -
50 -
- -0.7 

- -1.2 

50 -

- 30 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MPSW51, A 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - ON VOLTAGES 
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FIGURE 5 - CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - TEMPERATURE COEFFICIENT 
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"" 0 

MPSW51, A 

FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 

Rating Symbol MPSW55 MPSW56 

Collector-Emitter Voltage VcEO -60 -80 

Collector-Base Voltage VcBO -60 -80 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous le -500 

Total Device Dissipation {ji! TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ T (; = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le= -1.0 mAdc, IB = O) MPSW55 

MPSW56 

Emitter-Base Breakdown Voltage 
(IE = -100 µAde, le = O) 

Collector Cutoff Current 
IVcE = -40 Vdc, IB = 0) MPSW55 
IVcE = -60 Vdc, IB = O) MPSW56 

Collector Cutoff Current 
IVcB = -40 Vdc, IE = 0) MPSW55 
IVcB = -60 Vdc, IE = O) MPSW56 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = - 50 mAdc, VcE = -1.0 Vdc) 
(le = -250 mAdc, VcE = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le = -250 mAdc, Is = -10 mAdc) 

Base-Emitter On Voltage 
Uc = -250 mAdc, VcE = - 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = -250 mAdc, VcE = -5.0 Vdc, t = 20 MHz 

Output Capacitance 
IVcs = -10 Vdc, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width °"' 300 µs, Duty Cycle °"' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWi°C 

Watts 
mWi°C 

oc 

Unit 

oc;w 

oc;w 

MPSWSS 
MPSW56* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

3 Collector 

2~ 
Bas~ 

1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)EBO 

lcEO 

le BO 

IEBO 

hFE 

VcE(sat) 

VsE(on) 

IT 

Cobo 

PNPSILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-60 -
-80 -
-4.0 -

- -0.5 
- -0.5 

- -0.1 
- -0.1 

- -0.1 

100 -
50 -
- -0.5 

- -1.2 

50 -

- 15 

Unit 

Vdc 

Vdc 

µAde 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MPSWSS, MPSWS& 

FIGURE 1 - O.C. CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - ON VOLTAGES 
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MPSWSS, MPSW56 

FIGURE 8 - CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 7 - ACTIVE REGION - SAFE OPERATING AREA 
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MAXIMUM RATINGS 

MPSW63 
Rating Symbol MPSW64 

Collector-Emitter Voltage VcES -30 

Collector-Base Voltage Vceo -30 

Emitter-Base Voltage VEBO -10 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 8.0 

Total Device Dissipation@ Tc = 25'C Po 2.5 
Derate above 25'C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 125 

Thermal Resistance, Junction to Case R9JC 50 

ELECTRICAL CHARACTERISTICS TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -100 µ,Ade, VeE = Ol 

Collector Cutoff Current 
(Vee = -30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Oc = -10 mAdc, VcE = -5.0 Vdc) 

Uc = -100 mAdc, VcE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -100 mAdc, le= -0.1 mAdc) 

Base-Emitter On Voltage 
(le = -100 mAdc, VcE = -5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Uc = -10 mAdc, VcE = -5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width~ 300 µs, Duty Cycle~ 2.0%. 

(2) fy = lhtel • ftest· 

MPSW63 
MPSW64 

MPSW63 
MPSW64 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

MPSW63 
MPSW64* 

CASE 29-03, STYLE 1 
T0-92 (T0-226AE) 

Collector 3 

~ 
Emitter 1 

ONE WATT 
DARLINGTON TRANSISTORS 

Symbol 

V(BR)CES 

lceo 

IEBO 

hFE 

VcE(sat) 

VeE(on) 

PNP SILICON 

*This is a Motorola 
designated preferred device, 

Min Max 

-30 -

- -100 

- -100 

5,000 -
10,000 -

10,000 -
20,000 -

- -1.5 

- -2.0 

125 

Unit 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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MPSW63, MPSW64 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -300 

Collector-Base Voltage Vcso -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @ Tc - 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 125 

Thermal Resistance, Junction to Case RoJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -1.0 mAdc, ls= O) 

Collector-Base Breakdown Voltage 
Oc = -100 µAde, IE = o) 

Emitter-Base Breakdown Voltage 
OE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vee = -200 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = - 3.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le= -1.0 mAdc, VcE = -10 Vdc) 
(le = -10 mAdc, VcE = -10 Vdc) 
(le= -30 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage 
(le = -20 mAdc, Is = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
(le = - 20 mAdc, Is = - 2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -10 mAdc, VcE = -20 Vdc, f = 20 MHz) 

Collector-Base Capacitance 
(Vee = -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ..;,;; 300 µ.s, Duty Cycle .s;;; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/°C 

Watts 
mWl°C 

oc 

Unit 

oc;w 

oc;w 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

fr 

Ccb 

MPSW92* 
CASE 29-03, STYLE 1 

T0-92 (T0-226AE) 

3 Collector 

.~~ 
1 Emitter 

ONE WATT 
HIGH VOLTAGE 

TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-300 -

-300 -

-5.0 -

- -0.25 

- -0.1 

25 -
40 -
25 -
- -0.5 

- -0.9 

50 -
- 6.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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MPSW92 

FIGURE 1 - D.C. CURRENT GAIN 
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MPSW92 

FIGURE 7 - ACTIVE REGION SAFE OPERATING AREA 
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• 
MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage VcBo -30 v 
Collector-Emitter Voltage VcEO -20 v 
Emitter-Base Voltage VEBO -5 v 
Collector Current-Continuous le -30 mA 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Condition 

Collector Cutoff Current lcBo VcB=-10V,IE=0 

Collector-Emitter Breakdown Voltage ICEO VCE =-20 V, IB = 0 

Emitter-Base Breakdown Voltage IEBO VEB = -5 V, le = 0 

DC Current Gain hfE* VcE=-10V,lc=-1mA 
MSA1022-BT1 
MSA1022·CT1 

Current-Gain - Bandwidth Product tr VcB =-10V, IE= 1 mA 

•Pulse Test: Pulse Width :S: 300 µs, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

MSA1022-BT1 MSA1022-CT1 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which 
the part was manufactured. 

MSA1022·BT1 * 
MSA1022-CT1 * 
CASE 3180-03, STYLE 1 

COLLECTOR 
3 

BASE EMITIER 

SC-59 PACKAGE 
PNP RF AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

*These are Motorola 
designated preferred devices. 

Min Max Unit 

- -0.1 µA 

- -100 µA 

- -10 µA 

70 140 -
110 220 -
150 - MHz 
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MAXIMUM RATINGS (TA=25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO -25 Vdc 

Collector-Emitter Voltage V(BR)CEO -25 Vdc 

Emitter-Base Voltage V(BR)EBO -7 Vdc 

Collector Current-Continuous le -100 mAdc 

Collector Current-Peak lc_(El_ -200 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Range Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C) 

Characteristic Symbol Condition 

Collector-Emitter V(BR)CEO le =-2.0 mA, Is= o 
Breakdown Voltage 

Collector-Base V(BR)CBO IC= -10 µA, IE= 0 
Breakdown Voltage 

Emitter-Base V(BR)EBO IE= -10µA, IE=O 
Breakdown Voltage 

Collector-Base Cutoff Current lcso Vcs =-20 V, IE= 0 

Collector-Emitter ICEO VcE=-10V, ls=O 
Cutoff Current 

DC Current Gain hFE1• VcE = -10 V, le= -2.0 mA 
MSB709-RT1 
MSB709-ST1 

Collector-Emitter Saturation Voltage Vc~a.!)_ le= -100 mA, Is= -10 mA 

*Pulse Test: Pulse Width :s; 300 µs, D.C. :s; 2%. 

DEVICE MARKING 

Marking Symbol 

MSB709-RT1 MSB709-ST1 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 

MSB709-RT1 * 
MSB709-ST1 

CASE 3180-03, STYLE 1 

COLLECTOR 

2 1 
BASE EMITIER 

SC-59 PACKAGE 
PNP GENERAL PURPOSE 

AMPLIFIER TRANSISTORS 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

-25 -

-25 -

-7 -

- --0.1 

- -100 

210 340 
290 460 

- --0.5 

Unit 

Vdc 

Vdc 

Vdc 

µA 

µA 

-
-

Vdc 
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•• 
MAXIMUM RATINGS (TA= 25'C) 

Rating Symbol Value Unit 

Collector-Base Voltage "@~BO -30 Vdc 

Collector-Emitter Voltage "@F!J.CEO -25 Vdc 

Emitter-Base Voltage ~BFi)_EBO -7 Vdc 

Collector Current-Continuous le -500 mAdc 

Collector Current-Peak lcJB. -1 Ade 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 'C 

Storage Temperature Range Tstg -55-+150 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C) 

Characteristic Symbol Condition 

Collector-Emitter 
Breakdown Voltage 

V(BR)CEO le =-10 mA, Is= o 

Collector-Base V(BR)CBO lc=-10µA,IE=0 
Breakdown Voltage 

EmitterRBase V(BR)EBO IE= -10µA, lc=O 
Breakdown Voltage 

Collector-Base Cutoff Current ICBO Vcs=-20V, IE=O 

DC Current Gain hFE1• VcE = -10 V, le =-150 mA 
MSB710-QT1 
MSB710-RT1 

hFE2• VcE =-10 V, le= 500 mA 

Collector-Emitter Saturation Voltage Vc~sa.!L le = -300 mA, Is = -30 mA 

Collector-Base Saturation Voltage VBE(sall_ le = -300 mA, Is = -30 mA 

Output Capacitance Cob Vcs=-10V, IE=O, 
f = 1.0 MHz 

•Pulse Test Pulse Width::;; 300 µs, D.C.::;; 2%. 

DEVICE MARKING 

Marking Symbol 

MSB710-QT1 MSB710-RT1 

MSB710-QT1 
MSB710-RT1 * 

CASE 3180-03, STYLE 1 

COLLECTOR 

1 
BASE EMITTER 

SC-59 PACKAGE 
PNP GENERAL PURPOSE 

AMPLIFIER TRANSISTORS 
SURFACE MOUNT 

•This is a Motorola 
designated preferred device. 

Min Max 

-25 -

-30 -

-7 -

- -0.1 

85 170 
120 240 

40 -

- -0.6 

- -1.5 

- 15 

Unit 

Vdc 

Vdc 

Vdc 

µA 

-
-

-

Vdc 

Vdc 

pF 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 
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MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol 

Collector-Base Voltage Vcso 

Collector-Emitter Voltage VcEO 

Emitter-Base Voltage VEBO 

Collector Current-Continuous le 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 
Junction Temperature TJ 

Storage Temperature Range Tstg 

Value 

40 

20 

5 

200 

Max 

200 

150 

-55-+150 

Unit 

v 
v 
v 

mA 

Unit 

mW 

"C 

"C 

MSC1621Tl* 
CASE 3180-03, STYLE 1 

2 1 
BASE EMITTER 

SC-59 PACKAGE 
NPN SWITCHING 

TRANSISTOR 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

ELECTRICAL CHARACTERISTICS (TA = 25'C) 

Characteristic Symbol Condition Min Max Unit 

Collector Cutoff Current lcso Vcs = 30 V, IE= 0 - 0.1 µA 

Emitter Base Cutoff Current IEBO VEB = 4.0 V, le = 0 - 0.1 µA 

DC Current Gain hFE' VcE = 0.5 V, le= 1 mA 40 180 -

Collector-Emitter Saturation Voltage VcEjsat)_ le = 1 o mA, Is = 1.0 mA - 0.25 v 
Base-Emitter Saturation Voltage VBEjsat)_ le= 10mA, Is= 1.omA - 0.85 v 
Current~Gain - Bandwidth Product IT VcE= 10V, IE=-10mA 200 - MHz 

Output Capacitance Cob Vcs= 10V, IE=O, - 6.0 pF 
f = 1.0 MHz 

Turn On Time Ion - 20 ns 

Storage Temperature Range Tstg le= 10 mA in - 20 ns 
Equivalent 
Test Circuit 

Turn Off Time Iott - 40 ns 

"Pulse Test: Pulse Width::; 300 µs, D.C . .,;; 2%. 

ton, tott EQUIVALENT TEST CIRCUIT T stg EQUIVALENT TEST CIRCUIT 

3.3kn 

son 

V;n~o% 
Vou~90% 

Ion 
Vss=-3V 
Vin=+ 15 V 

Marking Symbol 

~2,,,,20.,.n---<>-o.,1 t-µF_-oVout 

Zin =50 0: 
son 

V·~O% In 

90% 
You! 

Iott 
v88 = + 12 v 
Vjn=-15V 

"A" 
_s,,,90,,,n----<,_0.111 µ,_F_1.,.kn~vout 

Zin =50.0. Vin 0.1 µF 500 n. 
90n 

son soon 

II V Vcc=IOV 

o~ 
Vin 

-IOV 
10% 

Vou~ 10% 

DEVICE MARKING 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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II 
MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 20 Vdc 

Emitter-Base Voltage V(BR)EBO 5 Vdc 

Collector Current-Continuous ic 30 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Tstg -55-+ 150 "C 

ELECTRICAL CHARACTERISTICS (TA= 25°C) 

Characteristic Symbol Condition 

Collector-Base Cutoff Current lcBo VcB= 10V, IE=O 

DC Current Gain hfE' VcB=10V,IE=-1 mA 
MSC2295-BT1 
MSC2295-CT1 

Collector-Gain - Bandwidth Product tr VcB=10V,IE=-1 mA 

Reverse Transistor Capacitance Cre v CE = 10 V, le = 1 mA, 
f = 10.7 MHz 

*Pulse Test: Pulse Width.:; 300 µs, D.C • 2% 

DEVICE MARKING 

Marking Symbol 

MSC2295-BT1 MSC2295-CT1 

MSC2295-BT1 * 
MSC2295-CT1 * 
CASE 3180-03, STYLE 1 

COLLECTOR 
3 

2 1 
BASE EMITTER 

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTORS 
SURFACE MOUNT 

*These are Motorola 
designated preferred devices. 

Min Max Unit 

- 0.1 µA 

70 140 -
110 220 -

150 - MHz 

- 1.5 pf 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 
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MAXIMUM RATINGS (TA = 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 20 Vdc 

Emitter-Base Voltage V(BR)EBO 3 Vdc 

Collector Current-Continuous le 15 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 150 mW 

Junction Temperature TJ 150 oc 
Storage Temperature Range Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Condition 

Collector-Base Breakdown Voltage V(BR)CBO le = 10 µA, IE = 0 

Collector Emitter Breakdown Voltage V(BR)EBO IE= 10 µA, le= 0 

DC Current Gain hfE• VcB=6V, IE=-1 mA 

Current-Gain - Bandwidth Product tr VcB = 6 V, IE =-1 mA 

Reverse Transfer Capacitance Cre VcE = 6 V, le= 1 mA, 
1=10.?MHz 

*Pulse Test: Pulse Width~ 300 µs, D.C. ::> 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates 
the actual month in which the part was manufactured. 

MSC2404-CT1 * 
CASE 3180-03, STYLE 1 

COLLECTOR 

2 1 
BASE EMITTER 

Min 

30 

3 

65 

450 

-

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTOR 
SURFACE MOUNT 

•This is a Motorola 
designated preferred device. 

Max 

-

-

160 

-
1 

Unit 

Vdc 

Vdc 

-

MHz 

pF 
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MAXIMUM RATINGS (TA = 25"C) 

Rating Symbol Value Unit 

Collector-Base Voltage vcso 15 v 

Collector-Emitter Voltage VcEO 10 v 
Emitter-Base Voltage VEBO 3 v 
Collector Current-Continuous le 50 mA 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 'C 

Storage Temperature Range Tstg -55-+ 150 'C 

ELECTRICAL CHARACTERISTICS (TA = 25'C) 

Characteristic Symbol Condition 

Collector Cutoff Current icso Vcs=10V,IE=0 

Collector-Emitter Breakdown Voltage VcEO le= 2 mA, Is= o 

Emitter-Base Breakdown Voltage VEBO IE= 10 µA, le= 0 

DC Current Gain hFE' VcE = 4 V, IC= 5 mA 

Collector-Emitter Saturation Voltage VcE(sat) le = 20 mA, Is = 4 mA 

Current-Gain - Bandwidth Product tr Vcs = 4 V, IE= -5 mA 

*Pulse Test: Pulse Widths 300 µs, D.C. s 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

MSC3130Tl* 

CASE 3180-03, STYLE 1 

COLLECTOR 

2 
BASE EMITTER 

Min 

-

10 

3 

75 

-

1.4 

SC-59 PACKAGE 
NPN RF AMPLIFIER 

TRANSISTOR 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Max 

1 

-

-

400 

0.5 

2.5 

Unit 

µA 

v 
v 

-
v 

GHz 
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MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 25 Vdc 

Emitter-Base Voltage V(BR)EBO 7 Vdc 

Collector Current-Continuous ic 100 mAdc 

Collector Current-Peak IQ(B_ 200 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter V(BR)CEO le= 2.0 mA, Is= o 
Breakdown Voltage 

Collector-Base V(BR)CBO lc=10µA,IE=0 
Breakdown Voltage 

Emitter-Base V(BR)EBO IE= 10 µA, le= 0 
Breakdown Voltage 

Collector-Base Cutoff Current icso Vcs = 20 V, IE= 0 

Collector-Emitter lcEO VcE = 10 V, lg= 0 
Cutoff Current 

DC Current Gain hFE1' VcE = 10 V, le= 2.0 mA 
MSD601-RT1 
MSD601-ST1 

hFE2' VcE = 2.0 V, le= 100 mA 

Collector-Emitter Saturation Voltage Vc~a.!)_ le= 100 mA, Is= 10 mA 

*Pulse Test: Pulse Width:;; 300 µs, D.C. $ 2%. 

DEVICE MARKING 

Marking Symbol 

MSD601-RT1 MSD601-ST1 

The "X" represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 

MSD601-RT1 * 
MSD601-ST1 

CASE 3180-03, STYLE 1 

COLLECTOR 

1 
BASE EMITIER 

SC-59 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTORS 

SURFACE MOUNT 

Min 

25 

30 

7 

-
-

210 
290 

90 

-

*This is a Motorola 
designated preferred device. 

Max 

-

-

-

0.1 

100 

340 
460 

-

. 0.5 

Unit 

Vdc 

Vdc 

Vdc 

µA 

µA 

-
-

-
Vdc 
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MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 30 Vdc 

Collector-Emitter Voltage V(BR)CEO 25 Vdc 

Emitter-Base Voltage VE(BR)BO 7 Vdc 

Collector Current-Continuous ic 500 mAdc 

Collector Current-Peak I~ 1 Ade 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Range Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol Condition 

Collector-Emitter Breakdown Voltage V(BR)CEO lc=10mA,IB=O 

Collector-Base Breakdown Voltage V(BR)CBO le= 10 µA, IE= 0 

Emitter-Base Breakdown Voltage V(BR)EBO IE = 10 µA, le = 0 

Collector-Base Cutoff Current icso Vcs = 20 v, IE= 0 

DC Current Gain hFE1' VcE = 10V, le= 150 mA 

hFE2' VcE= 10V, lc=500mA 

Collector-Emitter Saturation Voltage VcE(sat) le= 300 mA, Is= 30 mA 

Output Capacitance Cob Vcs = 10 V, IE= 0, 
f = 1 MHz 

*Pulse Test Pulse Width:::; 300 µs, D.C. :::; 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code indicate 
the actual month in which the part was manufactured. 

MSD602-RT1 * 
CASE 3180-03, STYLE 1 

COLLECTOR 

BASE EMITIER 

SC-59 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTOR 

SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

25 -
30 -

7 -

- 0.1 

120 240 

40 -
- 0.6 

- 15 

Unit 

Vdc 

Vdc 

Vdc 

µA 

-

-

Vdc 

pF 
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MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Collector-Base Voltage V(BR)CBO 25 Vdc 

Collector-Emitter Voltage V(BR)CEO 20 Vdc 

Emitter-Base Voltage VE(BR)BO 12 Vdc 

Collector Current-Continuous !~ 500 rnActc 

I Collector Current-Peak IC(P) 1000 mAdc 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 

Storage Temperature Range Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25"C) 

Characteristic Symbol Condition 

Collector-Emitter Breakdown Voltage V(BR)CEO le= 1.0 mA, 18 = o 

Collector-Base Breakdown Voltage V(BR)CBO le = 10 µA, IE = 0 

Emitter-Base Breakdown Voltage V(BR)EBO IE= 10 µA, IE= 0 

Collector-Base Cutoff Current lcso Vcs = 25 V, IE= 0 

DC Current Gain hFE' VcE = 2 V, le= 500 mA 

Collector-Emitter Saturation Voltage VcE(sat) le= 500 mA, Is= 20 mA 

Base-Emitter Saturation Voltage Vs~a!L le = 500 mA, Is = 50 mA 

'Pulse Test: Pulse Width:::; 300 µs, D.C. ~ 2%. 

DEVICE MARKING 

Marking Symbol 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

MSD1328-RT1 * 
CASE 3180-03, STYLE 1 

2 
BASE EMITTER 

SC-59 PACKAGE 
NPN LOW VOLTAGE 
OUTPUT AMPLIFIER 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

20 -

25 -

12 -

- 0.1 

200 350 

- 0.4 

- 1.2 

Unit 

Vdc 

Vdc 

Vdc 

µA 

-

Vdc 

Vdc 
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This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT elimi
nates these individual components by integrating them into a single device. 
The use of a BRT can reduce both system cost and board space. The device 
is housed in the SC-59 package which is designed for low power surface 
mount applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• Power dissipation of 200 milliwatts on standard FR5/G10 glass epoxy 
printed circuit board and up to 400 milliwatts on ceramic or Thermal Clad 
substrates using recommended footprint 

• The SC-59 package can be soldered using wave or reflow. The modified 
gull-winged leads absorb thermal stress during soldering eliminating the 
possibility of damage to the die. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Base Voltage vcso 50 Vdc 

Collector-Emitter Voltage VcEO 50 Vdc 

Collector Current le 100 mAdc 

Total Power Dissipation @ TA = 25°C Po 200· mW 

Derate above 25°C 1.6 mW/'C 

Thermal Resistance - Junction to Ambient RaJA 625 "C/W 

Operating and Storage Temperature Range TJ, Tstg -65 to +150 'C 

DEVICE MARKING 

I MUN2111T1 =SA; MUN2112T1 =SB; MUN2113T1 = S3 

* Device mounted on a glass epoxy printed circuit board using the minimum recommended 
footprint as shown in Section 8. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (Vcs = 50 V, IE= 0) 

Collector-Emitter Cutoff Voltage (VCE = 50 V, Is= 0) 

Emitter-Base Cutoff Current MUN2111 
(VEB = 6.0 V, le= O) MUN2112 

MUN2113 

Collector-Base Breakdown Voltage (le= 10 µA, IE= O) 

Collector-Emitter Breakdown Voltage• (le= 2.0 mA, Is= O) 

ON CHARACTERISTICS* 

DC Current Gain MUN2111 
(VCE = 10 V, le= 5.0 mA) MUN2112 

MUN2113 

Collector-Emitter Saturation Voltage 
(le= 10 mA, IE= 3.0 mA) 

Input Voltage (on) 

(Vee= 5.0 V, Vs= 2.5 V, RL = 1.0 kQ) MUN2111 
MUN2112 

(Vee= 5.0 V, Vs= 3.5 V, RL = 1.0 kQ) MUN2113 

Input Voltage (off) (Vee= 5.0 V, Vs= 0.5 V, RL = 1.0 kn) 

Input Resistor 

Resistor Ratio 

* Pulse Test: Pulse Width < 300 µs. Duty Cycle < 2.0%. 
Note: "T1" must be used when ordering SC-59 devices. 

MUN2111 
MUN2112 
MUN2113 

Symbol 

icso 

ICEO 

IEBO 

V(BR)CBO 

~~CEO 

hFE 

VcE(sat) 

Vol 

VoH 

R1 

R1iR2 

MUN2111Tl* 
MUN2112Tl* 
MUN2113Tl* 

CASE 3180-03, STYLE 1 
(SC-59) 

PIN 3 c 
P~N - (OUT) B 2 R1 

(IN) 
R2 

E 
PIN 1 (GND) 

Min 

-
-

-
-
-

50 

50 

35 
60 
80 

-

-
-

-

4.9 

7.0 
15.4 
32.9 

0.9 

BIAS RESISTOR 
TRANSISTORS 

PNP SILICON 

*These are Motorola 
designated preferred devices. 

Typ Max 

- 100 

- 500 

- 0.5 
- 0.2 
- 0.1 

- -

- -

60 -
100 -
140 -

0.25 

- 0.2 
- 0.2 

- 0.2 

- -

10 13 
22 28.6 
47 61.1 

1.0 1.1 

Unit 

nAdc 

nAdc 

mAdc 

Vdc 

Vdc 

-

Vdc 

Vdc 

Vdc 

kohms 

-
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MUN2111T1, MUN2112T1, MUN2113T1 

TYPICAL ELECTRICAL CHARACTERISTICS- MUN2111T1 
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MUN2111T1, MUN2112T1, MUN2113T1 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2112T1 
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MUN2111 T1, MUN2112T1, MUN2113T1 

TYPICAL ELECTRICAL CHARACTERISTICS- MUN2113T1 
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This new series of digital transistors is designed to replace a single device 
and its internal resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT elimi
nates these individual components by integrating them into a single device. 
The usii of a BRT can reduce both system cost and board space. The device 
is housed in the SC-59 package which is designed for low power surface 
mount applications. 

• Simplifies Circuit Design 

• Reduces Board Space 

• Reduces Component Count 

• Power dissipation of 200 milliwatts on standard FR5/G10 glass epoxy 
printed circuit board and up to 400 milliwatts on ceramic or Thermal Clad 
substrates using recommended footprint 

• The SC-59 package can be soldered using wave or reflow. The modified 
gull-winged leads absorb thermal stress during soldering eliminating the 
possibility of damage to the die. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Collector-Base Voltage vcso 50 Vdc 

Collector-Emitter Voltage VcEO 50 Vdc 

Collector Current ic 100 mAdc 

Total Power Dissipation @ TA = 25°C Po 200· mW 

Derate above 25'C 1.6 mW/'C 

Thermal Resistance - Junction to Ambient ReJA 625 'C/W 

Operating and Storage Temperature Range TJ; Tstg -65 to +150 'C 

DEVICE MARKING 

I MUN2211T1 =BA; MUN2212T1 = BB; MUN2213T1 = BC 

* Device mounted on a glass epoxy printed 'circuit board using the minimum recommended 
footprint as shown in Section 8. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Base Cutoff Current (Vcs.= 50 v. IE= 0) 

Collector-Emitter Cutoff Voltage (VcE = 50 V, Is= O) 

Emitter-Base Cutoff Current MUN2211 
(VEB = 6.0 V, le= 0) MUN2212 

MUN2213 

Collector-Base Breakdown Voltage (le = 1 O µA, IE = O) 

Collector-Emitter Breakdown Voltage• (le = 2.0 mA, 19 = 0) 

ON CHARACTERISTICS* 

DC Current Gain MUN2211 
(VCE = 10 V, le= 5.0 mA) MUN2212 

MUN2213 

Collector-Emitter Saturation Voltage 
(le= 10 mA, 19 = 0.3 mA) 

Input Voltage (ON) 

(Vee= 5.0 V, Vs= 2.5 v. RL = 1.0 l<Q) MUN2211 
MUN2212 

(Vee= 5.0 V, Vs= 3.5 V, RL = 1.0 l<Q) MUN2213 

Input Voltage (OFF) (Vee= 5.0 V, Vs= 0.5 V, RL = 1.0 kQ) 

Input Resistor 

Resistor Ratio 

* Pulse Test: Pulse Width < 300 µs. Duty Cycle < 2.0%. 
Note: "T1" must be used when ordering SC-59 devices. 

MUN2211 
MUN2212 
MUN2213 

Symbol 

icso 

ICEO 

IEBO 

BVcso 

BVcEO 

hFE 

VcE(sat) 

VoL 

VOL 

VoH 

R1 

R1/R2 

Min 

-
-

-
-
-

50 

50 

35 
60 
BO 

-

-
-

-

4.9 

7.0 
15.4 
32.9 

0.9 

MUN2211Tl* 
MUN2212Tl* 
MUN2213Tl* 

CASE 3180-03, STYLE 1 
(SC-59) 

. PIN 3 C 

P~N (OUT) B 2 R1 
(IN) 

R2 
E 

PIN 1 (GND) 

BIAS RESISTOR 
TRANSISTORS 

NPN SILICON 

*These are Motorola 
designated preferred devices. 

Typ Max 

- 100 

- 500 

- 0.5 
- 0.2 
- 0.1 

- -

- -

60 -
100 -
140 -
- 0.25 

- 0.2 
- 0.2 

- 0.2 

- -

10 13 
22 28.6 
47 61.1 

1.0 1.1 

Unit 

nAdc 

nAdc 

mAdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

kohms 
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MUN2211T1, MUN2212T1, MUN2213T1 

TYPICAL ELECTRICAL CHARACTERISTICS- MUN2211T1 
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MUN2211T1, MUN2212T1, MUN2213T1 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2212T1 
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MUN2211T1, MUN2212T1, MUN2213T1 

TYPICAL ELECTRICAL CHARACTERISTICS - MUN2213T1 
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MAXIMUM RATINGS 

Rating Symbol PBF259,S Unit 

Collector-Emitter Voltage Vern 300 Vdc 

Collector-Base Voltage vcso 300 Vdc 

Emitter-Base Voltage vrno 5.0 Vdc 

Collector Current - Continuous ic 500 mAdc 

Total Device Dissipation@ TA = 25°C Po 625 Watt 
Derate above 25°C 5.0 mW/°C 

Total Device Dissipation @Tc = 25°C Po 1.5 Watt 
Derate above 25 °C 12 mW!°C 

Operating and Storage Junction TJ, Tstg -55 to +150 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 200 °C/W 

Thermal Resistance, Junction to Case RoJC 83.3 oc/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
!le = 1.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 /.<Ade, IE = O) 

Emitter-Base Breakdown Voltage 
!IE = 100 /.<Ade, le = O) 

Collector Cutoff Current 
(Vcs = 250 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = 3.0 V) 

Collector Cutoff Current 
(VcE = 10 V) 

ON CHARACTERISTICS (1) 

DC Current Gain 
!le = 20 mAdc, VcE = 10 Vdcl PBF259S 
Oc = 1.0 mAdc, VcE = 10 Vdcl All Types 
Oc = 30 mAdc, VcE = 10 Vdc) All Types 

Collector-Emitter Saturation Voltage 
Oc = 30 mAdc, Is = 1.5 mAdc) 
!le = 30 mAdc, Is = 60 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
!le = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = 20 Vdc, IE = o, f = 1.0 MHz) 

PBF259,S 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

icso - 50 nAdc 

IEBO - 20 nAdc 

lcEO - 50 nAdc 

hFE -
60 -
25 -
25 -

VcE(sat) Vdc 
- 0.5 
- 1.0 

fy 40 - MHz 

Cobo - 3.0 pF 
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MAXIMUM RATINGS 

Rating Symbol PBF493RS 

Collector-Emitter Voltage VcEO 300 

Collector-Base Voltage Vcso 300 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 500 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
lie = 3.0 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
llE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 250 Vdc, IE = 0) 

Emitter Cutoff Current 
IVEB = 3.0 V) 

Collector Cutoff Current 
IVcE = 10 V) 

ON CHARACTERISTICS (1) 

DC Current Gain 
lie = 20 mAdc, VcE = 10 Vdc) 
lie = 1.0 mAdc, VcE = 10 Vdc) 
lie = 30 mAdc, VcE = 10 Vdcl 

Collector-Emitter Saturation Voltage 
lie = 30 mAdc, Is = 1.5 mAdc) 
lie = 30 mAdc, Is = 60 mAdc) 

Base-Emitter Saturation Voltage 
lie = 20 mA, Is = 2.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
lie = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vee = 20 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watt 
mW!°C 

oc 

Unit 

oc!W 

oc!W 

PBF259RS 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

, 1 Collector 

/I/ -~-€2'""' 3 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 300 - Vdc 

V(BR)CBO 300 - Vdc 

V(BR)EBO 5.0 - Vdc 

lcso - 50 nAdc 

IEBO - 20 nAdc 

lcEO - 50 nAdc 

hFE -
60 -
25 -
25 -

VcE(sat) Vdc 
- 0.5 
- 1.0 

VsE(sat) - 0.9 v 

fy 40 - MHz 

Cobo - 3.0 pf 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -300 

Collector-Base Voltage Vcso -300 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -500 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation@ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ. Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1 I 
!le = -1.0 mAdc, Is= OI 

Collector-Base Breakdown Voltage 
!le = -10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = -100 µAde, le = O) 

Collector Cutoff Current 
(VcB = -200 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = -3.0 V) 

Collector Cutoff Current 
(VCE = -10V) 

ON CHARACTERISTICS(1) 

DC Current Gain 
!le = -0.1 mAdc, Vee = -1.0 Vdcl PBF493S 
!le= -1.0 mAdc, VcE = -10 Vdcl All Types 
!le = -30 mAdc, VcE = - 10 Vdc) All Types 

Collector-Emitter Saturation Voltage 
!le = -20 mAdc, Is = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
!le = -20 mAdc, Is = -2.0 mAdcl 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -10 mAdc, VcE = -20 Vdc, I= 20 MHz) 

Output Capacitance 
(VcB = -20 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watt 
mW!°C 

oc 

Unit 

oc;w 

oc;w 

PBF493,S 

CASE 29-04, STYLE 1 
T0-92 (T0-226AA) 

, I ~«>"··-
2 3 1 Emitter 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPSA92 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -300 - Vdc 

V(BR)CBO -300 - Vdc 

V(BR)EBO -5.0 - Vdc 

lcso - -0.25 µAde 

IEBO - -20 nAdc 

ICEO - -250 nAdc 

hFE -
40 -
40 -
25 -

VcE(satl - -0.5 Vdc 

VBE(sat) - -0.9 Vdc 

fr 50 - MHz 

Cobo - 6.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -300 

Collector-Base Voltage Vcso -300 

Emitter-Base Voltage Vrno -5.0 

Collector Current - Continuous le -500 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation (aJ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = -1.0 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
Oc = - 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = -100 µAde, le = 0) 

Collector Cutoff Current 
(Vcs = -200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = -3.0 VI 

Collector Cutoff Current 
(VcE = -10 Vdc I 

ON CHARACTERISTICS 

DC Current Gain 
(le= -0.1 mAdc, VcE = -1.0 Vdcl PBF493RS 
Oc = -1.0mAdc,VcE = -10Vdc) All Types 
Oc = -30 mAdc, VcE = -10 Vdcl All Types 

Collector-Emitter Saturation Voltage 
Uc= -20 mAdc, Is = -2.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -20 mAdc, Is = -2.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -10 mAdc, VcE = -20 Vdc, f = 20 MHz) 

Output Capacitance 
(Vcs = -20 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

Watts 
mW/°C 

"C 

Unit 

"C/W 

"C/W 

PBF493R, RS 

CASE 29-04, STYLE 17 
T0-92 (T0-226AA) 

//. Base ~ 
I 1Collector 

2-0 
1 J/1 

2 3 Emitter 
3 

HIGH VOLTAGE TRANSISTORS 

PNP SILICON 

Refer to MPSA42 for graphs. 

Symbol Min Max Unit 

V(BR)CEO -300 - Vdc 

V(BR)CBO -300 - Vdc 

V(BRIEBO -5.0 - Vdc 

icso - -0.25 µAde 

Imo - -20 nAdc 

lcEO - -250 nAdc 

hFE -
40 -
40 -
25 -

VcE(satl - -0.5 Vdc 

VBE(sat) - -0.9 Vdc 

fT 50 - MHz 

Cobo - 6.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 75 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 600 

Total Device Dissipation@ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 200 

Thermal Resistance, Junction to Case R9JC 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°c unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
UE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = 0) 
(Vee = 60 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, le = 0) 

Collector Cutoff Current 
(VcE = 10 V) 

Base Cutoff Current 
(VcE = 60 Vdc, VEE!l_of!L = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= 0.1 mAdc, VcE = 10 Vdc) 
Uc = 1.0 mAdc, VcE = 10 Vdc) 
Uc = 10 mAdc, VcE = 10 Vdcl 
Uc= 10 mAdc, VcE = 10 Vdc, TA= -55°Cl 
Uc = 150 mAdc, VcE = 10 Vdc)(1) 
Uc= 150 mAdc, VcE = 1.0 Vdc)(1) 
Uc = 500 mAdc, VcE = 10 Vdc){1) 

Collector-Emitter Saturation Voltage(1) 
Uc= 150 mAdc, Is= 15 mAdc) 
Uc = 500 mAdc, le = 50 mAdc) 

Base-Emitter Saturation Voltage(1) 
Uc = 150 mAdc, le = 15 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!°C 

Watts 
mWl°C 

·c 

Unit 

•cJW 
•cJW 

P2N2222A 

CASE 29-04, STYLE 17 
T0-92 (T0-226AAI 

1 Collector 

~-© 
3Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPS2222 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 75 - Vdc 

V(BR)EBO 6.0 - Vdc 

lcEX - 10 nAdc 

iceo µAde 
- O.D1 
- 10 

IEBO - 10 nAdc 

lcEO - 10 nAdc 

IBEX - 20 nAdc 

hfE -
35 -
50 -
75 -
35 -
100 300 
50 -
40 -

VcE(sat) Vdc 
- 0.3 
- 1.0 

VBE(sat) Vdc 
0.6 1.2 
- 2.0 
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P2N2222A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product(2) IT 300 - MHz 
lie = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 8.0 pF 
IVcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 25 pF 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie kil 
lie = 1.0 mAdc, VcE = 1 o Vdc, f = 1.0 kHz) 2.0 8.0 
lie = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 0.25 1.25 

Voltage Feedback Ratio hre x10-4 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) - 8.0 
lie = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) - 4.0 

Small-Signal Current Gain hfe -
lie = 1.0 mAdc, VcE = 1 o Vdc, f = 1.0 kHz) 50 300 
lie = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 75 375 

Output Admittance hoe µmhos 
lie = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 5.0 35 
lie = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 25 200 

Collector Base Time Constant rb'Cc - 150 ps 
llE = 20 mAdc, VcB = 20 Vdc, f = 31.8 MHz) 

Noise Figure lie = 100 µAde, NF - 4.0 dB 
VcE = 10 Vdc, Rs= 1.0 kil, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time IVcc = 30 Vdc, VsE(off) = -2.0 V, td - 10 ns 

Rise Time le = 150 mAdc, ls1 = 15 mAdc) (Figure 1) tr - 25 ns 

Storage Time (Vee = 30 Vdc, le = 150 mAdc, Is - 225 ns 

Fall Time IB1 = 192 = 15 mAdc) (Figure 2) If - 60 ns 

(1) Pulse Test: Pulse Width :'i 300 µs, Duty Cycle :'i 2.0%. (2) IT 1s defined as the frequency at which lhfel extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 

-I I- 1 0 to 100 µs, DUTY •:6£ CYCLE" 2%. 
-2 v 

--1 <2n1 

+30 v 

200 -~I 1-- 1.0 to 1~~~~Eo~;~ 
:~: +t6

0
v 

:cs•< 10pF -14 v 
--~J - j.-<20ns 1N914 

Scope A•M Tim• < 4 n1 
•Total shunt capacitance of te1t Jig, 

connec::ton, and osclllo1cope, 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -60 

Collector-Base Voltage Vcso -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -600 

Total Device Dissipation @ TA = 25°C Po 625 
Derate above 25°C 5.0 

Total Device Dissipation @ Tc = 25°C Po 1.5 
Derate above 25°C 12 

Operating and Storage Junction TJ, Tstg -55 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 200 

Thermal Resistance, Junction to Case RoJC 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
(le = -10 mAdc, Is = 01 

Collector-Base Breakdown Voltage 
(le = -10 JLAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE= -10 JLAdc, le= O) 

Collector Cutoff Current 
(VcE = -30 Vdc, VEB(off) = -0.5 Vdc) 

Collector Cutoff Current 
IVcs = -50 Vdc, IE = O) 
(Vcs = -50 Vdc, IE= o, TA= 150°CI 

Emitter Cutoff Current 
(VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VcE = -10 V) 

Base Cutoff Current 
(VcE = -30 Vdc, VEB(olfL = -0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
(le= -0.1 mAdc, VcE = -10 Vdc) 
(le= -1.0 mAdc, VcE = -10 Vdcl 
Oc = -10 mAdc, VcE = -10 Vdcl 
(le= -150mAdc,VcE = -10Vdc)(1) 
(le= -500 mAdc, VcE = -10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
Oc= -150mAdc,ls= -15mAdc) 
(le = -500 mAdc, Is = -50 mAdcl 

Base-Emitter Saturation Voltage(1) 
(le= -150mAdc,ls = -15mAdc) 
(le= -500 mAdc, le= -50 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc;w 

'C!W 

P2N2907A 

CASE 29-04, STYLE 17 
T0-92 (T0-226AAI 

I 1 Collector 

2~ 
1 

Bas~ 
2 3 Emitter 

3 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to MPS2907 for graphs. 

Symbol Min Max Unit 

V(BR)Crn -60 - Vdc 

V(BR)CBO -60 - Vdc 

V(BR)EBO -5.0 - Vdc 

ICEX - -50 nAdc 

'cBo JLAdc 
- -0.01 
- -10 

IEBO - -10 nAdc 

'crn - -10 nAdc 

IBEX - -50 nAdc 

hFE -
75 -
100 -
100 -
100 300 
50 -

VcE(sat) Vdc 
- -0.4 
- -1.6 

VsE(satl Vdc 
- -1.3 
- -2.6 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

2-410 



P2N2907A 

ELECTRICAL CHARACTERISTICS (continued) IT A = 25'C unless otherwise noted.I 

Characteristic I Symbol Min Max 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (1), (2) 
(le = - 50 mAdc, VcE = -20 Vdc, f = 1 oo MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = - 2.0 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Delay Time 
(Vee = -30 Vdc, le = -150 mAdc, 

Rise Time 

Turn-Off Time 

Storage Time 

Fall Time 

INPUT 
Zo=500 

ls1 = -15 mAdc) (Figures 1 and 5) 

(Vee = -6.0 Vdc, le = -150 mAdc, 
ls1 = ls2 = -15 mAdc (Figure 2) 

FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 

PRF ~ 150 PPS 
RISE TIME "' 2.0 ns 
P.W. < 200 ns 

- 30 v 

200 

fT 200 -

Cobo - 8.0 

Ciba - 30 

Ion - 50 

Id - 10 

tr - 40 

loft - 110 

ls - 80 

If - 30 

FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 
Z0 =500 
PRF = 150 PPS 
RISE TIME "' 2.0 na 
P.W. < 200 ns 

+15 v -6.0 v 

Unit 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

TO OSCILLOSCOPE 
RISE TIME< 6.0 nt 

1.0 k TO OSCILLOSCOPE 
FUSE TIME < 5.0 ns 

50 50 
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MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage Vern 80 

Collector-Base Voltage Vcso 120 

Emitter-Base Voltage vrno 7.0 

Collector Current - Continuous ic 1.0 

Total Device Dissipation TA= 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction TJ, T stg -55to+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 125 

Thermal Resistance, Junction to Case ReJC 50 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
lie = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
lie = 100 J.LAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
llE = 100 J.LAdc, le = O) 

Collector Cutoff Current 
IVcs = 90 Vdc, IE = 0) 
IVcs = 90 Vdc, IE = 0, TA= +150'C) 

Emitter Cutoff Current 
IVEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 11) 
lie = 0.1 mAdc, VcE = 10 Vdc) P2N3019 
lie = 10 mAdc, VcE = 10 Vdc) P2N3019 
lie = 150 mAdc, VcE = 10 Vdc) P2N3019 
lie = 150 mAdc, VcE = 10 Vdc, Tc = -55'C) P2N3019 
lie = 500 mAdc, VcE = 10 Vdc) P2N3019 
lie = 1.0 Ade, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
lie = 150 mAdc, Is = 15 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltage 
lie = 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain Bandwidth Product 
lie = 50 mAdc, VcE = 10 Vdc, I= 20 MHz) P2N3019 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
mW/°C 

Watts 
mW/°C 

oc 

Unit 

"C!W 

'C!W 

2 
3 

P2N3019 
CASE 29-03, STYLE 1 

T0-92 (T0-226AEI 

3 Collector 

.:~ 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(8R)CEO 80 - Vdc 

V(BR)CBO 120 - Vdc 

V(BR)EBO 7.0 - Vdc 

lcso J.LAdc 
- 0.01 
- 10 

IEBO - 0.01 J.LAdc 

hFE -
50 -
90 -
100 300 
40 -
50 -
15 -

VcElsat) Vdc 
- 0.2 
- 0.5 

VBElsat) - 1.1 Vdc 

80 MHz 
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P2N3019 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25'C unless otherwise noted.) 

Characteristic 

Output Capacitance 
IVcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
IVBE = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) P2N3019 

Collector Base Time Constant 
llE = 10 mAdc, VcB = 10 Vdc, f = 4.0 MHz) P2N3019 

Noise Figure 
lie = 100 /LAdc, VcE - 10 Vdc, Rs = 1.0 kohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width.; 300 fLS, Duty Cycle.; 1.0%. 

z 
<( 

"' >-
i'l'i 
~ 
::> 
u 
u 
0 
0 

t<i 1.0 
Oil 
::;; 
0: 0.5 0 z 

i 

0.1 

~ 
t'.j 
z 
~ 1.0 
u 
<t: 0.5 "" u 
<.i 

0.1 

TJ = 150°C 
~1111111 

Ti_i_ 25°C 

f=TJ = -55°C 

DC CURRENT GAIN 
P2N3019 

0.5 1.0 10 100 

le, COLLECTOR CURRENT (mA) 

CAPACITANCE 

t-=.I 

0.1 1.0 

VR, REVERSE VOLTAGE IV) 

--

1000 

l 
Cib 

Cob 

10 

1000 

200 

10 

1.4 

1.2 

~ 
1.0 

0 

"'- 0.8 
~ 

~ 
!:::; 0.6 
~ 
> 

0.4 

0.2 

0 
0.1 

Symbol Min Max Unit 

Cobo - 12 pF 

Cibo - 60 pF 

hfe 80 400 -

rb'Cc - 400 ps 

NF - 4.0 dB 

CURRENT GAIN - BANDWIDTH PRODUCT 

VcE 20V 

0.1 1.0 10 100 

le, COLLECTOR CURRENT (M.A.D.C.) 

"ON" VOLTAGES 

le 
VaE(sat) ~ - 10 ~ 

Vsrili 
1.0 v 

le v VcE(sat) ~ = 10 .IL'. 
l lJJllitj 

1.0 10 100 

le COLLECTOR CURRENT lmA) 
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• 
G 
§;; 
..S 
>-
il:i 
u 
!E 
0 
'-' 
w 
0: 
::J 

1.6 

0.8 

~ ~ -0.8 
::;; 
t'! 
~ -1.6 

TEMPERATURE COEFFICIENTS 

+25'CTO +150°C 

IT 1lf 
I - 55°e TO 25°e1 

!Ne FOR VeElsat) k 

- 55°e TO + ;e Jn:I OVBB FOR VBE 
~· , -.r 

+ 25°e TO + 150'e 

I 

P2N3019 

m 
:!'!. 
w 
0: 6.0 ::J 

"' u: 
w 

"' 5 z 4.0 
~-

z 

2.0 

0.5 1.0 10.0 50 100 500 1000 

le. COLLECTOR CURRENT (mA) 

SOURCE RESISTANCE EFFECTS 

14.0 ~~~~~~~~~~~~TITT~~~--,r~m~ 
f = 1.0 kHz I 

12.0 ~4--++Hllll--++-l+H+lll-+-1-+-+~-!11--1+-~ VcE = 10 V 
TA= 25°e 

1000.0 
Rs. SOURCE RESISTANCE lk OHMSI 

100 

~ 

0 
0.1 

FREQUENCY EFFECTS 

Rs = 4.3 kn 
b-. ie = 10 µ.A 

CE WI 
Re= to7n' ~ 

t- +-
le= 100µA 

0.1 1.0 10.0 100.0 

f, FREQUENCY (kHz) 

CURRENT GAIN BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT - 1 kHz hte 

P2N3019 ~ 

P2N3020 ='\ 

1.0 10 

le. COLLECTOR CURRENT lmAdc) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO -80 

Collector-Base Voltage Vcso -80 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous ic -1.0 

Total Device Dissipation @TA = 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation@ Tc = 25°C Po 2.5 
Derate above 25°C 20 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 125 

Thermal Resistance, Junction to Case ReJC 50 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -10 mAl 

Collector-Base Breakdown Voltage 
Uc= -10 µ.Al 

Emitter-Base Breakdown Voltage 
(IE = -10 µ.A) 

Collector Cutoff Current 
!Vcs = -60 vi 
!Vee= -60 v. TA= 150°Cl 

Emitter Cutoff Current 
(VEB = - 5.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -1oomA,VcE = -5.0V, -55°C) 
Uc= -100 µ.A, VcE = -5.0 V) 
Uc= -100 mA, VcE = -5.0 V) 
Uc = -500 mA, VcE = -5.0 V) 
Uc= -1.0 A, VcE = -5.0 V) 

Collector-Emitter Saturation Voltage 
Uc= -150 mA, le= -15 mA) 
Uc = -500 mA, Is = -50 mAl 

Base-Emitter Saturation Voltage 
Uc= -150 mA. ls= -15 mA) 
Uc= -500 mA, Is= -50 mA) 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

w 
mWi"C 

w 
mW/"C 

·c 

Unit 

0 ctw 
·ctw 

P2N4033 
CASE 29-03, STYLE 1 

T0-92 .(T0-226AE) 

3 Collector 

~-© 
1 Emitter 

ONE WATT 
AMPLIFIER TRANSISTOR 

PNPSILICON 

Symbol Min Max Unit 

V(BR)CEO -80 - v 

V(BR)CBO -80 - v 

V(BR)EBO -5.0 - v 

lcso 
- -5.0 nA 
- -50 µ.A 

IEBO - -10 nA 

hFE -
40 -
75 -
100 300 
70 -
25 -

VcE(sat) v 
- -0.15 
- -0.5 

VsE(sat) v 
- -0.9 

- -1.1 
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P2N4033 

ELECTRICAL CHARACTERISTICS (continued) ff A~ 25'C unless otherwise noted.) 

/ Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 25 pF 
(VcE = -10, f = 1.0 MHz) 

Input Capacitance Cibo - 150 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Current Gain - Bandwidth Product tr 150 - MHz 
Uc= -50 mA, Vee= -10 V, f = 100 MHz) 

II 
SWITCHING CHARACTERISTICS 

Turn-On Time (see Figure 1) Ion - 100 ns 
Uc= -500 mA, 191 = -50 mA) 

Turn-Off Time (see Figure 1) !off - 400 ns 
Uc = -500 mA, 191 = 192 = -50 mA) 

(1) Pulse Width = 300 µs, Duty Cycle 1.0%. 

V55+5V Vcc-SOV 

100'1 100'1 

11V 

_fl_ 100'1 
OSCILLOSCOPE 

10µs 

son 

FIGURE 1: SWITCHING TIMES TEST CIRCUIT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEQ 40 

Collector-Base Voltage VcBo 75 

Emitter-Base Voltage (Open Collector) VEBO 6.0 

Collector Current le 600 

Total Power Dissipation up to TA= 25°c• Po 1.5 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient• ReJA 83.3 

DEVICE MARKING 

P1F 

ELECTRICAL CHARACTERISTICS (T J = 25°C unless otherwise noted) 

J Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 1 O mAdc, IB = 0) 

Collector-Base Breakdown Voltage (le = 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = 10 µAde, le = 0) 

Base-Emitter Cutoff Current (VcE = 60 Vdc, VBE = - 3.0 Vdc) 

Collector-Emitter Cutoff Current (VcE = 60 Vdc, VBE = - 3.0 Vdc) 

Emitter-Base Cutoff Current (VEB = 3.0 Vdc, le= 0) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

oc 

oc 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEX 

ICEX 

IEBO 

PZT2222AT1* 

CASE 31 SE-04, STYLE 1 
(T0-261AA) 

c 
2,4 

"© 
SOT-223 PACKAGE 

NPN SILICON 
TRANSISTOR 

SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

75 -

6.0 -

- 20 

- 10 

- 10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

nAdc 

*Device mounted on an epoxy printed circuit board 1.575 inches x 1.575 inches x 0.059 inches; mounting pad for the collector lead min. 0.93 inches2. 
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II 

PZT2222AT1 

ELECTRICAL CHARACTERISTICS - continued (T J = 25°C unless otherwise noted) 

J Characteristic J Symbol 

OFF CHARACTERISTICS (continued) 

Collector-Base Cutoff Current 
(Vcs = 60 Vdc, IE= 0) 
(Vcs = 60 Vdc, IE= 0, TA= 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 0.1 mAdc, VcE = 10 Vdc) 
(le= 1.0 mAdc, VcE = 10 Vdc) 
Cle= 10 mAdc, VcE = 10 Vdc) 
(le= 10 mAdc, VcE = 10 Vdc, TA= - 55°C) 
(le= 150 mAdc, VcE = 1 o Vdc) 
(le= 150 mAdc, VcE = 1.0 Vdc) 
(le= 500 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltages 
(le= 150 mAdc, Is= 15 mAdc) 
(le = 500 mAdc, Is = 50 mAdc) 

Base-Emitter Saturation Voltages 
(le= 150 mAdc, Is= 15 mAdc) 
(le= 500 mAdc, Is= 50 mAdc) 

Input Impedance 
(VcE = 10 Vdc, le= 1.0 mAdc, f = 1.0 kHz) 
(VcE = 10 Vdc, le= 10 mAdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
(VcE = 10 Vdc, le= 1.0 mAdc, f = 1.0 kHz) 
(VcE = 10 Vdc, le= 10 mAdc, f = 1.0 kHz) 

Small-Signal Current Gain 
(VCE = 10 Vdc, le= 1.0 mAdc, f= 1.0 kHz) 
(VcE = 10 Vdc, le= 10 mAdc, f = 1.0 kHz) 

Output Admittance 
(VCE = 10 Vdc, le= 1.0 mAdc, f = 1.0 kHz) 
(VcE = 10 Vdc, le= 1 o mAdc, f = 1.0 kHz) 

Noise Figure 
(VcE = 10 Vdc, le= 100 µAde, f = 1.0 kHz) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE= 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le= 0, I= 1.0 MHz) 

SWITCHING TIMES (TA = 25°C) 

Delay Time (Vee = 30 Vdc, le = 150 mAdc, 

Rise Time IB(on) = 15 mAdc, VBE(off) = -0.5 Vdc) 
Figure 1 

Storage Time (Vee= 30 Vdc, le= 150 mAdc, 

Fall Time IB(on) = IB(off) = 15 mAdc) 
Figure 2 

icso 

hfE 

VcE(sat) 

VsE(sat) 

hie 

hre 

lhtel 

hoe 

F 

tr 

Cc 

Ce 

td 

tr 

ts 

tr 

Min 

35 
50 
70 
35 
100 
50 
40 

-
-

0.6 
-

2.0 
0.25 

-
-

50 
75 

5.0 
25 

-

300 

-

-

-

-

-
-
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Max 

10 
10 

-
-

-
-

300 
-
-

0.3 
1.0 

1.2 
2.0 

8.0 
1.25 

8.0x10-4 
4.0x10-4 

300 
375 

25 
200 

4.0 

-

8.0 

25 

10 

25 

225 

60 

Unit 

nAdc 
µAde 

-

Vdc 

Vdc 

kQ 

-

-

µmhos 

dB 

MHz 

pf 

pf 

ns 

ns 



V; 

V; 

+16.2 v 

-13.SV 

PZT2222AT1 
Vee 

------- ---90% 

10% 

Figure 1. Input Waveform and Test Circuit for Determining Delay Time and Rise Time 

V; = -0.5 v to +9.9 V, Vee= +30 V, R1=619 n, R2 = 200 n. 

PULSE GENERATOR: 
PULSE DURATION 1p ,; 200 ns 
RISE TIME tr ,; 2 ns 
DUTY FACTOR Ii = 0.02 

TIME 

OSCILLOSCOPE: 
INPUT IMPEDANCE 
INPUT CAPACITANCE 
RISE TIME 

Vee 

Z; > 100 kn 
C; < 12 pF 
tr < 5 ns 

Vo 
OSCILLOSCOPE 

Figure 2. Input Waveform and Test Circuit for Determining Storage Time and Fall Time 
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II 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Power Dissipation, TA = 25°C* 

Storage Temperature Range 

Junction Temperature 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Anlbient 
in Free Air* 

DEVICE MARKING 

P2F 

Symbol Value 

VcEO -60 

Vcoo -60 

VEBO -5.0 

le -600 

Po 1.5 

Tstg -65to+150 

TJ 150 

ROJA 83.3 

ELECTRICAL CHARACTERISTICS (T J = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 1 O mAdc, le= O) 

Collector-Base Breakdown Voltage (le= 10 µAde, IE= O) 

Emitter-Base Breakdown Voltage (IE= 10 µAde, le= 0) 

Base-Emitter Cutoff Current (VBE = - 30 Vdc, VEB = - 0.5 Vdc) 

Collector-Emitter Cutoff Current (VcE = - 30 Vdc, VEB = - 0.5 Vdc) 

Collector-Base Cutoff Current (Vee= -50 Vdc, IE~ 0) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

·c 

·c 

·ctw 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEX 

ICEX 

iceo 

PZT2907AT1* 

CASE 318E-04, STYLE 1 
(T0-261AA) 

3 
E 

SOT-223 PACKAGE 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 

•This is a Motorola 
designated preferred device. 

Min Max 

-60 -

-60 -

-5.0 -

- -50 

- -50 

- -10 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

nAdc 

•Device mounted on an epoxy printed circuit board 1.575 inches x 1.575 inches x 0.059 inches; mounting pad for the collector lead min. 0.93 inches2. 
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PZT2907AT1 

ELECTRICAL CHARACTERISTICS - continued (T J = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le= - 0.1 mAdc, VcE = - 10 Vdc) 75 -
(le= - 1.0 mAdc, VcE = -10 Vdc) 100 -
(le= -10 mAdc, VcE = -10 Vdc) 100 -
(le= -150 mAdc, VcE = -10 Vdc)' 100 300 
(le= - 500 mAdc, VcE = -10 Vdc)' 50 -

Col!ectcr-E!Tlitter Saturatior. Voltages VcE(sai) 
(le= -150 mAdc, Is= -15 mAdc) - -0.4 
(le= - 500 mAdc, Is= - 50 mAdc) - -1.6 

Base-Emitter Saturation Voltages VBE(sat) 
(le= -150 mAdc, Is= -15 mAdc) - -1.3 
(le= - 500 mAdc, Is= - 50 mAdc) - -2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 200 -
(le= - 50 mAdc, VcE = -20 Vdc, TA= 25°C, f = 100 MHz) 

Output Capacitance @ f = 1.0 MHz Cc - 8.0 
(Vcs = -10 Vdc, IE= O) 

Input Capacitance @ f = 1.0 MHz Ce - 30 
(VEB = - 2.0 Vdc, le= 0) 

SWITCHING TIMES (TA= 25°C) 

Turn-On Time (Vee= - 30 Vdc, le= -150 mAdc, ton - 45 

Delay Time ls1 = -15 mAdc) Id - 10 

Rise Time 
Figure 1 

tr 40 -
Turn-Off Time (V cc = - 6.0 Vdc, le = - 150 mAdc, loff - 100 

Storage Time ls1=192 =-15 mAdc) 15 - 80 

Fall Time 
Figure 2 

If - 30 

"Pulse Test: Pulse Width::; 300 µs, Duty Cyde = 2.0%. 

-30V +15V -6.0V 

INPUT 
Zo = 50 Q 

PRF = 150 Hz 
RISE TIME s 2.0 ns 

o_:LJ 
--l2oons~ 

50 

Figure 1. Delay and Rise 
Time Test Circuit 

TO OSCILLOSCOPE 
RISE TIME 5 5.0 ns 

INPUT 
Zo=50Q 
PRF = 150 Hz 
RISE TIME 5 2.0 ns 

o_:LJ 
--l2oons~ 

1.0 k 

Figure 2. Storage and Fall 
Time Test Circuit 
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TO OSCILLOSCOPE 
RISE TIME 5 5.0 ns 

Unit 

-

Vdc • Vdc 

MHz 

pF 

pF 

ns 

ns 



II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage (Open Base) VCEO 300 

Collector-Base Voltage (Open Emitter) Vcso 300 

Emitter-Base Voltage (Open Collector) VEBO 6.0 

Collector Current (DC) le 500 

Total Power Dissipation up to TA= 25°c• Po• 1.5 

Storage Temperature Range Tstg -65to+150 

Junction Temperature TJ 150 

DEVICE MARKING 

P1D 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambienr ReJA 83.3 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
(le= 1.0 mAdc, Is= O) 

Collector-Base Breakdown Voltage 

(le= 100 µAde, IE= 0) 

Emitter-Base Breakdown Voltage 

(IE= 100 µAde, le= 0) 

Collector-Base Cutoff Current 
(Vcs = 200 Vdc, IE= 0) 

Emitter-Base Cutoff Current 
(VsE = 6.0 Vdc, le= O) 

ON CHARACTERISTICS 

DC Current Gain 
(le= 1.0 mAdc, VcE = 10 Vdc) 
(le= 1 o mAdc, VcE = 10 Vdc) 
(le= 30 mAdc, VcE = 1 o Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= 1 o mAdc, VcE = 20 Vdc, f = 100 MHz) 

Feedback Capacitance 
(Vcs = 20 Vdc, IE= 0, f = 1.0 MHz) 

Collector-Emitter Saturation Voltage 
(le = 20 mAdc, Is = 2.0 mAdc) 

Base-Emitter Saturation Voltage 
(le= 20 mAdc, Is= 2.0 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

'C 

'C 

'C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

tr 

Cre 

VcE(sat) 

VsE(sat) 

PZTA42T1* 
CASE 318E-04, STYLE 1 

(T0-261AA) 

COLLECTOR 
2,4 

~'~ ,. 
3 

EMITIER 

SOT-223 PACKAGE 
NPN SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Min 

300 

300 

6.0 

-

-

25 
40 
40 

50 

-

-

-

*This is a Motorola 
designated preferred device. 

Max Unit 

- Vdc 

- Vdc 

- Vdc 

0.1 µAde 

0.1 µAde 

-
-
-
-

- MHz 

3.0 pF 

0.5 Vdc 

0.9 Vdc 

* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in. mounting pad for the collector lead min. 0.93 in2 

(1) Pulse Test Conditions, Ip= 300 µs, 0 = 0.02. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcES -30 

Collector-Base Voltage Vcso -30 

Emitter-Base Voltage VEBO -10 

Total Power Dissipation up to TA = 25°c· Po• 1.5 

Colle~tor Current le -500 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

P2V 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient' ReJA 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

[ Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = - 100 µAde, VsE = O) 

Collector-Base Breakdown Voltage (le= -100 µA, IE= 0) 

Emitter-Base Breakdown Voltage (IE= - 100 µA, le= 0) 

Emitter-Base Cutoff Current (VBE = - 1 O Vdc, le= O) 

Collector-Base Cutoff Current (VcB = - 30 Vdc, IE= 0) 

ON CHARACTERISTICS 

DC Current Gain 
(le= - 10 mAdc, VcE = -5.0 Vdc) 
(le= - 100 mAdc, VcE = - 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(le= -100 mAdc, Is= -0.1 mAdc) 

Base-Emitter On-Voltage 
(VcE = -5.0 Vdc, le= -100 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= - 10 mAdc, VcE = - 5.0 Vdc, f = 100 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Watts 

mAdc 

oc 

oc 

Symbol 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

IEBO 

le Bo 

hFE 

VcE(sat) 

VBE(on) 

fT 

PZTA64Tl* 
CASE 318E-04, STYLE 1 

(T0-261AA) 

BASE COLLECTOR 

t~ •• I 
3 

EMITIER 

3 

SOT-223 PACKAGE 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

-30 - Vdc 

-30 - Vdc 

-10 - Vdc 

- -0.1 µAde 

- -0.1 µAde 

-
10,000 -
20,000 -

- -1.5 Vdc 

- -2.0 Vdc 

125 MHz 

• Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in. mounting pad for the collector lead min. 0.93 in2. 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -300 Vdc 

Collector-Base Voltage Vcso -300 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current ic -500 mAdc 

Total Power Dissipation up to TA = 25°C• Po• 1.5 Watts 

Storage Temperature Range Tstg -65to+150 ·c 

Junction Temperature TJ 150 •c 

DEVICE MARKING 

P2D 

THERMAL CHA~ACTERISTICS 

Thermal Resistance from Junction to Ambient• ReJA 83.3 ·ctw 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(le =-1.0 mAdc, 19= O) 

Collector-Base Breakdown Voltage V(BR)CBO 
(le = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage (IE = - 100 µAde, le = O) V(BR)EBO 

Collector-Base Cutoff Current (Vee= - 200 Vdc, IE= O) icso 

Emitter-Base Cutoff Current (VBE = - 3.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain (1) hFE 
(le =-1.0 mAdc, VcE =-10Vdc) 
(le =-10 mAdc, VcE =-10Vdc) 
(le =-30 mAdc, VcE =-10Vdc) 

Saturation Voltages 
(le = -20 mAdc, 19 = - 2.0 mAdc) VcE(sat) 
(le = -20 mAdc, 19 = - 2.0 mAdc) Vs~sa!)_ 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance @ I= 1.0 MHz Ccb 
(Vee= - 20 Vdc, IE= 0) 

Current-Gain - Bandwidth Product tr 
(le= -10 mAdc, VcE = -20 Vdc, I= 100 MHz) 

PZTA92Tl* 
CASE 318E-04, STYLE 1 

(T0-261AA) 

COLLECTOR 

™"~ ,. 
3 

EMITTER 

SOT-223 PACKAGE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Min 

-300 

•This is a Motorola 
designated preferred device. 

Max 

-

Unit 

Vdc 

-300 - Vdc 

-5.0 - Vdc 

- -0.25 µAde 

- -.0.1 µAde 

-
25 -
40 -
25 -

Vdc 
- -0.5 
- -0.9 

- 6.0 pf 

50 - MHz 

* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 

(1) Pulse Test: Pulse Widths 300 µs; Duty Cycle"' 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO -450 

Collector-Base Voltage Vcso -450 

Emitter-Base Voltage VEBO -5.0 

Collector Current le -500 

Total Power Dissipation up to TA= 25'C' Po• 1.5 

Storage Temperature Range Tstg -65 to +150 

Junction Temperature TJ 150 

DEVICE MARKING 

ZTA96 

THERMAL CHARACTERISTICS 

Thermal Resistance from Junction to Ambient' R0JA 83.3 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le= -1.0 mAdc, Is= 0) 

Collector-Emitter Breakdown Voltage (le = -100 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE= -10 µAde, le= 0) 

Collector-Base Cutoff Current (Vcs = -400 Vdc, IE= O) 

Emitter-Base Cutoff Current (VBE = -4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(le= -10 mAdc, VcE = -10 Vdc) 

Saturation Voltages 
(le = -20 mAdc, Is = -2.0 mAdc) 
(le = -20 mAdc, Is = -2.0 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 

oc 

oc 

oc 

PZTA96T1* 

CASE 318E-04, STYLE 1 
(T0-261AA) 

COLLECTOR 
2,4 

~"~ .• 
3 

EMITTER 

SOT-223 PACKAGE 
PNP SILICON 

HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 

Symbol 

"l._BFl)GEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 
Vs~s'!!i_ 

•This is a Motorola 
designated preferred device. 

Min Max 

-450 -
-450 -
-5.0 -

- -0.1 

- -0.1 

50 150 

- -0.6 
- -1.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-
Vdc 

* Device mounted on an epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 

(1) Pulse Test: Pulse Width :s;; 300 µs; Duty Cycle = 2.0%. 
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CASE 22-03 
(T0-206AA) 

T0-18 

CASE 79-04 
(T0-205AD) 

T0-39 

Motorola's metal-can transistor product offering includes: 
general purpose, switching, high voltage, choppers, Darlingtons, 
and low noise amplifiers. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VceR 40 

Collector-Base Voltage VcBo 60 

Emitter-Base Voltage Ve Bo 5.0 

Total Device Dissipation @ TA = 25°C Po 0.6 
Derate above 25°C 4.0 

Total Device Dissipation@ Tc = 25°C Po 2.0 
Derate above 25°C 13.3 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 290 

Thermal Resistance, Junction to Case ReJC 88 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( 1) 
Oc = 100 mAdc, RBe = 10 ohms) 

Collector-Base Breakdown Voltage 
Oc = 100 µ.Ade, le = 01 

Emitter-Base Breakdown Voltage 
(le = 100 µ.Ade, le = 01 

Collector Cutoff Current 
(VcB = 30 Vdc, le = 01 
(VcB = 30 Vdc, le = o. TA= 150°CI 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 150 mAdc, Vee = 10 Vdcl 

Collector-Emitter Saturation Voltage(1) 
(le= 150 mAdc, IB = 15 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 10 Vdc, le = o, t = 1 MHz) 

Small-Signal Current Gain 
Oc = 50 mAdc, Vee = 10 Vdc, t = 20 MHz) 

(1) Pulse Test: Pulse Length "' 300 µs, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

2N697 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

,f .:~"~" 
2 1 1 Emitter 

Symbol 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

le Bo 

hFE 

Vce(satl 

VBE(satl 

Cobo 

hfe 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Reier to 2N2218A for graphs. 

Min Max 

40 -

60 -

5.0 -

- 1.0 
- 100 

40 120 

- 1.5 

- 1.3 

- 35 

2.5 -

Unit 

Vdc 

Vdc 

Vdc 

µAde 

-

Vdc 

Vdc 

pF 

MHz 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Emitter Voltage(1) VcER 20 

Collector-Base Voltage Vcso 25 

Emitter-Base Voltage VEBO 5.0 

Collector Current le 50 

Total Device Dissipation @l TA = 25'C Po 0.3 
Derate above 25'C 2.0 

Total Device Dissipation@ Tc = 25'C Po 1.0 
Derate above 25'C 5.7 

Tota! Device D!ssipat!ofl rJ.i' Tc = 100°c PD 0.5 
De rate above 1 OO'C 

Operating and Storage Junction TJ, Tstg -65 to + 200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 500 

Thermal Resistance, Junction to Case RoJC 175 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Oc = 10 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage(2) 
(R = 10 ohms, le = 10 mAdc) 

Collector Cutoff Current 
(Vcs = 15 Vdc, IE = O) 
(Vcs = 15 Vdc, IE = 0, TA = 150'C) 
(Vcs = 25 Vdc, IE = 0) 

Collector Cutoff Current 
IVcE = 20 Vdc, RBE = 100k) 

Emitter Cunoff Current 
(VEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain (2) 
lie = 10 mAdc, VcE = 1.0 Vdc) 

Collector-Emitter Saturation Voltage(2) 
Oc = 10 mAdc, Is = 1.0 mAdc) 

Base-Emitter Saturation Voltage(2) 
Oc = 10 mAdc, Is = 1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VCE = 15 Vdc, IE = 10 mAdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 5.0 Vdc, IE = 0, f = 1 MHz) 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(VcE = 10 Vdc, IE = 10 mAdc, f = 100 MHz) 

Unit 

Vdc 

Volts 

Volts 

Volts 

mA 

wan 
mW/'C 

Watts 
mW/'C 

Watt 

'C 

Unit 

'C/W 

'C/W 

2N706A 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

3 Collector 

.:.~ 
1 Emitter 

SWITCHING TRANSISTOR 

NPN SILICON 

Refer to 2N2369 for graphs. 

Symbol Min Max Unit 

V(BR)CEO 15 - Vdc 

V(BR)CER 20 - Vdc 

lcso µAde 
- 0.5 
- 30 
- 10 

le ER - 10 µAde 

Imo - 10 µAde 

hFE 20 60 -

VcE(sat) - 0.6 Vdc 

VBE(sat) 0.7 0.9 Vdc 

fy 200 - MHz 

Cobo - 5.0 pF 

lhtel 2.0 - -

MOTOROLA SMALL-SIGNAL SEMICONDUCTORS 
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II 

2N706A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic 

Collector Base Time Constant 
(VcE = 15 Vdc, IE = 10 mAdc, f = 300 MHz) 

Turn-On Time 
(191 = 3.0 mA, 192 = 1.0 mA) 

Turn-Off Time 
(191 = 3.0 mA, 192 = 1.0 mA) 

Charge Storage Time Constant(2) 

(1) Refers to collector breakdown voltage in the high current region when Rbe = 10 n. 
(2) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 
(3) Switching Times Measured with Tektronix Type R Plug-In (50 !1 Internal Impedance). 

Symbol 

rb 

Ion 

I off 

Ts 

Min Max Unit 

- 50 ohms 

- 40 ns 

- 75 ns 

- 25 ns 

SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 

Type R Sampling Resistor ,..--...-=""""'""-<> 

Pulse Volts 
Internal Resistance 

20!1 

Type R Sampling Resistor ~ 
20!1 

Pulse Volts 
Internal Resistance 

+07VO Vn 20n~,_n_,..A/'.,_AJ\_,.,,.-+--I +50V 50!1 . Jl ""' 0 v - - - - - 0--'VV\,..JV\f\r+.-I 

-4.0 v -2.0V 

MEASUREMENT CIRCUIT 

Vee= +10Vdc 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

2N71BA 
Rating Symbol 2N956 2N1711 Unit 

Collector-Emitter Voltage VcER 50 Vdc 

2N718A 

,/! 2N956 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 
Collector-Base Voltage VcBo 75 Vdc 

Emitter-Base Voltage Ve Bo 7.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 500 800 mW 
Derate above 25°C 2.86 4.57 mW!°C 

Total Device Dissipation @ Tc = 25°C Po 1.8 3.0 Watts 
Derate above 25°G 10.3 17.15 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 

.:.~ 
1 Emitter 

,!f! 2N1711 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

2N71BA 
Characteristic Symbol 2N956 2N1711 Unit 

Thermal Resistance, Junction to Ambient R6JA 350 58 ·ciw 

Thermal Resistance, Junction to Case R6JC 97 219 ·c!W 

GENERAL PURPOSE • TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VcER(sus) 50 - - Vdc 
Oc = 100 mAdc, pulsed; RBE"" 10 ohms)(1) 

Collector-Base Breakdown Voltage V(BR)CBO 75 - - Vdc 
Oc = 100 µAde, le = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 7.0 - - Vdc 
Oe = 100 µAde, le= O) 

Collector Cutoff Current lcBo µAde 
(Vee = 60 Vdc, IE = 0) - 0.001 0.01 
(Vee = 60 Vdc, IE = o, TA = 150°C) - - 10 

Emitter Cutoff Current leeo µAde 
(VEB = 5.0 Vdc, le = 0) 2N718A, - - 0.010 

2N956, 2N 1711 - - 0.005 

ON CHARACTERISTICS 

DC Current Gain hFE -
Oc = o.oi mAdc, VcE = 10 Vdc) 2N956, 2N 1711 20 - -

Oc = 0.1 mAdc, Vee = 10 Vdc) 2N718A, 20 - -
2N956, 2N1711 35 - -

Oc = 10 mAdc, Vee = 10 Vdc) 2N718A, 35 - -
2N956, 2N1711 75 - -

!le= 10 mAdc, Vee = 10 Vdc, TA= -55°C) 2N718A, 20 - -
2N956, 2N1711 35 - -

Oc = 150 mAdc, Vee = 10 Vdc)(1) 2N718A, 40 - 120 
2N956, 2N1711 100 - 300 

Oc = 500 mAdc, Vee = 10 Vdc)(1) 2N718A. 20 - -
2N956, 2N 1711 40 - -

Collector-Emitter Saturation Voltage(1) VcE(sat) - 0.24 1.5 Vdc 
(le = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage(1) VeE(sat) - 1.0 1.3 Vdc 
Oc = 150 mAdc, le = 15 mAdc) 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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2N718A,2N956,2N1711 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.I 

'--~~~~~~~~~~-C_h_a_ra_~_e_ri_M_ic~~~~~~~~~~~~l~_Sy~m~bo_l~-'---M~i"~--'---~T~yp,__-'---M-a_x~-'--U~ni_!.m] 
SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy MHz 
Oc = 50 rnAdc, VcE = 10 Vdc, f = 20 MHz) 2N718A, 60 300 -

2N956, 2N 1711 70 300 

Output Capacitance Cobo - 4.0 25 pF 
(Vee = 10 Vdc, IE = o, f = 1 MHz) 

Input Capacitance Cibo - 20 80 pF 
(VEB = 0.5 Vdc, le = 0, f = 1 MHz) 

Input Impedance hib ohms 
Oc = 1.0 rnAdc, Vcs = 5.0 Vdc, t = 1.0 kHz) 24 - 34 
Oc = 5.0 mAdc, Vee = 10 Vdc, t = 1.0 kHz) 4.0 - 8.0 

Voltage Feedback Ratio hrb x10-4 
Oc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 2N718A, - - 3.0 

2N956, 2N1711 - - 5.0 

II Oc = 5.0 mAdc, Vcs = 10 Vdc, t = 1.0 kHz) 2N718A, - - 3.0 
2N956, 2N1711 - - 5.0 

Small-Signal Current Gain hte -
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N718A, 30 - 100 

2N956, 2N1711 50 - 200 

lie = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N718A, 35 - 150 
2N956, 2N1711 70 - 300 

Output Admittance hob µmhos 
Oc = 1.0 mAdc, Vcs = 5.0 Vdc, t = 1.0 kHz) 0.05 - 0.5 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 0.05 - 0.5 

Noise Figure NF dB 
(le = 300 !'Ade, VcE = 10 Vdc, f = 1.0 kHz) 2N718A, - - 12 

2N956, 2N1711 - - 8.0 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 80 Vdc 

Collector-Emitter Voltage VcER 100 Vdc 

Collector-Base Voltage Vcso 120 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Total Device Dissipation @ TA = 25°C Po 0.5 Watt 
Derate above 25°C 2.86 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 1.8 Watts 
Derate above 25°C 10.3 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case RoJC 97 oc;w 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le = 1 oo mAdc, RsE "' 1 o ohms) 

Collector-Emitter Sustaining Voltage(1) (le = 30 mAdc, Is = O) 

Collector-Base Breakdown Voltage (le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = 100 µAde, le = 0) 

Collector Cutoff Current (Vcs = 90 Vdc, IE = 0) 
(Vcs = 90 Vdc, IE = o, TA = 150°c) 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain (le = 0.1 mAdc, VcE = 1 o Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc)(1) 
Oc = 10 mAdc, VcE = 10 Vdc, TA= -55°C) 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) Oc = 50 mAdc, Is = 5.0 mAdc) 
Oc = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage(1) (le = 50 mAdc, Is = 5.0 mAdc) 
Oc = 150 mAdc, Is = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 50 mAdc, VcE = 10 Vdc, I = 20 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, I = 1 MHz) 

Input Capacitance (VEB = 0.5 Vdc, le = o, I = 1 MHz) 

Input Impedance (le = 1.0 mAdc, Vcs = 5.0 Vdc, I = 1.0 kHz) 
Oc = 5.0 mAdc, Vcs = 10 Vdc, I = 1.0 kHz) 

Voltage Feedback Ratio Oc = 1.0 mAdc, Vcs = 5.0 Vdc, I= 1.0 kHz) 
(le = 5.0 mAdc, Vcs = 10 Vdc, I = 1.0 kHz) 

Small-Signal Current Gain (le = 1.0 mAdc, VcE = 5.0 Vdc, I = 1.0 kHz) 
Oc = 5.0 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 

Output Admittance Oc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 
Oc = 5.0 mAdc, Vcs = 10 Vdc, t = 1.0 kHz) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 

Symbol 

VcER(sus) 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VsE(sat) 

IT 

Cobo 

Cibo 

hib 

hrb 

hfe 

hob 

2N720A* 
CASE 22·03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

":.~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Reier to 2N3019' for graphs. 

Min Max 

100 -
80 -
120 -
7.0 -
- .Q10 
- 15 

- .D10 

20 -
35 -
20 -
40 120 

- 1.2 
- 5.0 

- 0.9 
- 1.3 

50 -
- 15 

- 85 

20 30 
4.0 8.0 

- 1.25 
- 1.50 

30 100 
45 -
- 0.5 
- 0.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pf 

pF 

Ohms 

x 10-4 

-

µmhos 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -18 Vdc 

Collector-Emitter Voltage Vces -25 Vdc 

Collector-Base Voltage Vceo -25 Vdc 

Emitter-Base Voltage Veeo -·5.o Vdc 

Collector Current - Continuous le -200 mAdc 

Total Device Dissipation @ TA = 25'C Po 360 mW 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 1.2 Watts 
Tc= 100'C 0.686 Watts 

Derate above 25'C 6.86 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 486 'C!W 

Thermal Resista.nce, Junction to Case ReJC 146 'C!W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteri!'lic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -10µ.Adc,Vee = Ol 

Collector-Emitter Sustaining Voltage(1) 
Uc = -10 inAdc, le = O) 

Collector-Base·Breakdown Voltage 
Uc = -10 µ.Ade, le = Ol 

Emitter-Base Breakdown Voltage 
Ue = -10µ.Adc,lc = Ol 

Collector Cutoff Current 
(Vee = -15 Vdc, le = 0, TA = 150'C) 

Collector Cutoff Current 
(Vee = -15 Vdc, Vee = o) 

Base Current 
(Vee = -15 Vdc, Vee = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc= -10 mAdc, Vee = -o.3 Vdc) 
Uc= -10 mAdc, Vee = -5.0 Vdc) 
Uc= -30 mAdc, Vee = -0.5 Vdc) 
Uc= -30 mAdc, Vee = -0.5 Vdc, TA= -55'C) 
Uc= -100 mAdc, Vee = -1.0 Vdc) 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc= -30 mAdc, le = -3.0 mAdc) 
Uc"' -100 mAdc, le= -10 mAdc) 

Base-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc = -30 mAdc, le = -3.0 mAdc) 
Uc = -100 mAdc, le = -10 mAdc) 

2N869A 

CASE 22-03, STYLE 1 
. T0-18 IT0-206AA) 

3 Collector 

~~ ./! 1 Emitter 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CES -25 - Vdc 

VcEO(sus) -18 - Vdc 

V(BR)CBO -25 - Vdc 

V(BR)EBO -5.0 - Vdc 

lceo - -25 µAde 

Ices - -10 nAdc 

le - -10 nAdc 

hFE -
30 -
40 120 
40 120 
17 -
25 -

Vce(sat) Vdc 
- -0.15 
- -0.2 
- -0.5 

Vee(sat) Vdc 
-0.78 -0.98 
-0.85 -1.2 
- -1.7 
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2N869A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) IT 400 - MHz 
Oc = -10 mAdc, VcE = -15Vdc,f = 100 MHz) 

Output Capacitance Cobo - 6.0 pF 
(Vcs = -5.0 Vdc, IE = 0, f = 1 MHz) 

Input Capacitance Cibo - 6.0 pF 
(VEB = -0.5 Vdc, le = 0, f = 1 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
le= -30 mAdc ton - 50 ns 

Delay Time Vee= -2.0 Vdc Id - 35 ns 

Rise Time 1s1 = -1.5 mAdc 
tr - 20 ns 

Turn-Off Time 
le= -30 mAdc I off - 80 ns 

Storage Time Vee= -20 Vdc Is - 65 ns 

Fall Time ls1 = 1s2 = -1.5 mAdc 
tf - 20 ns 

(1) Pulse Test: Pulse Width"' 300 µ.s, Duty Cycle = 1.0% 
(2) IT is defined as the frequency at which lhFEI extrapolates unity. 

TYPICAL SWITCHING CHARACTERISTICS 

FIGURE 1 - CAPACITANCE 
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FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 
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2N869A 

FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT FIGURE 5 - TURN-ON TIME 
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FIGURE 6 - TURN-OFF TIME FIGURE 7 - SWITCHING TIME 
TEST CIRCUIT 

:r J_J_ 1c11s = 10 
11@Vcc = -2.ov 

191 = 192 (See Note 3) 

~ 
TJ = 15°C 

Vin 

Zin=50f! 

tr< 1.0 ns 

""' -.!.! 
r-r-

Pulse Width= 200 ns 
Duty Cycle.; 1.0%. 

b.. 0.1 µ.F 

~ 

-2.0 -3.0 -5.0-7.0 -10 -10 -30 -50 -70-100 1-
le. COLLECTOR CURRENT (mA) 

FIGURE 8 - SWITCHING TEST CIRCUIT VALUES 

V;n Vss Vee 
Volts Volts Volts 

[ Ion• t,, Id I 2N869A -7.0 -3.0 -2.0 

l !off• Is, If l 2N869A +6.0 -4.0 -2.0 

(3) le/la = 10. Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2@ le = -30 mA to the 
typical values in the Electrical Characteristics table @ lc/19 = 20. 

141101 = 102 = - 3.0 mA@ lctle = 10 

RL 
Ohms 

62 

62 

le 1s114l 
mA mA 

-30 -1.5 

-30 -1.5 
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Vee 

1s214l 
mA 

-

-1.5 

To Sampling Scope 
Zin~ 100 kfl 
tr< 1.0 ns 



MAXIMUM RATINGS 

Rating Symbol 2N930 2N930A 

Collector-Emitter Voltage Vern 45 45 

Collector-Base Voltage VcBo 45 60 

Emitter-Base Voltage Ve Bo 5.0 6.0 

Collector Current le 30 

Total Device Dissipation @ TA = 25°C Po 0.5 
Derate above 25°C 3.33 

Total Device Dissipation@ Tc = 25°C Po 1.2 
Derate above 25°C 6.9 

Operating and Storage Temperature TJ, Tstg -65 to +175 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 350 

Thermal Resistance, Junction to Case R8JC 146 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

) Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
He= 10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 2N930 
He= 10 µ.Ade, le = O) 2N930A 

Emitter-Base Breakdown Voltage 
He = 10 µAde, le = O) 2N930 

2N930A 

Collector Cutoff Current 
(Vee = 5.o Vdc, IB = 01 

Collector Cutoff Current 
(VcB = 45 Vdc, le = 01 2N930 

2N930A 

Collector Cutoff Current 
(VcB = 45 Vdc, VBE = 01 2N930 

2N930A 

(Vee = 45 Vdc, VBE = o, TA= 170°C) 2N930 
2N930A 

Emitter Cutoff Current 
(VeB = 5.0 Vde, le = 01 2N930 

2N930A 

ON CHARACTERISTICS 

DC Current Gain 
He = 1.0 µAde, Vee = 5.0 Vde) 2N930A 

He = 1.0 µAde, Vee = 5.0 Vde) 

He = 10 µAde, Vee = 5.0 Vdc, TA= -55°C) 2N930 
2N930A 

Uc = 500 µAde, Vee = 5.0 Vdc) 2N930 
2N930A 

Uc = 10 mAdc, Vee = 5.0 Vdc)(1) 2N930 
2N930A 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

w 
mW/"C 

Watt 
mW/"C 

oc 

Unit 

oc;w 

oc;w 

2N930,A 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

!! ~~~·· 
3 1 Emitter 

2 1 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 45 - Vdc 

V(BR)CBO 45 - Vdc 
60 

V(BR)EBO - Vdc 
5.0 -
6.0 

lceo - 2.0 nAdc 

le Bo nAdc 
- 10 
- 2.0 

Ices nAdc 
- 10 
- 2.0 

µAde 
- 10 
- 2.0 

le Bo nAde 
- 10 
- 2.0 

hFE 60 - -

100 300 

20 -
30 -

150 -
- -

- 600 
- 600 
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2N930, A 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage (1) VcE(sat) Vdc 
Uc= 10 mAdc, le = 0.5 mAdc) 2N930 - 1.0 

2N930A - 0.5 

Base-Emitter Saturation Voltage (1) VBE(sat) Vdc 
Oc = 10 mAdc, le = 0.5 mAdc) 2N930 0.6 1.0 

2N930A 0.7 0.9 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr MHz 
Oc = 500 µAde, VcE = 5.0 Vdc, f = 30 MHz) 2N930 30 -

2N930A 45 -
Output Capacitance Cobo pF 

(Vee = 5.0 Vdc, IE = o. f = 1.0 MHz) 2N930 - 8.0 
2N930A - 6.0 

Input Impedance hib 25 32 ohms 
OE = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio hrb - 600 x 10-6 
OE = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Small Signal Current Gain hte -
Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 150 600 

Output Admittance hob - 1.0 µmhos 
OE = 1.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 

Noise Figure NF - 3.0 dB 
Uc = 10 µAde, VcE = 5.0 Vdc 
Rs = 10 k ohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width"' 300 µs, Duty Cycle"' 2.0%. 

FIGURE 1 - COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 

1.0.--,--.---,--,,--.--,-.-.-r---... --.----.----.---,--,--,--,...-,--,...----.,--...., 

TJ = 25°C 
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2N930,A 

FIGURE 2 - MINIMUM CURRENT GAIN CHARACTERISTICS 

7.D.__ _ __. _ ___. __ __._ _ _...__.___.___.__~ ......... ---'-----~-~------------~~ 
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FIGURE 3 - LIMITS OF SATURATION VOLTAGES 
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FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 
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TYPICAL SWITCHING CHARACTERISTICS 

FIGURE 5 -TURN-ON TIME VARIATIONS WITH VOLTAGE 
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FIGURE 6 - RISE TIME BEHAVIOR 

500.----.----.-----,...---,.-..,,,,.,-----.,.--,--.....-rr-r-r-rnr--r--i 

5.D .___.__.___.___._...._....._._.....___.___.__.__.._._..._._~-"'--' 
l.D 2.D 3.D 5.0 7 .0 ID 20 30 50 70 100 200 

le, COLLECTOR CURRENT lmAl 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-13 

• 



II 

2N930,A 

FIGURE 7 - STORAGE TIME BEHAVIOR 
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FIGURE 9 - JUNCTION CAPACITANCE VARIATIONS 
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FIGURE 8 - FALL TIME BEHAVIOR 
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FIGURE 10 - MAXIMUM CHARGE DATA 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcER 50 Vdc 
(RBE .; 10 Ohms) 

Collector-Base Voltage Vcso 75 Vdc 

Emitter-Base Voltage Vrno 7.0 Vdc 

Collector Current - Continuous le 500 mAdc 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.57 mW!°C 

Total Device Dissipation@ Tc - 25°C Pu 3.0 Watts 
Derate above 25°C 17.15 mW/°C 

Operating and Storage Junction TJ, Tstg -65to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 219 oc!W 

Thermal Resistance, Junction to Case RoJC 58 oc!W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Oc = 100 mAdc, RsE"" 10 Ohms) VcER(sus) 

Collector-Base Breakdown Voltage Oc = 100 l'Adc, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 100 l'Adc, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 60 Vdc, IE = 0) icso 
(Vcs = 60 Vdc, IE = o, TA= 150°C) 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain Oc = 100 l'Adc, VcE = 10 Vdc) hFE 
Oc = 10 mAdc, VcE = 10 Vdc)(1) 
Oc = 10 mAdc, VcE = 10 Vdc, TA= -55°C)(1) 
Oc = 150 mAdc, VcE = 10 Vdc)(1) 
Oc = 500 mAdc, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage Oc = 150 mAdc, Is = 15 mAdc)(1) VcE(sat) 

Base-Emitter Saturation Voltage Oc = 150 mAdc, Is = 15 mAdc)(1) VBE(sat) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fr 
Oc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance (Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) Cibo 

Input Impedance (le= 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz hib 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio (le = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) hrb 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hfe 
Oc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance Oc = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) hob 
Oc = 5.0 mAdc, Vcs = 10 Vdc, f = 1.0 kHz) 

Noise Figure Oc = 0.3 mAdc, VcE = 10 Vdc, Rs = 510 Ohms, f = 1.0 kHz, NF 
Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time 

(1) Pulse Test: Pulse Width .; 300 f'S, Duty Cycle .; 2.0%. 

2N1613 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

,ff! .:.~,~-· 
2 1 1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N3019. for graphs. 

Min Typ Max 

50 - -
75 - -
7.0 - -
- - 10 
- - 10 

- - 10 

20 35 -
35 50 -
20 - -
40 80 120 
20 30 -
- 0.3 1.5 

- 0.78 1.3 

60 - -
- 10 25 

- 50 80 

24 - 34 
4.0 - 8.0 

- - 3.0 
- - 3.0 

30 - 100 
35 - 150 

0.05 - 0.5 
0.05 - 0.5 

- - 12 

30 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
1£Adc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

Ohms 

x 10-4 

-

I'm hos 

dB 

ns 
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2Nl 711 For Specifications, See 2N718A Data. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 80 Vdc 

Collector-Emitter Voltage VcER 100 Vdc 

Collector-Base Voltage Vcso 120 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous le 0.5 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.57 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 3.0 Watts 
Derate above 25°C 17.2 mW/"C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 219 'C/W 

Thermal Resistance, Junction to Case R9JC 58 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 100 mAdc, RsE = 10 ohms)(1) 

Collector-Emitter Sustaining Voltage(1) !le= 30 mAdc, Is = 0)(1) 

Collector-Base Breakdown Voltage !le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = 100 µAde, le = O) 

Collector Cutoff Current IVcs = 90 Vdc, IE = O) 
IV cs = 90 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current IVEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain Oc = 0.1 mAdc, VcE = 10 Vdc) 
(le = 10 mAdc, VcE = 10 Vdc)(1) 
!le = 10 mAdc, VcE = 10 Vdc, TA = -55'C)(1) 
lie = 150 mAdc, VcE = 10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) !le = 50 mAdc, Is = 5.0 mAdc) 
lie = 150 mAdc, Is = 15 mAdc) 

Base-Emitter Saturation Voltage(1) Uc = 50 mAdc, IB = 5.0 mAdc) 
Uc = 150 mAdc, IB = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 50 mAdc, VcE = 1 O Vdc, f = 20 MHz) 

Output Capacitance IVcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance IVEB = 0.5 Vdc, le = 0, I = 1.0 MHz) 

Input Impedance lie = 1.0 mAdc, Vcs = 5.0 Vdc, f = 1.0 kHz) 
!le = 5.0 mAdc, Vcs = 10 Vdc, t = 1.0 kHz) 

Voltage Feedback Ratio lie = 1.0 mAdc, Vcs = 5.0 Vdc, t = 1.0 kHz) 
lie = 5.0 mAdc, VcB = 10 Vdc, t = 1.0 kHz) 

Small-Signal Current Gain !le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
lie = 5.0 mAdc, VcE = 1 o Vdc, f = 1.0 kHz) 

Output Admittance lie = 1.0 mAdc, VcB = 5.0 Vdc, t = 1.0 kHz) 
lie = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 

Symbol 

VcER(sus) 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 
Cobo 

Cibo 

hib 

hrb 

hte 

hob 

2N1893 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

100 -
80 -
120 -
7.0 -
- 0.01 
- 15 

- O.Q1 

20 -
35 -
20 -
40 120 

- 1.2 
- 5.0 

- 0.9 
- 1,3 

50 -
- 15 

- 85 

20 30 
4.0 8.0 

- 1.25 
- 1.5 

30 100 
45 -
- 0.5 
- 0.5 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 

pF 

Ohms 

x 10-4 

-

µmho 



MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Emitter Voltage, RBE "' 10 Ohms VcER 

Collector-Base Voltage VcBo 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25'C Po 
Derate above 25'C 

Tota! Device Dissipation @ Tc = ?5'C Po 
Derate above 25'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

Value 

65 

80 

120 

7.0 

1.0 

1.0 
5.71 

5.0 
28.6 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

2N2102 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 175 'CIW NPN SILICON 

Thermal Resistance, Junction to Case R9JC 35 'CIW 

Refer to 2N3019 for graphs. 
ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (le = 100 mAdc, RBE"' 10 ohms)(2) VcER(sus) 80 - -
Collector-Emitter Sustaining Voltage(2) Oc = 100 mAdc, IB = 0)(2) VcEO(sus) 65 - -
Collector-Emitter Breakdown Voltage (le = 100 µAde, VEB = 1.5 Vdc) V(BR)CEX 120 - -
Collector-Base Breakdown Voltage (le = 100 µAde, IE = O) V(BR)CBO 120 - -
EmitterRBase Breakdown Voltage (IE = 100 µAde, le = O) V(BR)EBO 7.0 - -
Collector Cutoff Current (Vcs = 60 Vdc, IE = O) le Bo - - 2.0 

(VcB = 60 Vdc, IE = o. TA= 150'C) - - 2.0 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = O) IEBO - - 2.0 

ON CHARACTERISTICS 

DC Current Gain Oc = 0.1 mAdc, VcE = 10 Vdc) hFE 20 - -
lie = 10 mAdc, VcE = 10 Vdc)(2) 35 - -
lie= 10 mAdc, VcE = 10 Vdc, TA= -55'C)(2) 20 - -
lie = 150 mAdc, VcE = 10 Vdc)(2) 40 - 120 
Oc = 500 mAdc, VcE = 10 Vdc)(2) 25 - -
Oc = 1.0 Ade, VcE = 1 o Vdc)(2) 10 - -

Collector-Emitter Saturation Voltage (le = 150 mAdc, Is = 15 mAdc)(2) VcE(sat) - 0.15 0.5 

Base-Emitter Saturation Voltage lie = 150 mAdc, Is = 15 mAdc)(2) VsE(sat) - 0.88 1.1 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (le = 50 mAdc, VcE = 10 Vdc, tr 60 - -
f = 20 MHz) 

Output Capacitance (VcB = 1 O Vdc, IE = 0, f = 1.0 MHz) Cobo - 6.0 15 

Input Capacitance (VEB = 0.5 Vdc, le = o, f = 1.0 MHz) Cibo - 50 80 

Input Impedance (le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hib 24 - 34 
lie = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 4.0 - 8.0 

Voltage Feedback Ratio lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hrb - - 3.0 
lie = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) - - 3.0 

Small-Signal Current Gain lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hfe 30 - 100 
lie = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 35 - 150 

Output Admittance lie = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hob 0.01 - 0.5 
lie = 5.0 mAdc, VcE = 1 o Vdc, f = 1.0 kHz) O.Q1 - 1.0 

Noise Figure lie = 300 µAde, VcE = 10 Vdc, Rs = 1.0 k Ohm, NF - 4.0 6.0 
f = 1.0 kHz, Bandwidth = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Switching Time I td + tr + t1 I 30 

(1) R(;l...IA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width ~ 300 µs, Duty Cycle ~ 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
µAde 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

Ohms 

x 10-4 

-

µmho 

dB 

ns 

• 



II 

MAXIMUM RATINGS 

2N2218A 
2N2219 2N2219A 

Rating Symbol 2N2222 2N2222A 

Collector-Emitter Voltage VcEO 30 40 

Collector-Base Voltage Vcso 60 75 

Emitter-Base Voltage VEBO 5.0 6.0 

Collector Current - Continuous le 800 800 

2N2218A 
2N2219,A 2N2222,A 

Total Device Dissipation Po 
@TA= 25'C 0.8 0.4 
Derate above 25'C 4.57 2.28 

Total Device Dissipation Po 
@TC= 25'C 3.0 1.2 
Derate above 25'C 17.1 6.85 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

2N2218A 
Characteristic Symbol 2N2219,A 2N2222,A 

Thermal Resistance, Junction to Ambient ReJA 219 145.8 

Thermal Resistance, Junction to Case ReJC 58 437.5 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 10 mAdc, Is = O) Non-A Suffix 

A-Suffix 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) Non-A Suffix 

A-Suffix 

Emitter-Base Breakdown Voltage 
OE = 10 µAde, le = O) Non-A Suffix 

A-Suffix 

Collector Cutoff Current 
(VcE = 60 Vdc, VEB(otfl_ = 3.0 Vdc) A-Suffix 

Collector Cutoff Current 
(Vee = 50 Vdc, IE = O) Non-A Suffix 
(Vee = 60 Vdc, IE = O) A-Suffix 
(Vee = 50 Vdc, IE = o. TA= 150'C) Non-A Suffix 
(Vee = 60 Vdc, IE = o. TA= 150'C) A-Suffix 

Emitter Cutoff Current 
(VEB = 3.0 Vdc, IC = 0) A-Suffix 

Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) A-Suffix 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 10 Vdcl 2N2218A 

2N2219.A, 2N2222.A 

Oc = 1.0 mAdc, VcE = 10 Vdc) 2N2218A 
2N2219,A. 2N2222.A 

Oc = 10 mAdc, VcE = 10 Vdc)(1) 2N2218A 
2N2219,A. 2N2222.A 

Oc = 10 mAdc, VcE = 10 Vdc, 2N2218A 
TA= -55'C)(1) 2N2219.A. 2N2222.A 

Oc = 150 mAdc, VcE = 10 Vdc)(1) 2N2218A 
2N2219.A. 2N2222.A 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mwrc 

Watts 
mwrc 

'C 

Unit 

'C/W 

'C/W 

2N2218A,2N2219,A* 
2N2222,A* 

2N2218, A/2N2219,A 
CASE 79-04 

T0-39 (T0-205AD) 
STYLE 1 

1 Emitter /f 
,/! A/2N2222,A 

CASE 22-03 
T0-18 (T0-206AA) 

STYLE 1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcEx 

icso 

IEBO 

IBL 

hFE 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

*2N2219A and 2N2222A 
are Motorola designated 

preferred devices. 

Min Max 

30 -
40 -

60 -
75 -

5.0 -
6.0 -
- 10 

- O.Q1 
- O.Q1 
- 10 
- 10 

- 10 

- 20 

20 -
35 -

25 -
50 -
35 -
75 -

15 -
35 -

40 120 
100 300 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

nAdc 

-
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2N2218A/19/19A/22/22A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

Uc = 150 mAdc, VcE = 1.0 Vdc)(1) 2N2218A 20 -
2N2219.A. 2N2222.A 50 -

Uc = 500 mAdc, VcE = 10 Vdc)(1) 2N2219, 2N2222 30 -
2N2218A 25 -
2N2219A, 2N2222A 40 -

Collector-Emitter Saturation Voltage(1) VcE(sat) Vdc 
Uc = 150 mAdc, Is = 15 mAdc) Non-A Suffix - 0.4 

A-Suffix - 0.3 

Uc = 500 mAdc, Is = 50 mAdcl Non-A Suffix - 1.6 
A-Suffix - 1.0 

Base-Emitter Saturation Voltage(1) VsE(sat) Vdc 
Uc = 150 mAdc, Is = 15 mAdc) Non-A Suffix 0.6 1.3 

A-Suffix 0.6 1.2 

Uc = 500 mAdc, Is = 50 mAdcl Non-A Suffix - 2.6 
A-Suffix - 2.0 

SMALL-SIGNAL CHARACTERISTICS • Current Gain - Bandwidth Product(2) t,- MHz 
Uc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) All Types, Except 250 -

2N2219A, 2N2222A 300 -

Output Capacitance(3) Cobo - 8.0 pF 
(Vcs = 10 Vdc, IE = o. f = 1.0 MHz) 

Input Capacitance(3) Cibo pF 
(VEB = 0.5 Vdc, le = o. f = 1.0 MHz) Non-A Suffix - 30 

A-Suffix - 25 

Input Impedance hje kohms 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A 1.0 3.5 

2N2219A. 2N2222A 2.0 8.0 

Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A 0.2 1.0 
2N2219A, 2N2222A 0.25 1.25 

Voltage Feedback Ratio hre x 10-4 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A - 5.0 

2N2219A, 2N2222A - 8.0 

Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A - 2.5 
2N2219A, 2N2222A - 4.0 

Small-Signal Current Gain hte -
Uc = 1.0 mAdc, VcE = 10 Vdc, t = 1.0 kHz) 2N2218A 30 150 

2N2219A, 2N2222A 50 300 

Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A 50 300 
2N2219A, 2N2222A 75 375 

Output Admittance hoe µmhos 
Uc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A 3.0 15 

2N2219A, 2N2222A 5.0 35 

Uc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N2218A 10 100 
2N2219A, 2N2222A 15 200 

Collector Base Time Constant rb'Cc - 150 ps 
(IE = 20 mAdc, Vcs = 20Vdc, f = 31.8 MHz) A-Suffix 

Noise Figure NF - 4.0 dB 
Uc = 100 µAde, VcE = 10 Vdc, 
Rs = 1.0 kohm, f = 1.0 kHz) 2N2222A 

Real Part of Common-Emitter Re(hjel - 60 Ohms 
High Frequency Input Impedance 

Uc = 20 mAdc, VcE = 20 Vdc, f = 300 MHz) 2N2218A, 2N2219A 
2N2222A 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
(2) t,- is defined as the frequency at which lhtel extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Ccb and Ceb for these conditions and values. 
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II 

2N2218A/19/19A/22/22A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 
SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, Vee(offl = -0.5 Vdc, Id - 10 ns 

Rise Time le = 150 mAdc, le1 = 15 mAdc) Ir - 25 ns 
(Figure 12) 

Storage Time (Vee = 30 Vdc, le= 150 mAdc, Is - 225 ns 

Fall Time 151 = le2 = 15 mAdc) If - 60 ns 
(Figure 13) 

Active Region Time Constant TA - 2.5 ns 
Uc= 150 mAdc, VcE = 30 Vdc) (See Figure 11for2N2218A, 2N2219A. 
2N2221A, 2N2222A) 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

4.0 

z 3.0 
:;:;: 
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"' .... 
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0.2 
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0.7 
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le. COLLECTOR CURRENT lmA) 

FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 

I: 
~ I'-

~ --t---1 

b.. ...... t--

~ 
r--

2.0 3.0 

Pol p,. OVERDRIVE FACTOR 

T, = 25'C 

le= 300 mA 

150mA 

50mA 

4.0 5.0 

This·graph shows the effect of base current on collector current. p0 

(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and p, (forced gain) is the ratio of le/I. in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (I.) to insure 
saturation at a temperature of 25'C and a collector current of 
150 mA. 

Observe that at le= 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h,.@ 1 volt is approximately 0.62 of h,.@ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, Po = 62 and substituting values in the overdrive equation, 
we find: 

~_h,.@1.0V 
p, - le/I. 

62 
2·5 = 150/1. 1.:::::6.0 mA 
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2N2218A/19/19A/22/22A 

FIGURE 3 - "ON" VOLTAGES FIGURE 4 - TEMPERATURE COEFFICIENTS 
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le, COLLECTOR CURRENT (mA) IC, COLLECTOR CURRENT (mA) 

h PARAMETERS 
.VCE = 10 Vde, f = 1.0 kHz, TA= 25°C 

This group of graphs illustrates the relationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 

FIGURE 5 - INPUT IMPEDANCE 
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FIGURE 6 - VOLTAGE FEEDBACK RATIO 
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FIGURE 7 - CURRENT GAIN 
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FIGURE 8 - OUTPUT ADMITTANCE 
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2N2218A/19/19A/22/22A 

SWITCHING TIME CHARACTERISTICS 

FIGURE 9 - TURN-ON TIME 
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FIGURE 10 - CHARGE DATA 
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FIGURE 11 -TURN-OFF BEHAVIOR 
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FIGURE 12 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

GENERATOR RISE TIME<; 2.0 ns 
PW.; 200 ns 
DUTY CYCLE= 2.0% 
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+30V 

200 

OSCILLOSCOPE 
-:- R;n > 100 k ohms 

c;0 .; 12pF 
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FIGURE 13 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 
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SCOPE 
R;n > 100 k ohms 
c10 .;;12pF 
RISE TIME<; 5.0 ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 45 Vdc 

Collector-Emitter Voltage, RsE "' 10 Ohms VcER 60 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 7.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA(1) 175 oc/W 

Thermal Resistance, Junction to Case ReJC 35 oc/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 100 mAdc, RsE "' 10 Ohms) V(BR)CER 

Collector-Emitter Sustaining Voltage(2) Oc = 100 mAdc, Is = O) VcEO(sus) 

Collector-Base Breakdown Voltage !le = 0.05 µ.Ade, IE = O) V(BR)CBO 

Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, le = O) V(BR)EBO 

Collector Cutoff Current (Vcs = 60 Vdc, IE = 0, Tc = 25°C) lcso 
(Vcs = 60 Vdc, IE = o, Tc = 150°C) 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain hFE 
!le = 1.0 mAdc, VcE = 10 Vdc) 
!le = 150 mAdc, VcE = 10 Vdc)(2) 

Collector-Emitter Saturation Voltage VcE(sat) 
Oc = 150 mAdc, Is = 15 mAdc)(2) 

Base-Emitter Saturation Voltage VsE(sat) 
(le = 150 mAdc, Is = 15 mAdc)(2) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
!le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
!le = 5.0 mAdc, VcE = 1 o Vdc, f = 1.0 kHz) 

Noise Figure NF 
!le = 0.3 mAdc, VcE = 1 o Vdc, Rs = 1.0 k Ohm, 
I = 1.0 kHz, B.W. = 1.0 Hz) 

SWITCHING CHARACTERISTICS 

Total Switching Time I t 0 n + loft 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

2N2270 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Typ Max Unit 

60 - - Vdc 

45 - - Vdc 

60 - - Vdc 

7.0 - - Vdc 

- - 0.05 µ.Ade 
- - 100 

- - 100 nAdc 

-
30 90 -
50 135 200 

- 0.15 0.9 Vdc 

- 0.88 1.2 Vdc 

100 250 - MHz 

- 10 15 pF 

- 60 80 pF 

50 - 275 -

- 7.0 10 dB 

30 ns 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 15 

Collector-Emitter Voltage VcES 40 

Collector-Base Voltage Vcso 40 

Emitter-Base Voltage VE so 4.5 

Collector Current IC( Peak) 500 
(10 µ,s pulse) 

Collector Current - Continuous le 200 

Total Device Dissipation Po 
@TA= 25°C 0.36 
Derate above 25°C 2.06 

Total Device Dissipation Po 
@Tc= 100°c .68 
Derate above 100°C 6.85 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 486 

Thermal Resistance, Junction to Case RoJC 147 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(le = 10 µ,A, VBE = 0) 

Collector-Emitter Sustaining Voltage(1) 
Oc = 10 mAdc, Is = O) 

Collector-Base Breakdown Voltage 
(le = 10 µ,A, IB = O) 

Emitter-Base Breakdown Voltage 
OE = 10 µ,Ade, le = O) 

Collector Cutoff Current 
IVcs = 20 Vdc, IE = O) 2N2369 
(Vcs = 20 Vdc, IE = 0, TA= 150°C) 2N2369A 

Collector Cutoff Current 
(VcE = 20 Vdc, VsE = O) 2N2369A 

Base Current 
(VcE = 20 Vdc, VsE = 0) 2N2369A 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = 10 mAdc, VcE = 1.0 Vdc) 2N2369 

2N2369A 

Oc = 10 mAdc, Vee = 1.0 Vdc, TA= -55°C) 2N2369 

(le = 10 mAdc, VcE = 0.35 Vdc, TA = -55°C) 2N2369A 
Oc = 30 mAdc, VcE = 0.4 Vdc) 2N2369A 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

mA 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

2N2369,A* 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

3 Collector 

~~ 
1 Emitter 

SWITCHING TRANSISTORS 

Symbol 

V(BR)CES 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

lcso 

ICES 

Is 

hFE 

NPN SILICON 

*2N2369A is a Motorola 
designated preferred device. 

Min Max 

40 -

15 -

40 -

4.5 -

- 0.4 
- 30 

- 0.4 

- 0.4 

40 120 
- 120 

20 -
20 -
30 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µ,Ade 

µ,Ade 

µ,Ade 

-
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2N2369,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.I 

Characteristic Symbol Min Max Unit 

(le = 100 mAdc, VcE = 1.0 Vdc) 2N2369A 20 -

(le = 100 mAdc, VcE = 2.0 Vdc) 2N2369 20 -
Collector-Emitter Saturation Voltage(1) IVcE(sat) Vdc 

lie = 10 mAdc, Is = 1.0 mAdc) 2N2369 - 0.25 
2N2369A - 0.20 

(le = 10 mAdc, Is = 1.0 mAdc, TA = +125'C) 2N2369A - 0.30 
(le = 30 mAdc, Is = 3.0 mAdc) 2N2369A - 0.25 

1---~= 100 mAdc, Is = 10 mAdc) 2N2369A - 0.50 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(le= 10 mAdc, Is= 1.0 mAdc) All Types 0.70 0.85 
(le= 10 mAdc, Is = 1.0 mAdc, TA = + 125'C) 2N2369A 0.59 -
(le = 10 mAdc, Is = 1.0 mAdc, TA = -55'C) 2N2369A - 1.02 
(le = 30 mAdc, Is = 3.0 mAdc) 2N2369A - 1.15 

(le = 100 mAdc, Is = 10 mAdc) 2N2369A - 1.60 

SMALL-SIGNAL CHARACTERISTICS • Current-Gain - Bandwidth Product fr 500 - MHz 
(le = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 4.0 pf 
(Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 4.0 pf 
IVEB = 1.0 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time ts - 13 ns 
(le = ls1 = 10 mAdc, ls2 = -10 mAdc) 

Turn-On Time ton - 12 ns 
(le = 10 mAdc, ls1 = 3.0 mA, ls2 = -1.5 mA, Vee = 3.0 Vdc) 

Turn-Off Time loft - 18 ns 
(le = 10 mAdc, ls1 = 3.0 mA, ls2 = -1.5 mA, Vee= 3.o Vdc) 

(1) Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 
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2N2369,A 

SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 

FIGURE 1 .... ton CIRCUIT - 10 mA FIGURE 3 .... ton CIRCUIT .... 10 mA 

+ 10.75 V --J lo !+-- 3 V 

I _...._ _ ... _ 
rr' ~1'. 

_...JCs<4pf 

-9.1~~--,v-=Jki .. _ J cs•< 4pf 

PULSE WIDTH (to) = 300 ns 
, DUTY CYCLE = 2% 

FIGURE 2 - ton CIRCUIT - 100 mA 

+ 10.8V~ lo f.._ 

-2V-:Jf\_l 
~ <Ins 

PULSE WIDTH (to)= 300 ns 
DUTY CYCLE= 2% 

~T' 
_Jes'< 12pf 

PULSE WIDTH (lo)= 30D ns 
DUTY CYCLE= 2% 

FIGURE 4 .... ton CIRCUIT .... 100 mA 

+11.4:fi_r-
-8.6 V---::;f-F<' I ns 

PULSE WIDTH (to) BETWEEN 10 AND 500 µs 
DUTY CYCLE= 2% 

' _.._ ,.., ... ,. 
_ _!Cs< 12 pf 

•Total shunt capacitance or test jig and connectors. 

FIGURE 5 .... TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
TURN·ON WAVEFORMS 

PULSE GENERA TOR 
V;, RISE TIME < I ns 
SOURCE IMPEDANCE= 501) 
pw;,, 300 ns 
DUTY CYCLE < 2% 

3.3Kll 

3.3K 

50ll 

v .. ~ 

FIGURE 6 - JUNCTION CAPACITANCE VARIATIONS 

0.5 1.0 2.0 

REVERSE BIAS (VOL TS) 

220ll 0.lµf 
.---'V'l'v----11--p.,..~ V,,, TO OSCILLOSCOPE 

o.oos 1,F 

O.lµf 

501l 

INPUT IMPEDANCE= 501) 
RISE TIME = I ns 

TURN-OFF WAVEFORMS 

FIGURE 7 .... TYPICAL SWITCHING TIMES 

10 20 50 

le, COLLECTOR CURRENT (mA) 
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2N2369,A 

~ 
w 

"' "' 

FIGURE 8 - MAXIMUM CHARGE DATA 

500 .--~,~,-~.,--,~rrr~-r-~--r---r-r-,-,..,..,-, 

t- Vee = 10 V +-+-f-+++~--l--+--1--'l-t---V-~t--hl'-I 
- - -IOooc I V 

t----25°c -+--+-+--t-+-t-+t--+--+--+-+V.,.,_-Ht-~ 

200 l-----+---+---+---+--1-j_-+~-+-''_l"-4/J,-+=-l 0-+---+---~,V-r-----;,,b::jyv-+<~H 1Jl''+H 
O,,fJ,=40 ~ V7...Ll/~ 

~ 50 1--+--
..... Y/ Z Jl 

5 10 20 50 100 

le, COLLECTOR CURRENT (mA) 

FIGURE 9 - QT TEST CIRCUIT 

+sv ~ JV 210 

0 
Tl j\_ ID pf max 

< 1 nsec -1 F 
PULSE WIDTH (ti).= 5 µ,sec 

DUTY CYCLE;:::: 2% -:-

VALUES REFER TO 
le= 10 mA TEST POINT 

_J._ ,...,., 
I • 

_.J Cs< 4pf 

FIGURE 10 - TURN-OFF WAVE FORM FIGURE 11 - STORAGE TIME EQUIVALENT TEST CIRCUIT 

"' 

c_.,coPr ~o 
TIME____..,. 

:::~j' 1-4-

<~nseej !:-
PULSE WIDTH (t1) = 300 nsec 

DUTY CYCLE= 2% 

FIGURE 12-MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 

1.0.....---,--.,-,-r--.,...-;.--r-,-y---,--~--.,--~-r--.,...-;~~--.,----....--~l...---.,----.----.--..,--,.--.,--,-----....-.... 

~ 

i o.a 1-----+---++-+-,___,f--+-+-++---+-----r--+----+~+--+-,___,--++-<---+---+--+-l-++---1--1--+-+-+-+ TJ = 25°C _, 

~ le = 3mA le = ID mA I le = 30 mA le = 50 mA le= JOO mA 

! 0.6 o------+---or---+---+--+--+--!-++-----+---1--+-----+----li-\ -+-+-+-+-+_l~\1-+--+--.---+----+--T~-+--+-t-++~ 
~ i ~ _\j ''ts 
~ '\. ~ ~ N ~ S o.4 l----+---+-~~+t-.,+N++f-----"k-"'-+-+--+-+-1c..+NN:-+N---lt--1-~~:-t-f--t-N-t--+-++++-----t-==i 

I} H- t-..... 

18, BASE CURRENT (mA) 
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2N2369,A 

FIGURE 13 - MINIMUM CURRENT GAIN CHARACTERISTICS 

i---r--
20 V1 

I 10 20 50 

le, COLLECTOR CURRENT (mA) 

FIGURE 14-SATURATION VOLTAGE LIMITS FIGURE 15 - TYPICAL TEMPERATURE COEFFICIENTS 

1.4 

1.2 t- r~·==2~~c 

1.0 

0.8 

0.6 

0.4 

0.2 
I 

v v 
MA~"'_V 

P'1 

H +- t:::"T T 
MIN VBEl•atl 

MAX VcE (•atl -+--
10 20 50 100 

le, COLLECTOR CURRENT (mA) le COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 60 Vdc 

Collector-Base Voltage Vcso 60 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 50 mAdc 

Total Device Dissipation @ TA = 25'C Po 360 mW 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation @ Tc = 25°C Po 1 2 Watts 
Derate above 25'C 6.85 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ReJA(1) 485 'C/W 

Thermal Resistance, Junction to Case ReJC 146 'C/W 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.I 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) Oc = 1 O mAdc, Is = O) V(BR)CEO 

Collector-Base Breakdown Voltage Oc = 10 /LAdc, IE = 0) V(BR)CBO 

Emitter-Base Breakdown Voltage OE = 10 /LAdc, le = 0) V(BR)EBO 

Collector Cutoff Current (VcB = 45 Vdc, IE = O) ICBO 
(Vcs = 45 Vdc, IE = 0, TA = 150'C) 

Emitter Cutoff Current (VEB = 5.0 Vdc, le = O) IEBO 

ON CHARACTERISTICS 

DC Current Gain Oc = 1 .0 /LAdc, VcE = 5.0 Vdc) hFE 
Oc = 10 /LAdc, VcE = 5.0 Vdc) 
(le = 10 /LAdc, VcE = 5.0 Vdc, TA= -55'CI 
Oc = 100 /LAdc, VcE = 5.0 Vdc) 
Oc = 500 1LAdc, VcE = 5.0 Vdc) 
Oc = 1.0 mAdc, VcE = 5.0 Vdcl 
Oc = 10 mAdc, VcE = 5.0 Vdc)(21 

Collector-Emitter Saturation Voltage Oc = 1.0 mAdc, IB = 0.1 mAdc) VcE(sat) 

Base-Emitter On Voltage Oc = 0.1 mAdc, VcE = 5.0 Vdc) VBE(on) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product Oc = 0.05 mAdc, VcE = 5.0 Vdc, fr 
f = 20 MHz) 
Oc = 0.5 mAdc, VcE = 5.0 Vdc, 
f = 20 MHz) 

Output Capacitance (Vcs = 5.0 Vdc, IE = 0, f = 1.0 MHz) Cobo 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) Ciba 

Input Impedance Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hie 

Voltage Feedback Ratio (le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hre 

Small-Signal Current Gain Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = kHz) hte 

Output Admittance Oc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) hoe 

Noise Figure Oc = 10 1LAdc, VcE = 5.0 Vdc, Rs = 10 kfi NF 
f = 100 Hz, BW = 20 Hz) 
Oc = 10 /LAdc, VcE = 5.0 Vdc, Rs = 10 kfi 
f = 1.0 kHz, BW = 200 Hz) 
Oc = 10 /LAdc, VcE = 5.0 Vdc, Rs = 10 kfi 
f = 10 kHz, BW = 2.0 kHz) 
Oc = 10 /LAdc, VcE = 5.0 Vdc, Rs = 10 kfi 
f = 1.0 kHz) 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width .;; 300 /LS, Duty Cycle .;; 2.0%. 

2N2484* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

!! .:.(5"""' 
3 1 Emitter 

2 1 

AMPLIFIER TRANSISTOR 

NPN SILICON 

•This is a Motorola 
designated preferred device. 

Min Typ Max 

60 - -
60 - -
6.0 - -
- - 10 
- - 10 

- - 10 

30 190 -
100 250 500 
20 40 -
175 275 -
200 300 -
250 350 -
- 400 800 

- 0.25 0.35 

0.5 0.65 0.7 

15 50 -

60 100 -

- 3.0 6.0 

- 4.0 6.0 

3.5 - 24 

- - 800 

150 - 900 

- - 40 

- 8.0 10 

- - 3.0 

- - 2.0 

- - 3.0 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 
1LAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 

kfi 

x 10-6 

-
/Lmhos 

dB 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage(1) Vceo -12 Vdc 

Collector-Base Voltage Vceo -12 Vdc 

Emitter-Base Voltage Veeo -4.0 Vdc 

Collector Current - Continuous le -200 mAdc 

Total Device Dissipation @TA = 25°C Po 360 mW 
Derate above 25°C 2.06 mWl°C 

Total Device Dissipation @ Tc = 25°C . Po 1200 mW 
Derate above 25°C 6.85 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 486 •CfW 

Thermal Resistance, Junction to Case RllJC 146 0 c1W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage Uc = -10 µAde, Vee = O) 

Collector-Emitter Sustaining Voltage(2) Uc = -10 mAdc, le = O) 

Collector-Base Breakdown Voltage Uc = -10 µAde, le = 0) 

Emitter-Base Breakdown Voltage UE = -100 µAde, le = O) 

Collector Cutoff current !Vee= -6.0 Vdc, IE = o, TA= 125°C) 

Collector Cutoff Current (Vee = -6.0 Vdc, VeE = O) 

Base Current (Vee = -6.0 Vdc, Vee = O) 

ON CHARACTERISTICS 

DC Current Gain(2) 
Uc= -10 mAdc, VcE = -0.3 Vdc) 
Uc = -30 mAdc, Vee = -0.5 Vdc) 
Uc = -30. mAdc, Vee = -0.5 Vdc, TA = -55°C) 
Uc = -100 mAdc, VcE = -1.0 Vdc)(2) 

Collector-Emitter Saturation Voltage(2) 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc = -30 mAdc, 1.e = -3.0 mAdc) 
Uc= -100 mAdc, le= -10 mAdc) 

Base-Emitter Saturation Voltage(2) 
Uc= -10 mAdc, le= -1.0 mAdc) 
Uc= -30 mAdc, le = -3.0 mAdc 
Uc= -100 mAdc, le= -10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = -30 mAdc, VcE = __:10 Vdc, f = 100 MHz) 

Output Capacitance 
!Vee = -5.0 Vdc, le = o, t = 1.0 MHz) 

Input Capacitance 
(Vee = -0.5 Vdc, le= o, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee = - 2.0 Vdc, Vee = -3.0 Vdc, le1 = -1.5 mAdc) 

Turn-Off Time 
(Vee = -2.0 Vdc, le = -30 mAdc, le1 = le2 = -1.5 'mAdc) 

(1) Applicable from 0.01to10 mAdc. 
(2) Pulse Test: Pulse Width = 300 µs, Duty Cycle ,.2.0%. 

2N2894 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

ff ~~'"""' 
3!1 . 1Emitter 

SWITCHING TRANSISTOR 

PNPSILICON 

Refer to 2N869A for graphs. 

Symbol Min Max Unit 

V(BR)CES -12 - Vdc 

VcEO(sus) -12 - Vdc 

V(BR)CBO -12 - Vdc 

V(BR)EBO -4.0 - Vdc 

iceo - -10 µAde 

ICES - .:_80 nAdc 

le - -80 nAdc 

hFE -
30 -
40 150 
17 -
25 -

Vce(sat) Vdc 
- -0.15 
- -0.2 
- -0.5 

VeE(sat) Vdc 
-0.78 -0.98 
-0.85 -1.2 

- -1.7 

f-r 400 - MHz 

Cobo - 6.0 pF 

Cibo - 6.0 pF 

Ion - 60 ns 

-'-
loft - 90 ns 
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MAXIMUM RATINGS 

Rating Symbol 2N2895 2N2896 

Collector-Emitter Voltage VcEO 65 90 

Collector-Emitter Voltage VcER 80 140 

Collector-Base Voltage Vcso 120 140 

Emitter-Base Voltage VEBO 7.0 

Collector Current - Continuous le 1.0 

Total Device Dissipation Po 
@TA= 25°C 0.5 
Derate above 25°C 2.86 

Total Device Dissipation Po 
@Tc= 25°C 1.8 
Derate above 25°C 10.3 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 350 

Thermal Resistance, Junction to Case ReJC 97 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

Off CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 100 mAdc, RsE = 10 ohms) 2N2895 

2N2896 

Collector-Emitter Sustaining Voltage(1) 
Uc = 100 mAdc, Is = Ol 2N2895 

2N2896 

Collector-Base Breakdown Voltage 
(le= 0.1 mAdc, IE = O) 2N2895 

2N2896 

Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(VcB = 60 Vdc, le = O) 2N2895 

2N2896 

(Vcs = 60 Vdc, IE = 0, TA= +150°C) 2N2895 

(Vcs = 90 Vdc, IE = O) 2N2896 
(Vcs = 90 Vdc, IE = 0, TA= +150°C) 2N2896 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, le = O) 2N2895 

2N2896 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 10 µAde, VcE = 10 Vdc) 2N2895 
Uc = 100 µAde, VcE = 10 Vdc) 2N2895 
Uc = 1.0 mAdc, VcE = 10 Vdc) 2N2896 
(le = 10 mAdc, VcE = 10 Vdc) 2N2895 
(le= 10 mAdc, VcE = 10Vdc, TA= -55°C) 2N2895,2N2896 

Uc = 150 mAdc, VcE = 10 Vdc)(1) 2N2895 
2N2896 

Uc = 500 mAdc, VcE = 10 Vdc)(1) 2N2895 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/°C 

Watts 
mW/°C 

oc 

Unit 

oc/W 

oc/W 

2N2895,2N2896 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

!! .:.~'~"' 
3 1 Emitter 

2 1 

Symbol 

V(BR)CER 

VcEO(sus) 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

80 -
140 -

65 -
90 -
120 -
140 -

7.0 -

- 0.002 
- 0.01 

- 2.0 

- 0.01 
- 10 

- 0.005 
- 0.01 

10 -
20 -
35 -
35 -
20 -

40 120 
60 200 

25 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µ.Ade 

µAde 

-
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2N2895, 2N2896 

ELECTRICAL CHARACTERISTICS (continued) !TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voitage(1) VcE(sat) - 0.6 Vdc 
Uc = 150 mAdc, le = 15 mAdc) 

Base-Emitter Saturation Voltage(1) .· Vee(satl - 1.2 Vdc 
Uc = 150 mAdc, le = 15 Ade) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fy 120 - MHz 
Uc = 50 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 15 pF 
!Vee = 10 Vdc, le = o, t = 1.0 MHz) 

Input Capacitance Cibo - BO pF 
!Vee= o.5 Vdc, le= o, f = 1.0 MHz) 

Small-Signal Current Gain hfe -
Uc = 5.0 mAdc, Vee = 5.0 Vdc, f = 1.0 kHz) 2N2895 50 200 

2N2896 50 275 

II Noise Figure NF dB 
Uc = 0.3 mAdc, Vee = 10 Vdc. Rs = 500 Ohms, SN2895 
f = 1.0 kHz) - 8.0 

(1) Pulse Test: Pulse Width"" 300 µ,s, Duty Cycle"" 1.8%. 
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PNP SILICON ANNULAR HERMETIC TRANSISTORS 

... designed for high-speed switching circuits, DC to VHF amplifier applica
tions and complementary circuitry. 

• High DC Current Gain Specified - 0.1 to 500 mAdc 

• High Current-Gain - Bandwidth Product -
tr = 200 MHz (Min) @ le = 50 mAdc 

• Low Collector-Emitter Saturation Voltage -
VcE(sat) = 0.4 Vdc (Max) CaJ le = 150 mAdc 

2N2904,A* 
thru 

2N2907,A* 
2NZ904,A/2N2905,A 3 Collector 

• 2N2904, A thru 2N2907, A Complement to NPN 2N2218, A, 
2N2219, A, 2N2221, A, 2N2222, A 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

MAXIMUM RATINGS 
Rating Symbol Non-A Suffix A-Suffix 

Collector-Emitter Voltage VcEO -40 -60 

Collector-Base Voltage Vceo -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -600 

ZNZ904.A ZNZ906.A 
ZNZ905,A ZNZ907,A 

Total Device Dissipation Po 
@TA= 25°C 600 400 
Derate above 25°C 3.43 2.28 

Total Device Dissipation Po 
@Tc=25°C 3.0 1.2 
Derate above 25°C 17.2 6.85 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Ma 

ZNZ904.A; ZNZ906A 
2NZ905,A 2N2907,A 

Thermal Resistance, Junction to R6JA 292 438 
Ambient 

Thermal Resistance, Junction to R8JC 58 146 
Case 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, le= O) Non-A Suffix 

A-Suffix 

Collector-Base Breakdown Voltage Uc = -10 µAde, IE = O) 

Emitter-Base Breakdown Voltage (IE = -10 µAde, le = O) 

Collector Cutoff Current (Vee = -30 Vdc, Vee = - o.5 Vdc) 

Collector Cutoff Current 
!Vee = -50 Vdc, le = Ol Non-A Suffix 

A-Suffix 

(Vee = -50 Vdc, le = o. TA= 150°C) Non-A Suffix 
A-Suffix 

Base Current (Vee = -30 Vdc, Vee = -0.5 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -0.1 mAdc, Vee= -10 Vdc) 2N2904, 2N2906 

2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907 A 

(11 Pulse Test: Pulse Width ~ 300 µs, Duty Cycle ~ 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

t---1 

mW 
mw1°c 

Watts 
mwrc 

·c 

Unit 

0 ctw 

0 ctw 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)eBO 

lcEx 

lceo 

le 

hFe 

2NZ906,A/2N2907,A 
CASE 22-03, STYLE 1 

3 2 1 T0-18 (T0-206AA) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*2N2905A and 2NZ907A 
are Motorola designated 

prefarred devices. 

Min Typ Max 

-40 - -
-60 - -
-60 - -
-5.0 - -
- - -50 

- - -0.02 
- - -O.Q1 

- - -20 
- - -10 

- - -50 

20 - -
35 - -
40 - -
75 - -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

µAde 

nAdc 

-

(continued) 
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2N2904, A THRU 2N2907, A 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

\ Characteristic \ Symbol 

ON CHARACTERISTICS (continued) 

DC Current Gain 
Uc = -1.0 mAdc, VcE = -10 Vdcl 2N2904, 2N2906 

2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907 A 

(le= -10mAdc,VcE= -10Vdc) 2N2904, 2N2906 
2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907A 

Uc= -150 mAdc, VcE = -10 Vdc)(1) 2N2904,A, 2N2906,A hFE 
2N2905,A, 2N2907 ,A 

Uc= -500 mAdc, VcE = -10 Vdc)(1) 2N2904, 2N2906 
2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907 A 

Collector-Emitter Saturation Voltage(1) VcE(satl 
Uc= -150mAdc,ls = -15mAdcl 
Uc = -500 mAdc, Is = -50 mAdcl 

Base-Emitter Saturation Voltage VBE(sat) 
Uc= -150 mAdc, Is= -15 mAdc)(1) 
Uc= -500 mAdc, Is= -50 mAdc)(1) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) fr 
Uc = -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Output Capacitance Cob 
(Vcs = -10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VEB = -2.0 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
!Vee= -30Vdc, le= -150 mAdc, Ion 

Delay Time ls1 = -15 mAdc) Id 

Rise Time (Figure 15a) 
tr 

Turn-Off Time (Vee = -6.0 Vdc, le = - 150 mAdc, I off 

Storage Time ls1 = ls2 = -15 mAdcl ts 

Fall Time (Figure 15b) 
If 

(1) Pulse Test: Pulse Width ~ 300 µs, Duty Cycle -::;;; 2.0%. 
(2) fr is tjefined as the frequency at which lhtel extrapolates to unity. 

FIGURE 1 - NORMALIZEO DC CURRENT GAIN 

-+- t--H1 

__.__ -
---, 

+ 175°C 

+25°C 

Min Typ Max Unit 

25 - -
50 - -
40 - -
100 - -

35 - -
75 - -
40 - -
100 - -

40 - 120 
100 - 300 
20 - -
30 - -
40 - -
50 - -

Vdc 
- - -0.4 
- - -1.6 

Vdc 
- - -1.3 
- - -2.6 

200 - - MHz 

- - 8.0 pF 

- - 30 pF 

- 26 45 ns 

- 6.0 10 

- 20 40 

- 70 100 ns 

- 50 80 

- 20 30 

r- -

\ 
0.2 ...._._._._...._. __ .___.___.__. _ _.___,__,__.__~_.__ _ _,__~_.___.___.__~~~_.__.___~__.~~~b..~..i~~ 

-0.5 -0.7 -1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -30 -50 -70 -100 -200 -300 -500 

le. COLLECTOR CURRENT lmA) 
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2N2904, A THRU 2N2907, A, 

FIGURE 2 - NORMALIZED COLLECTOR SATURATION REGION 

TJ = 25°C 

4 

lf:lolf:lFI. OVERDRIVE FACTOR 

FIGURE 3 - "ON" VOLTAGES 

r} J 2~Jc 
11 

VBEISATI @ lclle J 1b ~ 
Jllwill ~ 
~ 

~@~-:1:~vll 

-Ji ~ 
VcE(SATI @ le/le = 10 ]/ 

in 

This graph shows the effect of base current on col· 
lector current. #o (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt, and /l• (forced 
gain) is the ratio of le/I" in a circuit. 

EXAMPLE: For type 2N2905, estimate a base cur
rent (I.,) to insure saturation at a temperature of 25'C 
and a collector current of 150 mA. 

Observe that at le= 150 mA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1, it is seen that 
h,. @ 1 volt is approximately 0.60 of h,. @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 mA and 
10 V, /lo = 60 and substituting values in the overdrive 
equation, we find; 

3=~ 
150/1., 

I.,= 7.5 mA 

FIGURE 4 - TEMPERATURE COEFFICIENTS 

+ 2.o,,.,,l~l[~ lJl~LI~~~~~ 

1_11_J_111 I 
+1.0 Ovc FOR VcE(SATI +++++1--+--<-++-+-+-++1++--+-+-++-+-< 

~ -ls 0~ +01 +~S'C f++l-++-!+-l-+++++11---1--±t"'~~R 

-0.5 -1.0 -2.0 -5.0 -10 -20 -50 -100 -200 -500 -5.0 -10 -20 -50 -100 -200 -500 

lD 
:g 
w 
= => 
~ 

u: 
~ 
~ 
~ 

le. COLLECTOR CURRENT (mA) 

SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE = 10 v, TA = 25°C 

le, COLLECTOR CURRENT lmAl 

FIGURE 5 - FREQUENCY EFFECTS FIGURE 6 -SOURCE RESISTANCE EFFECTS 

6.0 

5.0 

4.0 ~ 
t--... 

l' 
3.0 

2.0 
t-i-. b. 

1.0 ~ 

0 
0.1 0.2 

~ lllill l~ v 
ic = -1oµA f = 1.0kHz yf 

l1$ lZl ~ 

10 

8.0 

lD 
:g 

\ -100µA lL 
6.0 

= ;;: 
u: 

ic = -1oµA 
Rs 4.7 k.!1 

~ ~ ~ )II V1 
~v P' 

r'\f\ vr i)1 
-1mA N M 

i 4.0 

~ 

2.0 

nWTT 
le= -1.0mA 
Rs= 0.7 k.!1 

J[ 
IC= -100µA 

0 

Rs= 1.2 k.!1 
..LJ...uu .Ll 

0.5 1.0 2.0 5.0 IO 20 50 100 0.1 0.2 0.5 1.0 2.0 5.0 10 20 
I, FREQUENCY lkHzl Rs, SOURCE RESISTANCElk OHMS! 
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2N2904, A THRU 2N2907, A, 

h PARAMETERS 
VcE = 10 Vdc, I= 1.0 kHz, TA= 25°C 

This group of graphs illustrates the relationship between hfe and other "h" parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 

FIGURE 7 - INPUT IMPEDANCE FIGURE 8 - VOLTAGE FEEDBACK RATIO 
20 

"""'I 
"1 'b.. 10 

:s; 

5.0 

1 

i? ~ 
2 b-.. ~ 

2.0 

1.0 

0.5 2lsi 
t-, 

cs: 
~ 

0.2 

0.1 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 

le, COLLECTOR CURRENT lmAdcJ 

FIGURE 9 - CURRENT GAIN 

2001---+--+--l--!--+-+-1-+-++--+-+-+--+-1-+-1-+-++--+--.J 

50t---+--+--t--t--+-+-t-+++--+-+-+-+-!r+t-+++--+--.J 

301---+--+--i--t--+-+-~~~~-~~-+-~~~~ 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 

le. COLLECTOR CURRENT lmAdcl 

500 ~~~-~F_IG_UrR~E,1_1_-rT,U~R0N000N~T_IM0E___,c--T~c--T~ 

f 
>-+f'I-+-+++-+--+-+-+- - - Vee = -30 v. VsE(offl = 2.0 v 

200 I'>! N Vee = -10 v, VsEloffl = o v 

f'~ ', 
~ 100t:±bflst==t;:±±:l==l::±±:t±±!==:t=:t:±:±::::t::j 

= 70 rs: ::s: ~ 1-1 N~,._.2"11--""'rs-+-+-,-+--+-+-+-i-+-H--1--+-t-t-t-i 
50t-+-+-J~--'lr',~-+--'lo--,-+--+-+-++++---+---+-+--+-i 

30t-+-+-J-H-:"SJ----"l.---+~~l"l~~~'_,,.,.t-t+++---+---+-+--+-i l"'- c-,,. 

10 L.-L-L..U.-'----'-...___. ..... ~__._t.....i~........._._..____.__.._...._.___._. 
-5.0-7.0-10 -20 -30 -50 -70 -100 -100 -300 -500 

le, COLLECTOR CURRENT lmAJ 

20 ,--,.,cs:.-.-,---m.-rr-.---.--,---~~~~ 

10~ i'l 
:s 

5.0 t---+--t---P..~-t-~-++I'<~--+ 1 +--+-+-1--H+tif--+-I 

N ~ vv 

0.5 '--'--'--'-L...l-"-'--LI-'-.....J........J..._L_L...l-LLI...1_1._.....J...--1 

-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 

le, COLLECTOR CURRENT lmAdcJ 

FIGURE 10 - OUTPUT ADMITTANCE 
500 

L 
200 

"il 
lZ 

~ 100 
17 L 

u z 
~ 50 L 

1 
L ~ 

~ v L 
J..'.'I IL 2 ~ 20 

_.,J.-1 J71 
:zl 10 

5.0 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20 

le, COLLECTOR CURRENT lmAdcl 

5000 
FIGURE 12 - CHARGE DATA 

3000 

2000 
t-t-HH-t--+--+-+->--+-i,....++++- Vee = -30 v t-

-g 1000 
~Qr, TOTAL CONTROL CHARGE 

z 
"' ~ 
d 

z z 
500 

300 ~ 
200 OA, ACTIVE REGION CHARGE r-+-+-H.il"ll-'.'.'.:-+-+-+-+---t-i 

100 ............. I ....... I...__ ............ _._._--'-''-'-'--'"-'--L..--'-_._.__.__..__, 
-5.0-7.0 -10 -20 -30 -50 -70-100 -200-300 -500 

le. COLLECTOR CURRENT lmAI 
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2N2904, A THAU 2N2907, A, 

FIGURE 13 - STORAGE TIME 
5oo~~~~~~~~~11~~~~-

3oo 1---H-++-+---+-+-+--+-+-+-+-l-+I-+-I>--~+--.+-+-I+-+-< 

200 f-+++++--+-+-f-+-f-+-++ t', - t, i'i----t-t--t---
IBl = IB2 

~ 100l=J::t+:tt==t=l=+=t:=t=l=:)::l:ttr:=::t::=1=:!=l==~ 
w 

~ 10 ~~~~~~~=~;~:i~~~~~~$$$$~;~f;t=Et=~~ 5 50!-lc/l'..u~~~ -~ 
tt _,,, '~ 

30F-+-++[IJ'+<-~+-+-+-+--+-+-+-+++-t---+--+--+--<~,~l"".._, 

20 ~ ill = j-++-+--t-t-t-Tirt+---t--t-t-t--H' 

10'-"-..J....1.J..J._..!_..!_.L_J_.L-J_,_..W...W..-"-.J-L-J.--l_...,J 
-5.0-7.0-10 

INPUT 
Zo"'50n 
PRF = 150 PPS 

-20 -30 -50-70-100 -200-300 -500 
le, COLLECTOR CURRENT lrnAI 

FIGURE 15a - OELAV AND RISE 
TIME TEST CIRCUIT 

-30 

RISE TIME.; 2.0 ns 

1.0 k 

50 

TO OSCILLOSCOPE 
RISE TIME.; 5.0 ns 

FIGURE 16 - CURRENT-GAIN-BANDWIDTH PRODUCT 
500 

300f-+-Ve~=1~ttt----t--t--t-ttffitt--t-t-~ 
TJ=25°e ~ 

l l1 

200 l--+-t-r-i---i--1rt+H-+t-t-H:Pl-i'ffC-++++1 v ,y 
100 S=t=t=EEHE~.JL-8=t::E±EEE=l:E 
701--+-l--+-l-+++><t--+-+-+-+--+-t-++t+--+-+--+--H 

50>--+-+-+-+-+>......,H+--+-+--+-+--+-++H+--+-+--+-+-< 

30 lL1 
20 ]./ 

10ll 
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le, COLLECTOR CURRENT lrnAdcl 
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FIGURE 14 - FALL TIME 

J. 

' 
Vee= -30VH '· ls1 = 102 

)__ H 

1e11s = 20 

JS 
1e11s = 10' 

~ ' - t_j-

.::--

- 5.0 - 7.0-10 -20 -30 -50-70-100 -200-300 -500 

INPUT 
Z0 =50n 
PRF = 150 PPS 
RISE TIME.; 2.0 ,,s 

le, COLLECTOR CURRENT lrnAI 

FIGURE 15b - STORAGE AND FALL 
TIME TEST CIRCUIT 

+15 v 

1.0 k 

50 1N916 

-6.0 

TO OSCILLOSCOPE 
RISE TIME<: 5.0 ns 

FIGURE 17 -CAPACITANCES 

2.01--~+-~~~~-~-~~~=-~-~ 
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REVERSE BIAS IVOLTSI 
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~ -0.1 
;3 -0.07 
'.;'.;-0.05 

-0.03 
-0.02 

2N2904, A THRU 2N2907, A, 

FIGURE 18 -ACTIVE REGION SAFE OPERATING AREAS 

:E ::s 
1.0m~ I'\: 

:::s:: 
10~ 

D.. ~ ::s: 
~oµS-=: 

t--T_118 ls: T0·5 ::s 
lSl"' ~ ~ 
~ ~ ::s J_ 

TJ = 2oooc ... ~ de [S F=--- Second Breakdown Limited 
~ Pulse Duty Cycle ~ 1 0% 
~ - -- Bonding Wire Limited 

' r- - - - - Thermal Limitations @Tc = 2soc 

I- Applicable For Rated BVCEQ 

This graph shows the maximum le-Vee limits of the device 
both from the standpoint of thermal dissipation (at 25°C case 
temperature), and secondary breakdown. For case temperatures 
other than 25°c, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 

To avoid possible device failure, the collector load line must 
fall below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 

-2.0 -3.0 -5.0 -7.0 -10 -20 -30 -40 

For pulse applications, the maximum lc·VcE product indicated 
by the de thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 

VCE, COLLECTOR-EMITTER VOLTAGE (VOL TS) 

FIGURE 19 -THERMAL RESISTANCE 

t, TIME (s) 
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MAXIMUM RATINGS 

2N3019 
Rating Symbol 2N3020 2N3700 Unit 

Collector-Emitter Voltage Vern 80 80 Vdc 

Collector-Base Voltage VcBo 140 140 Vdc 

Emitter-Base Voltage VEBO 7.0 7.0 Vdc 

Collector Current - Continuous le 1.0 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 0.5 Watts 
Derate above 25°C 4.6 2.85 mW/°C 

Total Device Dissipation @Tc = 25°C Po 5.0 1.8 Watts 
Derate above 25°C 28.6 10.6 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

2N3019 
Characteristic Symbol 2N3020 2N3700 Unit 

Thermal Resistance, Junction to Ambient RoJA 217 350 oc/W 

Thermal Resistance, Junction to Case RoJC 35 97 oc!W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 30 mAdc, IB = OI 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 100 µAde, le = Ol 

Collector Cutoff Current 
(VcB = 90 Vdc, IE = O) 
(Vea = 90 Vdc, IE = 0, TA = + 150°C) 

Emitter Cutoff Current 
IVEB = 5.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
(le = 0.1 mAdc, VcE = 10 Vdc) 2N3700, 2N3019 

2N3020 

Oc = 10 mAdc, VcE = 10 Vdc)(11 2N3700, 2N3019 
2N3020 

Oc = 150 mAdc, VcE = 10 Vdc)(1) 2N3700, 2N3019 
2N3020 

(le = 150 mAdc, VcE = 10 Vdc, Tc = -55°C)(1) 2N3700, 2N3019 

(le = 500 mAdc, VcE = 10 Vdc)(1) 2N3700, 2N3019 
2N3020 

Oc = 1.0 Ade, VcE = 10 Vdc)(1) All Types 

Collector-Emitter Saturation Voltage(1) 
(le = 150 mAdc, 19 = 15 mAdc) 
Uc = 500 mAdc, 19 = 50 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le= 150 mAdc, 19 = 15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 2N3020 

2N3019, 2N3700 

2N3019* 
2N3020 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

3 Collector 

~.~ 
1 Emitter 

2N3700* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

GENERAL TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

NPN SILICON 

*2N3019 and 2N3700 
are Motorola designated 

preferred devices. 

Min 

80 

140 

7.0 

-
-
-

50 
30 

90 
40 

100 
40 

40 

50 
30 

15 

-
-
-

80 
100 

Max 

-

-

-

O.Q1 
10 

0.010 

-
100 

-
120 

300 
120 

-

-
100 

-

0.2 
0.5 

1.1 

400 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 
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II 

2N3019,2N3020,2N3700 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Output Capacitance Cobo - 12 pF 
(Vee= 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 60 pF 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz 

Small-Signal Current Gain hfe -
!le = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3700, 2N3019 80 400 

2N3020 30 200 

Collector Base Time Constant rb'Cc ps 

!IE = 10 mAdc, Vee = 10 Vdc, f = 79.8 MHz) 2N3019, 2N3020 - 400 

Noise Figure 
!le = 100 µAde, VcE = 10 Vdc, 
Rs = 1.0 k ohms, f = 1.0 kHz) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 1.0%. 

z .. ... 
i 

DC CURRENT GAIN 
2N3019, 2N3700 

13 TJ = 150°& l--!--i-t"ti'1i11"-.._,l-l..Ll 
'-' J J JJJJJ 
fa 1.0E==f:TJ = 25°C 

!:=! ill 
~ 0.51--TJ - "55°C 

~ 

"' ~ 

2N3700 

2N3019, 
2N3700 

o.l'---'--'-'Uo.-'-s u1J.L.o _ _,___L..Lw..u.a10~~-'-'--'-'-'.U10'-o-~~_,_1""000 

Jc. COLLECTOR CURRENT (mA) 

100 

50 

~10.0 
z 

5 5.0 
if 
~ 
u 

1.0 

CAPACITANCE 

-,..... JI 
Cib 

~ 

Cob 

0.1 1.0 10 
VR. REVERSE VOLTAGE (V) 

'-' 
c 1.0 
c 
w 

~ 0.5 
~ 
c 
z 

"' ~ 
0. 1 

Fl 
TJ - 1so0 c 

TJ 25°C 

HTJ ls0 c 

15 

NF -

DC CURRENT GAIN 
2N3020 

400 

4 

0.5 1.0 10 100 
Jc. COLLECTOR CURRENT (mA) 

"ON" VOLTAGES 

dB 

1000 

1.21--+--+-l-++ft#--+-t-+-t-t+<-++--+-+-++>++t<~-+-+++++ .... 

1.0 t---+-+-1-++tttt--+-t-+-rtti-tt--+-+++Hffir----+-++1 Jiif'lttt 

~ _1¥1 ~ O.Bt--t-t-VBE(sat) IC - 10 ~ 
w IB ... 
~ 0.6 VBE(on) for VCE - 1.0 V 

~ 04 t--+-+-t-...--+-+++tt-Ht--1 11111111 r-
VCE(sat) ~ = 10 ,)'1 

IB ,-
0.2 t---+-+t+ti-ttt--t-l-H-+tttr---r.,.-..-rriil 111,,_JV_,..,...++l-Hti 

0L-Ll.l..l::l±!!!::=±:±±±±:1::1:11=::1::;:t:t:I-H11TIIWl_JLLUJlm 
0.1 1.0 10 100 1000 

IC. COLLECTOR CURRENT (mA) 
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2N3019, 2N3020, 2N3700 

TEMPERATURE COEFFICIENTS 

~ 1.6 

i 
+25°t1To + 150°C 

~ 0.8 
u 

i 
w 
~ 

=> 

~ 
~ -0.8 
~ 

G; -1.s 

11 UJL 
l-55°C TO 2Jc1 

:_c FOR VCE(sat) 
'""" 

IlI 

-55°C TO +21~~~ eVBB FOR VsE 

+25°C TO +150°C 

HI 
0.5 1.0 10.0 50 100 500 1000 

le. COLLECTOR CURRENT (mA) 

SOURCE RESISTANCE EFFECTS 

14.0 row 
12.0 >--++--++++-H<+--++--+-+-+++1»---<f-+--+++-++1<->-+1-++++++1>VcE = 10 V 

TA= 25°C 

~ 10.0 N 
~ J"..j lc=lOOµA 
~ s.o l--+-N++++t++--++--+-+-+++ttt-r+--+++-!--t-1-++++++t+--++--+-++++ttt 

Cl) 6.0 1--++--+-Hri+t++--++--+-+-++tttt-r+--,.....,-++++1--+1-++++t+tt--++--+-++++ttt 
i5 

~ kd 
z 4.0 NH~rl-N+++Htt1'-1~t+h.:+++++ttt-V11*+-J1iil', 

2-:~~H~IT~'~~ 
0.1 1.0 10.0 100.0 1000.0 

Rs, SOURCE RESISTANCE (k OHMS) 

CURRENT GAIN - BANDWIDTH PRODUCT 

1000 

200 

VCE 20 v 
40 

10 

0.1 1.0 10 100 
IC, COLLECTOR CURRENT (M.A.D.C.) 

~ 6.0 

~ 

~ 4.0 
0: 
w 
<n 
i5 

~ 2.0 

I- +--

FREQUENCY EFFECTS 

Rs= 4.3 k!1 
t-Jlc= 10 µA 

Cb 
Re= 1.0 kn 
IC= 100 µA 

0.1 

~ 

1.0 10 
f, FREQUENCY (kHz) 

CURRENT GAIN BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT - 1 kHz hfe 

100 

o'-----'--'-~-'----'--'--'-'-...._....._~~~~_._~_._~~~~ 

0.1 1.0 10 
IC COLLECTOR CURRENT (mA de) 

ACTIVE REGION SAFE OPERATING AREA 

5.0m~=: \~m! 
IIIII 

~ 
>--

--H 500 µs 
~ 

! .:--.; 
~ 
0 

f:::j 

~ 0.1 

dcT0-18 L ~ 

~~T0-39 
Id 

0.01 
1.0 v 10 v 100 v 

VcE. COLLECTOR-EMITTER VOLTAGE (V) 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N3053 2N3053A Unit 

Coilector-Emitter Voltage( 1) VcEO 40 60 Vdc 

Collector-Base Voltage Vcso 60 80 Vdc 

Emitter-Base Voltage VEBO 5.0 Vdc 

Collector Current - Continuous le 700 mAdc 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction TJ, Tstg -65to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8JC 35 oc/W 

(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width "' 300 µ,sec .. Duty Cycle "' 2.0%. 
Oto 700 mA; Pulse Width "' 10 µ,sec,, Duty Cycle"' 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = 1 oo µ,Ade, le = o) 2N3053 

2N3053A 

Collector-Emitter Breakdown Voltage(2) 
!le = 100 mAdc, ReE = 10 ohms) 2N3053 

2N3053A 

Collector-Base Breakdown Voltage 
(le = 100 µ,Ade, IE = O) 2N3053 

2N3053A 

Emitter-Base Breakdown Voltage HE = 1 oo µ,Ade, le = o) 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 1.5 Vdc) 2N3053 
(VcE = 60 Vdc, VEB(OFF) = 1.5 Vdc) 2N3053A 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 2N3053 

Base Cutoff Current 2N3053 
(VCE = 60 Vdc, VE~off) = 1.5 Vdc) 2N3053A 

ON CHARACTERISTICS(2) 

DC Current Gain (le = 150 mAdc, VcE = 2.5 Vdc) 
!le= 150 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(le= 150 mAdc, le = 15 mAdc) 2N3053 

2N3053A 

Base-Emitter Saturation Voltage 
He = 150 mAdc, le = 15 mAdc) 2N3053 

2N3053A 

Base-Emitter On Voltage 
!le = 150 mAdc, VcE = 2.5 Vdc) 2N3053 

2N3053A 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product He = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance (Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

(2) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

2N3053,A 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

la .:()"'""' 
3 ~I[ 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CER 

V(BR)CBO 

V(BR)EBO 

ICEX 

IEBO 

IBL 

hFE 

VcE(sat) 

VBE(sat) 

VsE(on) 

fr 
Caba 

Cibo 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

Min Max 

40 -
60 -

50 -
70 -

60 -
80 -
5.0 -
- 0.25 

- 0.25 

- 0.25 

25 -
50 250 

- 1.4 
- 0.3 

- 1.7 
0.6 1.0 

- 1.7 
- 1.0 

100 -
- 15 

- 80 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µ,Ade 

µ,Ade 

µ,Ade 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 
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MAXIMUM RATINGS 

Characteristic Symbol Value 

Collector-Emitter Voltage Vern -40 

Collector-Base Voltage Vcso -40 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation@ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 0.175 

Thermal Resistance, Junction to Case ReJC 35 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, Is= O) 

Collector-Base Breakdown Voltage 
(le = - 10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
OE = - 10 µAde, le = O) 

Base Cutoff Current 
(VcE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VCE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(Vea = -30 Vdc, IE = 0) 
(Vea = -30 Vdc, IE = o, TA= 100°c1 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = -150 mAdc, VcE = -1.0 Vdc) 
Oc = -500 mAdc, VcE = - 1 .o Vdc) 
Oc = -1.0 Ade, VcE = - 5.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Oc = -150 mAdc, Is= -15 mAdc) 
Oc = - 500 mAdc, Is = - 50 mAdc) 
Oc = -1.0 Ade, Is = -100 mAdcl 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/°C 

Watts 
mWFC 

oc 

Unit 

°C/mW 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

le Ex 

lcso 

IEBO 

hFE 

VcE(sat) 

2N3244 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

PNPSILICON 

Min Max 

-40 -

-40 -

-5.0 -

- -80 

- -50 

- -0.050 
- -10 

- -30 

60 -
50 150 
25 -

- -0.3 
- -0.5 
- -1.0 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-43 

• 
Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

µAde 

nAdc 

-
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2N3244 

ELECTRICAL CHARACTERISTICS (continued) <TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Base-Emitter Saturation Voltage(1) VsE(sat) Vdc 
Oc = -150 mAdc, Is = -15 mAdc) - -1.1 
Oc = - 500 mAdc, Is = - 50 mAdc) -0.75 -1.5 
Oc = -1.0 Ade, Is = -100 mAdc) - -2.0 
Oc = - 750 mA, Is = - 75 mA) - -2.0 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 175 - MHz 
Oc = -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 25 pF 
(Vcs = -10 Vdc, IE = o, f = 100 kHz) 

Input Capacitance Cibo - 100 pF 

II 
(VEB = -0.5 Vdc, le= 0, f = .100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Oc = -500 mA, ls1 = -50 mA Id - 15 ns 

Rise Time VsE = +2.0 V, Vee = -30 V) Ir - 35 ns 

Storage Time Uc = -500 mA, Vee = -30 v Is - 140 ns 

Fall Time ls1 = ls2 = -50 mAl If - 45 ns 

Total Control Charge OT - 14 nC 
(le = -500 mA, Is = -50 mA, Vee = -30 Vl 

(1) Pulse Test: PW ,;; 300 µ.s, Duty Cycle "' 2.0%. 

FIGURE 1 - MINIMUM CURRENT GAIN CHARACTERISTICS 

2 ·0 ~-~~-.--~~.lc-----=125=0c,---~----r----.--.----,r---T.---T.---r-' 

1 ·5~~3~3~f 3;_[~~~~~E~~l~~-~~~~~~~t~;t=±~~~~1:vjt-J 75°C - - -;-.. - 2V 
25•c ,.....~..... l 

~ 1.ot=:t=l=~:t::t===j:==t:===t::::~:".'.:S~:S:~K~~~~+~::Ir+=1 - 15·c ~~ I 
53 is:s;:: '~. i,,t: 25·c-+-

~ 55·c 1=. ..__.~~~ 1~ 

~··· ~~1' 
0.21--..l...-..l-....l-..l--L.-----L.---l..-----l..---..l-.--...1...-..1-.-...... _.i..-.Jll..:~ 
-50 -100 -200 -500 -1000 

le. COLLECTOR CURRENT (mA) 
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2N3244 

FIGURE 2 - COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 

~ -1.4r--r-.--....... -.--.---,-.--.,.--.---,--.-.-,-......-.----,--.,.----.--.--.--.--r-rT.---.---, 

~ 
w 2N3244 
~ -1.21---+--+-it-t-+----+---t-+--+--+--+--+-+-+--++>----+---+----i1--\-+-+--+-+-1-+-+- TJ ~ 25'C -I 
':::; _!_ 

; -1.0 t--t---t--.. le ~ - 50 mA -t-- le ~ -150 mA -+--+--+-+-+ le ~ -500 mA --+-~-'~, , le ~ - 750 mA +-+-+--+---! 

~ l ~ 
~-0.8 ll ~ ~ 
§ ~ I~ 
g -0.6 ~ ~ 
~ .s. --+--I -0.41-HH\il-31Nd-r.....---ll--+--+---1t-....-"";...±t---+-t--.-t-f-+--l---+---+-+-+-+-+-+t-+--t--I 

,i! -o.2ttttii~:t:JE::i::±::±;±;t~!t:j=:t:::J=j=tttt1!==tj 
-0.5 -1.0 -2.0 -5.0 -10 -20 -50 -100 -200 

la, BASE CURRENT lmA) 

FIGURE 3 - MAXIMUM SATURATION VOLTAGES FIGURE 4 - TYPICAL TEMPERATURE COEFFICIENTS 

I I I I I 1~ 
- l.6 t-+- J3F ~ 10 --+--+---+- VBEl~+-p-__."'---+-+--t-i 

1--f- T J ~ 25'C 
~ -+-5 -1.21-H+t+--+-:=-!-=--t---t-t--H+-hl1.11 
2:. ~ ~I 
w 

~ - o.8 t-..--+++-1f-+--t--+--t-+-t-lh.l"*''-H 
§! YA' 

-0.4 1--1 VcElsat) ~ 
2N3244 

o.__....._._.__,_..._~..._~,__~...___.~...__,_...._.._._, 

-50 -100 -200 -500 -1000 -200 -400 -600 -800 -1000 
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II 

FIGURE 5 - JUNCTION CAPACITANCE 

200.--~.--..,.-,..-r-r..-.-n--r--r--.-.,.-,-.-~~~--. 
TJ = 25°C 

100~ 
MAX-
TYP---

10._ ........................................................................... __. ...... ..... 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 -20-30 

REVERSE BIAS (VOLTS) 

FIGURE 7 - CHARGE DATA 

20 
fJF = 10 --LIMIT -1 Or 2N3244 
TJ = 25°C --TYPICAL ~ 
Vee 30 v 10 

I"": 
~ ., 

""" 
kj 

~ 5.0 

w 

"' ~ u 2.0 

1.0 

0.5 
-50 

~-1-1 
J,,.-""" 

).-" 1"'I 
QA 2N3244 ...-I Id 
·L-v ,;" 

-100 -200 -500 -1000 

le. COLLECTOR CURRENT (mA) 

FIGURE 9 - TURN-OFF EQUIVALENT TEST CIRCUIT 

+ 8 5 v 

I 
0 

-1L5V J ~ 

-j '.J,, i.-'· I 
DUTY CYCLE= 2% 

10 < t1 < 500 µS 

t1 < 5 ns 
t, > lµs 

-30 v 

SCOPE 

2N3244 
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FIGURE 6 - TYPICAL SWITCHING TIMES 

Is 
Vee 

fJF 10 VaE 
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~ 

30 v 
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~ 80 
>= 
~ 

....... 
........ fJF 20 
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... fJF 30 ~ ~ ....... ~ 1o""SI ::s 
........ cs: 
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~ 
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~ 
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le. COLLECTOR CURRENT (mA) 

FIGURE 8 - TURN-ON EQUIVALENT TEST CIRCUIT 

+2V9-f 
-10.75 v LJ 

PW= 200 ns 
RISE TIME !!G 2 ns 
DUTY CYCLE ::::: 2% 

-JOV 

200 fl 

FIGURE 10 - QT TEST CIRCUIT 

_ll 
.J ~10 .. 

DUTY CYCLE= 2% 1400 pf mu 

SCOPE 

FIGURE 11 - TURN-OFF WAVEFORM 

TIME--+ 
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MAXIMUM RATINGS 

2N3250 
Rating Symbol 2N3251 2N3251A Unit 

Collector-Emitter Voltage Vern -40 -60 Vdc 

Collector-Base Voltage Vcso -50 -60 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current le -200 mAdc 

Total Device Dissipation @ TA = 25'C Po 0.36 Watt 
Derate above 25'C 2.06 mW/'C 

Total Device Dissipation @ Tc = 25°C Po 1.2 Watts 
Derate above 25°C 6.9 mW/'C 

Operating and Storage Temperature TJ, Tstg -65 to +200 
'C 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 486 'C/W 

Thermal Resistance, Junction to Case RoJC 146 'C/W 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 2N3250, 2N3251 
lie= -10 mAdc) 2N3251A 

Collector-Base Breakdown Voltage 2N3250, 2N3251 
lie = -10 µ.Ade) 2N3251A 

Emitter-Base Breakdown Voltage 
IE = -10 µ.Ade) 

Collector Cutoff Current 
(VcE = -40 Vdc, VEB = -3.0 Vdc) 

Base Cutoff Current 
(VcE = -40 Vdc, VEB = -3.0 Vdc) 

ON CHARACTERISTICS 

DC Forward Current Transfer Ratio 
lie= -0.1 mAdc, VcE = -10 Vdc) 2N3250 

2N3251, 2N3251A 

lie= -1.0 mAdc, VcE = -1.0 Vdc) 2N3250 
2N3251, 2N3251A 

lie= -10 mAdc, VcE = -1.0 Vdc)(1) 2N3250 
2N3251, 2N3251A 

lie = -50 mAdc, VcE = -1.0 Vdc)(1) 2N3250 
2N3251, 2N3251A 

Collector-Emitter Saturation Voltage (1) 
lie= -10 mAdc, ls= -1.0 mAdc) 
lie= -50 mAdc, ls= -5.0 mAdc 

Base-Emitter Saturation Voltage (1) 
lie = -10 mAdc, Is = -1.0 mAdc) 
lie = - 50 mAdc, Is = - 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 2N3250 
lie = -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 2N3251, 2N3251A 

Output Capacitance 
(Vcs = -10 Vdc, IE = o. f = 1.0 MHz) 

Input Capaciatance 
IVEB = -1.0 Vdc, le = 0, f = 1.0 MHz) 

2N3250 
2N3251,A* 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

t,z ~.~""'' 
3 // !Emitter 

2 1 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

lsL 

hfE 

VcE(sat) 

VsE(sat) 

tr 

Cobo 

Cibo 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

*2N3251A is a Motorola 
designated preferred device. 

Min Max 

-40 -
-60 

-50 -
-60 

-5.0 -

- -20 

- -50 

40 -
80 -

45 -
90 -

50 150 
100 300 

15 -
30 -

- -0.25 
- -0.5 

-0.6 -0.9 
- -1.2 

250 -
300 -
- 6.0 

- 8.0 

Unit 

Vdc 

Vdc 

Vdc 

nA 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 
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II 

2N3250, 2N3251,A 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Impedance 2N3250 hie 1.0 6.0 kohms 
Uc= -1.0 mA, VcE = -10 V, f = 1.0 kHz) 2N3251, 2N3251A 2.0 12 

Voltage Feedback Ratio 2N3250 hre - 10 x 10 4 
(le= -1.0 mA. VcE = -10 v, f = 1.0 kHz) 2N3251, 2N3251A - 20 

Small-Signal Current Gain 2N3250 hte 50 200 -
Uc= -1.0mA.Vce = -1ov,1=1.0kHz) 2N3251, 2N3251A 100 400 

Output Admittance 2N3250 hoe 4.0 40 µmhos 
Uc= -1.0mA,VcE = -10V,f= 1.0kHz) 2N3251, 2N3251A 10 60 

Collector Base Time Constant rb'Cc - 250 ps 
Uc= -10 mA, VcE = -20 V, f = 31.8 MHz) 

Noise Figure NF - 6.0 dB 
Uc= -100 µA, VcE = -5.0 v. Rs= 1.0 kfl, f = 100 Hz) 

SWITCHING CHARACTERISTICS 

Characteristic Symbol Max Unit 

Delay Time (Vee = -3.0 Vdc, VBE = +o.5 Vdc Id 35 ns 

Rise Time le= -10 mAdc, 191 = -1.0 mA) Ir 35 ns 

Storage Time le= -10 mAdc, 101 = 191 = -1.0 mAdc) 2N3250 Is 175 ns 
!Vee= -3.o v1 2N3251, 2N3251A 200 

Fall Time If 50 ns 

(1) Pulse Test: PW = 300 µ.s, Duty Cycle = 2.0%. 

SWITCHING TIME CHARACTERISTICS 

FIGURE 1 - DELAY AND RISE TIME FIGURE 2 - STORAGE AND FALL TIME 

TJ = 25'C 
le= -10181 ----" 
Vos= +0.5V 

N ]'\: JS.tr @Vee = -10 v 

500 

200 

cs: J.,..-t-" 

1"' -100 

v ~ 
........ ~ 

I"-.. 
1'b.J 

50 

20 

10 

-1 -2 -5 

_l _l 
TJ = 25'C 

le = 10 181 = 10 1s2 
Vee= -3v 

t, 
....,....,,_ 

~ 

~ 
If 

-10 -20 

5.._...._...._ ............ ...._ ................. ~..._...__,__,_~~ 
-1 -2 -5 -10 -20 -50 

le. COLLECTOR CURRENT lmA) le. COLLECTOR CURRENT (mA) 
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2N3250, 2N3251,A 

AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

(VcE = 6.0 V, TA= 25'C) 

FIGURE 3 - FREQUENCY FIGURE 4 - SOURCE RESISTANCE 

io~F-=~1K-C~~~-~~~~.-~~~~~~~~ 

If lff 
[\ le= -10mA/ ..LV 

~ '- SOURCE RESISTANCE = 4.3 K 
l---+--''1ol-+ ~,....-HI--- le= -10/LA -+-H 

>--+--+--+-+-+--SOURCE RESISTANCE= 1.6 K --t-H 

l 1 liO /LAl _UH 
100 200 400 !KC 2KC 4KC IOKC 20KC 40KC IOOKC 100 200 400 IK 2K 4K !OK 20K 40K IOOK 

f, FREQUENCY ICYCLESI R,. SOURCE RESISTANCE IOHMSI 

h PARAMETERS 
VcE = 10 V, f = 1.0 kc, TA= 25'C 

FIGURE 5 - CURRENT GAIN 

200 t--t-t-.,,.,..-+H-+-1-1:!;;;.l""FF-H~-j'j''· 1"'1'1 : 
vt1 i----""' "T I T 

100 ~+=f=:;t:+<~+f'.f+= 2N3250, 2N3250A 
801--~ ...... ~~--""'-l--l-+-Hf+++--+-+-1--1--1-1-H+I 

601---1--t--t--l-+-Hr+-++--+--+-+--t-t-t-H-ti 

50t---t--t---ll--t-+-l-l-+l-+--+-+-+-+-<-+-+++; 

®~~~--.__ ......... _._ ...... ...__.__.__.._..._._,_.........., 
-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 

le. COLLECTOR CURRENT lmA) 

FIGURE 7 -VOLTAGE FEEDBACK RATIO 

50 "S: 
t-., 

20~ "l 
~N t--. "'I 2N32s1, 2N3251A 

1'i--
10 l=:::t=:::t=~s;t:::t:ttffi;;:-..=+=+==t=t=+::t:l:::t+1 

5.0 l--+--+--1--t-+-t-t-'N:t"""'-+-+--"l'-""......,:t-t-..-t-t+t-H 

2N3259, 2N3250A ~ 

l ~r--t-+--1-!~ 
2.0 ...................... _.__.........__._ ........ ...__.__.__.._..__. ................ 

-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 
le. COLLECTOR CURRENT lmA) 

FIGURE 6 - OUTPUT ADMITTANCE 

200 ..---r--r---,--,....-...,.,..,..---,...-,...-.-.--.-J.d ..... ,..,.., 

100 ~E~l§~tt1Si~§E~~J....-'s;;~1-1m 
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1.0 ...................... __. ............................ _..__.__,__.._ ....................... 
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le. COLLECTOR CURRENT lmA) 

FIGURE 8 - INPUT IMPEDANCE 

~ 5.0 1---+--+--1--rsl.......,.~.-H>-+-+-+-:sl_IS_ 2N3251, 2N3251A 

§ ~ rs:: 
_;'! 2.0 ~ f'.hJ 

1---+--+--+- 2N3250, 2N3250A t-~---+-+--+N-tb,-N-+i 
!"-- ~ 

1.0 l==::::t=::::t=::::t::::t:::t:ttm==t=t=::::esrs;t;:::!::::t::!::tt1 

0.5 ..__.__.__.___ ............................... _._ ........ _..__..__._._...._, 

-0.1 -0.2 -0.5 -1.0 -2.0 -5.0 -10 
le. COLLECTOR CURRENT (mAdc) 
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2N3250, 2N3251,A 

FIGURE 9 - NORMALIZED CURRENT GAIN CHARACTERISTICS 

TJ = 125'C 

z l 
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74 - 2N3250 

u; 
::; 
0 

0.2 
-0.1 

-1.0 

-0.2 -0.5 

TYPICAL hfE = 167 - 2N3251, 2N3251A, JAN 2N3251A 

ll l l l l l l ll 
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FIGURE 10 - COLLECTOR SATURATION REGION 

~ -0.B 
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FIGURE 11 - SATURATION VOLTAGES 

VsE(s~ 
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This graph shows the effect of base current on collector current. (30 is the 
current gain of the transistor at 1 volt, and (3, (forced gainl is the ratio of lcilBF 
in a circuit. EXAMPLE, For type 2N325l, estimate a base current llBFI to insure 
saturation at a temperature of 25°C and a collector current of 10 mA. 

Observe that at le = 10 mA an overdrive· factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 1, it is seen that 
h"@ l volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for "worst-case" design) .. 

(30 hFE@ I Volt 
(3,=~ 

167 
2.5 = ID mAllBF IBF = -6.68 mA 

FIGURE 12 - TEMPERATURE COEFFICIENTS 

o.5 Bye for VcElsatl -1--+--4 25'C to 125'C 

-2.0 

-2.5 .... _..._ ...... _ _.__...__.___._ ..... _...__..__. 

-10 -20 -30 -40 -50 

le, COLLECTOR CURRENT lmA) 
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2N3250, 2N3251,A 

FIGURE 13 - fr AND •b'Cc versus le 

200 /~ 
~ 

VcE = -20V 
TA= 25•c 

le, COLLECTOR CURRENT lmAdcJ 

FIGURE 15 - JUNCTION CAPACITANCE 
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TJ = 25•c 
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170!} 

FIGURE 14 - 30 MC EQUIVALENT CIRCUIT 
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VcE = -10V; 
IE= +5.0 mA 
M.A.G. = 29 db !TYPICALLY) 
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2.2Kn 

FIGURE 16 - CHARGE DATA 
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MAXIMUM RATINGS 

Rating Symbol 2N3467 2N3468 

Emitter-Collector Voltage VcEO -40 -50 

Collector-Base Voltage Vcso -40 -50 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation @ TA = 25'C Po 1.0 
Derate above 25'C 5.71 

Total Device Dissipation @Tc = 25'C Po 5.0 
Derate above 25'C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 175 

Thermal Resistance, Junction to Case RoJC 35 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, Is= o) 2N3467 

2N3468 

Collector-Base Breakdown Voltage 
Oc = -10 µAde, IE= 0) 2N3467 

2N3468 

Emitter-Base Breakdown Voltage 
OE= -10 µAde, le= O) 

Base Cutoff Current 
(VcE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(VcE = -30 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current 
(Vcs = -30 Vdc, IE = O) 
(Vcs = -30 Vdc, IE = 0, TA= 100'C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = -150 mAdc, VcE = -1.0 Vdc) 2N3467 

2N3468 

(le = -500 mAdc, VcE = -1.0 Vdc) 2N3467 
2N3468 

(le= -1.0 Ade, VcE = -5.0 Vdc) 2N3467 
2N3468 

Collector-Emitter Saturation Voltage(1) 
Oc = -150 mAdc, Is = -15 mAdc) 2N3467 

2N3468 

Oc = -500 mAdc, Is = -50 mAdc) 2N3467 
. 2N3468 

Oc = -1.0 Ade, Is = -100 mAdc) 2N3467 
2N3468 

Base-Emitter Saturation Voltage(1) 
(le = -150 mAdc, Is = -15 mAdc) 
Oc = -500 mAdc, Is = -50 mAdc) 
Oc = -1.0 Ade, Is = -100 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

Watt 
mW/'C 

'C 

Unit 

'C!W 

'C!W 

2N3467* 
2N3468* 

CASE 79-04, STYLE 1 
T0-39 (T0-205ADI 

SWITCHING TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

IBEV 

ICEX 

lcso 

hFE 

VcE(sat) 

VBE(sat) 

PNP SILICON 

*These are Motorola 
designated preferred devices. 

Min Max 

-40 -
-50 -

-40 -
-50 -
-5.0 -

- -120 

- -100 

- -0.10 
- -15 

40 -
25 -

40 120 
25 75 

40 -
20 -

- -3.0 
- -0.36 

- -0.5 
- -0.6 

- -1.0 
- -1.2 

- -1.0 
-0.8 -1.2 
- -1.6 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

µAde 

-

Vdc 

Vdc 
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2N3467,2N3468 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
Uc = -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 2N3467 

2N3468 

Output Capacitance Cobo 
(Vee = -10 Vdc, le = o, f = 100 kHz) 

Input Capacitance C;bo 
(Vee = -0.5 Vdc, le = o. f = 1 oo kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Uc= -500mA,101 = -50 mA, Vee= ld 

Rise Time 2.0 v. Vee = 30 V) 
tr 

Storage Time 
He = -500 mA, 101 = 102 = -50 mA, Vee = -30 V) 

ts 

Fall Time tf 

Total Control Charge OT 
Uc = 500 mA, IB = 50 mA. Vee = 30 V) 

(1) Pulse Test: PW .; 300 µs, Duty Cycle "' 2.0%. 

~ 
c ... 
::. 
>= ... 
"' :; 
0 
:;; 
,; 

FIGURE 1 - STORAGE TIME VARIATION WITH TEMPERATURE 

2oor-.--r-ic-r-.--~--.--.--.--~-.--,-~...-..-. 

I le= 10191=10192 
Vee= -30V 

-TJ = 25'C 
-- -TJ = 125°C 

100 -.;;;:_:;,,, :! =f:JJ 

70 
- f3F 10,20 ..... 

50 

30 

20 
-50 -70 -100 -200 -300 -500 - 700 -1000 

le, COLLECTOR CURRENT {mA} 

FIGURE 2 - LIMITS OF SATURATION VOLTAGE 
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-

-

-
-
-
-
-
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2N3467,2N3468 

FIGURE 3 - MINIMUM CURRENT GAIN CHARACTERISTICS 
2N3467 
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le, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Emitter-Collector Voltage VcEQ -120 

Collector-Base Voltage Vceo -120 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous le -100 

2N3495 ZN3497 

Total Device Dissipation @!TA = 25°C Po 600 400 
Derate above 25°C 3.43 2.28 

Total Device Dissipation@ Tc = 25"C* Po 3.0 1.2 
Oerate above 25°C 17.2 6.85 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

*Indicates Data in addition to JEDEC Requirements. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 486 

Thermal Resistance, Junction to Case RoJC 146 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Oc = -10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
OE= -10 µAde, le= O) 

Collector Cutoff Current 
(Vee = -90 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = - 3.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
(le = -100 µAde, VcE = -10 Vdc) 
Oc = -1.0mAdc,Vce = -10Vdc) 
(le = -10 mAdc, Vee = -10 Vdc) 
Oc = -50mAdc,VcE = -10Vdc) 

Collector-Emitter Saturation Voltage 
Oc = -10 mAdc, le= -1.0 mAdc) 

Base-Emitter Saturation Voltage 
Oc = -10 mAdc, le= -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = -20 mAdc, Vee= -10 Vdc, f = 100 MHz) 

Output Capacitance 
!Vee= -10 Vdc, le= o, f = 1.0 MHz) 

Input Capacitance 
(Vee = - 2.0 Vdc, le = o, f = 1.0 MHz) 

Input Impedance 
Oc = -10 mAdc, Vee= -1 O Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 
!le= -10 mAdc, Vee= -10Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Oc = -10 mAdc, Vee= -10 Vdc, f = 1.0 kHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mWl°C 

Watts 
mWl°C 

·c 

Unit 

0 ctw 
0 ctw 

2N3495 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

2N3497 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Symbol Min Max 

V(BR)CEO -120 -

V(BR)CBO -120 -

V(BR)EBO -4.5 -

lceo - -100 

IEBO - -25 

hFE 
35 -
40 -
40 -
40 -

Vce(sat) - -0.35 

VBE(sat) -0.6 -0.9 

tr 150 -

Cobo - 6.0 

Cibo - 30 

Hie 0.1 1.2 

hre - 2.0 

hfe 40 300 
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2N3495, 2N3497 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic 

Output Admittance 
Uc= -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Real Part of Input Impedance 
Uc = -20 mAdc, VcE = -10 Vdc, f = 300 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
(Vee= -30 Vdc, le= -10 mAdc, 191 = -1.0 mAdc) 

Turn-Off Time 
(Vee =-30Vdc, le =-10mAdc, 191=192 =-1.0 mAdc) 

(1) Pulse Test: Pulse Width "'300 1£S, Duty Cycle = 2.0%. 
(2) fy is defined as the frequency at which hfe extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST CIRCUIT 
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I 

tr.;;;; 10 ns 
q.;; lDµs 
DUTY CYCLE.;; 2.0% 
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FJGUR.ii. 3 - VcE (sat) versus le 
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FIGURE 5 - hFE versus le 
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12.5~f 25°C 
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Symbol Min Max Unit 

hoe - 300 /£mhos 

Re(hiel - 30 Ohms 

Ion - 300 ns 

loff - 1000 ns 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 
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I 
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FIGURE 4 - IC80 versus TA 
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FIGURE 6 - VeE versus 1.c 
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FIGURE 7 - fT versus le FIGURE 8 - eaeo versus Vee 
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FIGURE 9 - e1eo versus VEe 
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MAXIMUM RATINGS 

2N3500 Unit 
Rating Symbol 2N3499 2N3501 

Collector-Emitter Voltage VcEO 100 150 Vdc 

Collector-Base Voltage Vceo 100 150 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 500 300 mAdc 

Total Device Dissipation@ TA= 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mwrc 

Total Device Dissipation @ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mwrc 

Operating and Storage Junction TJ, Tstg -65to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 175 •ctw 
Thermal Resistance, Junction to Case R9JC 35 •etw 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic J Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 2N3499 V(BR)CEO 
lie = 10 mAdc, le = O) 2N3500, 2N3501 

Collector-Base Breakdown Voltage 2N3499 V(BR)CBO 
lie = 10 µAde, IE = O) 2N3500, 2N3501 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 10 µAde, le = O) 

Collector Cutoff Current lceo 
(Vee.= 50 Vdc, IE = 0) 2N3499 
(Vee = 50 Vdc, IE = 0, TA= 150°C) 
(Vee = 75 Vdc, IE = 0) 2N3500, 2N3501 
(Vee = 75 Vdc, IE = o. TA= 150°C) 

Emitter Cutoff Current IEBO 
(VEBJ!>f:!L = 4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie= 0.1 mAdc, VcE = 10 Vdc) 2N3500 

2N3499, 2N3501 

lie = 1.0 mAdc, VcE = 10 Vdc) 2N3500 
2N3499, 2N3501 

lie = 10 mAdc, VcE = 10 Vdc)(1) 2N3500 
2N3499, 2N3501 

lie= 150 mAdc, VcE = 10 Vdc)(1) 2N3500 
2N3499, 2N3501 

lie = 300 mAdc, Vee = 10 Vdc)(1) 2N3500 
2N3501 

lie = 500 mAdc, VcE = 10 Vdc)(1) 2N3499 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
lie = 10 mAdc, le= 1.0 mAdc) All Types 
lie = 50 mAdc, le = 5.0 mAdc) All Types 
lie = 150 mAdc, le = 15 mAdc) 2N3500, 2N3501 
lie= 300 mAdc, le= 30 mAdc) 2N3499 

2N3499 
thru 2N3501 * 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

31/! ~-©'-
2 1· 1 Emitter 

Min 

100 
150 

100 
150 

6.0 

-
-
-
-
-

20 
35 

25 
50 

35 
75 

40 
100 

15 
20 

20 

-
-
-
-

GENERAL PURPOSE 
TRANSISTORS 

NPNSILICON 

*2N3501 is a Motorola 
designated preferred device. 

Typ Max 

- -
- -
- -
- -
- -
- -

- -0.050 
- 50 
- 0.050 
- 50 

- 25 

- -
- -

- -
- -

- -
- -
- 120 
- 300 

- -
- -
- -

- 0.2 
- 0.25 
- 0.4 
- 0.6 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

-

Vdc 
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2N3499 thru 2N3501 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic 

Base-Emitter Saturation Voltage(1) 
lie = 10 mAdc, 19 = 1.0 mAdc) All Types 
lie = 50 mAdc, 19 = 5.0 mAdc) All Types 
lie = 150 mAdc, Is = 15 mAdc) 2N3500, 2N3501 
lie = 300 mAdc, Is = 30 mAdc) 2N3499 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
(VcE = 20 Vdc, le = 20 mAdc, I = 100 MHz) 

Output Capacitance 2N3499 
IVcs = 10 Vdc, IE = 0, I = 1.0 MHz) 2N3500, 2N3501 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, I = 1.0 MHz) 

Input Impedance 2N3500 
lie = 10 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 2N3499, 2N3501 

Voltage Feedback Ratio 2N3500 
lie = 10 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 2N3499, 2N3501 

Small-Signal Current Gain 2N3500 
lie = 10 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 2N3499, 2N3501 

Output Admittance 2N3500 
lie = 10 mAdc, VcE = 10 Vdc, I= 1.0 kHz) 2N3499, 2N3501 

SWITCHING CHARACTERISTICS 

Delay Time 
lie = 150 mAdc, 191 = 15 mAdc, Vee = 100 Vdc, VsE(off) = -2.0 Vdc) 

Rise Time 
lie = 150 mAdc, 191 = 15 mAdc, Vee = 100 Vdc, VsE(off) = -2.0 Vdc) 

Storage Time 
lie = 150 mAdc, 191 = ls2 = 15 mAdc, Vee = 100 Vdc) 

Fall Time 
lie = 150 mAdc, 191 = 192 = 15 mAdc, Vee = 100 Vdc) 

(1) Pulse Test: Pulse Width ,,; 300 µs, Duty Cycle ,,; 2.0%. 
(2) f"r = lhtel • ftest· 

Symbol 

V9E(sat) 

f"r 

Cobo 

Cibo 

hie 

hre 

hte 

hoe 

ld 

tr 

ts 

If 

Min Typ 

- -
- -
- -
- -

150 -

- -
- -
- -

0.2 -
0.25 -
- -
- -

50 -
75 -

- -
- -

- 20 

- 35 

- 800 

- 80 
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Max Unit 

Vdc 
0.8 
0.9 
1.2 
1.4 

- MHz 

10 pF 
8.0 

80 pF 

1.0 k ohms 
1.25 

2.5 x 10-4 
4.0 

300 - • 375 

100 µmhos 
200 

- ns 

- ns 

- ns 

- ns 
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2N3499 thru 2N3501 

2N3501 
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FIGURE 5 - "ON" VOLTAGES 
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FIGURE 6 - TEMPERATURE COEFFICIENTS 
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2N3499 thru 2N3501 

AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
IVcE = 10 Vdc, TA= 25°C, f = 1.0kHz) 

FIGURE 8 - CURRENT GAIN 
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MAXIMUM RATINGS 

Characteristic Symbol Value 

Collector-Emitter Voltage Vern -12 

Collector-Base Voltage Vcso -15 

Emitter-Base Voltage VEBO -4.5 

DC Collector Current le -200 

Total Device Dissipation @ TA = 25°C Po 0.36 
Derate above 25°C 2.06 

Total Device Dissipation@ Tc = 25°C Po 1.2 
Derate above 25°C 6.9 

Operating and Storage Temperature 
Temperature Range 

TJ. Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 0.49 

Thermal Resistance, Junction to Case RoJC 0.15 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) (le= -10 mAdc, ls= O) 

Collector-Base Breakdown Voltage lie= -10 µAde, IE= 0) 

Emitter-Base Breakdown Voltage llE = -10 µAde, le= O) 

Base Cutoff Current (VcE = -10 Vdc, VEB = -3.0 Vdc) 

Collector Cutoff Current (VcE = -10 Vdc, Vrn = -3.0 Vdc) 

Collector Cutoff Current !Vcs = -10 Vdc) 
!Vcs = -10 Vdc, TA= 150°C) 

ON CHARACTERISTICS 

DC Current Gain 
lie = 1.0 mAdc, VcE = -1.0 Vdc) 
lie= 10mAdc,VcE = -1.0Vdc)(1) 
lie= 10 mAdc, VcE = 1.0 Vdc, TA= -55°C)(1) 
lie = 50 mAdc, VcE = 1.0 Vdc)(1) 
lie = 100 mAdc, VcE = 1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage (1) 
lie = -10 mAdc, Is = -1.0 mAdc) 
lie = -50 mAdc, Is = -5.0 mAdc) 
(le = -100 mAdc, Is = -10 mAdcl 

Base-Emitter Saturation Voltage (1) 
lie= -10 mAdc, ls= -1.0 mAdc) 
(le = -50 mAdc, Is = -5.0 mAdc) 
(le= -100 mAdc, Is= -10 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le = -10 mAdc, VcE = -10 Vdc, I = 100 MHz) 

Output Capacitance 
(Vcs = -10 Vdc, IE = o. I= 1.0 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, le = 0, I = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watts 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

2N3546 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

3 Collector 

.:.() 
1 Emitter 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -12 - Vdc 

V(BR)CBO -15 - Vdc 

V(BR)EBO -4.5 - Vdc 

IBEV - -0.10 µAde 

ICEX - -0.010 µAde 

lcso - -0.010 µAde 
- -10 

hFE -
20 -
30 120 
15 -
25 -
15 -

VcE(sat) Vdc 
- -0.15 
- -0.25 
- -0.50 

VBE(sat) Vdc 
-0.7 -0.9 
-0.8 -1.3 
- -1.6 

tr 700 - MHz 

Cobo - 6.0 pF 

Cibo - 5.0 pF 
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2N3546 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time le = -50 mA, 101 = -5.0 mA td - 10 ns 

Rise Time VsE = 2.0 V, Vee = -3.0 v tr - 15 ns 

Storage Time le= -50 mA, 101 = 102 = -5.0 mA ts - 20 ns 

Fall Time Vee= -3.o v tf - 15 ns 

Turn-On Time ton - 40 ns 

Turn-Off Time to ff - 30 ns 

Total Control Charge QT - 400 pC 
Oc = 50 mA, Is = 5.0 mA, Vee = 3.0 V) 

(1) Pulse Test: PW = 300 µ,s, Duty Cycle"' 2.0%. 

FIGURE 1 - LIMITS OF SATURATION VOLTAGES FIGURE 2 - STORAGE TIME BEHAVIOR 
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FIGURE 3 - DELAY AND RISE TIME 
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FIGURE 4 - STORAGE AND FALL TIME 
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FIGURE 5 - SWITCHING TIME 
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2N3546 

FIGURE 8 - MINIMUM CURRENT GAIN CHARACTERISTICS 
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MAXIMUM RATINGS 

2N3634 2N3636 
Rating Symbol 2N3635 2N3637 Unit 

Collector-Emitter Voltage VcEQ -140 -175 Vdc 

Collector-Base Voltage Vcso -140 -175 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Current - Continuous le -1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mWfC 

Total Device Dissipation@ Tc = 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mWfC 

Operating and Storage Junction TJ. Tstg -65 to +200 
"C 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 175 "C/W 

Thermal Resistance, Junction to Case R9JC 35 "C/W 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, ls= O) 

Collector-Base Breakdown Voltage 
Oc = -100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
IE = -10 µ.Ade, le = O) 

Collector Cutoff Current 
(Vee = -100 Vdc, IE = O) 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -0.1 mAdc,VcE = -10Vdc) 

Oc = -1.0mAdc,VcE = -10Vdc) 

Oc = -10 mAdc, VcE = -10 Vdc)(1) 

Oc = -50 mAdc, VcE = -10 Vdc)(1) 

(le = -150 mAdc, VcE = -10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
Oc = -10 mAdc, ls= -1.0 mAdc) 
(le= -50 mAdc, Is = -5.0 mAdc) 

Base-Emitter Saturation Voltage(1) 
(le= -10 mAdc, Is= -1.0 mAdc) 
Oc = -50 mAdc, Is = -5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(VcE = -30 Vdc, le = -30 mAdc, f = 100 MHz) 

2N3634, 2N3635 
2N3636, 2N3637 

2N3634. 2N3635 
2N3636, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634, 2N3636 
2N3635, 2N3637 

2N3634 
thru 

2N3637 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

ii1 ~~'"""' 
3 ~ ![ 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lcso 

IEBO 

hfE 

VCE(sat) 

VBE(sat) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSIUCON 

Min 

-140 
-175 

-140 
-175 

-5.0 

-

-

40 
80 

45 
90 

50 
100 

50 
100 

25 
50 

-
-

-
-0.65 

150 
200 

Max 

-
-
-
-
-

-100 

-50 

-
-
-
-

-
-
150 
300 

-
-

-0.3 
-0.5 

-0.8 
-0.9 

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 
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2N3634 thru 2N3637 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max 

Output Capacitance Cobo - 10 
(Vcs = -20 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 75 
(VEB = -1.0 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance hie 
Oc = -10 mAdc, VcE = -10Vdc,f = 1.0kHz) 2N3634, 2N3636 100 600 

2N3635, 2N3637 200 1200 

Voltage Feedback Ratio hre - 3.0 
lie= -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain hfe 
Oc = -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 40 160 

2N3635, 2N3637 80 320 

Output Admittance hoe - 200 
lie = -10 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Noise Figure NF - 3.0 
!le = -0.5 mAdc, VcE = -10 Vdc, Rs = 1.0 k ohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Vee = -100 Vdc, VsE = 4.0 Vdc, Ion 400 
Turn-Off Time le = - 50 mAdc, ls1 = ls2 = -5.0 mAdc) loft 600 

(1) Pulse Test: Pulse Width ,,; 300 JLS, Duty Cycle ,,; 2.0%. 

FIGURE 1 - JUNCTION CAPACITANCE VARIATIONS FIGURE 2 - GAIN-BANDWIDTH PRODUCT 
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~ y 
v 
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LI 
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lL 
~ v 

Unit 

pF 

pF 

ohms 

x 10-4 

-

JLmhos 

dB 

ns 

ns 

-0.1 -0.2-0.3-0.5 -1.0 -2.0-3.0-5.0 -10 -20-30-50 -100 
50 
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2N3634 thru 2N3637 

FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
2N3634 

2N3634 
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FIGURE 4 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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2N3634 thru 2N3637 

FIGURE 5 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
2N3636 

2N3636 
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FIGURE 6 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 

1.0 

1------t----t-----+-----+--+----+----+----+-+-+--------l'-------l----+---+-+----+----+----+--+-+- 2N3636-2N3637 -j 
TJ = 25°C 

z 1.0 
< 
"' .... 0.7 z 

!ri 
:::> 0.5 u 
u 
0 

f-----+-----+-----4-----1----1----1-----1--+-----+---+------1-K____,,. ...... &_----1-_--1--::S:__,,._J'S:---+---1--.l--4 VcE = -10 ~ 
0 

~ 0.3 
:::;; 

"' 
NORMALIZED TO VcE = -10 V, le = - 50 mA 

0 0.2 z 

0.1 
-1.0 -2.0 -3.0 -5.0 -7.0 -10 -20 -30 -50 -70 -100 -200 

le, COLLECTOR CURRENT (mA) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-70 



2N3634 thru 2N3637 

FIGURE 7 - INPUT IMPEDANCE 
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FIGURE 9 - CURRENT GAIN 
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FIGURE 8 - OUTPUT IMPEDANCE 
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FIGURE 10 - VOLTAGE FEEDBACK RATIO 
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2N3634 thru 2N3637 

FIGURE 11 - SATURATION VOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 
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FIGURE 13 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 14 - TURN-ON TIME VARIATIONS WITH VOLTAGE FIGURE 15 - TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -40 

Collector-Base Voltage Vcso -40 

Emitter-Base Voltage VEBQ -5.0 

Collector Current - Continuous le -1.5 

T0-39 
2N3762 

Total Device Dissipation@ TA = 25'C Po 1.0 
Derate above 25'C 5.71 

Total Device Dissipation @Tc = 25'C Po 4.0 
Derate above 25'C 22.8 

Operating and Storage Junction TJ. Tstg -65 to -t-200 
Temperature Range 

Lead Temperature TL +235 
1 /16" from Case for 10 Seconds 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 175 

Thermal Resistance, Junction to Case ReJC 44 

ELECTRICAL CHARACTERISTICS IT A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = -10 mAdc, Is= O) 

Collector-Base Breakdown Voltage 
Oc = -10 JLAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
OE= -10 JLAdc, le= O) 

Collector Cutoff Current 
IVcE = -20 Vdc, VEB = -2.0 Vdc) 
(VcE = -20 Vdc, VEB = -2.0 Vdc, TA= 100'C) 

Base Cutoff Current 
IVcE = -20 Vdc, VEB = -2.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Oc = -10 mAdc, VcE = -1.0 Vdc) 
Oc = -150 mAdc, VcE = -1.0 Vdc) 
Oc = -500 mAdc, VcE = -1.0 Vdc) 
Oc = -1.0Adc,VcE = -1.5 Vdc) 

lie= -1.5 Ade, VcE = -5.0 Vdc) 

Collector-Emitter Saturation Voltage(1) 
lie= -10 mAdc, 19 = -1.0 mAdc) 
Oc = -150 mAdc, 19 = -15 mAdc) 
(le = -500 mAdc, 19 = -50 mAdc) 
Oc = -1.0 Ade, 19 = -100 mAdc) 

Base-Emitter Saturation Voltage(1) 
Oc = -10 mAdc, 19 = -1.0 mAdc) 
(le= -150 mAdc, 19 = -15 mAdc) 
Oc = -500 mAdc, 19 = -50 mAdc) 
Uc= -1.0 Ade, Is= -100 mAdc) 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

'C 

Unit 

'C/W 

'C/W 

2N3762 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

3 Collector 

.;~ 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBL 

hFE 

VcE(sat) 

VsE(sat) 

1 Emitter 

SWITCHING 
TRANSISTOR 

PNP SILICON 

Min Max 

-40 -

-40 -

-5.0 -

- -0.10 
- -10 

- -0.2 

35 -
40 -
35 -
30 120 

30 -

- -0.1 
- -0.22 
- -0.5 
- -0.9 

- -0.8 
- -1.0 
- -1.2 

-0.9 -1.4 
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Vdc 

Vdc 

Vdc 

JLAdc 

JLAdc 

-

Vdc 

Vdc 
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2N3762 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance Cobo - 15 pf 
(Vee= -10 Vdc, IE= 0, f = 1.0 MHz) 

Input Capacitance 
(VEe = -0.5 Vdc, le = o, f = 1.0 MHz) 

Cibo - 80 pf 

Current Gain - High Frequency lhtel 1.8 - -
lie = -50 mAdc, VcE = -10 Vdc, f = 100 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = -30 V, VeE = 2.0 v, td - 8.0 ns 

Rise Time le= -1.0Amp,te1 = -100mA) tr - 3.5 ns 

Storage Time Vee = -30 v, le = -1.0 Amp, Is - 80 ns 

Fall Time le1 = le2 = -100 mA) 
If - 35 ns 

Total Control Charge Cl,. - 30 pC 
lie= -1.0 Amp, le= -100 mA, Vee= -30 V) 

(1) Pulse Test: PW "" 300 µ.s, Duty Cycle "" 2.0%. 

"ON" CONDITION CHARACTERISTICS 

~ 
IS 
~ 
j 

FIGURE 1 - DC CURRENT GAIN 

300 I I I l__I 
- VcE = -1.0V 

200 1---+--+--l--t--l--l-tT-Jt-=-t1-t75-0C--+--t-'--_-+l--·--l-i-· -I-+.::::!: _,= ... lri-s.,.ri=.:-::± _,,_.:-: ·-=--. .,+ · - VcE = -10 V -

..._ -· -1-"i'- ... 150 

100 

70 

50 

30 
-1.0 -2.0 -5.0 

2 

-10 -20 -50 -100 -200 -500 -1000 

I,, COLLECTOR CURRENT !mAl 

FIGURE 2 - COLLECTOR SATURATION REGION 

This graph shows the effect of base current on collector current. {Jo (cur· 
rent gain at the edge of saturation) is the current gain of the transistor at I 
volt, and {JF (forced gain) is the ratio of lc/laF in a circuit. EXAMPLE: For type 
2N3734, estimate a base current 01,l toillsure saturation at a temperature of 
25°C and a collector of 500 mA. • 

Observe that at le = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure I, ii is seen 
that hFe@ I volt is typically 54 (guaranteed limits from the Table of Char
acteristics can be used for "worst-case" design). 

2=--54_ 
500 mA/laF l1F = 18.5 mA lyp 

{Jo/ fJ•, OVERDRIVE FACTOR 
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2N3762 

FIGURE 3 - "ON" VOLTAGES FIGURE 4 - TEMPERATURE COEFFICIENTS 
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FIGURE 8 - INPUT ADMITTANCE FIGURE 9 - EFFECT OF BASE-EMITTER RESISTANCE 
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FIGURE 12 - STORAGE TIME 
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FIGURE 16 -ACTIVE REGION SAFE OPERATING AREAS 
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MAXIMUM RATINGS 

Characteristic Symbol Max 

Collector-Emitter Voltage Vern -60 

Collector-Base Voltage Vcso -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -50 

Total Device Dissipation @ TA = 25°C Po 0.36 
Derate above 25°C 2.06 

Total Device Dissipation @ Tc = 25°C Po 1.2 
Derate above 25°C 6.86 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 0.49 

Thermal Resistance, Junction to Case RoJC 0.15 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -10 mAdc, Is= o) 

Collector-Base Breakdown Voltage 
Uc= -10 µ.Ade, IE= 0) 

Emitter-Base Breakdown Voltage 
UE = -10 µ.Ade, le= O) 

Collector Cutoff Current 
(Vee= -50 Vdc, IE = 0) 
(Vcs = -50 Vdc, IE = o, TA = 150°C) 

Emitter Cutoff Current 
(VEB = -4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -1.0 µAde, VcE = -5.0 Vdc) 
Uc = -10 µ.Ade, VcE = -5.0 Vdc) 
Uc = -100 µAde, VcE = -5.0 Vdc) 
Uc= -100 µ.Ade, VcE = -5.0 Vdc, TA= -55°C) 
Uc = -500 µ.Ade, VcE = -5.0 Vdc) 
Uc = -1.0 mAde, VcE = -5.0 Vdc) 
Uc= -10 mAdc, VcE = -5.0 Vdc)(1) 

Collector-Emitter Saturation Voltage 
Uc= -100µ.Adc,ls = -10µ.Adc) 
Uc = -1.0 mAdc, Is = -100 µ.Ade) 

Base-Emitter Saturation Voltage 
Uc= -100 µ.Ade, Is= -10 µAde) 
Uc = -1.0 mAde, Is = -100 !'Ade) 

Base-Emitter On Voltage 
Uc= -100µAdc,VcE = -5.0Vdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWFC 

Watts 
mW/°C 

oc 

Unit 

°C/mW 

°C/mW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

2N3799* 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

1 Emitter 

AMPLIFIER TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

-60 - -

-60 - -

-5.0 - -

- - -0.01 
- - -10 

- - -20 

75 - -
225 - -
300 - -
150 - -
300 - 900 
300 - -
250 - -

- - -0.2 
- - -0.25 

- - -0.7 
- - -0.8 

- - -0.7 

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

nAdc 

-

Vdc 

Vdc 

Vdc 
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ELECTRICAL CHARACTERISTICS (continued) (TA = .25°C unless otherwise noted.I 

Characteristic I Symbol 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = -500 µ,Ade, VcE = -5.0 Vdc, f = 20 MHz) 
Oc = -1.0 mAdc, VcE = - 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

Input Impedance 
Oc = -1.0 mAdc, VcE = -10 Vdc, I= 1.0 kHz) 

Voltage Feedback Ratio 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Output Admittance 
Oc = -1.0 mAdc, VcE = -10 Vdc, f = 1.0 kHz) 

Noise Figure 
Oc = -100 µ,Ade, VcE = -10 Vdc, RG = 3.0 k ohms), 

f = 100 Hz, B.W. = 20 Hz 
Spot 

f = 1.0 kHz, B.W. = 200 Hz 
Noise 

f = 10 kHz, B.W. = 2.0 kHz 

f = 1.0kHz 

(1) Pulse Test: Pulse Width"' 300 µ,s, Duty Cycle"' 2.0% 
(2) f,- is defined as the frequency at which lhtel extrapolates to unity. 

SPOT NOISE FIGURE 
(VcE = 10 Vdc, TA= 25°C) 

t,-

Cobo 

Cibo 

hie 

hre 

hte 

hoe 

NF 

Min Typ Max Unit] 

MHz 
30 - -
100 - 500 

- - 4.0 pF 

- - 8.0 pF 

10 - 40 k ohms 

- - 25 x 10-4 

300 - 900 -

5.0 - 60 µ,mhos 

dB 

- 2.5 4.0 

- 0.8 1.5 

- 0.8 1.5 

- 1.5 2.5 

FIGURE 1 - SOURCE RESISTANCE EFFECTS, f = 1.0 kHz FIGURE 2 - SOURCE RESISTANCE EFFECTS. f = 10 Hz 
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FIGURE 3 - FREQUENCY EFFECTS 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 60 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 200 

Total Device Dissipation @ TA = 25'C Po 0.36 
Derate above 25'C 2.06 

Total Device Dissipation@ Tc = 25'C Po 1.2 
Derate above 25'C 6.9 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 0.15 

Thermal Resistance, Junction to Ambient ROJA 0.49 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Oc = 10 mAdc) 

Collector-Base Breakdown Voltage 
Oc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = O) 

Collector Cutoff Current 
(VcE = 40 Vdc, VEB = 3.0 Vdc) 
(VcE = 40 Vdc, VEB = 3.0 Vdc, TA = 150'C) 

Base Cutoff Current 
(VcE = 40 Vdc, Vrn = 3.0 Vdc) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = 0.1 mAdc, VcE = 1.0 Vdc) 
Oc = 1.0 mAdc, VcE = 1.0 Vdc) 
Oc = 10 mAdc, VcE = 1.0 Vdc)(l) 
Oc = 50 mAdc, VcE = 1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, Is = 5.0 mAdc) 

Base-Emitter Saturation Voltage(l) 
Oc = 10 mAdc, Is = 1.0 mAdc) 
Oc = 50 mAdc, Is = 5.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain - Bandwidth Product 
(le = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW/'C 

Watts 
mW/'C 

3 
'C 

Unit 

'C/mW 

'C/mW 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

ICEX 

IBL 

hfE 

VcE(sat) 

VBE(sat) 

fr 

Cobo 

2N3947* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

.:.~ 
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

40 -

60 -

6.0 -

- 0.010 
- 15 

- .025 

60 -
90 -
100 300 
40 -

- 0.2 
- 0.3 

0.6 0.9 
- 1.0 

300 -

- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

µ.Ade 

µ.Ade 

-

Vdc 

-

MHz 

pF 
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ELECTRICAL CHARACTERISTICS !continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Input Capacitance Cibo - 8.0 pf 
(VEB = 1.0 Vdc, le = 0, I= 1.0 MHz) 

Input Impedance hie 2.0 12 kohms 
!le = 1.0 mA, VcE = 10 V, I= 1.0 kHz) 

Voltage Feedback Ratio hre - 20 x 10-4 
!le = 1.0 mA, VcE = 10 V, I= 1.0 kHz) 

Small-Signal Current Gain hte 100 700 -
!le = 1.0 mA, VcE = 10 V, I = 1.0 kHz) 

Output Admittance hoe 5.0 50 µmhos 
!le = 10 mA, VcE = 10 v, I = 1.0 kHz) 

Collector Base Time Constant rb'Cc - 200 ps 
!le= 10 mA. VcE = 20 V, I= 31.8 MHz) 

Noise Figure NF - 5.0 dB 
!le = 100 µA, VcE = 5.0 V, Rg = 1.0 k!1, I= 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time Vee = 3.0 Vdc, VBE = -o.5 Vdc Id - 35 ns 

Rise Time le = 10 mAdc, IB1 = 1.0 mA t, - 35 ns 

Storage Time Vee = 3.o v. le = 10 mA, ts - 375 ns 

Fall Time IB1 = IB2 = 1.0 mAdc If - 75 ns 

(1) Pulse Test: PW .;; 300 µs, Duty Cycle .;; 2% 

TYPICAL SWITCHING CHARACTERISTICS 
(TA = 25°C unless otherwise noted) 

FIGURE 1 - DELAY AND RISE TIME 

30 rs; ::s: b.. 
~ 1---+~t--1-i,__-i""'~r-::os=ov".S:_..~..+--i--if-+~+--1 

10 ..._...__ ........ _ ........ _11HI ................. _...-.;;;__._t-..,,, ................ _. 
1.0 2.0 3.0 5.0 7.0 10 20 30 so 

le. COLLECTOR CURRENT lmAJ 

FIGURE 2 - RISE TIME 

SOD .---.--.--.-...---..-,.--,...,....rrr~-i..--...--i~i...---r-i 

300 ~ Vee= 15 Volts H 

le/16 =10 ~ 
- T, = 25°C -t-1 

30 >---<~+-+-+--+--+--+--+->-++~--<~+--+-+---+-..... 

20 1----if--+-+-+--+--+-+++++~~~+-+-+--+-1 
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AGURE 3 - STORAGE AND FALL TIMES 
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FIGURE 4 - TURN-ON TIME EQUIVALENT TEST CIRCUIT FIGURE 5 - TURN-OFF TIME EQUIVALENT TEST CIRCUIT 
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AUDIO SMALL-SIGNAL CHARACTERISTICS 

FIGURE 6 - NOISE FIGURE VARIATIONS 
VcE = 5.0 V, TA = Z5"C 
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FIGURE 9 - INPUT IMPEDANCE 
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FIGURE 11 - CURRENT GAIN CHARACTERISTICS 
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2N3947 

FIGURE 15 - "ON" VOLTAGES FIGURE 16 - TEMPERATURE COEFACIENTS 
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MAXIMUM RATINGS 

Rating Symbol 2N3964 2N3963 

Collector-Emitter Voltage Vern -45 -80 

Collector-Base Voltage Vcso -45 -80 

Emitter-Base Voltage VEBO -6.0 

Collector Current - Continuous le -200 

Total Device Dissipation Po 
@TA= 25'C 0.36 
Derate above 25'C 2.06 

Total Device Dissipation Po 
@Tc= 25'C 1.2 
Derate above 25'C 6.85 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 486 

Thermal Resistance, Junction to Case RoJC 146 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -5.0 mAI 2N3963 

2N3964 

Collector-Emitter Breakdown Voltage 
Oc = -10µA) 2N3963 

2N3964 

Collector-Base Breakdown. Voltage 
Oc = -10µA) 2N3963 

2N3964 

Emitter-Base Breakdown Voltage 
OE= -10µA 

Collector Cutoff Current 
(VCE = -40 V) 2N3964 
(VCE = -70 V) 2N3963 

Collector Cutoff Current 
(VCE = -70 V) 2N3963 
(VCE = -40 V) 2N3964 

Emitter Cutoff Current 
(VEB = -4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 
(le= -10 µA, VcE = -5.0 V) 2N3963 

2N3964 

Oc = -100 µA, VcE = -5.0 VI 2N3963 
2N3964 

Oc = -1.0 mA, VcE = -5.0) 2N3963 
2N3964 

Oc = -10 µA, VcE = -5.0, TA= -55'C) 2N3963 
2N3964 

Unit 

v 
v 
v 

mA 

Watt 
mW/'C 

Watts 
mW/'C 

'C 

Unit 

'C/W 

'C/W 

2N3963,2N3964* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

~.~ 
1 Emitter 

AMPLIFIER TRANSISTORS 

Symbol 

V(BR)CEO 

V(BR) CES 

V(BR)CBO 

V(BRIEBO 

lcBo 

ICES 

IEBO 

hfE 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Refer to 2N3799 for graphs. 

Min Max 

-80 -
-45 -

-80 -
-45 -

-80 -
-45 -
-6.0 -

- -10 
- -10 

- -10 
- -10 

- -10 

100 300 
250 500 

100 -
250 -

100 450 
250 600 

40 -
100 -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

nAdc 

-

(continued) 
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2N3963,2N3964 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

DC Current Gain continued 
Uc= -1.0 mA, VcE = -5.0 V, TA= 100°C)) 2N3963 - 600 

2N3964 - 800 

Uc= -1.0jLA,VcE = -5.0V) 2N3963 60 -
2N3964 180 -

Uc= -10jLA,VcE = -5.0V) 2N3963 100 -
2N3964 200 -

Uc= -50 mA. VcE = -5.0liii 2N3963 90 -
2N3964 180 -

Uc= -50 mA, VcE = -5.0, TA= -55°C)(1) 2N3963 45 -
2N3964 90 -

Collector-Emitter Saturation Voltage VcE(sat) 
Uc= -10 mA, IB = -0.5 mA)(1) - -0.25 v 
(le= -50 mA, IB = -5.0 mA)(1) - -0.4 v 

Base-Emitter Saturation Voltage VBE(sat) 
Uc= -10 mA. IB = -0.5 mA)(1) - 0.9 v • Uc = -50 mA. IB = -5.0 mA)(1) - 0.95 v 

SMALL-SIGNAL CHARACTERISTICS 

Ouput Capacitance Cobo - 6.0 pF 
!VcB = -5.o v, t = 1.0 MHz) 

Input Capacitance Cibo - 15 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Input Impedance hie k!l 
Uc= -1.0 mA, VcE = -5.0 V, f = 1.0 kHz) 2N3963 2.5 17 

2N3964 6.0 20 

Voltage Feedback Ratio hre - 10 10-4 
Uc= -1.0 mA, VcE = -5.0, f = 1.0 kHz) 

Small Signal Current Gain hfe 
Uc= -1.0 mA, VcE = -5.0 V, f = 1.0 kHz) 2N3963 100 550 -

2N3964 250 700 -
Magnitude of Forward Current Transfer Ratio, Common-Emitter lhtel 

Uc= -0.5 mA. VcE = -5.0_ V, f = 20 MHz) 2N3963 2.0 8.0 -
2N3964 2.5 8.0 -

Output Admittance hoe I'm hos 
Uc= -1.0 mA, VcE = -5.0, f = 1.0 kHz) 2N3963 5.0 40 

2N3964 5.0 50 

Noise Figure NF dB 
(le= -20 mA, VcE = -5.0 V, BW = 15.7 kHz) 2N3963 - 3 

2N3964 - 2 

Uc = -20 jLA, VcE = -5.0 V, BW = 1.5 kHz, 2N3963 - 3 
t = 10 kHz, Rs = 10 k!l) 2N3964 - 2 

Uc = -20 jLA, VcE = -5.0 V, BW = 150 Hz, 2N3963 - 3 
f = 1.0 kHz, Rs = 10 kn) 2N3964 - 2 

Uc= -20 jLA, VcE = -5.0 v. BW = 15 Hz. 2N3963 - 10 
t = 100 Hz, Rs = 10 h!l) 2N3964 - 4 

Uc = -20 jLA, VcE = -5.0 V, BW = 2.0 Hz, 2N3964 - 8 
t = 10 Hz, Rs = 10 k!l) 

(1) Pulse Test: Pulse Width "" 300 jLS, Duty Cycle .,; 2.0%. 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N4014 Unit 

Collector-Emitter Voltage Vern 40 Vdc 

Collector-Base Voltage Vcso 80 Vdc 

Emitter-Base Voltage Vrno 6.0 Vdc 

Collector Current - Continuous le 1.0 Ade 
-Peak 2.0 

Total Device Dissipation (ciJ TA = 25°C Po 0.5 Watts 
Derate above 25°C 2.86 mW/"C 

Total Device Dissipation@ Tc = 25°C Po 1.4 Watts 
Derate above 25°C 8.0 mW/"C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 350 oc;w 

Thermal Resistance, Junction to Case RoJC 125 oc;w 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
Oc = 10 mAdc, 19 = O) 

Collector-Emitter Breakdown Voltage V(BR)CES 
Oc = 10 1<Adc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
Oc = 10 "Ade, IE = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = 10 1<Adc, le = O) 

Collector Cutoff Current lcso 
(Vcs = 60 Vdc, IE = 0) 
IVcB = 60 Vdc, IE = o, TA= 100°C) 

Collector Cutoff Current lcES 
IVcE = 80 Vdc, VEB = O) 

ON CHARACTERISTICS{1) 

DC Current Gain hFE 
Oc = 10 mAdc, VcE = 1.0 Vdcl 
Oc = 100 mAdc, VcE = 1.0 Vdcl 
Oc = 100 mAdc, VcE = 1.0 Vdc, TA = -55°C) 
Oc = 300 mAdc, VcE = 1.0 Vdc) 
Oc = 500 mAdc, VcE = 1.0 Vdc) 
Oc = 500 mAdc, VcE = 1.0 Vdc, TA= -55°C) 
Oc = 800 mAdc, VcE = 2.0 Vdc) 
Oc = 1.0 Ade, VcE = 5.0 Vdc) 

2N4014 

CASE 22-03, STYLE 1 
T0-18 (T0-206AAI 

'!! ~.~"'""' 
2 1 1 Emitter 

SWITCHING TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

40 - - Vdc 

80 - - Vdc 

80 - - Vdc 

6.0 - - Vdc 

1<Adc 
- 0.12 1.7 
- - 120 

- 0.15 10 1<Adc 

-
30 - -
60 - 150 
30 - -
40 - -
35 - -
20 - -
20 - -
25 - -

(continued) 
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2N4014 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25°C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage 
lie= 10 mAdc, Is= 1.0 mAdc) 
lie = 100 mAdc, Is = 10 mAdc) 
lie = 300 mAdc, Is = 30 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 
lie = 800 mAdc, Is = 80 mAdc) 
lie= 1.0 mAdc, Is = 100 mAdc) 

Base-Emitter Saturation Voltage 
lie= 10 mAdc, Is= 1.0 mAdc) 
lie = 100 mAdc, Is = 10 mAdc) 
lie = 300 mAdc, Is = 30 mAdc) 
lie = 500 mAdc, Is = 50 mAdc) 
lie = 800 mAdc, Is = 80 mAdc) 
lie = 1.0 Ade, Is = 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
lie = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

Output Capacitance 
IVcs = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
IVEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time IVcc = 30 Vdc, VsE(off) = 3.8 Vdc, 

Rise Time le = 500 mAdc, ls1 = 50 mAdc) 
(Figures 8,10) 

Storage Time (Vee = 30 Vdc, le = 500 mAdc, 

Fall Time ls1 = ls2 = 50 mAdc) 
(Figures 9,10) 

Turn-On Ti me IVcc = 30 Vdc, VsE(off) = 3.8 Vdc, 
le = 500 mAdc, 191 = 50 mAdc) 
(Figures 8, 1 O) 

Turn-Off Time !Vee = 30 Vdc, le = 500 mAdc, 
191 = 192 = 50 mAdc) 
(Figures 9, 1 O) 

11) Pulse Test: Pulse Width = 300 p,s, Duty Cycle = 1.0%. 
(2) fy = lhfel • ftest· 

Symbol 

VcE(sat) 

VsE(sat) 

fy 

Cobo 

Cibo 

td 

tr 

ts 

tf 

ton 

tott 

Min 

-
-
-
-
-
-

-
-
-
0.8 
-
-

300 

-

-

-
-

-

-

-

-

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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Max Unit 

Vdc 
0.25 
0.26 
0.40 
0.52 
0.80 
0.95 

Vdc 
0.76 
0.86 
1.1 
1.1 
1.5 
1.7 

- MHz 

10 pf • 55 pf 

10 ns 

30 

50 ns 

25 ns 

35 ns 

60 ns 
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2N4014 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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2N4014 

FIGURE 8 - TURN-ON TIME 
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FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N4032 2N4033 

Collector-Emitter Voltage VcEO -60 -80 

Collector-Base Voltage Vceo -60 -80 

Emitter-Base Voltage VEBQ -5.0 -5.0 

2N4032 2N4033 

Collector Current - Continuous le -1.0 

Total Device Dissipation @ TA = 25°C Po 0.8 
Derate above 25°C 4.56 

Total Device Dissipation @ Tc = 25°C Po 4.0 
Derate above 25°C 22.8 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 140 

Thermal Resistance, Junction to Case ReJC 25 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(!) 
Uc= -10 mA) 2N4032 

2N4033 

Collector-Base Breakdown Voltage 
Uc= -10µ.A) 2N4032 

2N4033 

Emitter-Base Breakdown Voltage 
(IE= -10µA) 

Collector Cutoff Current 
!Vee= -5o v) 2N4032 
!Vee = -60 v) 2N4033 
(Vee = -50 v, TA= 150°C) 2N4032 
(Vee= -60 v, TA= 150°C) 2N4033 

Emitter Cutoff Current 
!Vee = - 5.o Vl 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -100 mA, VcE = -5.0 V,@ -55°C)(1) 2N4032,33 

Oc = -100 µA, Vee= -5.0 V) 2N4032,33 

Uc= -100 mA, VcE = -5.0 V)(l) 2N4032,33 

Oc = -500 mA, Vee = -5.0 V)(1) 2N4032,33 

Oc = -1.0A,VcE = -5.0V)F(l) 2N4032 
2N4033 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

w 
mWfC 

w 
mWfC 

oc 

Unit 

oc;w 

oc;w 

2N4032 
2N4033 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

3 Collector 

~~ 
1 Emitter 

,f/! 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

IEBO 

hFE 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Refer to 2N4404 for graphs. 

Min Max 

-60 -
-80 -

-60 -
-80 -
-5.0 -

- -50 
- -50 
- -50 
- -50 

- -10 

40 -

75 -

100 300 

70 -

40 -
25 -

Unit 

v 

v 

v 

nA 

µA 

µA 

-

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-94 



2N4032. 2N4033 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Max Unit 

Collector-Emitter Saturation Voltage(1) VcE(sat) v 
lie= -150 mA, Is= -15 mA) - -0.15 
lie= -500 mA, Is= -50 mA) - -0.50 
lie= -1.oA,ls= -1oomA) 2N4032 - -1.0 

Base-Emitter Saturation Voltage(1) VBE(sat) - -0.9 v 
Oc = -150 mA, Is= -15 mA) 

Base-Emitter On Voltage VBE(on) v 
(le= -1.0 A, VcE = -1.0 V) 2N4032 - -1.2 
(le= -500 mA, VcE = -0.5 V)(1) - -1.1 

-
SMALL-SIGNAL CHARACTERISTICS 

Ouput Capacitance Cobo - 20 pF 
(VcE = -10 V, f = 1.0 MHz) 

Input Capacitance Ciba - 110 pF 
(VEB = -0.5 V, f = 1.0 MHz) 

Small Signal Current Gain hte 1.5 5.0 -
(le= -50 mA, VcE = -10 V, f = 100 MHz) 

SWITCHING CHARACTERISTICS II 
Storage Time ls - 350 ns 

Oc = -500 mA, 191 = 192 = -50 mA) 

Turn-On Time tan - 100 ns 
Oc = -500 mA, 191 = -50 mA) 

Fall Time lf - 50 ns 
Oc = -500 mA, 191 = 192 = -50 mA) 

( 1) Pulse Width ,;; 300 µs, Duty Cycle ,;; 2.0%. 
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MAXIMUM RATINGS 

Rating Symbol 2N4036 2N4037 

Collector-Emitter Voltage VcEO -65 -40 

Collector-Base Voltage Vcso -90 -60 

Emitter-Base Voltage VEBO -7.0 -7.0 

Base Current lg -0.5 

Collector Current - Continuous le -1.0 

Continuous Power Dissipation Po 
at or Below Tc = 25°C 5.0 5.0 
Linear Derating Factor 28.6 28.6 

Continuous Power Dissipation Po 
at or Below TA = 25°C 1.0 1.0 
Linear Derating Factor 5.72 5.72 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

Lead Temperature TL 230 
1 /16" from Case for 10 Seconds 

THC:RMAL CHARACTERISTICS 

Characteristic Symbol 2N4036 2N4037 

Thermal Resistance, Junction to Case 35 35 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage Oc = -100 mAdc, Is= 0)(1) 

Collector-Base Breakdown Voltage Oc = -0.1 mAdcl 

Collector Cutoff Current (VcE = -85 V, VEB = -1.5 V) 
(VcE = -30 V, VEB = -1.5 v, Tc = 150'C) 

Collector Cutoff Current (VcB = -90 v, IE = 0) 
(Vcs = -60 V, IE = 0) 

Emitter Cutoff Current (VEB = - 7.0 Vdc, le = 0) 
(VEB = -5.o Vdc, le = Ol 

ON CHARACTERISTICS 

DC Current Gain !le= -0.1 mAdc, VcE = -10 V) 
!le= -1.0 mAdc, VcE = -10 V) 

!le= -150 mAdc, VcE = -10 V)(1) 

!le= -150 mAdc, VcE = -2.0 V)(1) 

(le= -500 mAdc, VcE = -10V)(1) 

Collector-Emitter Saturation Voltage !le= -150 mA. ls= -15 mA)(1) 

Base-Emitter Saturation Voltage !le= -150 mA, Is= -15 mA)(1) 

Base-Emitter On Voltage !le = -150 mA, VcE = -10 V)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Collector-Base Capacitance (VcB = -10 V, I= 1.0 MHz) 

Current Gain - High Frequency 
!le= -50 mA, VcE = -10 V, I= 20 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time (IB1 = -15 mA) 

Storage Time (192 = -15 mA) 

Fall Time !IB2 = -15 mAI 

Turn-On Time Os1 = l92l 

Turn-Off Time (191 = 1s2l 

(1) Pulse Width~ 300 µ,s, Duty Cycle ~ 2.0% 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Ade 

Watts 
mWl°C 

Watts 
mWl°C 

oc 

oc 

Unit 

oc;w 

2N4036 
2N4037 

2N4037 

2N4036 
2N4037 

2N4036 
2N4037 

2N4036 
2N4037 

2N4036 
2N4037 

2N4036 
2N4037 

2N4036 

2N4036 

2N4036 
2N4037 

2N4036 

2N4037 

2N4037 

2N4036 
2N4037 

2N4036 

2N4036 

2N4036 

2N4036 

2N4036 

2N4036 
2N4037 

CASE 79-04, STYLE 1 
T0-39 (T0-205ADI 

!!! .:.(5~' 
3 2 1 1 Emitter 

Symbol 

VcEO(sus) 

V(BR)CBO 

ICEX 

lcso 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

lhtel 

t, 

ts 

lf 

ton 

loff 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 

Min 

-65 
-40 

-60 

-
-

-
-

-
-

20 
15 

40 
50 

20 

20 

-
-
-
-

3.0 
3.0 

-
-

-
-
-

Max 

-
-
-

-0.1 
-100 

-1.G 
-0.25 

-10 
-1.0 

-
-

140 
250 

200 

-
-0.65 
-1.4 

-1.4 

-1.5 

30 

10 

70 

600 

100 

110 

700 

Unit 

Vdc 

Vdc 

mAdc 

µAde 

µAde 

-

v 

v 
v 

pF 

ns 

ns 

ns 

ns 

ns 
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2N4036, 2N4037 

FIGURE 1 - CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITTER VOLTAGE 
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CHARACTERISTICS 

COLLECTOR-TO-EMITTER VOLTAGE 
{VCEI = -10 V 
FREQUENC:V = 20 MHz 
AMBIENT TEMPERATURE {TA) = 25°C 

lTTIT lTTIT rr 

!'), 

v 
J.J'I 

H u 
-1.0 -10 -100 -1000 

IC. COLLECTOR CURRENT {mA) 

FIGURE 2 - DISSIPATION DERATING CURVE 
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II 

MAXIMUM RATINGS 
Rating Symbol Value 

Collector-Emitter Voltage VcEO -12 

Collector-Base Voltage Vcso -12 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous le -50 

Total Device Dissipation @ TA = 25°C Po 0.3 
Derate above 25°C 1.72 

Total Device Dissipation@ Tc = 25°C Po 0.7 
Derate above 25°C 4.0 

Operating and Storage Jucntion 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 486 

Thermal Resistance, Junction to Case ReJC 146 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

Collector-Emitter Breakdown Voltage(1) Oc = -3.0 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage Oc = -100 µAde, VsE = O) 

Collector-Base Breakdown Voltage Oc = -100 µAde, IE = O) 

Emitter-Base Breakdown Voltage OE = -100 µAde, le = O) 

Collector Cutoff Current IVcE = -6.0 Vdc, VBE = O) 
IVcE = -6.0 Vdc, VBE = 0, TA = 125°C) 

Base Current IVcE = -6.0 Vdc, VsE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0 mAdc, VcE = -0.5 Vdc) 
Oc = -10 mAdc, VcE = -0.3 Vdc)(1) 
Oc = -10 mAdc, VcE = -0.3 Vdc, TA= -55°C)(1) 
Oc = -50 mAdc, VcE = -1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage 
Oc = -1.0 mAdc, Is= -0.1 mAdc) 
Oc = -10 mAdc, Is= -1.0 mAdc)(1) 
Oc = - 50 mAdc, Is = - 5.o mAdc)( 1) 

Base-Emitter Saturation Voltage 
Oc = -1.0 mAdc, Is= - 0.1 mAdc) 
Oc = -10 mAdc, Is = - 1.0 mAdc)( 1) 
Oc = -50 mAdc, Is = -5.0 mAdc)(1) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watts 
mW/°C 

oc 

Unit 

oc/W 

oc/W 

2N4208 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

1 Emitter 

SWITCHING TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -12 - Vdc 

V(BR)CES -12 - Vdc 

V(BR)CBO -12 - Vdc 

V(BR)EBO -4.5 - Vdc 

ICES - -10 nAdc 
- -5.0 µAde 

IB - -1.0 nAdc 

hFE -
15 -
30 120 
12 -
30 -

VcE(sat) Vdc 
- -0.13 
- -0.15 
- -0.5 

VBE(sat) Vdc 
- -0.8 

-0.75 -0.95 
- -1.5 
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2N4208 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMAU-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 700 - MHz 
le= -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 3.0 pF 
(Vee = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 3.5 pF 
(VEB = - 0.5 Vdc, le = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 15 ns 

Delay Time 
(Vee = -1.5 Vdc, VeE = o, 

Id - 10 ns 
le= -10 mAdc, 101 = -1.0 mAdc) 

Rise Time tr - 15 ns 

Turn-Off Time (Vee= -1.5Vdc, !off - 20 ns 

Storage Time le= -10 mAdc, Is - 20 ns 

Fall Time 101 = 102 = -1.0 mAdc) If - 10 ns 

StorageTime Is - 20 ns 
Uc= -10 mAdc, 101 = -10 mAdc, IB2 = -10 mAdc) • (1) Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0% 

(2) tr is defined as the freqency at which lhtel extrapolates to unity. 
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II 

MAXIMUM RATINGS 
;_:;_ 

Rating Symbol Value 

Collector-Emitter Voltage Vceo -80 

Collector-Base Voltage Vceo -80 

Emitter-Base Voltage Veeo -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation@ TA = 25°C Po 1.25 
Cerate above 25'C 7.15 

Total Device Dissipation@ Tc = 25°C Po 8.75 
Cerate above 25'C 50 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 140 

Thermal Resistance, Junction to Case R9JC 20 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) Uc= -10 mAdc, le = O) 

Collector-Base Breakdown Voltage Uc = -10 µAde, IE = 0) 

Emitter-Base Breakdown Voltage Ue = -10 µAde, le = 0) 

Collector Cutoff Current (Vee = - 60 Vdc, le = O) 

Emitter Cutoff Current (Vee = -3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = -0.1 mAdc, VcE = -5.0 Vdc) 2N4404 

2N4405 

Uc = -10 mAdc, VcE = -5.0 Vdc)(1) 2N4404 
2N4405 

Uc= -150 mAdc, Vee= -5.0 Vdc)(1) 2N4404 
2N4405 

Uc = -500 mAdc, VcE = -5.0 Vdc)(1) 2N4404 
2N4405 

Collector-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc)(1l 
Uc= -150 mAdc, le= -15 mAdc)(1) 
Uc= -500 mAdc, le = -50 mAdc)(1) 

Base-Emitter Saturation Voltage 
Uc= -10 mAdc, le= -1.0 mAdc)(1) 
Uc = -500 mAdc, la= -50 mAdc)(1) 

Base-Emitter On Voltage 
Uc= -150mAdc,Vce = -1.0VdcH1l 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc= -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
Uc= -10 Vdc, le= o. f = 1.0 MHzl 

Emitter-Base Capacitance 
(Vee = - 0.5 Vdc, le = o. f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
mWf'C 

Watts 
mWf'C 

'C 

Unit 

'C/W 

'C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BfilEBO 

iceo 

leeo 

hfE 

VcE(satl 

VeE(satl 

VeE(on) 

tr 

Ccb 

Ceb 

2N4404 
2N4405 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Min Max 

-80 -
-80 -
-5.0 -
- -25 

- -25 

30 -
75 -

40 -
100 -
40 120 
100 300 

30 -
50 -

- -0.15 
- -0.2 
- -0.5 

- -0.8 
-0.85 -1.2 

- -0.9 

200 600 

- 10 

- 75 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pf 

pf 



2N4404, 2N4405 

ELECTRICAL CHARACTERISTICS (continued) IT A ~ 25°C unless otherwise noted.) 

Characteristic [ Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time (Vee ~ -30 Vdc, VBE(off) ~ + 2.0 Vdc, td - 15 ns 

Rise Time le = - 500 mAdc, 191 = -50 mAdc) tr - 25 ns 

Storage Time IV cc = -30 Vdc, le = - 500 mAdc, Is - 175 ns 

Fall Time ls1 = 192 = - 50 mAdc) tf - 35 ns 

(1) Pulse Test: Pulse Width .;; 300 µ.s, Duty Cycle .;; 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 - TURN-ON 

+1.0VJJ o- -

-10.85V 

PULSE WIOTH 0 100 ns 
RISE TIME<: 2.0 ns 
DUTY CYCLES 2.0% 

100 '.' 

-30 v 

SCOPE 

FIGURE 2 - TURN-OFF 

2<11 <500µs 
t2 < 5.0 ns 

t3 >1.0µS 

DUTY CYCLE= 2.0% 

-30 v 

SCOPE 

To obtain data for curves, voltage levels are approximately as shown, RB and Re are varied. +3.0 v 

TRANSIENT CHARACTERISTICS 
25°C 100°C 

FIGURE 3 - CAPACITANCES 
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FIGURE 6 - RISE TIME 
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II 

2N4404,2N4405 

FIGURE 7 - STORAGE TIME 
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FIGURE 8 - FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE = 10 Vdc, TA= 25'C 

le. COLLECTOR CURRENT (mA) 

FIGURE 9 - FREQUENCY EFFECTS FIGURE 10 - SOURCE RESISTANCE EFFECTS 
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h PARAMETERS 
VcE = 10 Vdc, f = 1.0 kHz, TA= 25'C 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number - the same units were used to develop curves on each graph. 

FIGURE 11 - CURRENT GAIN FIGURE 12 - INPUT IMPEDANCE 
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FIGURE 13 -VOLTAGE FEEDBACK RATIO FIGURE 14 - OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 

FIGURE 15 - DC CURRENT GAIN 
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FIGURE 16 - COLLECTOR SATURATION REGION 
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2N4404, 2N4405 

FIGURE 17 - "ON" VOLTAGES FIGURE 18 - TEMPERATURE COEFFICIENTS 
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RATINGS AND THERMAL DATA 

FIGURE 19 - SAFE OPERATING AREA 
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The safe operating area curves indicate I c· V CE 
limits of the transistor that must be observed for re
liable operation. Collector load lines for specific cir
cuits must fall below the limits indicated by the ap
plicable curve. 

The data of Figure 19 is based upon T J(pk) "' 
200 "C; Tc is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro
vided T J(pk) :;;;: 200 ·c. T J(pk) may be calculated 
from the data in Figure 20. At high case tempera
tures, thermal limitations will reduce the power that 
can be handled to values less than the limitations im
posed by second breakdown. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcBo -80 

Collector-Base Voltage Vern -80 

Emitter-Base Voltage VEBO -5.0 

*Collector Current - Continuous* le -2.0 

Total Device Dissipation@ TA= 25°C* Po 1.25 
Derate above 25°C 7.15 

Total Device Dissipation @Tc = 25"C* Po 8.75 
Derate above 25°C 50 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 140 

Thermal Resistance to Case R9JC 20 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) lie= -10 mAdc, Is= O) 

Collector-Base Breakdown Voltage lie= -10µAdc, IE= O) 

Emitter-Base Breakdown Voltage llE = - 10 µAde, le = O) 

Collector Cutoff Current IV cs = - 60 Vdc, IE = O) 

Emitter Cutoff Current IVEB = - 3.0 Vdc, le = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie= -10 mAdc, VcE = -5.0 Vdc) 
lie = - 150 mAdc, VcE = -5.0 Vdc) 
lie = -500 mAdc, VcE = - 5.0 Vdc) 
lie = -1.0 Ade, VcE = - 5.0 Vdc) 
Oc = -1.5 Ade, VcE = - 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
lie = -150 mAdc, Is = -15 mAdc) 
lie= -500 mAdc, 19 = -50 mAdc) 
lie = -1.0 Ade, Is = -100 mAdc) 
lie = -1.5 Ade, Is = -150 mAdc) 

Base-Emitter Saturation Voltage 
lie = -150 mAdc, Is = -15 mAdc) 
lie = -1.0 Ade, Is = -100 mAdc) 
lie = -1.5 Ade, Is = -150 mAdc) 

Base-Emitter On Voltage 
lie = - 500 mAdc, VcE = - 1 .o Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
!le = -50 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance IVcs = - 10 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance IVEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 
(1) Pulse Test: Pulse Width~ 300 µs, Duty Cycle~ 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 

Unit 

Vdc 

Vdc 

Vdc 

Amps 

Watts 
mW/'C 

Watts 
mW/'C 

oc 

Unit 

oc;w 

oc;w 

2N4407 

CASE 79-04, STYLE 1 
T0-39 (T0-205ADI 

ta ,:~""""' 
3 ~I[ 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

icso 

IEBQ 

hFE 

VcE(sat) 

VBE(sat) 

VBE(on) 

fr 

Ccb 

Ceb 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Min Max 

-80 -

-80 -
-5.0 -
- -25 

- -25 

80 -
80 -
80 240 
30 -
10 -

- -0.2 
- -0.4 
- -0.7 
- -1.5 

- -0.9 
-0.9 -1.3 
- -1.5 

- -1.0 

150 750 

- 15 

- 160 

Uni 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 
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II 

2N4407 

ELECllllCAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

I Characteristics I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = -30 Vdc, VeE(offJ = +2.0 Vdc, td - 15 ns 

Rise Time le= -1.0Adc,le1 = -100mAdcJ tr - 60 ns 

Storage Time !Vee= -30Vdc, le= -1.0Adc, ts - 175 ns 

Fall Time le1 = le2 = -100 mAdcl tf - 50 ns 

STATIC CHARACTERISTICS 
FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3- "ON" VOLTAGES 
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FIGURE 5 - SAFE OPERATING AREA 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 -TEMPERATURE COEFFICIENTS 
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IC, COLLECTOR CURRENT lmA) 

The safe operating area curves indicate lc-VcE limits of the 
transistor that must be observed for reliable operation. Collector 
load lines for specific circuits must fall below the limits indicated 
by the applicable curve. 

The data of Figure 5 is based upon T J(pk) = 200'C; Tc is 
variable depending upon conditions. Pulse curves are valid for 
duty cycles to 10% provided TJ(pk).;; 200°C. At high case tem
peratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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2N4407 

TRANSIENT CHARACTERISTICS 
2s0 c 100°c 

FIGURE 6 - CAPACITANCES FIGURE 7 - CHARGE DATA 
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FIGURE 8 - TURN-ON TIME 
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FIGURE 9 - TURN-OFF TIME 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 10 - TURN-ON TIME 
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FIGURE 11 - TURN-OFF TIME 
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MAXIMUM RATINGS 

Rating Symbol 2N4931 

Collector-Emitter Voltage Vern -250 

Collector-Base l(oltage VcBo -250 

Emitter-Base Voltage VEBO -4.0 

Collector Current - Continuous le -50 

Total Device Dissipation @TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation@ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 175 

Thermal Resistance, Junction to Case RoJC 35 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie = -10 mAdc, IB = O) 

Collector-Base Breakdown Voltage 
llE = o, le = -100 µAde) 

Emitter-Base Breakdown Voltage 
llE = -100 µAde, le= O) 

Collector Cutoff Current 
(VcB = -150 Vdc, IE= 0) 

Emitter Cutoff Current 
(VEB = -3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
lie= -1.0mAdc,VcE = -10Vdc) 
lie = -10 mAdc, VcE = -10 Vdc)(1) 
lie = -30 mAdc, VcE = -10 Vdc)(1) 

Collector-Emitter Saturation Voltage(1) 
lie= -10 mAdc, IB = -1.0 mAdc) 

Base-Emitter On Voltage 
lie= -10 mAdc, VcE = -10 Vdc) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mWl°C 

Watt 
mWl°C 

oc 

Unit 

oc/W 

oc/W 

2N4931 

CASE 79-04, STYLE 1 
T0-39 (T0"205AD) 

,, .;~"~"' 
2 1 1 Emitter 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

Imo 

hfE 

VcE(sat) 

VBE(on) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Min Max 

-250 -

-250 -

-4.0 -

- -1.0 

- -1.0 

20 200 
20 -
20 -
- -5.0 

- -1.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 
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2N4931 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic ( Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product t-r 20 200 MHz 
Oc = -20 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance Ccb - 20 pF 
(Vea = -20 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance Ceb - 400 pF 
(VEB = -0.5 Vdc, le = 0, f = 1.0 MHz) 

iii Pulse Test: Pulse Width.; 300 µ,s, Duty Cycle,,; 2.0%. 

• 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vceo 300 Vdc 

Collector-Base Voltage Vceo 300 Vdc 

Emitter-Base Voltage Veeo 7.0 Vdc 

Collector Current - Continuous le 150 mAdc 

Total Device Dissipation@ TA = 25'C Po 1..0 Watt 
Derate above 25'C 5.7 mwrc 

Total Device Dissipation @Tc = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mwrc 

Operating and Storage Junction TJ, Tstg -65 to +200 ·c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA (1) 175 'CIW 

Thermal Resistance, Junction to Case R8JC 35 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 
lie = 30 mAdc, le = O) 

Collector-Base Breakdown Voltage 
lie = 100 µ.Ade, le = o) 

Emitter-Base Breakdown Voltage 
lie = 100 µ.Ade, le = o) 

Collector Cutoff Current IVce = 100 Vdc, le = o) 
(Vee= 100 Vdc, le= 0, TA= +125'C) 

Emitter Cutoff Cum;mt IVee = 5.o Vdc, le = 01 

ON CHARACTERISTICS (2) 

DC Current Gain 
lie = 5.0 mAdc, Vee = 25 Vdc) 
lie = 30 mAdc, Vee = 25 Vdc) 
lie = 30 mAdc, Vee = 25 Vdc, TA= -55'C) 
lie = 100 mAdc, Vee = 25 Vdc) 

Collector-Emitter Saturation Voltage lie = 30 mAdc, le = 3.0 mAdc) 

Base-Emitter Saturation Voltage lie = 30 mAdc, le = 3.0 mAdc) 

Base-Emitter On Voltage lie = 30 mAdc, Vee = 25 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (3) lie = 10 mAdc, Vee = 25 Vdc, f = 20 MHz) 

Collector-Base Capacitance (Vee= 10 Vdc, IE = 0, f = 1.0 MHz) 

Emitter-Base Capacitance (Vee = 0.5 Vdc, le = o. f = 1.0 MHz) 

(1) RBJA is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width "' 300 ""' Duty Cycle "' 2.0%. 
(3) tr is defined as the frequency at which the lhtel extrapolates to unity. 

2N5058 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N3724 for graphs. 

Symbol Min Max 

V(BR)CEO 300 -

V(BR)CBO 300 -

V(BR)EBO 7.0 -

iceo - 0.05 
- 20 

leeo - 10 

hFE 
10 -
35 150 
10 -
35 -

Vc~a!l - 1.0 

VeE(sat) - 0.85 

Ve~ortl. - 0.82 

IT 30 160 

Ccb - 10 

Cab - 75 
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Unit 

Vdc 

Vdc 

Vdc 

µAde 

nAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

pF 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 300 Vdc 

Collector-Base Voltage VcBo 300 Vdc 

Emitter-Base Voltage VEBO 6.0 Vdc 

Collector Current - Continuous le 50 mA 

Total Device Dissipation @ TA = 25'C Po 500 mW 
Derate above 25'C 2.86 mW/'C 

Total Device Dissipation @ TA = 25'C Po 1.8 Watts 
Derate above 25'C 10.3 mW/'C 

Operating and Storage Junction TJ, Tstg -65 to +200 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RBJA 350 'C/W 

Thermal Resistance, Junction to Case RBJC 97 'C/W 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
lie= 1.0 mAdc, IB = OI 

Collector-Base Breakdown Voltage 
Oc = 0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE = 0.1 mAdc, le = O) 

Collector Cutoff Current 
(VcB = 200 Vdcl 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0 mAdc, VcE = 10 Vdc) 
Oc = 10 mAdc, VcE = 10 Vdc)(11 
Oc = 30 mAdc, VcE = 10 Vdc)(11 

Collector-Emitter Saturation Voltage 
lie = 20 mAdc, IB = 2.0 mAdc)(1) 

Base-Emitter Saturation Voltage 
Uc = 20 mAdc, IB = 2.0 mAdc)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

3 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

IEBO 

hFE 

VcE(satl 

VBE(sat) 

fr 

Ccb 

2N6431* 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

3 Collector 

~() 
1 Emitter 

GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

300 -

300 -
6.0 -

- 0.1 

- 0.1 

25 -
40 -
50 200 

- -0.5 

- 0.9 

50 500 

- 4.0 

Unit 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 
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II 

MAXIMUM RATINGS 

Rating Symbol 2N6433 

Collector-Emitter Voltage VcEO -300 

Collector-Base Voltage Vceo -300 

Emitter-Base Voltage VEBQ -5.0 

Collector Current - Continuous 'c -500 

Total Device Dissipation @ TA = 25°C Po 500 
Derate above 25°C 2.86 

Total Device Dissipation@ Tc = 25°C Po 1.8 
Derate above 25°C 10.3 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 350 

Thermal Resistance, Junction to Case R9JC 97 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc= -1.0 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc= -0.1 mAdc, IE = O) 

Emitter-Base Breakdown Voltage 
OE= -0.1 mAdc, lc = O) 

Collector Cutoff Current 
(Vee = -200 Vdc) 

Emitter Cutoff Current 
(VEB = - 3.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0 mAdc, VcE = -10 Vdc) 
Oc = -10mAdc,VcE = -10Vdc)(1) 
Oc = -30 mAdc, VcE = -10 Vdc)(1) 

Collector-Emitter Saturation Voltage 
(le = -20 mAdc, le = -2.0 mAdc)(1) 

Base-Emitter Saturation Voltage 
(le= -20 mAdc, 19 = -2.0 mAdc)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = -10 mAdc, VcE = -20 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(Vcs = -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 
mwrc 3 

Watts 
mwrc 

"C 

Unit 

oc!W 

oc!W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

'ceo 

IEBO 

hFE 

VcE(sat) 

VBE(sat) 

tr 

Ccb 

2N6433* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-300 -

-300 -

-5.0 -

- -0.25 

- -0.1 

25 -
40 -
30 150 

- -0.5 

- -0.9 

50 500 

- 6.0 
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Vdc 

Vdc 

Vdc 

µAde 

µAde 

-

Vdc 

Vdc 

MHz 

pF 



MAXIMUM RATINGS 
Rating Symbol BC BC BC Unit 

107 108 109 

Collector-Emitter Voltage Vern 45 25 25 Vdc 

Collector-Base Voltage vcso 50 30 30 Vdc 

Emitter-Base Voltage vrno 6 5 5 Vdc 

Collector Current - Continuous ic 0.2 Amp 

Total Device Dissipation :u TA-.,.- 25°C Po 0.6 Watt 
Derate above 25°C 3.43 mW/°C 

Total Device Dissipation 10 Tc = 25°C Po 1 Watt 
Tc = 100°c 

Derate above 25°C 5.7 mW/°C 

Operating and Storage Junction TJ, T stg -65to+200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 175 °C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

\ Characteristic \ Symbol 

OFF CHARACTERISTICS 

Collector Base Leakage Current ICBO 
(IE = 0, VcB = 45 V) BC107 
(IE= 0, VcB = 45 V, TAmb = 125°C) BC107 
(IE = 0, VCB = 25 V) BC108/109 
(IE = 0, VcB = 25 V, TAmb = 125°C) BC108/109 

Emitter Base Breakdown Voltage V(BR)EBO 
llE = 10 µA, le = 0) BC107 

BC108/109 

Collector Emitter Breakdown Voltage V(BR)CEO 
(le = 2 mA, IE = 0) BC107 

BC108/109 

ON CHARACTERISTICS 

DC Current gain hFE 
(VcE = 5 V, le = 2 mA) BC107 

BC108 
BC109 

A group 
B group 
C group 

(VCE = 5 V, IC = 10 µA) B group 
C group 

Base Emitter Saturation Voltage(1) VBE(sat) 
(IC = 10 mA, IB = 0.5 mA) 
(IC = 100 mA, IB = 5 mA) 

Collector Emitter Saturation Voltage(1) VcE(sat) 
(le = 10 mA, Is = 0.5 mA) 
lie= 100 mA, IB = 5 mA) 

Base Emitter on Voltage VBE(on) 
(IC = 2 mA, VcE = 5 V) 
(le= 10 mA, VcE = 5 V)(l) 

Collector Knee Voltage VCE(K) 
(IC = 10 mA, IB =the value for which le= 11 mA at VcE = 1 V) 

DYNAMIC CHARACTERISTICS 

Transition Frequency IT 
(le = 10 mA, f = 100 MHz, VcE = 5 V) 

Noise Figure NF 
(VcE = 5 V, le = 0.2 mA, Rg = 2 Kfl) 
F = 1.0 KHz BC109 
F = 1 kHz, 6F = 200 Hz BC109 

BC107/108 

BC107,A,B,C 
thru 

BC109,A,B,C 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

'fit. 3 Collector 

ii ,:~m-

Min 

6 
5 

45 
25 

110 
110 
200 

110 
200 
420 

40 
100 

0.55 

150 

TRANSISTORS 
NPN SILICON 

Typ Max 

15 
4 
15 
4 

450 
800 
800 

220 
450 
800 

0.7 0.83 
1.0 1.05 

0.25 
0.60 

0.70 
0.77 

0.4 0.6 

300 

4 
4 
10 

Unit 

nA 
µA 
nA 
_uA 

v 

v 

v 

v 

v 

v 

MHz 

dB 
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BC107, A, B, C thru BC109, A, B, C 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

Output Capacitance Cobo 
(VCB = 10 V, f = 1 MHz) 

h21e Parameters h21e 
(VCE = 5 V, IC = 2 mA, f = 1 kHz) BC107/108 

BC109 

A group 
B group 
C group 

h 11 e Parameters h11e 
(VCE = 5 V. IC = 2 mA, f = 1 kHz) A group 

B group 
C group 

h22e Parameters h22e 
(VCE = 5 V, le = 2 mA, f = 1 kHz) A group 

B group 
C group 

(1) Pulse Test: Pulse Width "' 300 p,s, Duty Cycle "' 2.0%. 

~ 14 

"-
.. 
0 
'-' 

~ 10 .. 
.::; ~ 

-101 

FIGURE 1 - EMITTER-BASE CAPACITANCE 
COLLECTOR-BASE CAPACITANCE 

1' 

I'-.. 
t-

~ 
t-- cos 

10 1 

VCBO, COLLECTOR·BASE VOLTAGE (VOLTS! 
VEBO, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Min Typ Max Unit 

pF 
4.5 

125 500 
240 900 

125 260 
240 500 
450 900 

KO 
1.6 4.5 
3.2 8.5 
6.0 15 

µhos 
30 
60 
110 

10' 

FIGURE 2 - CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 3 - TOTAL PERMISSIBLE POWER DISSIPATION 

400 

300 

100 

100 

~ 
10 1 

I 
l 

1oJ 

~ 
» 1~ 

w T":T1s·c 

~ Vvc•1V '"1°1'11 

~ I TI 
] ]] 

10 1 

IC, COLLECTOR CURRENT (mAI 

102 

~thicase 

100 

TEMPERATURE (°CI 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND .DIODES 

3-114 

200 



MAXIMUM RATINGS 

Rating Symbol BC BC Unit 
140 141 

Collector-Emitter Voltage VcEO 40 60 Vdc 

Collector-Base Voltage VcBo 80 100 Vdc 

Emitter-Base Voltage VEBO 7 Vdc 

Collector Current - Continuous le 1 Ade 

Total Device Dissipation @ TA ~ 25°C Po 0.8 Watt 
Derate above 25°C 4.6 mWl°C 

Total Dev!ce Dissipation @Tc = 25°C Po 3.7 Watt 
Derate above 25°C 20 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient RoJA 219 oc/W 

Thermal Resistance, Junction to Case RoJC 50 oc/W 

ELECTRICAL CHARACTERISTICS (TA~ 25°C unless otherwise noted.I 

I Characteristic I 
OFF CHARACTERISTICS 

Collector Cutoff Current 
llE ~ 0, VcE = 60 V) TA=150°C 

Collector-Emitter Breakdown Voltage BC140 Series 
(ICES ~ 100 µA, IE ~ 0) BC141 Series 

Collector-Emitter Breakdown Voltage(1) 
lie ~ 30 mA. Is = 01 BC140 Series 

BC141 Series 

Emitter-Base Breakdown Voltage 
(IE ~ 100 µA, IC ~ 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 
lie ~ 100 mA, VcE ~ 1 V) 

for BC140, 141, -10 
for BC140, 141, -16 

Collector-Emitter Saturation Voltage(1) 
(IC ~ 1 A, IB ~ 0.1 A) 

Base-Emitter Voltage(1) 
lie = 1 A, VcE ~ 1 V) 

SMALL SIGNAL CHARACTERISTICS 

Gain Bandwidth Product 
(le~ 50 mA, VcE ~ 10 V, f ~ 20 MHz) 

Input Capacitance 
(VEB = 0,5 V, le = 0, f ~ 1 MHz 

Capacitance 
(IE ~ 0, Vcs = 10 V, f = 1 MHz) 

Turn On Time 
lie= 150 mA, IB1 ~ 7.5 mA) 

Turn Off Time 
(!£_ = 150 mA, IB1 = IB2 = 7.5 mA) 

(1) Pulsed: Pulse Duration ~ 300 µ.s, Duty Cycle = 2.0%. 

BC140-10, -16 
BC141-10, -16 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

€i ~~"""' 
3 ~I[ 1 Emitter 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N3019 for graphs. 

Symbol Min Max Unit 

ICES 100 nA 
100 µA 

Y(BR)CES 80 v 
100 

Y(BR)CEO v 
40 
60 

V(BR)EBO v 
7 

hFE 

63 160 
100 250 

VCE(sat) v 
1 

v 
VBE(on) 2 

IT MHz 
50 

Cib 
80 

pF 

Cob 
25 

pF 

ton ns 
250 

lo ff 
850 

ns 
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MAXIMUM RATINGS 

Rating Symbol BC BC 
160-16 161-16 

Collector-Emitter Voltage Vern -40 -60 

Collector-Base Voltage VcBo -40 -60 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation @TA = 25°C Po 0.8 
Derate above 25°C 4.6 

Total Device Dissipation@ Tc = 25°C Po 3.7 
Derate above 25°C 20 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 219 

Thermal Resistance, Junction to Case R9JC 50 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
IE = 0, VcES = -40 v for BC160-16 

VcES = -60 v for BC161-16 
VcEs = -40 v for BC160-16 TAmb = 150°C 
VcES = -60 v for BC161-16 TAmb = 150°C 

Collector-Emitter Breakdown Voltage 
le= -100 µ.A, IE= 0 for BC160-16 

for BC161-16 

Collector-Emitter Breakdown Voltage(1) 
le = -10 mA, le = o for BC160-16 

for BC161-16 

Emitter-Base Breakdown Voltage 
IE = -100 µ.A, le = 0 

ON CHARACTERISTICS 

DC Current Gain(1) 
le = -100 mA, VcE = -1.0 v for BC160, BC161, -16 

Collector-Emitter Saturation Voltage(!) 
Oc = -1.0 A, 18 = -0.1 Al 

Base-Emitter Saturation Voltage(1) 
(le = -1.0 A, VcE = -1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 

Gain Bandwidth Product 
(le = -50 mA, VcE = -10 V, f = 20 MHz) 

Input Capacitance 
NEB = -10 V, f = 1.0 MHz) 

Output Capacitance 
(Vee= -10 V, IE= o, f = 1.0 MHz) 

Turn On Time 
Oc = -100 mA, 101 = -5.0 µ.Al 

Turn Off Time 
Oc = -100 mA, 101 = 192 = -5.0 µ.A) 

(1) Pulsed: Pulse Duration = 300 µ.s, Duty Cycle = 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/°C 

Watt 
mW!°C 

·c 

Unit 

·ctW 
·c!W 

BC160-16 
BC161-16 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

!fl .:.-©"'""' 
3 2 1 1 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Reier to 2N4404 for graphs. 

Symbol Min Max Unit 

ICES 
-100 nA 
-100 
-100 µ.A 
-100 

V(BR)CES v 
-40 
-60 

V(BR)CEO v 
-40 
-60 

V(BR)EBO -5.0 v 

hfE 100 250 

VcE(sat) -1.0 v 

VBE(on) -1.7 v 

fy 50 MHz 

Cib 180 pf 

Cobo 30 pf 

Ton 500 ns 

Tott 650 ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -45 

Collector-Emitter Voltage VcES -50 

Collector-Base Voltage Vcso -50 

Emitter-Base Voltage VEBO -5 

Collector Current - Continuous le -0.2 

Total Device Dissipation @ TA = 25°C Po 0.6 
Derate above 25°C 3.43 

Total Device Dissipation @ Tc = 25°C Po 1.0 
Tc= 100°c 

Derate above 25°C 5.7 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 175 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Leakage Current 
(VcE = -20 V, IE = 0) 
(VcE = -20 V, IE = 0, TAmb = 125°C) 

Collector Base Breakdown Voltage 
Uc= -10µ,A) 

Collector Emitter Breakdown Voltage 
Uc= -2.0 mA, IE = O) 

Emitter Base Breakdown Voltage 
OE = -10 µ,A, le = 0) 

ON CHARACTERISTICS 

DC Current Gain BC177 
Uc= -2.0 mA, VcE = -5.0V) A Group 

B Group 

Collector Emitter Saturation Voltage(1) 
Uc= -10 mA, Is= -0.5 mA) 
Uc= -100 mA, Is= -5.0 mA) 

Base Emitter Saturation Voltage(1) 
Uc = -10 mA, Is = -0.5 mA) 
Uc= -100 mA, Is= -5.0 mA) 

Base Emitter on Voltage 
Uc = -2.0 mA, VcE = -5.0 V) 

Collector Knee Voltage 
Uc = -10 mA, Is = the value for which 
le = - 11 mA, at VcE = -1.0 V) 

DYNAMIC CHARACTERISTICS 

Transition Frequency 
(VcE = -5.0 V, le = -10 mA, f = 100 MHz) 

Noise Figure 
(VcE = -5.0 V, le = 
F = 1.0kHz 

-0.2 mA, Rg = 2 K!1) 

F = 1.0 kHz, F = 200 Hz 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mW/"C 

Watt 

mWfC 

oc 

Unit 

oc/W 

Symbol 

ICES 

V(BR)CBO 

V(BR)CEO 

V(BR)EBO 

hfE 

VcE(sat) 

VsE(sat) 

VBE(on) 

VCE(K) 

tr 

NF 

BC177,A,B 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

TRANSISTORS 

PNP SILICON 

Min Typ Max 

-100 
-4 

-50 

-45 

-5.0 

120 460 
120 220 
180 460 

-0.2 
-0.6 

-0.7 -0.8 
-0.9 

-0.6 -0.75 

-0.4 -0.6 

200 300 

4.0 
4.0 
10 
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nA 
µA 

v 

v 

v 

v 

v 

v 

v 

MHz 

dB 



BC1n,A, B 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Capacitance Cobo 3.5 4.0 pF 
(Vee = -10 V, f = 1.0 MHz) 

h21 e Parameters BC177 h21e 125 500 
!VcE = -5.0 v. le= -2.0 mA. f. = 1.0 kHz) A Group 125 260 

B Group 240 500 

h11e Parameters h11e KO 
(VcE = -5.0 v. le= -2.0 mA, f = 1.0 kHzl A Group 1.6 4.5 

B Group 3.2 8.5 

h22e Parameters h22e µ.mhos 
(VGE = -5.0 V. lc = -2.0 mA, f = 1.0 kHz) A Group 30 

B Group 

• (1) Pulse Test: Pulse Width"' 300 µ.s, Duty Cycle"' 2.0%. 

60 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -180 

Collector-Base Voltage Ve Bo -180 

Emitter-Base Voltage VEBO -6 

Collector Current - Continuous le -0.5 

Total Device Dissipation @ TA = 25°C Po 0.4 
Derate above 25°C 2 66 

Total Device Dissipation @Tc = 25°C Po 1.5 
Tc = 100°c 

Derate above 25°C 10.0 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJc 125 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
lie= -10mA,IB = O) 

Collector-Base Breakdown Voltage 
lie = -100 µ.Ade, IE = O) 

Emitter-Base Breakdown Voltage 
llE = -100 µ.Ade, le = O) 

Collector Cutoff Current 
IVcB = -100 V, IE = O) 

Collector-Emitter Cutoff 
IVcE = -100 V, IB = 0) (TAmb = 150°CI 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie= -10 mA, VcE = -10V) 

Collector-Emitter Saturation Voltage 
lie = -10 mAdc, IB = -1.0 mAdc) 

Base-Emitter Saturation Voltage 
lie = -10 mAdc, IB = -1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
lie = -20 mAdc, VcE = - 20 Vdc, t = 20 MHz) 

Output Capacitance 
llE = 0, VcB = -20 Vdc, f = 1.0 MHz) 

Input Capacitance 
lie = 0, VEB = -0.5 Vdc, f = 1.0 MHz) 

Turn-On Time 
llB1 = -10 mA, le = -50 mAdc, Vee = -100 Vdc) 

Turn-Off Time 
llB2 = -10 mAdc, le = -50 mAdc, Vee = -100 Vdc) 

*Pulse Test: Pulse Width ~ 300 µ.,s, Duty Cycle o:::; 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mWi°C 

Watt 

mW/°C 

oc 

Unit 

oc/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

le Bo 

lcEO 

hfE 

VcE(sat) 

VBE(sat) 

fr 

Cobo 

Gib 

ton 

loft 

BC393 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

fJ ~.~"""" 
,!/ """" 

HIGH VOLTAGE TRANSISTOR 

PNP 

Min Typ Max Unit 

-180 Vdc 

-180 Vdc 

-6 Vdc 

-50 nA 

-50 µ.A 

50 100 

-0.15 -0.3 Vdc 

-0.7 -0.9 Vdc 

50 110 200 MHz 

- 3.5 7 pf 

- 75 - pf 

- 100 - ns 

- 400 - ns 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo 180 

Collector-Base Voltage Vceo 180 

Emitter-Base Voltage Veeo 6 

Collector Current - Continuous le 0.5 

Total Device Dissipation @ TA = 25°C Po 0.4 
Derate above 25'C 2.66 

Total Device Dissipation@ Tc = 25'C Po 1.5 

Derate above 25'C 
Tc= 100'C 

10.0 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case Rruc 125 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 10 mA. le = Ol 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, le = o) 

Emitter-Base Breakdown Voltage 
UE = 100 µAde, le = 01 

Collector Cutoff Current 
(Vee = 100 V, IE = 0) 

Collector-Emitter Cutoff 
(VcE = 100 V, le = 0) (TAmb = 150'C) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(le = 10 mA, Vee = 10 V) 

Collector-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

Base-Emitter Saturation Voltage 
Uc = 10 mAdc, le = 1.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Output Capacitance 
Ue = o, Vee = 20 Vdc, f = 1.0 MHz) 

Input Capacitance 
Uc= o, Vee= o.5 Vdc, f = 1.0 MHz) 

Turn-On Time 
Ue1 = 10 mA, le = 50 mAdc, Vee = 100 Vdc) 

Turn-Off Time 
Ue2 = 10 mAdc, le = 50 mAdc, Vee = 100 Vdc) 

*Pulse Test: Pulse Width .; 300 µs, Duty Cycle .; 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

Watt 
mW/"C 

Watt 

mW/"C 

'C 

Unit 

'C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

ICEO 

hFE 

VcE(sat) 

VeE(sat) 

tr 

Cobo 

Cib 

Ion 

!off 

BC394 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

fl ~~~ 
3 1 Emitter 

2 1 

HIGH VOLTAGE TRANSISTOR 

NPN 

Min Typ Max Unit 

180 Vdc 

180 Vdc 

6 Vdc 

50 nA 

50 µA 

50 100 

0.15 0.3 Vdc 

0.7 0.9 Vdc 

50 110 200 MHz 

- 3.5 7 pF 

- 75 - pf 

- 100 - ns 

- 400 - ns 
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MAXIMUM RATINGS 
Rating Symbol BCV BCV Unit 

58 59 

Collector-Emitter Voltage Vern 32 45 Vdc 

Collector-Emitter Voltage Ve ES 32 45 Vdc 
(RBE = 10 Ohms) 

Emitter-Base Voltage VEBO 7 Vdc 

Collector Current - Continuous ic 0.2 Amp 

Total Device Dissipation@ TA = 25°C Po 0.6 Watt 
Derate above 25°C 3.43 mW/°C 

Total Device Dissipation@ Tc = 25°C Po 1 Watt 
Tc= 100°c 

Derate above 25°C 5.7 mW/°C 

Operating and Storage Junction TJ, T stg -65to+200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 291 'CIW 

Thermal Resistance, Junction to Case R9JC 175 'CIW 

ELECTRICAL CHARACTERISTICS .(TA= 25°C unless otherwise noted.) 

I Characteristic I Type I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BCY58 V(BR)CEO 
lie = 10 mAdc, le= 01 BCY59 

Emitter-Base Breakdown Voltage all V(BR)EBO 
(IE= 1µAdc, le= 0) 

Collector Cutoff Current 
(VCE = 32 V) BCY58 ICES 
(VCE = 45 V) BCY59 
(VCE = 32 V, TA = 100°C, VBE = 0.2 V) BCY58 ICEX 
(VCE = 45 V, TA= 100°C, VBE = 0.2 V) BCY59 
(VCE = 32 V, TA= 150°) BCY58 ICES 
(VCE = 45 V, TA= 150°) BCY59 

Emitter Base Cutoff Current all IEBO 
(VEB = 5 V) 

ON CHARACTERISTICS 

DC Current Gain hfE 
(le = 10 µAde, VcE = 5 Vde) BCY59-Vll, 

BCY59-Vlll, BCV58-Vlll 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 

(le = 2 mAdc, VcE = 5 Vdc) BCY59-Vll, 
BCY59-Vlll, BCY58-Vlll 
BCY59-IX, BCY58-IX 
BCV59-X, BCY58-X 

Oc = 10 mAdc, VcE = 1 Vdc)(1) BCY59-Vll, 
BCY59-Vlll, BCY58-Vlll 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 

Oc = 100 mAdc, VcE = 1 Vdc)(1) BCY59-Vll, 
BCY59-Vlll, BCY58-Vlll 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
(IC= 100 mAdc, IB = 2.5 mAdc) all 
(IC= 10 mAdc, IB = 0.25 mA) 

Base-Emitter Saturation Voltage(l) VBE(sat) 
(IC = 10 mA, IB = 0.25 mA) all 
lie= 100 mA, IB = 2.5 mA) 

Base-Emitter on Voltage VBE(on) 
lie = 2 mAdc, VcE = 5 Vdc) all 

BCY58-Vlll,-IX,-X 
llCYS!t-Vll,-Vlll,·IX,·X 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

TRANSISTORS 

NPN SILICON 

Min Typ Max 

32 
45 

7 

0.2 10 
0.2 10 

20 
20 

0.2 10 
0.5 10 

10 

20 145 
40 220 
100 300 
120 170 220 
180 250 310 
250 350 460 
380 500 630 
80 190 
120 260 400 
160 380 630 
240 550 1000 
40 
45 
60 
60 

0.15 0.30 0.70 
0.05 0.12 0.35 

0.6 0.70 0.85 
0.75 0.90 1.2 

0.55 0.62 0.70 

Unit 

Vdc 

Vdc 

nAdc 

µAde 

µAde 

nAde 

Vde 

Vdc 

Vdc 
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BCV58,·Vlll,·IX,·X, BCY59,·Vll,·Vlll,·IX.·X 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

I Characteristic I Type I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product all tr MHz 
!le= 10 mAdc, VcE = 5 V, f = 100 MHz) 125 200 

Output Capacitance all Cob pF 
(VCE = 10 Vdc, le= 0, f = 1 MHz) 3.5 6 

Input Capacitance all Cib pF 
(VEB = 0.5 V, le = 0, f = 1 MHz) 8 15 

Small Signal Current Gain hfe 
(IC = 2 mAdc, VCE = 5 Vdc, f = 1 kHz) BCY59-Vll (h21el 125 200 250 

BCY58-Vlll, BCY59-Vlll 175 260 350 
BCY58-IX, BCY59-IX 250 330 500 
BCY58-X, BCY59-X 350 520 700 

Output Admittance hoe µmhos 
(IC = 2 mAdc, VCE = 5 Vdc, f = 1 kHz) BCY59-Vll (h22e) 30 

II 
BCY58-Vlll, 8CY59-Vlll 50 
BCY58-IX, BCY59-IX 60 
BCY58-X, BCY59-X 100 

Input Impedance hie Koh ms 
!le = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) BCY59-Vll (h11e) 1.6 4.5 

BCY58-Vlll, BCY59-Vlll 2.5 6 
BCY58-IX, BCY59-IX 3.2 8.5 
BCY58-X, BCY59-X 4.5 1.2 

Voltage Feedback Ratio hre x10-• 
(le = 2 mAdc, VcE = 5 Vdc, f = kHz) BCY59-Vll (h12e) 1.5 

BCY58-Vlll, BCY59-Vlll 2 
BCY58-IX, BCY59-IX 2 
BCY58-X, BCY59-X 3 

Noise Figure NF dB 
(le = 0.2 mAdc, VcE = 5 Vdc, all 
Rs = 2 Kohms, f = 1 kHz) 2 6 

SWITCHING CHARACTERISTICS 

le = 10 mA, 191 = 1 mA, 192 = 1 mA td 35 nS 
Vas = -3.6 V, R1 = R2 = 5 KO tr 50 
RL = 990 ohms ton 85 150 

•See test circuit. ts 400 
tf 80 

to ff 480 800 

le= 100 mA, 191 = 10 mA, 192 = 10 mA Id 5 nS 
vaa = 5 v, R1 = 50o n, R2 = 100 n tr 50 
RL = 98 ohms ton 55 150 

•See test circuit. ts 250 
tf 200 

to ff 450 800 

(1) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 
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BCY58,-Vlll,-IX,-X, BCY59,-Vll.~Vlll,-IX,-X 

~ 
0 

2: 
w 

"' < 

0.2 

:. o. 1 
0 
> 
:> 

FIGURE 5-SATURATION VOLTAGE 

lL 

lL1 v 
7 j/ 

v IL'. 100°c 

25°C VcE lsatl le/ls= 40 7 j/ 

T 11 ,,,.Y 

HJ' 

-55 °C :I -
HJO 101 

le. COLLECTOR CURRENT (mA) 

FIGURE 7 - INPUT CHARACTERISTIC 
(COMMON EMITfER CIRCUITI 

rZ-

~ 102 
VCE = 5 V LZ 

.... 
~ 
~ 
:::> 
'-' 
w 

~ 
~ 

101 

100 
0.5 

-JZ 
[Z 

0.6 0.7 0.8 0.9 

VaE. aASE·EMITTER VOLTAGE (VOLTS) 

FIGURE 9 - OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUITI 

1000,-----.~--::i;..---.~-.-~.-----,,.---,-~--,~--.--, 

Vl4µA l 
]Jr- 3.5µA 

i L' --r.:--:-t"-+--i---+--r---t--r-
- t---b'l'~--+JµA4l~-+-~-4-~-I-~+---<>---+~--< 

~ I 
"" :::> y 2.5µA 

~ soo HfLJ-t--:::::;:;==9r===9==+=+==!==f==-!r--1 

... 
8... ..J- 2µAI 

]L- 15µA 

~ ~ 1 µA+~-+--+----+-+--+----+---1 
100 0.5µ~ 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

< 
.5 
.... 

~ 
:::> 
'-' 

"" 0 

~ 
0 
'-' 

::3 

FIGURE 6 - SATURATION VOLTAGE 

0.51--l-l-++++ttl--l~4.l---+++++l--l-l-++++-l-l-I 
!--

0.4~ 
10'' 

10 

i;t 

100 10' 

le. COLLECTOR CURRENT (mA) 

FIGURE 8 - OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 

1 
la- 25µA 

71/"" I 
la= 20µA 

tY 1 
la= 15µA 

r T 
la= 10~A 

I T 
la= 5µA 

/1 

T 
VcE. COLLECTOR-EMITTER VOLTAGE !VOLTS) 

FIGURE 10 - OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 

10' 

8 V 0.10mA 

::3 1olL~:...J:::=t==t==t=t==t=t=fioi:o!.os ~A_ 

VcE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-124 



BCY58,-Vlll,-IX,-X, BCY59,-Vll,-Vlll,-IX,-X 
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II 

MAXIMUM RATINGS 

BCV BCV BCV 
Rating Symbol 70 71 72 

Collector-Emitter Voltage Vern -40 -45 -25 

Collector-Base Voltage Vcso -50 -45 -25 

Emitter-Base Voltage Vrno -5.0 

Colle~tor Current - Continuous le -0.2 

Total Device Dissipation @ TA = 25°C Po 360 
Derate above 25°C 2.06 

Total Device Dissipation@ Tc = 25°C Po 0.6 
Tc= 100°c 

Oerate above 25°C 3.43 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RHJC 292 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Oc = -2.0 mA, Is = O) BCY70 

BCY71 
BCY72 

Collector-Base Leakage Current 
(IE = o, Vcs = -50V) BCY70 
OE = 0, Vcs = -45V) BCY71 
(IE = 0, Vcs = -25V) BCY72 

OE = o, Vcs = -40V, TAmb = 100'C) BCY70 
OE = 0, Vcs = -40V, TAmb = 100'C) BCY71 
OE = o, Vcs = -2ov, TAmb = 100°C) BCY72 

OE = 0, Vcs = -40V) BCY70 
(IE = 0, Vcs = -40V) BCY71 
(IE = o, Vcs = -20V) BCY72 

Emitter-Base Leakage Current 
(VEB = -5.0 V, le = 0) 
(VEB = -4.0 V, le = 0) 
(VEB = -4.0 V, le = 0, TAmb = 100°C) 

Collector-Emitter Leakage Current 
(VcE = -50 V, VEB = -3.0 V) BCY70 

Unit 

Vdc 

Vdc 

Vdc 

Amp 

mWatt 
mWl°C 

mWatt 

mWl°C 

·c 

Unit 

°C/W 

Symbol 

V(BR)CEO 

lcso 

IEBO 

ICEX 

BCY70 
thru 

BCY72 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

TRANSISTORS 

PNP SILICON 

Refer to 2N3799 for graphs. 

Min Typ Max 

-40 
-45 
-25 

-0.5 
-0.5 
-0.5 

-2.0 
-2.0 
-2.0 

-10 
-50 
-50 

-0.5 
-10 
-2.0 

-20 
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BCY70 thru BCY72 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

I Characteristic I Symbol Min Typ 

ON CHARACTERISTICS 

DC Current Gain hFE 
(VcE= -1.0V,lc= -10µ,A) BCY71 40 

!VcE = -1.0 v, le= -100 µAl BCY70 40 
BCY71 80 

(VcE = -1.0 V, le= -1.0 mA) BCY70 45 
BCY71 90 
BCY72 40 

(VcE = -1.0 V, le= -10 mA)(1) BCY70 50 
BCY71 100 
BCY72 50 

(VcE = -1.0V,lc = -50mA)(1) BCY70 15 

Base-Emitter Saturation Voltage(!) VsE(sat) 
Uc = -50 mA, Is = -5.0 mA) BCY70n1 
Uc= -10 mA, Is= -1.0 mA) BCY70n1 -0.6 

Collector-Emitter, Saturation Voltage(1) VcE(sat) 
Uc= -50 mA. Is = -5.0 mA) 
Uc= -10 mA, Is= -1.0 mA) 

DYNAMIC CHARACTERISTICS 

Transition Frequency tr 
Uc= -10 mA. f = 100 MHz, VcE = -20 V) All types 250 
Uc = -100 µA, f = 20 MHz, VcE = -20 V) BCY71 only 15 

Noise Figure NF 
(VcE = -5.0 V, le= -100 µA, Rg = 2.0 Kn, f = 1.0 kHz 

BCY70n2 
BCY71 

Switching Times 
Uc= -10 mA, ls1 = ls2 = -1.0mA) BCY70n2 Ion 

BCY70n2 !off 
BCY70n2 td 
BCY70n2 tr 
BCY7on2 Is 
BCY70n2 tf 

h parameters h12e -
(VcE = -10 v, le= -1.0 mA. t = 1.0 kHz) BCY71 h21e 100 

h22e 10 
h11e 2.0 

Common Base Output Capacitance Cob 
(Vee= -10 V, IE= 0, f = 1.0 MHz) 

Input Capacitance C;b 
(VEB = -1.0 Vdc, le = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "" 300 µs, Duty Cycle "" 2.0%. 
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Max Unit 

600 

v 
-1.2 II 
-0.9 

-0.50 v 
-0.25 

MHz 

dB 

6.0 
2.0 

ns 
65 
420 
35 
35 

350 
80 

20 x 10-4 -
400 -
60 µ,s 
12 Kfl 

6.0 pF 

8.0 pF 



II 

MAXIMUM RATINGS 
BCV BCV 

Rating Symbol 78 79 Unit 

Collector-Emitter Voltage Vceo -32 -45 Vdc 

Collector-Emitter Voltage Vces -32 -45 Vdc 
(Ree = 10 Ohms) 

Emitter-Base Voltage Veeo -5.0 Vdc 

Collector Current - Continuous le -0.2 Amp 

Total Device Dissipation@ TA = 25°C Po 0.6 Watt 
Derate above 25°C 3.43 mWf'C 

Total Device Dissipation @Tc = 25°C Po 1.0 Watt 
Tc= 1oo·c 

Derate above 25°C 5.71 mWf'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 ·c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 291 •cJW 

Thermal R11sistance, Junction to Case R6JC 175 •cJW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic I Type Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BCY78 Series V(BR)CEO 
Uc = - 10 mAdc, le = 01 BCY79 Series 

Emitter-Base Breakdown Voltage all V(BR)eBO 
le = -2.0 µAde, le = O) 

Collector Cutoff Current 
(Vee= -32v1 BCY78 Series Ices 
(Vee= -45Vl BCY79 Series 
(Vee = -32 V, TA = 100"C, Vee = -0.2 V) BCY78 Series icex 
(Vee = -45 V, TA= 100"C, Vee = -0.2 V) BCV79 Series 
(Vee = -25 V, TA = 150°) BCY78 Series ices 
(Vee = -35 v, TA= 150°) BCV79 Series 

Emitter-Base Cutoff Current all leeo 
(Vee = -4.o v1 

ON CHARACTERISTICS 

DC Current Gain hFe 
Uc = -10 µAde, Vee = -5.0 Vdc) BCY79-Vll 

BCY79-Vlll, BCY78-Vlll 
BCY79-IX, BCV78-IX 

Uc = -2.0 mAdc, Vee = -5.0 Vdc) BCV79-Vll 
BCY79-Vlll, BCV78-Vlll 
BCY79-IX, BCY78-IX 

Uc= -10mAdc,Vce = -1.0Vdc)(t) BCY79-Vll 
BCY79-Vlll, BCY78-Vlll 
BCY79-IX, BCY78-IX 

Uc= -100 mAdc, Vee= -1.0Vdc)(1) BCY79-Vll 
BCY79-Vlll, BCY78-Vlll 
BCY79-IX, BCV78-IX 

Collector-Emitter Saturation Voltage(!) all Vce(sat) 
lie= -100 mAdc, le= -2.5 mAdc) 
Uc= -10 mAdc, le = -0.25 mA) 

Base-Emitter Saturation Voltage(1) all Vee(sat) 
Uc = -10 mA, le = -0.25 mA) 
Uc = -100 mA, le= -2.5 mA) 

Base-Emitter on Voltage 
Uc= -2.0 mAdc, Vee= -5.0 Vdc) 

all Vee(on) 

BCY78-Vlll,-IX 
BCY7!J-Vll,-Vlll,-IX 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

!l .:.~·-· 
3 21 ~ 

1 Emitter 

TRANSISTORS 

PNP SILICON 

Min Typ Max Unit 

-32 Vdc 
-45 

-5.0 Vdc 

-0.2 -100 nA 
-0.2 -100 

-20 µAde 
-20 

-0.2 -10 µAde 
-0.5 -10 

20 nA 

30 145 
40 220 
120 170 220 
180 250 310 
250 350 460 
80 190 
120 260 400 
160 380 630 
40 
45 
60 

Vdc 
-0.15 -0.30 -0.80 
-0.05 -0.12 -0.25 

Vdc 
-0.60 -0.70 -0.85 
-0.75 -0.90 -1.20 

-0.60 -0.62 -0.75 Vdc 
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BCY78,-Vlll,-IX, BCY79,-Vll,-Vlll,-IX 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic I Type I Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 

Current Gain~Bandwidth Product all Ii' 180 300 MHz 
lie = -10 mAdc, VcE = -5.0 V, f = 100 MHz) 

Output Capacitance all Cob 3.5 7.0 pF 
IVcE = -10 Vdc, le= 0, f = 1.0 MHz) 

Input Capacitance all Gib B.O 15 pF 
IVEB = -0.5 Vdc, le = 0, f = 1 .0 MHz) 

Small Signal Current Gain hte 
lie = -2.0 mAdc, VcE = -5.0 Vdc, t = 1.0 kHz) BCY79-Vll ih21ei 200 

BCY7B-Vlll, BCY79-Vlll 260 
BCY7B-IX, BCY79-IX 330 

Input Impedance hie Koh ms 
lie = -2.0 mAdc, VcE = -5.0 Vdc, f = 1.0 kHz) BCY79-Vll lh11el 1.6 4.5 

BCY7B-Vll I, BCY79-VI II 2.5 6.0 
BCY7B-IX, BCY79-IX 3.2 8.5 

Voltage Feedback Ratio hre x 10-4 
lie = -2.0 mAdc, VcE = - 5.0 Vdc, f = 1.0 kHz) BCY79-Vll lh12el 1.5 • BCY7B-Vlll, BCY79-Vlll 2.0 

BCY7B-IX, BCY79-IX 2.0 

Noise Figure all NF 2.0 6.0 dB 
lie = -0.2 mAdc, VcE = -5.0 Vdc, 
Rs = 2.0 Kohms, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

le= -10 mA, 191 = -1.0mA,192 = -1.0 mA Id 35 nS 
Vss = +3.6 V, R1 = R2 = 5.0 Kfl tr 50 
RL = 990 ohms Ion 85 150 

*See test circuit. ts 400 
If 80 

loft 480 BOO 

le= -100mA,191 = -10 mA, 192 = -10 mA Id 5.0 nS 
Vss = +5.0 V, R1 = 500 fl, R2 = 700 fl tr 50 
RL = 98 ohms Ion 55 150 

*See test circuit. ts 250 
If 200 

loft 450 800 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 
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II 

MAXIMUM RATINGS 
Rating Symbol BF258 BF259 

Collector-Emitter Voltage Vern 250 300 

Collector-Emitter Voltage Vern 250 300 

Collector-Base Voltage Vceo 250 300 

Emitter-Base Voltage Veeo 5.0 

Collector Current - Continuous le 0.1 

Total Device Dissipation @ TA = 25°C Po O.B 
Derate above 25'C 4.57 

Total Device Dissipation @ Tc = 25'C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 35 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 30 mAdc, le = O) BF25B 

BF259 

Collector-Base Breakdown Voltage, 
(le = 100 µAde, le = O) BF25B 

BF259 

Emitter-Base Breakdown Voltage 
Ue = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 200 Vdc, le = Ol BF258 
(Vee = 250 Vdc, IE = 0) BF259 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 30 mAdc, Vee = 10 Vdcl 

Collector-Emitter Saturation Voltage 
Uc = 30 mAdc, le = 6.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product 
Uc = 30 mAdc, Vee = 10 Vdc, f = 100 MHz) 

Reverse Transfer Capacitance 
(Vee = 30 Vdc, IE= 0, f = 1.0 MHz) 

Collector-Base Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "'300 µ.s, Duty Cycle"' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/"C 

Watt 
mW/"C 

·c 

Unit 

°C/W 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

hFE 

Vce(satl 

tr 

Cre 

Ccb 

BF258 
BF259 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

.!/! ~()'~" 
2 1 1 Emitter 

Min 

250 
300 

250 
300 

5.0 

-
-

25 

-

-

-

-

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

Typ Max 

- -
- -

- -
- -
- -

1.0 50 
1.0 50 

80 -

0.1 1.0 

110 -
3.5 -

5.5 -

Unit 

Vdc 

Vdc 

Vdc 

nAdc 

-

Vdc 

MH~ 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage Vern 

Collector-Base Voltage Vcso 

Emitter-Base Voltage VEBO 

Collector Current - Continuous le 

Total Device Dissipation @ TA = 25'C Po 
Derate above 25'C 

Total Device Dissipation@ Tc = 25'C Po 
Derate above 25'C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

Value 

-150 

-150 

-6.0 

-0.1 

0.4 
2.28 

1.4 
8.0 

-65to +200 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/'C 

·-- ----~ 

Watt 
mW/'C 

'C 

BFW43 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

,:~ 
1 Emitter 

THERMAL CHARACTERISTICS HIGH VOLTAGE TRANSISTOR 
Characteristic Symbol Max Unit 

PNP SILICON 
Thermal Resistance, Junction to Ambient RllJA 438 'CIW 

Thermal Resistance, Junction to Case RllJC 125 'CIW 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO -150 Vdc 
lie= -2.0 mA, Is= O) 

Collector Base Breakdown Voltage V(BR)CBO -150 Vdc 
lie= -100 µAde, IE= O) 

Emitter Base Breakdown Voltage V(BR)EBO -6.0 Vdc 
OE = -100 µAde, le = Ol 

Collector Cutoff Current icso -10 nA 
(Vcs = -100V, IE= O) 

Collector Emitter Cutoff Current lcEO -10 µA 
(Vcs = -100 V, Is = O) TA = 125'C 

ON CHARACTERISTICS 

DC Current Gain hFE 
(le= -1.0 mA, VcE = -10 V) 40 
Oc = -10mA,VcE = -10V)(1) 40 
(le= -10µA.VcE= -10V,TA= -55'C) 30 

Collector Emitter Saturation Voltage(1) 
Oc = -10 mAdc, Is = -1 mAdc) 

VcE(sat) -0.15 -0.5 Vdc 

Base Emitter Saturation Voltage(1) VBE(sat) -0.7 -0.9 Vdc 
lie = -10 mAdc, Is = -1 mAdc) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product IT 60 110 200 MHz 
Oc = -10 mAdc, VcE = -10 Vdc, f = 20 MHz) 

Output Capacitance Cobo - 3.5 7.0 pF 
(IE= 0, Vcs = -20 Vdc, f = 1.0 MHz) 

Turn On Time ton - 100 - ns 
Os1 = -10 mA, le= -50 mAdc, Vee= -,-100 Vdc) 

Turn Off Time loft - 400 - ns 
lls2 = -10 mAdc, le= -50 mAdc, Vee = -100 Vdc) 

(1) Pulse Test: Pulse Width "" 300 µ.s, Duty Cycle "" 2%. 
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II 

FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 4 - SWITCHING TIME TEST CIRCUIT 
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MAXIMUM RATINGS 
Rating Symbol BSS BSS BSS Unit 

71 72 73 

Collector-Emitter Voltage Vern 200 250 300 Vdc 

Collector-Base Voltage Vceo 200 250 300 Vdc 

Emitter-Base Voltage VEBQ 6.0 Vdc 

Collector Current - Continuous ic 0.5 Ade 

Total Device Dissipation@ TA = Z5°C Po 0.5 Watt 
Derate above 25°C 2.86 mW/°C 

Total Device Dissipation @Tc= 25°C Po 2.5 Watt 
Derate above 25°C 14.3 mW/°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 70 °C/W 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage( I) V(BR)CEO 
(le = 10 mA, le = O) BSS71 

BSS72 
BSS73 

Collector-Base Breakdown Voltage V(BR)CBO 
(le= 100 pAdc, IE= 0) BSS71 

BSS72 
BSS73 

Emitter-Base Breakdown Voltage V(eR)EBO 
(IE= 100 pAdc, le= 0) eSS71 

BSS72 
BSS73 

Collector Cutoff Current iceo 
(VCB = 150 V, IE = 0) eSS71 
(VCB = 200 V, IE = 0) BSS72 
(Vee = 250 V, IE = 0) BSS73 

Collector-Emitter Cutoff Current lcEO 
(VCE = 1 50 V, IB = 0) BSS71 
(VCE = 200 V, Is = 0) BSS72 
(VCE = 300 V, IB = 0) BSS73 

Emitter-Cutoff Current IEBO 
(VEB = 5.0 Vdc, le = O) ALL 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC= 0.1 mA, VcE = 1 V) BSS71 
(le = 1 mA. VcE = 10 V) ALL 
Uc = 10 mA, Vee = 10 V)(1) ALL 
Uc= 30 mA, VcE = 10 V)(1) ALL 
Uc= 100 mA, Vee = 10 V)(1) BSS73 

Collector-Emitter Saturation Voltage(1) VCE(sat) 
(le= 10 mAdc, le= 1 mAdc) ALL 
(le = 30 mAdc, IB = 3 mAdc) ALL 
(le = 50 mAdc, IB = 5 mAdc) ALL 
(le '< 1 oo mAdc, le = 20 mAdc) BSS73 

Base-Emitter Saturation Voltage( I) VBE(sat) 
(le = 1 O mAdc, IB = 1 mAdc) ALL 
(le = 30 mAdc, IB = 3 mAdc) ALL 
(le = 50 mAdc, IB = 5 mAdc) ALL 
(le = 100 mAdc, IB = 1 O mAdc) BSS73 

(1) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0%. 

BSS71 
thru 

BSS73 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

I ~()'-
3 2 1 Emitter 

Min 

200 
250 
300 

200 
250 
300 

6 
6 
6 

-
--
--

--
--
-

--

20 
30 
50 
40 
-

-
-
-
-

-
-
-
-

HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 

Typ Max 

- -
- -
- -
- -
- -
-- -

-- -
-- -
-- -

- 50 
-- 50 
-- 50 

-- 500 
-- 500 
- 500 

- 50 

40 -
45 -
120 -
140 250 
35 -

0.15 0.3 
0.25 0.4 
0.35 0.5 
0.25 -

0.7 0.8 
0.8 0.9 

0.85 1.0 
0.9 --

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

nA 

-

Vdc 

Vdc 
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II 

85571 thru 85573 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(IC = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Output Capacitance 
(IE= 0, Vcs = 20 Vdc, f = 1 MHz) 

Input Capacitance 
(le = 0, VEB = 0.5 Vdc, I= 1 MHz) 

Turn On Time 
(ls1 = 10 mA, le= 50 mAdc, Vee= 100 Vdc) 

Turn Off Time 
(IB2 = 10 mAdc, IC = 50 mAdc, Vee= 100 Vdc) 
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85571 thru 85573 

FIGURE 5 - "ON" VOL TAG ES FIGURE 6 - TEMPERATURE COEFFICIENTS 
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II 

MAXIMUM RATINGS 

BSS BSS BSS 
Rating Symbol 74 75 76 Unit 

Collector-Emitter Voltage Vern -200 -250 -300 Vdc 

Collector-Base Voltage vceo --200 -250 -300 Vdc 

Emitter-Base Voltage VEBO -5.0 Vdc 

Collector Curren"i - Continuous le -0.5 Ade 

Total Device Dissipation @ TA = 25°C Po 0.5 Watt 
Derate above 25°C 2.86 mW!°C 

Total Device Dissipation @Tc = 25°C Po 2.5 Watt 
Derate above 25°C 14.3 mW!°C 

Operating and Storage Junction TJ, Tstg -65 to +200 "C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 70 "C/W 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
lie= -10 mA, 19 = O) BSS74 

BSS75 
BSS76 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = -100 µ.Ade, IE = 0) BSS74 

BSS75 
BSS76 

Emitter-Base Breakdown Voltage V(BR)EBO 
llE = -100 ,,Ade, le = O) BSS74 

BSS75 
BSS76 

Collector Cutoff Current lcso 
(Vcs = -150 v, IE = O) BSS74 
(Vcs = -200 V, IE = O) BSS75 
(Vcs = -250 V, IE = 0) BSS76 

Collector-Emitter Cutoff Current icrn 
(VCE = -150 V, 19 = 0) BSS74 
(VcE = -200 V, Is = 0) SSS75 
(VcE = -300 V, Is = O) BSS76 

Emitter-Cutoff Current IEBO 
(VEB = - 5.0 Vdc, le = O) All 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = -0.1 mA, VcE = -1.0 VI BSS74 
lie= -1.0 mA, VcE = -10 V) All 
lie= -10mA.VcE = -1ov)(1) All 
lie= -30 mA. VcE = -10 V)(1) ALL 
lie= -1oomA.VcE = -1ov)(1) BSS76 

Collector-Emitter Saturation Voltage(1) VcE(satl 
lie = -10 mAdc, Is = -1.0 mAdc) All 
lie = -30 mAdc, 19 = -3.0 mAdc) All 
lie = -50 mAdc, 19 = -5.0 mAdc) ALL 
lie = -100 mAdc, Is = -20 mAdc) BSS76 

Base-Emitter Saturation Voltage(1) VBE(sat) 
lie= -10 mAdc, Is= -1.0 mAdc) All 
lie = -30 mAdc, Is = -3.0 mAdc) ALL 
lie = -50 mAdc, Is = -5.0 mAdc) ALL 
lie = -100 mAdc, Is = -10 mAdc) BSS76 

(1) Pulse Test: Pulse Width .;; 300 ,,s, Duty Cycle .;; 2.0%. 

Min 

-200 
-250 
-300 

-200 
-250 
-300 

-6 
-6 
-6 

-
-
-

-
-
-

-

20 
30 
35 
35 
-

-
-
-
-

-
-
-
-

BSS74 
thru 

BSS76 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

.;~ 
1 Emitter 

HIGH VOLTAGE 
TRANSISTORS 

PNP SILICON 

Typ Max 

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -50 
- -50 
- -50 

- -500 
- -500 
- -500 

- -50 

40 -
45 -
50 -
55 150 
40 -

-0.15 -0.3 
-0.25 -0.4 
-0.35 -0.5 
-0.40 -

-0.7 -0.8 
-0.8 -0.9 
-0.85 -1.0 
-0.9 -

Unit 

Vdc 

Vdc 

Vdc 

nA 

nA 

nA 

-

Vdc 

Vdc 
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BSS74 thru BSS76 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic [ Symbol Min Typ Max Unit 

z 
;; 
LO .... 
~ 
"' "' i3 
'-' c 

~ 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth product 
He = -20 mAdc, VcE = -20 Vdc, f = 20 MHz) 

Output Capacitance 
(IE = o, Vee = -20 Vdc, f = 1.0 MHz) 

Input Capacitance 
(le = 0, VEB = -0.5 Vdc, f = 1.0 MHz) 

Turn-On Time 
(101 = -10 mA, le= -50 mAdc, Vee= -100 Vdcl 

Turn-Off Time 
002 = -10 mAdc, le= -50 mAdc, Vee= -100 Vdcl 
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FIGURE 1 - DC CURRENT GAIN 
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BSS74 thru BSS76 

FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 6 - TURN-ON TIME 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO 250 Vdc 

Collector-Base Voltage Vcso 250 Vdc 

Emitter-Base Voltage VEBQ 6.0 Vdc 

Collector Current - Continuous le 1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 0.8 Watt 
Derate above 25°C 4.57 mW/'C 

Total Device Dissipation@ Tc = 25'C Po 5.0 Watts 
Derate above 25'C 28.6 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 35 'C/W 

ELECTRICAL CHARACTERISTICS IT A = 25'C unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
lie = 10 mA, Is = 01 

Collector-Base Breakdown Voltage V(BR)CBO 
lie = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 µAde, le = O) 

Collector Cutoff Current lcso 
(Vcs = 200 V, IE = 0) 

Collector-Emitter Cutoff Current lcEO 
(VcE = 200 V, Is = 0) 

Emitter-Base Cutoff Current IEBO 
IVEB = 5.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
lie = 0.1 mA, VcE = 1.0 VI 
lie = 1.0 mA, VcE = 10 VI 
lie = 10 mA, VcE = 10 V)(1) 
lie = 30 mA, VcE = 10 V)(1) 
lie = 100 mA, VcE = 10 Vll1 I 

Collector-Emitter Saturation Voltage(1) VcE(sat) 
(le= 10 mAdc, Is= 1.0 mAdc) 
lie = 30 mAdc, Is = 3.0 mAdcl 
lie = 50 mAdc, Is = 5.0 mAdc) 
lie = 100 mAdc, Is = 20 mAdcl 

Base-Emitter Saturation Voltage(l) VBE(sat) 
lie= 10 mAdc, ls= 1.0 mAdc) 
lie = 30 mAdc, Is = 3.0 mAdc) 
lie = 50 mAdc, Is = 5.0 mAdc) 
lie = 100 mAdc, Is = 10 mAdc) 

(1) Pulse Test: Pulse Width ~ 300 µ,s, Duty Cycle .s: 2.0%. 

85578 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

,, ~~""""' 
2 1 1 Emitter 

HIGH VOLTAGE TRANSISTOR 

NPN SILICON 

Min Typ Max Unit 

250 - - Vdc 

250 - - Vdc 

6.0 - - Vdc 

- - 50 nA 

- - 500 nA 

- - 50 nA 

-
20 40 -
30 45 -
50 120 -
40 140 250 
- 35 -

Vdc 
- 0.15 0.3 
- 0.25 0.4 
- 0.35 0.5 
- 0.25 -

Vdc 
- 0.7 0.8 
- 0.8 0.9 
- 0.85 1.0 
- 0.9 -
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BSS78 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product tr 
(IC= 20 mAdc, VCE = 20 Vdc, I= 20 MHz) 50 70 

Output Capacit~nce Cob 
(IE= 0, Vcs = 20 Vdc, I= 1 MHz) - 3.5 

Input Capacitance Gib 
(le = 0, VEB = 0.5 Vdc, I= 1 MHz) - 45 

Turn On Time Ion 
(IB 1 = 1 o mA, le = 50 mAdc, Vee = 1 oo Vdc) - 100 

Turn Off Time loft 
(IB2 = 1 O mAdc, le = 50 mAdc, Vee = 1 oo Vdc) - 400 
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MHz 
200 

pf 
-

pf 
-

ns 
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ns 
-



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vceo -60 

Collector-Emitter Voltage Vces -60 

Collector-Base Voltage VcBo -60 

Emitter-Base Voltage Ve Bo -5.0 

Collector Current - Continuous le -1.0 

Total Device Dissipation @ TA = 25'C Po 1.25 
Oerate above 25'C 7.15 

Total Device Dissipation @ Tc = 25'C Po 7.0 
Derate above 25'C 40 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 140 

Thermal Resistance, Junction to Case RllJC 25 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(Vee = -60 vi 
(Vee = -60 v. TA= 150'C) 
(Vee = -60 v. VBE = -0.2 v, TA= 100'C) 

Emitter Cutoff Current 
(VeB = -4.o vi 

Collector-Emitter Breakdown Voltage 
Oc = -50 mAH1l 

Collector-Emitter Breakdown Voltage 
(le= -10 µ,A) 

Emitter-Base Breakdown Voltage 
(IE= -10µ,A) 

ON CHARACTERISTICS 

DC Current Gain 
(Vee= -1.0 V, lc = -0.1 mA) 
(Vee= -1.0 V, le= -100 mA)(1) 
(Vee= -1.0V, le= -500 mA)(1) 

Base-Emitter Voltage 
(Vee = -1.0 V, le = -100 mA)(1) 
(Vee= -1.ov.1c = -500mAH1l 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bandwidth Product 
Oc = -50 mA. Vee= -1ov. t = 20 MHz) 

Output Capacitance 
(VcB = -1ov.1e = o, t = 1.0 MHz) 

Small-Signal Current Gain 
Oc = -1.0 mA, Vee= -5.0V,f = 1.0 MHz) 

Turn On Time (Fig. 1) (le= -100 mA, IB1 = IB2 = -5.0 mA) 
Storage Time (Fig. 1) (le= -100 mA, IB1 =IB2 = -5.0 mA) 

Fall Time (Fig. 1) 
(le= -100 mA, IB1 = IB2 = -5.0 mA) 

(1) Pulsed: Pulse Duration = 300 µ,s, Duty Cycle = 2%. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mwrc 

Watts 
mwrc 

'C 

Unit 

'C!W 

'C!W 

Symbol 

Ices 

IEBO 

V(BR)CEO 

V(BR)CES 

V(BR)EBO 

hFE 

VBE(on) 

fy 

Cob 

hte 

Ion 
Is 

If 

BSV16·10 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

PNP SILICON 

Refer to 2N4405 for graphs. 

Min Max Unit 

- -50 nA 
- -50 µA 
- -50 

- -50 nA 

-60 - v 

-60 - v 

-5.0 - v 

-
20 -
63 160 
25 -

v 
- -1.0 

-0.7 -1.4 

50 - MHz 

- 25 pF 

20 - -

- 500 ns 
- 500 

- 150 ns 
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BSV1&-10 

FIGURE 1 - SWITCHING TIME CIRCUIT 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage vcrn 15 

Collector-Emitter Voltage Ve ER 20 
(RBE = 10 Ohms) 

Collector-Base Voltage Ve BO 40 

Emitter-Base Voltage VEBO 4.5 

Collector Current - Continuous ic 500 

Total Device Dissipation (ii) TA = 25°C Po 360 
Derate above 25°C 2.06 

Total Device Dissipation @Tc = 25°C Po 1.2 
Tc = 100°c 

Derate above 25°C 6.85 

Operating and Storage Junction TJ, T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 146 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, IB = 0) 
Uc = 10 mAdc, RBE = 10 0) 

Emitter-Base Breakdown Voltage 
UE = 10 µ.Ade, le = O) 

Collector Cutoff Current 
(VcB = 20 Vdc, IE = O) 
(VcB = 20 Vde, IE = o, !i_ = 150°C) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, Tj = 55°C) 
(VcE = 40 Vde, VBE = 0) 

Cutoff Current 
(VcE = 15 Vde, VEB = 3.0 V, !i_ = 55°C) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= 10 mAde, VcE = 1.0 Vdc) 
Uc= 10 mAde, VcE = 1.0 Vdc, Tj = -55°C) 
(le = 100 mAde, VcE = 2.0 Vde) 

Base-Emitter On Voltage 
(le = 30 µ.Ade, VcE = 20 Vde, !i_ = 100°c) 

Emitter-Collector Saturation Voltage(1) 
Uc = 10 mAde, le = 0.3 mAde) 
Uc= 10 mAde, le = 1.0 mAde) 
Uc = 100 mAde, le = 10 mAde) 

Emitter-Base Saturation Voltage(1) 
Uc= 10 mAde, le = 1.0 mAde) 
Uc = 100 mAde, le = 10 mAde) 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAmp 

mWatt 
mW/°C 

Watt 

mW/°C 
oc 

Unit 

°C/W 

BSX20 

CASE 22-03, STYLE 1 
T0-18 (T0-206AA) 

! ~~'-' 
3 1 Emitter 

2 1 

TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

Vdc 
V(BR)CEO 15 
"'.l_BR)CER 20 

V(BR)EBO 4.5 Vdc 

lcBO 
400 nAdc 
30 µAde 

ICES µAde 
0.4 
1.0 

ICEX 0.6 µ.Ade 
IBEX 0.6 

hfE 
40 120 
20 
10 

VeE(on) 0.35 Vdc 

VcE(sat) Vde 
0.30 
0.25 
0.60 

VeE(sat) Vdc 
0.70 0.85 

1.50 
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BSX20 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic J Symbol Min Max Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current Gain-Bartdwidth Product tr 500 MHz 
Oc = 10 mA, Vee = 10 v. t = 100 MHz) 

Output Capacitance Cobo 4.0 pF 
(Vcs = 5.0 v, le= o. t = 1.0 MHzl 

Input Capacitance Ciba 4.5 pF 
(Ves = 1.0 v, le = o, t = 1.0 MHzl 

Time Is 1.3 ns 
Oc = 10 mA, ls1 = ls2 = 10 mAl 

Turn-On Time ton ns 

II 
Oc = 10 mA, ls1 = 3.0 mA) 12 
Oc = 100 mA. ls1 = 40 mAl 7.0 

Turn-Off Time lo ff ns 
Oc = 10 mA, ls1 = 3.0 mA, ls2 = -1.5 mA) 18 
Oc = 100 mA, ls1 = 40 mA, ls2 = -20 mA) 21 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 2%. 
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MAXIMUM RATINGS 

Rating Symbol Value 
--- ---- ----- ------- --

Collector-Emitter Voltage Vern -65 

Collector-Base Voltage Vcso -65 

Emitter-Base Voltage VEBo -5.0 

Collector Current - Continuous le -0.6 

Total Device Dissipation @ TA = 25°C Po 0.5 
Derate above 25°C 3.33 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55 to + 175 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
Oc = -1omA,ls = o) 

Collector Cutoff Current 
(Vcs = -50 V, IE = 0) 
(Vcs = -50 V, IE = 0, TA = 100°C) 

Emitter Cutoff Current 
(VEB = -3.0 V, le = 0) 
(VEB = - 5.0 V, le = O) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage(1) 
Oc = -150mA.ls = -15mA) 

Base-Emitter Saturation Voltage(1) 
(le= -150 mA, Is= -15 mA) 
Oc = -30 mA, Is= -1.0 mA) 

DC Current Gain 
(le= -1.0 mA, VcE = --0.4 V) 
Oc = -10 mA. VcE = -0.4 V)(1) 
(le = -50 mA, VcE = -0.4 V)(1) 
(le= -150mA.VcE = -0.4V)(1) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(le= -50 mA, VcE = -10 V, f = 20 MHz) 

Output Capacitance 
(Vcs = -10 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Storage Time (See Figure 1) 
(Vee = -4.0 V, le = -100 mA) 
Os1 = ls2 = 10 mA) 

(1) Pulsed: Pulse Duration = 300 µ.s, Duty Cycle = 2%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW/°C 

"C 

0 

181 

CV9507 

(CECC 50004-050) 
CASE 79-04, STYLE 1 

T0-39 (T0-205AD) 

iii ,;,~'~"' 
31([ 1 Emitter 

SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N29b4 for graphs. 

Symbol Min Max Unit 

VcEO(sus) -65 Vdc 

lcso 
-75 nA 
-1.0 µ.A 

IEBo 
-100 nA 
-10 µ.A 

VcE(sat) -0.4 Vdc 

VBE(sat) Vdc 
-1.3 
-0.9 

hFE 
40 
50 200 
20 
10 

tr 50 MHz 

Cobo 12 pF 

ts 250 ns 

Vss + 15 v Vee - 4.o v 

1.3 k 36 

910 0.47 pf ·---4---0 Oscilloscope 
111/J 1---- ze ;;. 1 Mn 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage Vern 65 Vdc 

Collector-Base Voltage Vcso 65 Vdc 

Emitter-Base Voltage vrno 5 Vdc 

Collector Current - Continuous IC 0.6 Ade 

Total Device Dissipation @TA = 25°C Po 0.6 Watt 
Derate above 25°C 3.43 mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -55to+175 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R11JA 292 °C/W 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) 
(IC = 1 0 mA, Is = 0) 

Collector Cutoff Current 
(VCB = 50 V, IE= 0) 

Emitter Cutoff Current 
(IEB0(1) VEB = 3 V, le= 0) 
(IEBO (2) VEB = 5 V, IC = 0) 

Collector Cutoff Current 
(VcE = 50 v, TA = 100°C) 

ON CHARACTERISTICS 

DC Current Gain 
(h21e(1) le = 1.0 mA, VCE = 0.4 V) 
(h21e(2) le = 10 mA, VcE = 0.4 V)(1) 
(h21 0(3) le = 150 mA, VcE = 0.75 V)(1) 
(h21 0(4) le = 50 mA, VcE = 0.4 V)(1) 

Base-Emitter Saturation Voltage(1) 
(IC = 30 mA, Is = 1 mA) 
(IC= 150 mA, Is= 15 mA) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Oc = 50 mA, VcE = 10 V, f = 20 MHz) 

Storage Time 

(Vee= 45 V, le= 100 mA, IB1 =ls2=10mA) 

Output Capacitance 
(VCB = 10 V, f = 1 MHz) 

(1) Pulsed: Pulse Duration = 300 µ.s, Duty Cycle = 2%. 

CV12253 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

'fii1 ~~"-
~![ !Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 

\ Symbol \ Min Max Unit 

VcEO(sus) v 
65 

ICBO nA 
20 

IEBO 
20 nA 
2 µA 

lcEO µA 
80 

hFE 
40 --
50 200 
25 --
35 --

VBE(sat) v 
0.9 
1.3 

IT MHz 
60 

ts 172 550 ns 

Cob pF 
20 
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MAXIMUM RATINGS 

Rating Symbol MM3001 I MM3002 

Collector-Emitter Voltage Vern 150 I 200 

Emitter-Base Voltage Vrno 5.0 

Collector Current - Continuous le 200 l 50 

Total Device Dissipation Po 
@TA= 25°C 1.0 
Derate above 25°C 5.71 

Total Device Dissipation Po 
@Tc= 25°C 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 175 

Thermal Resistance, Junction to Case R9JC 35 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, Is = O) MM3001 

MM3002 

Emitter-Base Breakdown Voltage 
(IE = 10 !'Ade, le = 0) 

Collector Cutoff Current 
(Vcs = 75 Vdc, IE = 0) MM3001 
(Vcs = 100 Vdc, IE = 0) MM3002 

ON CHARACTERISTICS 

DC Current Gain 
(le = 10 mAdc, VcE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
Uc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance 
(Vcs = 20 Vdc, IE = 0, f = 1 .0 MHz) MM3001 

MM3002 

(1) Pulse Test: Pulse Width .; 300 !LS, Duty Cycle .; 2.0%. 

Unit 

Vdc 

Vdc 

mAdc 

Watt 
mW!°C 

Watts 
mW!°C 

oc 

Unit 

oc/W 

"C/W 

Symbol 

V(BR)CEO 

V(BR)EBO 

lcso 

fy 

Cobo 

MM3001 
MM3002 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 

Min Max 

150 -
200 -
5.0 -

- 1.0 
- 5.0 

20 

150 -

- 7.0 
- 1.5 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

3-149 

• 
Unit 

Vdc 

Vdc 

!'Ade 

MHz 

pF 



II 

MAXIMUM RATINGS 

Rating Symbol MM3005 MM3007 

Collector-Emitter Voltage Vern 60 100 

Collector-Base Voltage Vceo 80 120 

Emitter-Base Voltage VEBO 5.0 

Collector Current - Continuous le 2.5 

Total Device Dissipation Po 
@TA=25°c 1.0 
Derate above 2s0 c 5.71 

Total Device Dissipation Po 
@Tc= 25°c 8.0 
Derate above 25°C 45.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 175 

Thermal Resistance, Junction to Case RoJC 22 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = 10 mAdc, le = o) MM3005 

MM3007 

Collector-Base Breakdown Voltage 
(le = 100 µAde, IE = 0) MM3005 

MM3007 

Emitter-Base Breakdown Voltage 
(IE = 100 µAde, le = O) 

Collector Cutoff Current 
(Vee = 60 Vdc, IE = 0) MM3005 
(Vee = 100 Vdc, IE = 0) MM3007 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, le = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc = 1.0 mAdc, VcE = 1.0 Vdc) All Types 
Uc = 150 mAdc, VcE = 1.0 Vdc)(1) MM3005 
Uc = 250 mAdc, VcE = 1.0 Vdc)(1 l MM3007 

Collector-Emitter Saturation Voltage(1) 
(le = 150 mAdc, le = 15 mAdc) 

Base-Emitter On Voltage(1) 
Uc = 150 mAdc, VcE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width ,.; 300 µs, Duty Cycle ,.; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watt 
mW!°C 

Watts 
mWl°C 

·c 

Unit 

·c;w 

·c;w 

MM3005 
MM3007 

CASE 79-04, STYLE 1 
T0-39 (T0-205ADI 

,IP ~.~''"""' 
2 1 1 Emitter 

AUDIO TRANSISTORS 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO Vdc 
60 -
100 -

V(BR)CBO Vdc 
80 -
120 -

V(BR)EBO 5.0 - Vdc 

lceo nAdc 
- 100 
- 100 

IEBO - 100 nAdc 

hFE -
40 -
50 250 
50 250 

VcE(sat) - 0.35 Vdc 

VeE(on) 0.60 0.75 Vdc 

tr 50 - MHz 

Cobo - 15 pF 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol MM3725 

Collector-Emitter Voltage Vern 40 

Collector-Base Voltage Vcso 80 

Emitter-Base Voltage VEBO 6.0 

Collector Current - Continuous le 500 

Total Device Dissipation@ TA = 25°C Po 1.0 
Derate above 25°C 5.71 

Total Device Dissipation@ Tc = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 175 

Thermal Resistance, Junction to Case RoJC 35 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1 I 
Uc = 10 mAdc, Is = OJ 

Collector-Emitter Breakdown Voltage(1 I 
Uc = 10 mAdc, VsE = O) 

Collector-Base Breakdown Voltage 
Uc = 10 µAde, IE = O) 

Emitter-Base Breakdown Voltage 
(IE = 10 µAde, le = 01 

Collector Cutoff Current 
(Vcs = 60 Vdc, IE = 0) 
(Vcs = 40 Vdc, IE = 0) 
IVcs = 60 Vde, IE = 0 TA = 100°C) 
IVcs = 60 Vdc, IE = 0, TA = 100°C) 

Collector Cutoff Current 
IVcE = 80 Vde, VEB = O) 
IVcE = 50 Vde, VEB = O) 

Base Current 
IVcE = 50 V, VEB = 0) 
IVcE = 80 V, VEB = O) 

ON CHARACTERISTICS(1) 

DC Current Gain 
lie = 10 mAde, VcE = 1.0 Vdc) 
Uc = 100 mAdc, VcE = 1.0 Vdel 
lie = 100 mAdc, VcE = 1.0 Vde, TA= -55'C) 
Uc = 300 mAdc, VcE = 1.0 Vde) 
Uc = 500 mAdc, VcE = 1.0 Vdc) 
Uc = 500 mAdc, VcE = 1.0 Vdc, TA = -55°C) 
Uc = 800 mAdc, VcE = 2.0 Vde) 
Uc = 1.0 Ade, VcE = 5.0 Vdc) 
Uc = 800 mA, VcE = 2.0 VI 
Uc = 1.0 Ade, VcE = 5.0 VI 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watts 
mW/°C 

Watts 
mW/°C 

"C 

Unit 

"C/W 

"C/W 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(BR)EBO 

lcso 

ICES 

Is 

hFE 

MM3725* 
CASE 79-04, STYLE 1 

T0-39 (T0-205ADI 

la ,:~'~"' 
3 ~I[ 1 Emitter 

SWITCHING TRANSISTOR 

Min 

40 

80 

80 

6.0 

-
-
-
-

-
-

-

30 
60 
30 
40 
35 
20 
25 
30 
20 
25 

NPN SILICON 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- -

- -

- -

0.12 1.7 
- -
- 120 
- -

0.15 10 
- -
- 10 

-
- 150 
- -
- -
- -
- -
- -
- -
- -
- -
-

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

µAde 

µAde 

µAde 

-
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II 

MM3725 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25'C unless otherwise noted.) 

Characteristic 

Collector-Emitter Saturation Voltage(1) 
Uc = 10 mAdc, Is = 1.0 mAdc) 
Uc = 100 mAdc, 19 = 10 mAdc} 
Oc = 300 mAdc, Is = 30 mAdcl 
Oc = 500 mAdc, Is = 50 mAdc) 
(le = 800 mAdc, Is = 80 mAdcl 
(le= 1.0 mAdc, Is = 100 mAdc} 

Base-Emitter Saturation Voltage(!) 
(le = 10 mAdc, 19 = 1.0 mAdc} 
Uc = 100 mAdc, Is = 10 mAdc} 
(le = 300 mAdc, Is = 30 mAdc) 
Uc = 500 mAdc, Is = 50 mAdc) 
Uc = 800 mAdc, Is = 80 mAdc} 
Uc = 1.0 Ade, Is = 100 mAdc} 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2} 
!le = 50 mAdc, VcE = 10 Vdc, f = 100 MHz} 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, f = 1.0 MHz} 

Input Capacitance 
(Vee = 0.5 Vdc, le = o. t = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vee = 30 Vdc, VBE(off} = -3.8 Vdc, 
Rise Time le = 500 mAdc, 191 = 50 mAdc} 

Turn-On Time 
(Figures 8, 10) 

Storage Time (Vee = 30 Vdc, le = 500 mAdc, 
Fall Time 191 = 192 = 50 mAdc} 

Turn-Off Time (Figures 9, 10} 

(1} Pulse Test: Pulse Width ,;; 300 µ,s, Duty Cycle = 1.0% 
(2) fr = lhtel • ftest 

Symbol 

VcE(sat} 

VBE(sat) 

tr 

Cobo 

Cibo 

Id -

t, -

ton -
ts -
tf -

loft -

Min 

-
-
-
-
-
-

-
-
-
0.8 
-
-

300 

-

-

5.0 

15 

20 

35 

20 

50 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 

2.0 
---c 

1.0 ...... 
a;: 

" "' >-- 0.5 
z 
oc 0.3 oc 
J 

0.2 u 
>----+--+--+--+--+-r-+-··-----6---1 ::s 

- [S. 
0 

t; 0.1 TJ=2QQOC 

--- Second Breakdown limited 

8 - - -- Thermal Limitation@ Tc= 25oc>----+--+---:rs;:,__.~"'"""1r---i 

U 0.05 ~ Pulse Duty Cycle< 1{1% 

0.03 ~Applicable To Rated BVCEQ 

3.0 4.0 6.0 8.0 10 20 30 40 60 

VCE. COLLECTOR-EMITTER VOLTAGE IVOLTSI 

Typ 

0.17 
0.19 
0.25 
0.30 
0.43 
0.55 

-
-
-
-
-
-

-

-

-
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Max Unit 

Vdc 
0.25 
0.26 
0.40 
0.52 
0.80 
0.95 

Vdc 
0.76 
0.86 
1.1 
1.1 
1.5 
1.7 

- MHz 

10 pF 

55 pF 

10 ns 

30 ns 

35 ns 

50 ns 

25 ns 

60 ns 



MM3725 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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FIGURE 3 - "ON" VOLTAGES 
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FIGURE 5 - TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 7 - CAPACITANCE 
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II 

MM3725 

FIGURE 8 - TURN-ON TIME 

IC, COLLECTOR CURRENT (mA) 

FIGURE 10 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 9 - TURN-OFF TIME 

-zoo ~~-~~----------1-1-.,--1-
.___,__,__.__,__,__.__._._......._.___,__,__._, v~c • 1 o ~ ... 
~ 11@1c11e= 10 T 25•c 

100 I '- v 1ct1e = 20-1-+-1-++--+-+-1-+---1.f>.-=-1i_'1-l'-1--1-'-1--1 ¥ '.:L 

,ovy 
10 20 30 50 100 200 300 . 500 1000 

le. COLLECTOR CURRENT(mA) 

FIGURE" 11 - COLLECTOR CUTOFF CURRENT 
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MAXIMUM RATINGS 

Rating Symbol MM4001 MM4003 Unit 

Collector-Emitter Voltage VcEO -150 -250 Vdc 

Collector-Base Voltage Vceo -150 -250 Vdc 

Emitter-Base Voltage VEBO -4.0 Vdc 

Collector Current - ic -500 
mAdc 

Continuous 

Total Device Dissipation Po 
@TA= 25•c 1.0 Watt 
Derate above 25°C 5.71 mW!°C 

Total Device Dissipation Po Watts 
@!Tc= 25•c 5.0 mW!°C 
Derate above 25°C 28.6 

Operating and Storage 
Junction 

TJ, Tstg -65 to +200 ·c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R9JA 292 •CfW 

Thermal Resistance, Junction to Case R9JC 58 "CIW 

ELECTRICAL CHARACTERISTICS !TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc= -10 mAdc, le= O) 

Collector-Base Breakdown Voltage 
OE= O,lc = -100~dc) 

Emitter-Base Breakdown Voltage 
OE = -100 ~de, le = O) 

Collector Cutoff Current 
(Vee= -50 Vdc, IE = 0) 
(Vee = - 75 Vdc, IE = 0) 
(Vee= -150Vdc, IE= O) 

ON CHARACTERISTICS 

DC Current Gain(1) 
Uc= -10 mAdc, VcE = -10 Vdc) 

Collector-Emitter Saturation Voltage(1) 
Uc= -10 mAdc, le= -1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(Vee= -20 Vdc, IE = 0, f = 1.0 MHz) 

(1) Pluse Test: PW "" 300 µ.s, Duty Cycle "" 2.0%. 

MM4001 
MM4003 

MM4001 
MM4003 

MM4001 
MM4003 

MM4001 
MM4003 

MM4001 
MM4003 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

lceo 

hFE 

VcE(sat) 

Cobo 

MM4001 
MM4003 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

GENERAL PURPOSE 
TRANSISTORS 

PNPSILICON 

Min 

-150 
-250 

-150 
-250 

-4.0 

-
-
-

20 

-
-

Max 

-
-

-
-
-

-1.0 
-5.0 

-

-0.6 
-5.0 

10 
20 
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Vdc 

Vdc 

Vdc 

~de 

-
Vdc 

pF 



II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VcEO -60 Vdc 

Collector-Base Voltage Vceo -60 Vdc 

Emitter-Base Voltage Veeo -5.0 Vdc 

Collector Current - Continuous le -1.0 Ade 

Total Device Dissipation @ TA = 25°C Po 1.0 Watt 
Derate above 25°C 5.71 mW/°C 

Total Device Dissipation @ Tc = 25°C Po 7.0 Watts 
Derate above 25°C 40 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +200 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient R8JA(1) 175 oc/W 

Thermal Resistance, Junction to Case R8JC 25 oc/W 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
Uc= -10 mAdc, le= O) 

Collector-Base Breakdown Voltage 
Uc = -100 !'Ade, le = o) 

Emitter-Base Breakdown Voltage 
!le = -100 µAde, le = o) 

Collector Cutoff Current 
(Vee = -50 Vdc, le = o) 

Emitter Cutoff Current 
(VEB = - 3.0 Vdc, IE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Oc = -1.0mAdc,VcE = -1.0Vdc) 
Oc = -150mAdc,VcE = -1.0Vdc)(2) 

Collector-Emitter Saturation Voltage 
Oc = -150 mAdc, le= -15 mAdc) 

Base-Emitter Saturation Voltage 
Uc = -150 mAdc, le = -15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(2) 
Oc = -50 mAdc, VcE = -10 Vdc, f = 20 MHz) 

Output Capacitance 
!Vee= -10 Vdc, le= o, t = 1.0 MHz) 

Input Capacitance 
(Vee = - o.5 Vdc, le = o, t = 1.0 MHz) 

(2) Pulse Test: Pulse Width "' 300 JLS, Duty Cycle "' 2.0%. 

Symbol 

V(BR)CEO 

V(BR)CBO 

V(BR)EBO 

iceo 

leeo 

hFE 

VcE(sat) 

VeE(sat) 

t-r 

Cobo 

Cibo 

MM4005 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

AMPLIFIER TRANSISTOR 

PNPSILICON 

Min Typ Max 

-60 - -

-60 - -

-5.0 - -

- - -100 

- - -100 

40 90 -
50 150 -
- -0.1 -

- -0.7 -

50 250 -

- 10 -

- 100 -
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Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vdc 

MHz 

pF 

pF 



MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage Vern -15 

Collector-Base Voltage Vcso -15 

Emitter-Base Voltage VEBO -4.5 

Collector Current - Continuous le -50 

Total Device Dissipation @ TA = 25°C Po 0.3 
Derate above 25°C 1.72 

Total Device Dissipation (ii> Tc = 25°C Po 0.7 
Derate above 25°C 4.0 

Operating and Storage Jucntion TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 486 

Thermal Resistance, Junction to Case ReJC 146 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

Collector-Emitter Breakdown Voltage(1) (le = -3.0 mAdc, Is = O) 

Collector-Emitter Breakdown Voltage (le = -100 JLAdc, VsE = O) 

Collector-Base Breakdown Voltage Uc = -100 JLAdc, IE = O) 

Emitter-Base Breakdown Voltage (IE = -100 JLAdc, le = O) 

Collector Cutoff Current (VcE = -8.0 Vdc, VsE = 0) 
(VcE = -8.0 Vdc, VsE = o, TA= 125°C) 

Base Current (VcE = -8.0 Vdc, VsE = O) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -1.0 mAdc, VcE = -0.5 Vdc) 
Oc = -10mAdc,VcE = -1.0Vdc)(1) 
(le= -10 mAdc, VcE = -1.0Vdc, TA= -55°C)(1) 
Uc = -50 mAdc, VcE = -1.0 Vdc)(1) 

Collector-Emitter Saturation Voltage 
(le= -1.0 mAdc, Is= -0.1 mAdc) 
(le= -10 mAdc, Is= -1.0 mAdc)(1) 
Uc= -50 mAdc, Is= -5.0 mAdc)(1) 

Base-Emitter Saturation Voltage 
Uc = -1.0 mAdc, Is = - 0.1 mAdc) 
(le= -10 mAdc, Is= -1.0 mAdc)(1) 
(le = -50 mAdc, Is = -5.0 mAdc)(1) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 
mW!°C 

Watts 
mW!°C 

·c 

Unit 

0 c1W 

0c1W 

3 

MM4209* 
CASE 22-03, STYLE 1 

T0-18 (T0-206AA) 

3 Collector 

,::© 
1 Emitter 

SWITCHING TRANSISTOR 

Symbol 

V(BR)CEO 

V(BR)CES 

V(BR)CBO 

V(Bf!l_EBO 

ICES 

Is 

hFE 

VcE(sat) 

VBE(sat) 

PNP SILICON 

*This is a Motorola 
designated preferred device. 

Min Max 

-15 -
-15 -
-15 -
-4.5 -
- -10 
- -5.0 

- -1.0 

30 -
35 120 
15 -
25 -

- -0.15 
- -0.18 
- -0.6 

- -0.8 
-0.75 -0.95 
- -1.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

nAdc 
JLAdc 

nAdc 

-

Vdc 

Vdc 
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MM4209 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25•c unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 850 - MHz 
le = -10 mAdc, VcE = -10 Vdc, f = 100 MHz) 

Output Capacitance Cobo - 3.0 pf 
(Vee = -5.0 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cibo - 3.5 pf 
(VEB = -0.5 Vdc, le= 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time Ion - 15 ns 

Delay Time (Vee = -1.5 Vdc, VeE = o, 
Id - 10 ns 

le = -10 mAdc, 191 = -1.0 mAdc) 
Rise Time tr - 15 ns 

Turn-Off time 
(Vee = -1.5 Vdc, VeE = o, !off - 20 ns 

II 
Storage Time le= -10 mAdc, ts - 20 ns 

Fall Time 191 = 192 = -1.0 mAdc) 
If - 10 ns 

Storage Time ts - 20 ns 
Uc= -10 mAdc, 191 = -10 mAdc, le2 = -10 mAdc) 

(1) Pulse Test: Pulse Width "' 300 µ.s, Duty Cycle "' 2.0% 
(2) fT is defined as the freqency at which lhfel extrapolates to unity. 
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MAXIMUM RATINGS 
Characteristic Symbol Max 

Collector-Emitter Voltage VcEO -100 

Collector-Base Voltage Vceo -120 

Emitter-Base Voltage VEBO -5.0 

Collector Current - Continuous le -2.0 

Total Device Dissipation Po 
@TA= 25°C 1.5 
Derate above 25°C 8.57 

Total Device Dissipation Po 
@Tc= 25°C 8.0 
Derate above 25°C 45.7 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8.JA 117 

Thermal Resistance, Junction to Case R9JC 22 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 
Uc = -10 mAdc, le = O) 

Collector-Base Breakdown Voltage 
Uc = -100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
IE = -100 µAde, le = O) 

Collector Cutoff Current 
(Vee = -100 Vdc, IE = 0) 

Emitter Cutoff Current 
IVEB = -4.0 Vdc, le = 0) 

ON CHARACTERISTICS 

DC Current Gain 
Uc= -1.0mAdc,VcE = -1.0Vdc) 
Uc= -250 mAdc, VcE = -2.5 Vdc)(1) 

Collector-Emitter Saturation Voltage 
Uc= -150 mAdc, 19 = -15 mAdc)(1) 

Base-Emitter On Voltage(1) 
Uc = -150 mAdc, VcE = -2.5 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) 
Uc= -50 mAdc, VcE = -10 Vdc, f = 20 MHz) 

Output Capacitance 
(Vee = -10 Vdc, IE = o. f = 1.0 MHz) 

(1) Pulse Test: Pulse Width "' 300 µ,s, Duty Cycle "' 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

Ade 

Watts 
mwrc 

Watts 
mwrc 

·c 

Unit 

·crw 
·crw 

MM5007 

CASE 79-04, STYLE 1 
T0-39 (T0-205AD) 

iii~-©"-
3 ~I[ 1 Emitter 

AUDIO TRANSISTOR 

PNP SILICON 

Symbol Min Max Unit 

V(BR)CEO -100 - Vdc 

V(BR)CBO -120 - Vdc 

V(BR)EBO -5.0 - Vdc 

lceo - -200 nAdc 

IEBO - -100 nAdc 

hfE -
40 -
50 250 

VcE(satl - -0.5 Vdc 

VBE(on) -0.65 -0.8 Vdc 

tr 30 - MHz 

Cobo - 20 pf 
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MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VcEO 40 

Collector-Base Voltage Vcso 50 

Emitter-Base Voltage VEBO 12 

Collector Current - Continuous le 300 

Total Device Dissipation @ TA = 25°C Po 375 
Derate above 25°C 2.14 

Total Device Dissipation @Tc = 25°C Po 1.25 
Derate above 25°C 7.15 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ROJA 467 

Thermal Resistance, Junction to Case ReJC 140 

ELECTRICAL CHARACTERISTICS !TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
Uc = 1.0 mAdc, Is = OI 

Collector-Base Breakdown Voltage 
Uc = 100 µAde, IE = 0) 

Emitter-Base Breakdown Voltage 
Ue = 10 µAde, le = 01 

Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc, le = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
Uc = 10 mAdc, VcE = 5.0 Vdc) 
Uc = 100 mAdc, VcE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
Oc = 100 mAdc, IB = 0.1 mAdc) 

Base-Emitter On Voltage 
Uc = 100 mAdc, Vee = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance 
(VEB = 0.5 Vdc, le = 0, f = 1.0 MHz) 

Small-Signal Current Gain(1) 
Oc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

(1) Pulse Test: Pulse Width,,; 300 µ.s, Duty Cycle,,; 2.0%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
Wl°C 

Watts 
Wl°C 

oc 

Unit 

oc/W 

oc!W 

MM6427 
CASE 22-03, STYLE 1 

T0-18 (T0,206AA) 

'fl,. 3 Collector 

ll .:.~; .... 
DARLINGTON TRANSISTOR 

NPN SILICON 

Symbol Min Max Unit 

V(BR)CEO 40 - Vdc 

V(BR)CBO 50 - Vdc 

V(BR)EBO 12 - Vdc 

le Bo - 100 nAdc 

IEBO - 100 nAdc 

hFE -
5000 -

10,000 -
VcE(sat) - 1.5 Vdc 

VBE(on) - 2.0 Vdc 

Cobo - 8.0 pF 

Cibo - 15 pF 

hte 1.25 - -
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1~ 
CASE 318-07 
(T0-236AB) 

SOT-23 

l E 29-04 
1 226AA) 
2 3 T0-92 

CASE 318E-04 
(T0-261AA) 

SOT-223 

The data sheets on the following pages are designed to 
emphasize those FETs that by virtue of widespread industry 
use, ease of manufacture, and low relative cost, merit first con
sideration for new equipment design. 

CAUTION: 

Static electricity is a surface phenomenon which most com
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend any emphasizing 
note of cautiousness when handling and testing ANY FET prod
uct. Precautions include, but are not limited to, the implemen
tation of static safe workstations and proper handling techniques. 
Additionally, it is very important to keep FET devices in their 
antistatic shipping containers and away from static-generating 
materials. 

The MDC1000 and MDC1005 series provides rapid turn-off 
of MOSFETs with a single driving device versus using a four 
device circuit (see SMALLBLOCK Products, Section 6). 

NOTE: All SOT-23 package devices have had a "T1" suffix 
added to the device title. 
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EMBOSSED TAPE AND REEL 

SOT-23 and SOT-223 packages are available only In Tape and Reel. Use the appropriate suffix indicated 
below to order any of the SOT-23 and SOT-223 packages. (See Section 7 on Packaging for additional 
information). 

SOT-23: available in 8 mm Tape and Reel 
' Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 

Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/4000 unit reel. 

RADIAL TAPE REEL AND AMMO PACK 

T0-92 packages are available In both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

T0-92: available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Radial 

Tape Reel. 

available in Ammo Pack (Fan Fold Box) 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Ammo 

Pack box. 

*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

The SOT-23 package has a device marking and a date code etched on the device. The generic 
example below depicts both the device marking and a representation of the date code that appears on the 
SOT-23 package. 

The "D" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 
-

Drain-Source Voltage Vos 25 Vdc 

Drain-Gate Voltage VoG 25 Vdc 

Reverse Gate-Source Voltage VGSR -25 Vdc 

Gate Current IG 10 mAdc 

Total Device Dissipation@ TA = 25°C Po 310 mW 
Derate above 25°C 2.82 mWl°C 

Junction Temperature Range TJ 125 "C 

Storage Channel Temperature Range Tsjg_ -65to +150 "C 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!IG = -10 µAde, Vos = Ol 

Gate Reverse Current IGSS 
!VGs = -15 Vdc, Vos = 01 
(VGs = -15 Vdc, Vos= 0, TA= 100°C) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 Vdc, lo = 10 nAdc) 2N5457 

2N5458 
2N5459 

Gate Source Voltage VGS 
!Vos = 15 Vdc, lo = 100 µAdel 2N5457 
(Vos = 15 Vdc, lo = 200 µAdel 2N5458 
(Vos = 15 Vdc, lo = 400 µAdel 2N5459 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* loss 
(Vos = 15 Vdc, VGs = 01 2N5457 

2N5458 
2N5459 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance Common Source* IYtsl 
!Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 2N5457 

2N5458 
2N5459 

Output Admittance Common Source* IYosl 
(Vos = 15 Vdc, VGS = 0, f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos = 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 15 Vdc, VGS = 0, f = 1.0 MHz) 

*Pulse Test: Pulse Width ,,; 630 ms; Duty Cycle"' 10%. 

2N5457 
thru 

2N5459* 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) I 1Drain 

', o~~"~ 
3 

JFETs 
GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

-25 - -

- - -1.0 
- - -200 

-0.5 - -6.0 
-1.0 - -7.0 
-2.0 - -8.0 

- -2.5 -
- -3.5 -
- -4.5 -

1.0 3.0 5.0 
2.0 6.0 9.0 
4.0 9.0 16 

1000 - 5000 
1500 - 5500 
2000 - 6000 

- 10 50 

- 4.5 7.0 

- 1.5 3.0 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

µ,mhos 

µ,mhos 

pf 

pf 
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2N5457 thru 2N5459 

AGURE 1 - NOISE AGURE versus FREQUENCY 
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FIGURE 3 - TYPICAL DRAIN CHARACTERISTICS 
VGS(offl = -1.2 VOLTS 
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FIGURE 2 - NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 4 - COMMON SOURCE TRANSFER 
CHARACTERISTICS 

VGS(offl = -1.2 VOLTS 

10 
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y 
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Vss. GATE.SOURCE VOLTAGE !VOLTS! 
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10 

2N5457 thru 2N5459 

FIGURE 5 - TYPICAL DRAIN CHARACTERISTICS 
VGS(offl = -3.5 VOLTS 

( I 
Vss=O 

FIGURE 6 - COMMON SOURCE TRANSFER 
CHARACTERISTICS 

VGS(offl = -3.5 VOLTS 

I 
Vos= 15V I 

! z 
-IV I 

L_ j_ 
I 

-2V 

r 
-3V 

lZ 
...,,.. 
[71 

10 15 20 25 -5 -4 -3 -2 -I 

Vos. ORAi~ VOLTAGE MJLTSI Ve~ GATE.SOURCE VOLTAGE IVOLTSI 

FIGURE 7 - TYPICAL DRAIN CHARACTERISTICS 
VGS(offl = -5.8 VOLTS 

FIGURE 8 - COMMON SOURCE TRANSFER 
CHARACTERISTICS 

VGS(offl = -5.8 VOLTS 

l 
/ 
T(_ 
T 

~ 
7 
v 

T 10 

Vss=O 

T 
Vos= 15V 

-IV 

L 
-2V v 
-3V 

-4V v 
-5V 

10 15 20 25 

Vos, DRAIN-sOURCE VOLTAGE IVOLTSI V65, GATE.SOURCE VOLTAGE IVOLTSI 

NOTES: 1. Graphical data is presented for de conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). Under de conditions, self heating in higher I DSS units re
duces I DSS (See Figure 10). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
T0-18 type socket mounting and 1/4" lead length. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VoG 40 Vdc 

Reverse Gate-Source Voltage VGSR 40 Vdc 

Forward Gate Current l<illl_ 10 mAdc 

Total Device_Dissipation @TA= 25'C Po 350 mW 
Derate above 25'C 2.8 mW/'C 

Junction Temperature Range TJ -65 to +135 'C 

Storage Channel Temperature Range Ts.!11. -65 to +150 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!IG = 10 µ.Ade, Vos = 01 2N5460, 2N5461, 2N5462 

Gate Reverse Current IGSS 
!VGs = 20 Vdc, Vos = 01 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = 0, TA = 100'C) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vos = 0, TA= 100'C) 

Gate Source Cutoff Voltage VGS(off) 
!Vos = 15 Vdc, lo = 1.0 µ.Ade) 2N5460 

2N5461 
2N5462 

Gate Source Voltage VGS 
!Vos= 15 Vdc, lo= 0.1 mAdc) 2N5460 
!Vos= 15 Vdc, lo= 0.2 mAdc) 2N5461 
!Vos= 15 Vdc, lo = 0.4 mAdc) 2N5462 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
!Vos = 15 Vdc, VGs = o. 2N5460 
f = 1.0 kHz) 2N5461 

2N5462 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
!Vos= 15 Vdc, VGs = o. f = 1.0 kHz) 2N5460 

2N5461 
2N5462 

Output Admittance IYosl 
!Vos= 15 Vdc, VGs = o. f = 1.0 kHz) 

Input Capacitance Ciss 
(Vos= 15 Vdc, VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 Vdc, VGs = o. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF 
(Vos = 15 Vdc, VGs = o. RG = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage en 
(Vos = 15 Vdc, VGs = 0, f = 100 Hz, BW = 1.0 Hz) 

2N5460 
thru 

2N5462* 
CASE 29-04, STYLE 7 

T0-92 (T0-226AA) 

2 Drain 

3 ri=i\ 
Ga~ 

1 Source 

JFET 
AMPLIFIERS 

P.(:HANNEL - DEPLETION 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

40 - -

- - 5.0 

- - 1.0 

0.75 - 6.0 
1.0 - 7.5 
1.8 - 9.0 

0.5 - 4.0 
0.8 - 4.5 
1.5 - 6.0 

-1.0 - -5.0 
-2.0 - -9.0 
-4.0 - -16 

1000 - 4000 
1500 - 5000 
2000 - 6000 

- - 75 

- 5.0 7.0 

- 1.0 2.0 

- 1.0 2.5 

- 60 115 

Unit 

Vdc 

nAdc 

µ.Ade 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

dB 

nV/VHz 
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2N5460 thru 2N5462 
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FIGURE 7 - OUTPUT RESISTANCE 

VERSUS DRAIN CURRENT 

lo. DRAIN CURRENT (mA) 

FIGURE 9 - NOISE FIGURE 

VERSUS FREQUENCY 

2N5460 thru 2N5462 

FIGURE 8 - CAPACITANCE VERSUS 
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FIGURE 10 - NOISE FIGURE VERSUS 
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FIGURE 11 - EQUIVALENT LOW FREQUENCY CIRCUIT 

Common Source 
y Parameters for Frequencies 

Below 30 MHz 

~I 
IYtsl V; 

*Cosp is Coss in parallel with Series Combination of Ciss and Crss. 

NOTE: 
1. Graphical data is prnsented for de conditions. Tabular data is 

given for pulsed conditions !P1.1l5e Width - 630 ms, Duty Cycle -
10%). 

Yis= jwCiss 

Vos= jw Casp * + 1/ross 

Yfs = Yfs I 
Yrs= -jwCrss 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGSR 25 

Drain Current lo 30 

Forward Gate Current IG(f) 10 

Total Device Dissipation @Tc = 25'C Po 350 
Derate above 25'C 2.8 

Operating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -1.o µAde, Vos = 01 

Gate Reverse Current 
!VGs = -20 Vdc, Vos = 01 
(VGs = -20 Vdc, Vos = 0, TA = 100'C) 

Gate Source Cutoff Voltage 
!Vos = 15 Vdc, lo = 10 nAdc) 2N5484 

2N5485 
2N5486 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 Vdc, VGs = O) 2N5484 

2N5485 
2N5486 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o, t = 1.0 kHzl 2N5484 

2N5485 
2N5486 

Input Admittance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N5484 
(Vos = 15 Vdc, VGs = o, f = 400 MHz) 2N5485, 2N5486 

Output Admittance 
(Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 2N5484 

2N5485 
2N5486 

Output Conductance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N5484 
(Vos = 15 Vdc, VGs = 0, f = 400 MHz) 2N5485, 2N5486 

Forward Transconductance 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N5484 

(Vos = 15 Vdc, VGs = o, f = 400 MHz) 2N5485 
2N5486 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/'C 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

IYfsl 

Re(Yisl 

IYosl 

Re!vosl 

Re(ytsl 

2N5484 
thru 

2N5486* 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 

• 1 Drain 

,:,~ 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

-25 - -

- - -1.0 
- - -0.2 

-0.3 - -3.0 
-0.5 - -4.0 
-2.0 - -6.0 

1.0 - 5.0 
4.0 - 10 
8.0 - 20 

3000 - 6000 
3500 - 7000 
4000 - 8000 

- - 100 
- - 1000 

- - 50 
- - 60 
- - 75 

- - 75 
- - 100 

2500 - -

3000 - -
3500 - -

Unit 

Vdc 

nAdc 
µAde 

Vdc 

mAdc 

µ,mhos 

µ,mhos 

µ,mhos 

µ,mhos 

µ,mhos 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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2N5484 thru 2N5486 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input Capacitance Ciss - - 5.0 pF 
(Vos = 15 Vdc, VGs = o, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 1.0 pF 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss - - 2.0 pF 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF dB 
!Vos = 15 Vdc, VGs = o, RG = 1.0 Megohm, f = 1.0 kHz) - - 2.5 
(Vos = 15 Vdc, lo = 1.0 mAdc, 2N5484 - - 3.0 
RG = 1.0 k ohm, f = 100 MHz) 
(Vos = 15 Vdc, lo = 1.0 mAdc, 2N5484 - 4.0 -
RG = 1.0 k ohm, f = 200 MHz) 
(Vos = 15 Vdc, lo = 4.0 mAdc, 2N5485, 2N5486 - - 2.0 
RG = 1.0 k ohm, f = 100 MHz) 
(Vos = 15 Vdc, lo = 4.0 mAdc, 2N5485, 2N5486 - - 4.0 
RG = 1.0 k ohm, f = 400 MHz) 

Common Source Power Gain Gps dB 
!Vos = 15 Vdc, lo = 1.0 mAdc, t = 100 MHz) 2N5484 16 - 25 
!Vos = 15 Vdc, lo = 1.0 mAdc, f = 200 MHz) 2N5484 - 14 -
(Vos= 15 Vdc, lo = 4.0 mAdc, f = 100 MHz) 2N5485, 2N5486 18 - 30 
(Vos = 15 Vdc, lo = 4.0 mAdc, t = 400 MHz) 2N5485, 2N5486 10 - 20 

II 
POWER GAIN 

FIGURE 1 - EFFECTS OF DRAIN CURRENT 

f 0 100MHz _.i--+-
1of--f--+~c'-"t;>;..j<===-t~t--t--t~f---t--f---l--i 

~ k....-
~ 16l---+7"L1~Y"--t~t--t-+--t--b..-t"....-1=-+i.----+--t~f---i 
~ v ~ 
w I~ 
~ 12f--+--+---lf---l-71".....__-i~+--+---+~t---1--+--1--i 
IE V 400MHz 

4.0 6.0 8.0 10 12 14 
lo, DRAIN CURRENT lmA) 
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Adjust V GS for 
'o"' 50mA 
VGs< o Volts 

2N5484 thru 2N5486 

FIGURE 2 - 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 

NOTE: The noise source is a hot"cold body 
(Al L type 70 or equivalent) with a 
test receiver (AIL type 136 or equivalent). 

Reference 
Designation 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

L1 

L2 

L3 

VALUE 

100 MHz 400 MHz 

7.0 pF 1.8 pF 

1000pF 17 pF 

3.0 pF 1.0pf 

1-12 pF 0.8·8.0 pF 

1-12 pf 0.8-8.0 pF 

0.0015 µF 0.001 µF 

0.0015 µF 0.001 µF 

3.0µH• 0.2µH•• 

0.15µ.H• 0.03µH•• 

0.14µH• 0.022 µ.H • • 

•L 1 17 turns, (approx. - depends upon circuit layout) AWG #28 
enameled copper wire, close wound on 9/32" ceramic coil 
form. Tuning provided by a powdered iron Sil.lg. 

• •L 1 6 turns, (approx. - depends upon circuit layout) AWG #24 
enameled copper wire, close wound on 7/32" ceramic coil 
form. Tuning provided by an aluminum slug. 

L2 4-1/2 turns, AWG #18 enameled copper wire, 5/16" long, 
3/8" l.D. (AIR CORE). 

L2 1 turn, AWG #16 enameled copper wire, 3/8" 1.0. (Al A 
CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4" long, 
3/8'' l.D. (AIR CORE). 

L3 1/2 turn, AWG #16 enameled copper wire, 1/4" 1.0. (AIR 
CORE). 

NOISE FIGURE 

(T channel : 25°Cl 
FIGURE 3 - EFFECTS OF DRAIN-SOURCE VOLTAGE FIGURE 4 - EFFECTS OF DRAIN CURRENT 

10 

8.0 

~ 6.0 

"' u: 
~ 4.0 
i5 
z 
.: 
z 

2.0 

0 
0 

6.5 

~ la=5.0mA 

:I 
5.5 

~ Vas=1sv 
l---+---f~.,_+--t---1-+--+-t--+ VGS = 0 V f--t---

~ f .. 400MHz 

~ 
'i... 

"' ~ 
w 4.5 
<C 
=> 
"' u: 
w 3.5 "' 

t--+--t-+~_.....,~1=400MHz-+--IC---+---t-+---t-+---i 
~ 

i5 
z 

r-.. 
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z 

2.5 
100MHz 

1.5 uuJ_J::ct::1:::±:±:±±±±::Ll 
2.0 4.0 6.0 8.0 10 12 14 16 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 
18 20 0 2.0 4.0 6.0 8.0 10 12 14 

IQ, DRAIN CURRENT (mA) 

INTERMODULATION CHARACTERISTICS 

FIGURE 5 - THIRD ORDER INTERMODULATION DISTORTION 

~ -20 

~ -40 1------+---+-
~ 
<C -60 1-----+-

~ -80 

~ 
~ 
0 

-140 t-----+---+---
-160 ._ __ _._ __ .._ __ J<.... _ _.J._ _ __.. __ _.._ __ _. 

-120 -100 -80 -60 -40 -20 +20 
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II 
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ZU> 
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'-'"' 
!:; ~ 1.0 
~ ~ 0.7 

~~ 0.5 

0.3 
ID 

2N5484 thru 2N5486 

COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 

(Vos= 15 Vdc, T channel = 25°cl 

FIGURE 6 - INPUT ADMITTANCE !v;sl FIGURE 7 - REVERSE TRANSFER ADMITTANCE (y,,J 

0 

~ 

-22'2 
pz-

d ~1-~ .. ,. [§> 
'\..,~~-1---1 ,<:i +ill {? v ~@~' ~~ !':$ 

~i;i ..... 
rr- z 1 rz.,'t 

-fr71 TT 71 17 T 

0 I y .lo' 
0 2 
0 

brs@lo~ 
[L 

7 
o.251oss= 5 

3 k:'.: 
2 v Id 

P' i::1 
I 

i;z: 
urs@ •oss..0.25 loss 

5 
20 30 50 70 100 200 300 500 700 1000 20 30 50 70 100 200 300 500 700 1000 

f, FREQUENCY (MHz) f, FRQUENCY (MHzl 
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30° 

30° 

FIGURE 10 - S11s 

20° oo 

FIGURE 12 - S21s 

10° o0 350° 

2N5484 thru 2N5486 

COMMON SOURCE CHARACTERISTICS 
S-PARAMETERS 

I Vos= 15 Vdc, T channel= 25°C, 
Data Points in MHz) FIGURE 11-S12s 

3400 3300 300 200 100 oo 3500 3400 3300 

FIGURE 13 - Szzs 

330° 30° 10° 3500 340° 330° 
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II 

2N5484 thru 2N5486 

COMMON GATE CHARACTERISTICS 
ADMITTANCE PARAMETERS 

IVDG = 15 Vdc, T channel= 25°CI 

FIGURE 14- INPUT ADMITTANCE IY;gl FIGURE 15 - REVERSE TRANSFER ADMITTANCE <vrgl 

•= 71.0o!l!lll!mlvl"" 
_ -· g;g@ iass 

~~s.o rziz -• 
~~ 3.o Qrg@0.251ass W 
~ t 2.0 t--+-1---t-t-H-++++l./._qV_,,.'l---ll---+--+-1-+~ 

"'"' v 
~~ 1.0~~~~!HavEI~l~lg "'"' !;:; !;:; 0·7 l==t= b~@ lass 
~ ~ 0.5 t--+~t---+_. .............. -+-...++--+-+---11---+--+-l-l--+-H 
3: ~ >---+-I-+-::2'1'.~IZ'""""""-"+-4 b~@ 0.25 iass _,__..___,__,_......__,_..., 

o.J t--+--+,, v·""+> y,.c+--+++H+-+-+--+--+-'f-+-1~ 
0.2 .._....,.LL ..... ._..LL._._.._._._._......_,___.._,__......J._.._.._._._..._._. 

10 20 JO 50 70 100 200 JOO 500 700 1000 
I, FREQUENCY IMHzl 

FIGURE 16 - FORWARD TRANSFER ADMITTANCE (Yfg) 

10 

7.0 I E-ur 5.0 
_g_g 
~ ~ 3.0 

~~ 2.0 
t;~ 

7 

:::.< 
~5 1.0 
Ou 

~~ 0. 
<o 0.5 
~~ 
~~ 0.3 

~~ 0.2 

~ .t 
0.1 

10 20 30 

m9 @ioss 

910 @0.2s 1ass 
lL1 

A 

L k'.:1 

bfg@lass z 
IZ 

[H z brg@ 0.25 lass --H 
J..1'. 

v err 
50 70 100 200. 300 500 700 1000 
f, FREQUENCY IMHzl 

0.5 

8 o.a 

1 I 0.2 -· ~ .§ 
~ ~ 0.1 

t: ~ 0.07 

~ 3:i 0.05 

"'"' "'"' ~ ~ 0.03 
~"' 
~ ffi 0.02 

1 

7 

~> 

"'"' >a: 0.0 

~=io.oo 
.. 0.005 

10 

T 

T I/I 
brg@loss 17 v 

2 
-}77r7 

17 v 17 0.25 iass-
I.a 7 

TT 
g;9@ 1 oss. 0.25 1 ass 

2 
20 JD 50 70 100 200 JOO 500 700 1000 

f, FREQUENCY IMHzl 

FIGURE 17 - OUTPUT ADMITTANCE (yogi 1.0 
0.7 
0.5 

l--b0g@loss.o.2s 1ass 

:;I o.3 
i! E 
.§ .§ 0.2 

"'"' "'"' zz 
~~ 0.1 
!::fb 
::r:;u 0.0 7 
o"' <a a.as 
>- >-
~ ~ 0.03 
cg 0.02 

tJ 0.0 I 
10 

j7 

J....1 
/' 

IL 

Uog. IOSS 
~ 

17" 
rag~ o.~51ss f-" 

20 JO 50 70 100 200 300 500 70a I 000 
f, FREQUENCY IMHzl 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

4-14 



JOO 

FIGURE 18 - S11g 

20° 10• o• 350• 

FIGURE 20 - S21g 

2N5484 thru 2N5486 

COMMON GATE CHARACTERISTICS 
S·PARAMETERS 

(VoG = 15 Vdc, T channel= 25oc, 
Data Points in MHz) 

340' 3300 

FIGURE 21 - S22u 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 25 Vdc 

Drain-Gate Voltage VoG 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Forward Gate Current IGF 10 mAdc 

Total Device Dissipation@ Tc = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

Junction Temperature Range TJ -65 to + 150 oc 
Storage Temperature Range Ts!9._ -65 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 10 µ.Ade, Vos = O) 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = O) 

Drain Cutoff Current 
!Vos = 12 Vdc, VGs = -10 V) 
(Vos = 12 Vdc, VGs = -1ov, TA= 100°c) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vos = 15 Vdc, VGs = O) 

Gate-Source Forward Voltage 
(IG(f) = t.o mAdc, Vos = 0) 

Drain-Source On-Voltage 
(lo = 7.0 mAdc, VGs = O) 

Static Drain-Source On Resistance 
Oo = 0.1 mAdc, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Drain-Source "ON" Resistance 
IVGs = 0, lo = 0, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time (Voo = 10 Vdc, ID(on) = 7.0 mAdc .• 

Rise Time VGS(on) = 0, VGS(off) = -10 Vdc) 
(See Figure 1) 

Turn-Off Delay Time (Voo = 10 Vdc, ID(on) = 7.0 mAdc, 

Fall Time VGS(on) = 0, VGS(off) = -10 Vdc) 
(See Figure 1) 

*Pulse Test: Pulse Width < 300 µ,s, Duty Cycle < 3.0%. 

2N5555 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

',, ,:.~5'" 
3 2 Source 

Symbol 

V(BR)GSS 

IGSS 

ID( off) 

loss 

VGS(f) 

Vos( on) 

ros(on) 

rcts(on) 

Ciss 

Crss 

1d(on) 

tr 

1d(off) 

If 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Max 

25 -

- 1.0 

- 10 
- 2.0 

15 -

- 1.0 

- 1.5 

- 150 

- 150 

- 5.0 

- 1.2 

- 5.0 

- 5.0 

- 15 

- 10 

Unit 

Vdc 

nAdc 

nAdc 

µ.Ade 

mAdc 

Vdc 

Vdc 

Ohms 

Ohms 

pF 

pF 

ns 

ns 

ns 

ns 
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2N5555 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Pu!seWidth ---1 

INPUT PULSE 
RiseTime<l.Ons 
FatlTime <1.0ns 
Nominal Vallie of "on" Pulse Width 400 ns 
Duty Cycle!>.1.0% 
Generator Source Impedance~ 50 Ohms 

voo 

50 Ohm 

INPUT 
I 
I 

-1 

90% 

Input Pulse 
Rise Time 

I 
I 
I 
I 

-1 ld(on) I_ 
OUTPUT ----~ 

I 
I 

-I 

10% 

90% 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Reverse Gate-Source Voltage VGSR 30 

Forward Gate Current IGF 10 

Total Device Dissipation @ TA = 25'C Po 350 
Derate above 25'C 2.8 

Junction Temperature Range TJ -65to +150 

Storage Temperature Range Ts_tg_ -65to +150 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 10 µAde, Vos = 01 

Gate Reverse Current 
IVGs = -15 Vdc, Vos= O) 
IVGs = -15 Vdc, Vos = 0, TA = 100'C) 

Drain Cutoff Current 
!Vos= 15 Vdc, VGs = -12 Vdc) 
!Vos = 15 Vdc, VGs = -8.0 Vdc) 
!Vos = 15 Vdc, VGs = -6.0 Vdc) 
!Vos = 15 Vdc, VGs = -12Vdc, TA= 100'CI 
!Vos= 15 Vdc, VGs = -8.0 Vdc, TA= 100'C) 
(Vos = 15 Vdc, VGs = - 6.0 Vdc, TA = 1 OO'C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 20 Vdc, VGs = O) 

Drain-Source On-Voltage 
llo = 12 mAdc, VGs = O) 
llo = 6.0 mAdc, VGs = OI 
llo = 3.0 mAdc, VGs = OI 

Static Drain-Source On Resistance 
llo = 1.0 mAdc, VGs = OI 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-Source "ON" Resistance 
(VGs = o, lo = o, f = 1.0 kHz) 

Input Capacitance 
(Vos = o, VGs = -12 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = -12 Vdc, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

'C 

'C 

Symbol 

V(BR)GSS 

IGss 

lo( off) 
2N5638 
2N5639 
2N5640 
2N5638 
2N5639 
2N5640 

loss 
2N5638 
2N5639 
2N5640 

Vos( on I 
2N5638 
2N5639 
2N5640 

ros(on) 
2N5638 
2N5639 
2N5640 

rds(on) 
2N5638 
2N5639 
2N5640 

Ciss 

Crss 

2N5638 
thru 

2N5640 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 

JFETs 
SWITCHING 

N-CHANNEL - DEPLETION 

Refer to MPF4391 for graphs. 

Min Max 

30 -

- 1.0 
- 1.0 

- 1.0 
- 1.0 
- 1.0 
- 1.0 
- 1.0 
- 1.0 

50 -
25 -
5.0 -

- 0.5 
- 0.5 
- 0.5 

- 30 
- 60 
- 100 

- 30 
- 60 
- 100 

- 10 

- 4.0 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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Vdc 

nAdc 
µAde 

nAdc 

µAde 

mAdc 

Vdc 

Ohms 

Ohms 

pF 

pF 



2N5638 thru 2N5640 

ELECTRICAL CHARACTERISTICS !continued) ITA = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

SWITCHING CHARACTERISTICS 

Turn-On Delay IDlon) = 12 mAdc 2N5638 tdlon) - 4.0 ns 
Time 6.0 mAdc 2N5639 - 6.0 

3.0 mAdc 2N5640 - 8.0 

Rise Time VDD = 10 Vdc, IDlon) = 12 mAdc 2N5638 t, - 5.0 ns 
6.0 mAdc 2N5639 - 8.0 

VGSlon) = 0, 3.0 mAdc 2N5640 - 10 

Turn-Off Delay VGSloff) = -10 Vdc, IDlon) = 12 mAdc 2N5638 tdloff) - 5.0 ns 
Time 6.0 mAdc 2N5639 - 10 

RG' = 50 ohms 3.0 mAdc 2N5640 - 15 

Fall Time IDlon) = 12 mAdc 2N5638 lf - 10 ns 
6.0 mAdc 2N5639 - 20 
3.0 mAdc 2N5640 - 30 

11) Pulse Test: Pulse Width,;; 300 fLS, Duty Cycle,;; 3.0%. 

• 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 25 Vdc 

Drain-Gate Voltage VoG 25 Vdc 

Reverse Gate-Source Voltage VGSR 25 Vdc 

Drain Current 10 20 mAdc 

Forward Gate Current IG(f) 10 mAdc 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Derate above 25'C 2.8 mW/'C 

Storage Channel Temperature Range Ts!9_ -65 to + 150 'C 

ELECTRICAL CHARACTERISTICS !TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
!IG = 10 µAde, Vos = Ol 

Gate Reverse Current IGss 
(VGs = -15 Vdc, Vos= O) 
(VGs = -15 Vdc, Vos = 0, TA= 100'C) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 15 Vdc, lo = 10 nAdc) 2N5668 

2N5669 
2N5670 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
!Vos = 15 Vdc, VGs = O) 2N5668 

2N5669 
2N5670 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYtsl 
(Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Input Admittance Re(Yisl 
(Vos = 15 Vdc, VGs = o, f = 100 MHz) 

Output Admittance IYosl 
!Vos= 15 Vdc, VGs = o, t = 1.0 kHz) 2N5668 

2N5669 
2N5670 

Output Conductance Re(Yosl 
(Vos= 15 Vdc, VGs = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Forward Transconductance Re(Yfsl 
(Vos = 15 Vdc, VGs = 0, f = 100 MHz) 2N5668 

2N5669 
2N5670 

Input Capacitance Ciss 
(Vos= 15 Vdc, VGs = o, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 Vdc, VGs = o, f = 1.0 MHz) 

2N5668 
thru 

2N5670 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 

"' ,!.~'" 
3 2 Source 

JFET 
VHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Typ Max Unit 

25 - - Vdc 

- - 2.0 nAdc 
- - 2.0 µAde 

Vdc 
-0.2 - -4.0 
-1.0 - -6.0 
-2.0 - -8.0 

mAdc 
1.0 - 5.0 
4.0 - 10 
8.0 - 20 

I'm hos 
1500 - 6500 
2000 - 6500 
3000 - 7500 

- 125 800 I'm hos 

I'm hos 
- - 20 
- - 50 
- - 75 

I'm hos 
- 10 50 
- 25 100 
- 35 150 

I'm hos 
1000 - -
1600 - -
2500 - -

- 4.7 7.0 pF 

- 1.0 3.0 pF 
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2N5668 thru 2N5670 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

Characteristic Symbol Min 

Output Capacitance Coss -
(Vos= 15 Vdc, VGs = 0, I= 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure (Figure 1) NF -
(Vos= 15 Vdc, VGs = 0, I= 100 MHz at RG' = 1.0 k ohm) 

Common Source Power Gain (Figure 1) 
!Vos = 15 Vdc, VGs = 0, I = 100 MHz) 

Gps 16 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle"' 10%. 

100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

IOOOpF 

Cl 
1.0-10 pf 

L1 

L1""8.5 Turns of #14 AWG Tinned Copper; Die . .., 3/8","" 0.9" Long. 
Tappedtt==2·1/2Turnsladjusttogive RG' = 1.0k ohm); 
Parallel Resistance= 40 kohms;tunestt"" 8.0 pf. 

L2"" 13.5Turns116 AWG Tinned Coppar; Dia."" 318", ... 1.2" Long. 
Tapped at.., 5 Turns; Parallel Resistance= 40 k ohms; 
tunesat ... 4.0pf. 

L3 

C2 
1.0-IOpF 

D.01µ.f 

l3,., 17 Turnsof#28 AWG Enameled 
CopperWire,CloseWoundon9/32" 
Ceramicform,TuningProvidedbya 
Powdered Iron Slug. 

L2 

Typ 

1.4 

-

-

RF Choke 
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Max Unit 

4.0 pF 

2.5 dB 

- dB 

0.001µ.F 

0.01µ.F 0.1 µF • 



II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Drain'Gate Voltage VoGR 60 Vdc 
(RGS = 1 MO) 

Gate-Source Voltage VGS ±40 Vdc 

Drain Current mAdc 
Continuous lo 200 
Pulsed loM 500 

Total Power Dissipation@ Tc = 25'C Po 350 mW 
Derate above 25'C 2.8 mWl'C 

Operating and Storage 
Temperature Range 

TJ, Tstg -55 to + 150 'C 

THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Ambient RoJA 312.5 'C!W 

Maximum Lead Temperature for TL 300 'C 
Soldering Purposes, 1/16" from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = 0, lo = 10 µA) 

Zero Gate Voltage Drain Current 
(Vos = 48 V, VGs = 0) 
(Vos = 48 V, VGs = 0, TJ = 125'C) 

Gate-Body Leakage Current, Forward 
(VGSF = 15 Vdc, Vos = O) 

ON CHARACTERISTICS* 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

Static Drain-Source On-Resistance 
(VGs = 10 Vdc, lo = 0.5 Adel 
(VGs = 4.5 v, lo = 75 mAl 

Drain-Source On-Voltage 
(VGs = 10 V, lo = 0.5 Ade) 
(VGS = 4.5 V, lo = 75 mA) 

On-State Drain Current 
(VGs = 4.5 V, Vos = 10 V) 

Forward Transconductance 
(Vos= 10 V, lo = 200 mA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (Vos= 25V, VGs = 0 
f = 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS* 

Turn-On Delay Time 

Turn-Off Delay Time 

(Voo = 15 v, lo = 500 mA 
Rgen = 25 ohms, RL = 25 ohms) 

(1) Pulse Test: Pulse Width ,;; 300 µs, Duty Cycle "' 2.0%. 

2N7000* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

3 Drain 

~~ 
TMOS FET 

TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)DSS 

loss 

IGSSF 

VGS(th) 

ros(on) 

Vos(on) 

ld(on) 

gfs 

Ciss 

Coss 

Crss 

Ion 

I off 

*This is a Motorola 
designated preferred device. 

Min Max 

60 -

- 1.0 
- 1.0 

- -10 

0.8 3.0 

- 5.0 
- 6.0 

- 2.5 
- 0.45 

75 -

100 -

- 60 

- 25 

- 5.0 

10 

10 

Unit 

Vdc 

µAde 
mA 

nAdc 

Vdc 

Ohm 

Vdc 

mA 

µmhos 

pF 

ns 
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1.8 I-TI~ 25IC-+----+--t--l--+--+---+-I--+ 

1.6 1----1--+--+---+--+--+----1--' VGS ~ 10 v-
~ 1.4 z 9V 
~ 1.2 j__j__jf---_j,,.,_~~::j==t=j:=j:==t~~ i 1f---f----j--,.J"'.~~~_..+~=j:===j:===j:==::j===::j==8=V1 
::> WY 7V 
~ o.8 r-+_£j~V?:.,...--.LC---+---+-+--+--+--+~ 
~ 0.6 1#'/,-j --- 6 'L:J 
!? 0.4 A_~ 5 V_ci 

Q2 ~ 4V 
16'!: 

2 3 4 5 6 7 
Vos. DRAIN SOURCE VOLTAGE IVOLTSI 

Figure 1. Ohmic Region 

3'{-j 
10 

~ 2.4--~-----------------z 
~ 2.21---1----11----1---1--+--+--+--+---+-~ 
if) VGS ~ lOV 
- t---10 ~ 2oomA--+---+---+---+---+---+---+---< 

~ i.s 1---1----1---1--+--+--+--+--+--+.,.../"1£..4 
~o z 
g~ 1.6 1/1 
~~ 1.41---1----1---1--+--+--+v-..-I''----+---+-~ 

~~ 1.21---1----1---1--+--+__.,.."'+--+--+---+-~ 
~- .....-F 
~ 
t;; g 0.8f---t-"1 
- 0.61---t----;---;--+--+--+--+---+----+--~ 

~ 
-20 +20 +60 + 100 + 140 

T, TEMPERATURE.l°CI 

Figure 3. Temperature versus Static Drain-Source 
On-Resistance 

2N7000 

Vos ~ 10 v - 55°'C.Zl:Z::E 
0.8 l---j..:....-i----!---+--+--+7----''--i.7'--A---+---+ 

u;- J 125°C 

~ V"JY 
;:; 06 l---+---+-+---+----l-7---A-rT?~+---+----ll----+ 
~ /,r/ 

a 0.4 f--+--t--+---t-hw~-+---+----+------1 
:z: ~~ 
~ 17 
~ 02 l----+--+----+7---.l~+-----+l------+------l--+----+ 

AV" 
3 4 5 6 7 10 

VGS· GATE SOURCE VOLTAGE IVOLTSI 

Figure 2. Transfer Characteristics 

1.2--~-----------------

~ 1.15 p,~1----1---1--+--+--+--+---+---+----I 
~ 1.11--"""_,t-...._.,,_<+--+---1-----+--+--+--vos ~ VGs 
::: ~ lo~ 1 mA"-
~ 1.051---1----11~ '"""N--+--+--+--+---+---+----1 

~ ~ 
§? 0.95 f-----f------l---l--+--+""'-..J-i-....--+--+-+--.j 
~ 0.9 1--_,1----1----+--+--+--+I-......._..:::i-~-+---+----1 

~ 0.85 1--_,1----1---1--+--+--+--+--~-t---.........,,,,,,.1----+ 
~ o.s 1--+---t----l---"--+---'---"---"---N..__--" 

~ 0.75 1---1----11----1---"--+--+--+--+--+----1 

~ 0.7 ~-~--11----1--+--+--+--+---'---'--....J 
-60 -20 +20 +60 + 100 + 140 

T, TEMPERATURE l"CI 

Figure 4. Temperature versus Gate Threshold Voltage 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Drain-Gate Voltage (RGs = 1 Mn) VoGR 60 Vdc 

Drain Current - Continuous Tc= 25'C(11 to ±115 mA 
Tc = 100'C(1) to ±75 

- Pulsed(2) IDM ±800 

Gate-Source Voltage VGs ±40 Vdc 

Total Power Dissipation Tc = 25'C Po 200 mW 
Tc= 100'C 80 

Derate above 25'C ambient 0.16 mW/'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient ReJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25'C 
Derate above 25'C 2.4 mW/'C 

Thermal Resistance Junction to Ambient R&JA 417 'C/W 

Junction and Storage Temperature TJ, Ts!ll_ -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

2N7002L T1 = 702 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BRIDSS 
(VGs = o, to = 10 1-tAl 

Zero Gate Voltage Drain Current loss 
(VGs = o, Vos = 60 VI TJ = 25'C 

TJ = 125'C 

Gate-Body leakage Current Forward IGSSF 
(VGS = 20 Vdcl 

Gate-Body Leakage Current Reverse IGSSR 
(VGs = -20 Vdcl 

(11 The Power Dissipation of the package may result in a lower continuous drain current. 
(21 Pulse Width "' 300 1-tS, Duty Cycle ,;; 2.0%. 

ON CHARACTERISTICS* 

Gate Threshold Voltage VGS(thl 
(Vos = VGS· lo = 250 1-tAI 

On-State Drain Current lo(onl 
(Vos"' 2.0 Vos(onl· VGs = 10 VI 

Static Drain-Source On-State Voltage Vos(onl 
(VGS = 10 V, lo = 500 mAI 
(VGs = 5.0 V, lo = 50 mAI 

Static Drain-Source On-State Resistance ros(onl 
(VGs = 10 V, to = 500 mAI Tc = 25'C 

Tc= 100'C 
(VGs = 5.0 V, lo = 50 mA) Tc= 25'C 

Tc = 100'C 

Forward Transconductance gFs 
(Vos "' 2.0 Vos(onl· lo = 200 mAI 

Min 

60 

-
-
-

-

1.0 

500 

-
-

-
-
-
-
80 

2N7002LT1* 
CASE 318-07 STYLE 21 

SOT-23 (T0-236AB) 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N7000 for graphs. 

Typ Max 

- -

- 1.0 
- 500 

- 100 

- -100 

- 2.5 

- -

- 3.75 
- 1.5 

- 7.5 
- 13.5 
- 7.5 
- 13.5 

- -
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Vdc 

1-tAdc 

nAdc 

nAdc 

Vdc 

mA 

Vdc 

Ohms 

mm hos 



2N7002LT1 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss - - 50 pF 
!Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance Cass - - 25 pF 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - - 5.0 pF 
!Vos= 25 V, VGs = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 

,__T_u_rn_-O_n_D_e_la_y_T_i_m_e_-< (Voo = 30 v, 10 "' 200 mA, 
Turn-Off Delay Time RG = 25 fl, RL = 150 fl) 

td(on) 20 ns 

td(off) 20 ns 

BODY-DRAIN DIODE RATINGS 

Diode Forward On-Voltage Vso - - -1.5 v 
lls = 11.5mA,VGs = OV) 

Source Current Continuous Is - - -115 mA 
(Body Diode) 

Source Current Pulsed ISM - - -800 mA 

*Pulse Test: Pulse Width ,,; 300 µ.s, Duty Cycle ,,; 2.0%. 

• 
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II 

3Dram BF244,A,B,C 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 
G:,~ 

BF245,A,B,C 
CASE 29-04, STYLE 23 

T0-92 (T0-226AA) 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos ±30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Drain Current 10 100 mAdc 

Forward Gate Current IG_lfl 10 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Channel Temperature Range T s!fl_ -65to+150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 µAde, Vos= 0) 

Gate-Source 
(Vos= 15 Vdc, lo= 200 µAl BF245(1}. BF244(2) 

BF245A, BF244A 
BF245B, BF244B 
BF245C, BF244C 

Gate-Source Cutoff Voltage 
(Vos= 15 Vdc, ID= 10 nA) 

Gate Reverse Current 
(VGS = 20 Vdc, Vos = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current 
(Vos= 15 Vdc, VGS = 0) BF245I1 ), BF244(2) 

BF245A, BF244A 
BF245B, BF244B 
BF245C, BF244C 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = 0, f = 1 KHz) 

Output Admittance 
(Vos = 15 Vdc, VGs = 0, f = 1 KHz) 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGs = 0, f = 200 MHz) 

Reverse Transfer Admittance 
(Vos= 15 Vdc, VGs = 0, f = 200 MHz) 

Input Capacitance 
(Vos= 20 Vdc, -VGs = 1 Vdc) 

Reverse Transfer Capacitance 
(Vos= 20 Vdc, -VGs = 1Vdc,f=1 MHz) 

Output Capacitance 
(Vos= 20 Vdc, -VGs = 1Vdc,f=1 MHz) 

Noise Figure 
(Vos = 15 Vdc, VGS = 0, RG = 1 KO, f = 100 MHz) 

Cut-off Frequency(3) 
(Vos= 15 Vdc, VGs = 01 

I 1 I On orders against the BF245, any or all subgroups might be shipped. 
(2) On orders against the BF244, any or all subgroups might be shipped. 
(3) The frequency at which gfs is 0.7 of its value at 1 KHz. 

V(BR)GSS 

VGS 

VGS(off) 

IGSS 

loss 

IYfsl 

!Yosl 

!Yfsl 

!Yrs I 

Ciss 

Crss 

Coss 

Nf 

f(Yfs) 

',/ 3 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Typ Max 

30 - -

0.4 - 7.5 
0.4 - 2.2 
1.6 - 3.8 
3.2 - 7.5 

-0.5 - -8 

- - 5 

2 25 
2 6.5 
6 15 

12 25 

3.0 6.5 

40 

5.6 

1.0 

3 

0.7 

0.9 

1.5 

700 
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1 Source 

2Source 

Unit 

v 

v 

v 

nA 

mA 

mm hos 

µmhos 

mm hos 

mm hos 

pF 

pF 

pF 

db 

MHz 



3 Drain BF246,A,B,C 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 
G~~ 

1 Source 

1 Drain BF247 ,A,B,C 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 
o!.~ 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos ±25 Vdc 

Drain-Gate Voltage VDG 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Drain Current ID 100 mAdc 

Forward Gate Current IGJ!L 10 mAdc 

Total Device Dissipation@ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Channel Temperature Range Tstg_ -65to+150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1 µA. Vos = 0) 

V(BR)GSS 

Gate-Source VGS 
(Vos = 15 v. ID = 200 µA) BF246, BF247 

BF246A, BF247A 
BF246B, BF247B 
BF246C, BF247C 

Gate-Source Cutoff Voltage 
(Vos= 15 v. ID= 10 nA) 

VGS(off) 

Gate Cutoff Current IGSS 
(VGS = 15 v. Vos= 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current ioss 
(Vos= 15 v. VGs = oi BF246, BF247 

BF246A, BF247A 
BF246B, BF247B 
BF246C, BF247C 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYts I 
(VDS = 15 V, ID= 10 mA, f = 1 kHz) 

Reverse Transfer Capacitance Crss 
(Vos= 15 v. ID= 10 mA, f = 1 kHz) 

Input Capacitance Cin 
(VDS = 15 V, ID= 10 mA, f = 1 MHz) 

Output Capacitance Gout 
(Vos = 15 v. ID= 10 mA, f = 1 MHz) 

Cutoff Frequency F(Yfs) 
(Vos = 15 v. VGS = 0) 

"' 3 
JFETs 

SWITCHING 

N-CHANNEL - DEPLETION 

Refer to MPF4391 for graphs. 

Min Typ Max 

25 - -

-0.5 - -14 
-1.5 - -4 
-3 - -7 

-5.5 - -12 

0.6 - 14.5 

- - 5 

30 250 
30 80 
60 140 
110 250 

8 23 

3.3 

6 

5 

450 
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Unit 

v 

v 

v 

nA 

mA 

mm hos 

pF 

pF 

pF 

MHz 

• 



II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos ±30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Drain Current ID 100 mAdc 

Forward Gate Current ICilll_ 10 mAdc 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Storage Channel Temperature Range T stg -65 to +150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 µAde, Vos = 01 

Gate-Source Voltage 
(Vos= 15 Vdc, ID= 200 µA) 

Gate Reverse Current 
(VGS = 20 Vdc, Vos = 0) 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current) 
(Vos = 15 Vdc, VGS = 0) BF256(1) 

BF256B 
BF256C 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 Vdc, VGS = 0, f = 1 kHz) 

Reverse Transfer Capacitance 
(VDS = 20 Vdc, -VGS = 1Vdc, f = 1 MHz) 

Output Capacitance 
(Vos = 20 Vdc, VGS = 0, f = 1 MHz) 

Noise Figure 
(Vos= 10 Vdc, Rs;, 470, I= 800 MHz) 

Cut-off Frequency(2) 
(Vos = 15 Vdc. VGs = 01 

Power Gain 
(Vos= 15 Vdc, Rs= 47 Q, f =BOO MHz) 

( 1) On orders against the BF256, any or all subgroups might be shipped. 
(2) The frequency at which gfs is 0. 7 of its value at 1 kHz. 

V(BR)GSS 

VGS(off) 

IGSS 

loss 

IYfs I 

Crss 

Coss 

NF 

fgfs 

Gp 

BF256,B,C 

CASE 29-04, STYLE 23 
T0-92 (T0-226AA) 

1 Drain 

~-© 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

Min Typ Max 

30 -

-0.5 - -7.5 

- - 5 

3 - 18 
6 - 13 

11 - 18 

4.5 5 -

- 0.7 -

- 1.0 -

- 7.5 -

- 1000 -

11 -

Unit 

Vdc 

Vdc 

nAdc 

mAdc 

mm hos 

pF 

pF 

db 

MHz 

dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

4-28 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGS 25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9._ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BFR30LT1 = M1; BFR31LT1 = M2 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate Reverse Current 
(VGs = 10 Vdc, Vos = Ol 

Gate Source Cutoff Voltage 
Oo = 0.5 nAdc, Vos = 10 Vdc) 

Gate Source Voltage 
Oo = 1.0 mAdc, Vos = 10 Vdc) 

Oo = 50 µAde, Vos = 10 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 10 Vdc, VGs = 01 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transconductance 
Oo = 1.0 mAdc, Vos = 10 Vdc, f = 1.0 kHz) 

Oo = 200 µAde, Vos = 1 o Vdc, f = 1.0 kHz) 

Output Admittance 
Oo = 1.0 mAdc, Vos = 10 Vdc, f = 1.0 kHz) 
Oo = 200 µAde, Vos= 10 Vdc) 

Input Capacitance 
Oo = 1.0 mAdc, Vos = 10 Vdc, f = 1.0 MHz) 
Oo = 200 µAde, Vos = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
Oo = 1.0 mAdc, Vos = 10 Vdc, f = 1.0 MHz) 
Oo = 200 µAde, Vos = 10 Vdc, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

Unit 

Vdc 

Vdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

'C 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR30 
BFR31 

BFR31 
BFR31 

BFR30LT1 
BFR31LT1 

CASE 318-07, STYLE 10 
SOT-23 (T0-236ABI 

2 Source 

,~' '~-© 

Symbol 

IGSS 

VGS(off) 

VGs 

loss 

IY1sl 

IYosl 

Ciss 

Crss 

JFET 
AMPLIFIERS 

N-CHANNEL 

1 Drain 

Refer to 2N5'57 for graphs . 

Min 

-

-
-

-0.7 
-

-
-

4.0 
1.0 

1.0 
1.5 

0.5 
0.75 

40 
20 

-
-

-
-

Max 

0.2 

5.0 
2.5 

-3.0 
-1.3 

-4.0 
-2.0 

10 
5.0 

4.0 
4.5 

-
-
25 
15 

5.0 
4.0 

1.5 
1.5 

Unit 

nAdc 

Vdc 

Vdc 

mAdc 

mAdc 

µAde 

pF 

pF 
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MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Source Voltage Vos 200 Vdc 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current 
Continuous(1) lo 250 mAdc 
Pulsed(2) loM 500 

Total Device Dissipation @TA = 25°C Po 350 mW 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg -5510150 oc 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 130 V, VGs = 0) 

Drain-Source Breakdown Voltage 
(VGs = o, 10 = 100 µAl 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = o) 

ON CHARACTERISTICS* 

Gate Threshold Voltage 
(lo = 1.0 mA, Vos = VGsl 

Static Drain-Source On Resistance 
BS107 
(VGs = 2.6 V, lo = 20 mA) 
(VGs = 10 V, lo = 200 mA) 
BS107A 
(VGs = 10 Vdc) 
Oo = 100 mA) 
Oo = 250 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 25 V, VGs = o, f = 1.0 MHz) 

Output Capacitance 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Forward Transconductance 
(Vos = 25 V, lo = 250 mA) 

SWITCHING CHARACTERISTICS 

Turn-On Time 

Turn-Off Time 

*Pulse Test: Pulse Width .; 300 µ,s, Duty Cycle .; 2.0%. 

Symbol 

loss 

V(BR)DSX 

IGSS 

VGS(Th) 

ros(on) 

Ciss 

Crss 

Coss 

gfs 

Ion 

loff 

85107,A* 
CASE 29-04, STYLE 30 

T0-92 (T0-226AA) 

1 Drain 

~ 
3 Source 

TMOS 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

*BS107A is a Motorola 
designated preferred device. 

Min Typ Max 

- - 30 

200 - -

- O.Q1 10 

1.0 - 3.0 

- - 28 
- - 14 

- 4.5 6.0 
- 4.8 6.4 

- 60 -

- 6.0 -

- 30 -

200 400 -

6.0 15 

12 15 

Unit 

nAdc 

Vdc 

nAdc 

Vdc 

Ohms 

pf 

pf 

pf 

mm hos 

ns 

ns 
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BS107,A 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+25 v 
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FIGURE 6 - OUTPUT CHARACTERISTIC 
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88107,A 

FIGURE 7 - SATURATION CHARACTERISTIC 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 60 Vdc 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current(1) lo 0.5 Ade 

Total Device Dissipation @ TA = 25°C Po 350 mW 

Operating and Storage Junction TJ, Tstg -55 to +150 ·c 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate Reverse Current 
(VGs = 15 V, Vos = O) 

Drain-Source Breakdown Voltage 
!VGs = o. 10 = 100 µ.Al 

ON CHARACTERISTICS(2) 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

Static Drain-Source On Resistance 
(VGS = 10 V, lo = 200 mA) 

Drain Cutoff Current 
(Vos = 25 V, VGs = 0 V) 

Forward Transconductance 
(Vos = 10 V, lo = 250 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos= 10 v. VGs = o, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Oo = 0.2 Al See Figure 1 

Turn-Off Time 
Oo = 0.2 Al See Figure 1 

(2) Pulse Test: Pulse Width ,;; 300 µ.s. Duty Cycle ,;; 2.0%. 

Symbol 

IGSS 

V(BR)DSS 

VGS(Th) 

ros(on) 

lo(off) 

gfs 

Ciss 

Ion 

!off 

85170* 
CASE 29-04, STYLE 30 

T0-92 (T0-226AAI 

,,/ ~~ 
3 3'Source 

TMOS FET 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

- O.Q1 10 

60 90 -

0.8 2.0 3.0 

- 1.8 5.0 

- - 0.5 

- 200 -

60 

- 4.0 10 

- 4.0 10 

Unit 

nAdc 

Vdc 

Vdc 

Ohms 

µA 

mm hos 

pf 

ns 

ns 
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BS170 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT 

+ 25 v 
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50 n Attenuator 
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FIGURE 2 - SWITCHING WAVEFORMS 
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FIGURE 4 - ON-REGION CHARACTERISTICS 
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FIGURE 5 - OUTPUT CHARACTERISTICS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 200 Vdc 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous (1) 10 400 mAdc 
- Pulsed (2) loM 800 

Total Power Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mW/°C 

Operating and Storage TJ, Tstg -55 to 150 oc 
Temperature Range 

Thermal Resistance Junction to Ambient OJA 208 "C/W 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic [ Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IVGS = 0, lo = 0.5 mA) V(BR)DSS 

Zero Gate Voltage Drain Current loss 
(Vos = 200 V, VGs = O) 

Gate-Body Leakage Current IGSS 
IVGs = 20 V, Vos = O) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (lo = 1.0 mA, Vos = VGS) VGS(th) 

Drain-Source On-Voltage IVGs = 10 V) Vos( on) 
ilo = 100 mA) 
llo = 300 mA) 
llo = 500 mA) 

On-State Drain Current lo( on) 
(Vos = 25 V, VGs = 10 V) 

Static Drain-Source On-Resistance IVGS = 10 Vdc) ros(on) 
llo = 150 mA) 
ilo = 300 mA) 
llo = 500 mA) 

Forward Transconductance (Vos = 25 V, lo = 300 mA) gfs 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos = 25 V, VGs = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 

Turn-On Time (See Figure 1) Ion 

Turn-Off Time (See Figure 1) loft 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width "' 300 µs, Duty Cycle "' 2.0%. 

BSS89 
CASE 29-04, STYLE 7 

T0-92 (T0-226AA) 

• 2 Drain 

"' ~~ 3 1 Source 

Min 

200 

-

-

1.0 

-
-
-

500 

-
-
-
140 

-

-

-

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Refer to BS 107 for graphs. 

Typ Max 

- -
0.1 60 

0.01 100 

- 2.7 

0.45 0.6 
1.2 1.8 
3.0 -

700 -

4.5 6.0 
- 6.0 
6.0 -

Unit 

Vdc 

µAde 

nAdc 

Vdc 

Vdc 

mA 

Ohms 

400 - mm hos 

72 - pF 

15 - pF 

2.8 - pF 

6.0 ns 

12 ns 
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MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Gate-Source Voltage 

Drain Current 
Continuous (1) 
Pulsed (2) 

THERMAL CHARACTERISTICS 

Characteristic 

Total Device Dissipation FR-5 Board,* 
TA= 25'C 
Derate above 25'C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

BSS123LT1 = 5A 

Symbol Value 

Voss 100 

VGs ±35 

10 0.17 
loM 0.68 

Symbol Max 

Po 225 

1.8 

RoJA 556 

TJ, Ts!g_ -55 to + 150 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Unit 

Vdc 

Vdc 

Ade 

Unit 

mW 

mW/'C 

'C/W 

'C 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
!VGs = o, 10 = 250 µAl 

Zero Gate Voltage Drain Current 
(VGs = 0, Vos = 100 V) TJ = 25'C 

TJ = 125'C 

Gate-Body Leakage Current 
(VGs = 20 Vdc, Vos = Ol 

ON CHARACTERISTICS* 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

Static Drain-Source On-Resistance 
(VGs = 10 Vdc, lo = 100 mA) 

Forward Transconductance 
(Vos= 25 V, lo = 100 mA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 25 V, VGs = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 

1-T_u_rn_-_o_n_D_e_la-'y_T_i_m_e_-l (Vee = 30 v, le = 0.28 A, 
Turn-Off Delay Time VGS = 10 V, RGS = 50 ill 

REVERSE DIODE 

Diode Forward On-Voltage 
Oo = 0.34 A, VGs = 0 V) 

V(BR)DSS 

ioss 

IGSS 

VGS(th) 

ros(on) 

9fs 

Ciss 

Coss 

Crss 

Id on) 

Id off) 

Vso 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width "' 300 I'S, Duty Cycle "' 2.0%. 
*Pulse Test: Pulse Width "' 300 I'S, Duty Cycle "' 2.0%. 

Min 

100 

-
-
-

0.8 

-

80 

-

-

-

BSS123LT1* 
CASE 318-07, STYLE 21 

SOT-23 (T0-236AB) 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N7000 for graphs. 

Typ Max 

- -

- 15 
- 60 

- 50 

- 2.8 

5.0 6.0 

Unit 

Vdc 

1<Adc 

nAdc 

Vdc 

Ohms 

- - mm hos 

20 - pF 

9.0 - pF 

4.0 - pF 

20 ns 

40 ns 

1.3 v 
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MAXIMUM RATINGS 

Rating Symbol Vaiue 

Drain-Gate Voltage VoG -25 

Gate-Source Voltage VGs -25 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Junction Temperature Range TJ 135 

Storage Channel Temperature Range Ts.!.9_ -65 to +150 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!Vos= 0, IG = -10 µAde) 

Gate Reverse Current 
IVGs = -15 Vdc, Vos = 0) 
IVGs = -15 Vdc, Vos = o. TA = 100°c1 

Gate Source Cutoff Voltage 
!Vos = 15 Vdc, lo = 10 nAdcl J109 

J110 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
!Vos = 15, VGs = 01 J109 

J110 

Drain-Source On-Resistance 
(Vos< 0.1 V, VGs = 0 V) J109 

J110 

SMALL-SIGNAL CHARACTERISTICS 

Drain Gate + Source Gate On-Capacitance 
!Vos = 0 Vdc, VGs = 0, f = 1.0 MHz) 

Drain Gate Off-Capacitance 
(Vos = 0 Vdc, VGs = -10 v. f = 1.0 MHz) 

Source Gate Off-Capacitance 
(Vos = 0 Vdc, VGs = -10 V, f = 1.0 MHz) 

(1) Pulse Duration 300 µs, Duty Cycle '°' 2.0%. 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mW/'C 

'C 

'C 

Symbol 

V(BRIGSS 

IGSS 

VGS(off) 

loss 

ros(on) 

Cdg(on) 
+ 

C~(on) 

Cdg(off) 

Csg(off) 

J109 
JllO 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

,/"~«>"'" 
2 3 1 Drain 

JFET 
GENERAL-PURPOSE 

TRANSISTORS 

N-CHANNEL - DEPLETION 

Min Typ Max 

-25 - -

- - -3.0 
- - -200 

-2.0 - -6.0 
-0.5 - -4.0 

40 - -
10 - -

- - 12 
- - 18 

- - 85 

- - 15 

- - 15 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

4-37 

Unit • Vdc 

nAdc 

Vdc 

mAdc 

ohms 

pF 

pF 

pF 



II 

J109,J110 

FIGURE 1 - COMMON SOURCE INPUT 
CAPACITANCE versus GATE-SOURCE VOLTAGE 
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FIGURE 5 - OUTPUT CHARACTERISTIC 
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FIGURE 6 - OUTPUT CHARACTERISTIC 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Gate Voltage VoG -35 

Gate-Source Voltage VGS -35 

Gate Current IG 50 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Lead Temperature TL 300 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = -1.0 µA) 

Gate Reverse Current 
(VGS = -15V) 

Gate Source Cutoff Voltage 
(Vos = 5.0 v. lo = 1.0 µAl J111 

J112 
J113 

Drain-Cutoff Current 
(Vos = 5.0 v. VGs = -10 VI 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 
(Vos= 15v1 J111 

J112 
J113 

Static Drain-Source On Resistance 
(Vos= 0.1 v1 J111 

J112 
J113 

Drain Gate and Source Gate On-Capacitance 
(Vos = VGs = o. f = 1.0 MHz) 

Dr.ain Gate Off-Capacitance 
(VGs = -10 v. f = 1.0 MHz) 

Source Gate Off-Capacitance 
(VGs = -10 v, f = 1.0 MHz) 

*Pulse· Width = 300 µs, Duty Cycle = 3.0%. 

Unh 

Vdc 

Vdc 

mA 

mW 
mwrc 

·c 
·c 

Jill thru J113 
CASE 29-04, STYLE 5 

T0-92 (T0-226AAI 

JFET 
CHOPPER TRANSISTORS 

N-CHANNEL - DEPLETION 

Refer to MPF4391 for graphs. 

Symbol Min Max Unit 

V(BR)GSS 35 - Vdc 

IGSS - -1.0 nA 

VGS(off) v 
-3.0 -10 
-1.0 -5.0 
-0.5 -3.0 

lo( off) - 1.0 nA 

Joss mA 
20 -
5.0 -
2.0 -

ros(on) Ohms 
- 30 
- 50 
- 100 

Cdg(on) - 28 pf 
+ 

C'llllol!l 

Cdg(off) - 5.0 pf 

Csg(off) - 5.0 pF 
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MAXIMUM RATINGS 

Rating Symbol Value 
,----

Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGs 30 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

Storage Temperature Range Ts.!9_ -65 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µA) 

Gate Reverse Current 
(VGs = 20 Volts) 

Gate Source Cutoff Voltage 
(Vos= -15V,lo = -10nAl J174 

J175 
J176 
J177 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= -15Vl J174 

J175 
J176 
J177 

Static Drain-Source On Resistance 
(Vos "' - 0.1 Volt) J174 

J175 
J176 
J177 

*Pulse Width = 300 µ.s, Duty Cycle .; 3.0%. 

--

J174 thru J177* 
CASE 29-04, STYLE 30 

T0-92 (T0-226AA) 

I . 
1 Drain 

2~ 1 
Gate 

2 d 
3 3 Source 

JFET 
CHOPPER TRANSISTORS 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss* 

ros(on) 

P-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred devices. 

Refer to MPF970 for graphs . 

Min Max 

30 -

- 1.0 

5.0 10 
3.0 6.0 
1.0 4.0 
0.8 2.5 

-2.0 -100 
-7.0 -60 
-2.0 -25 
-1.5 -20 

- 85 
- 125 
- 250 
- 300 

Unit 

Vdc 

nA 

Vdc 

mA 

n 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 40 Vdc 

Drain-Gate Voltage VoG 40 Vdc 

Gate-Source Voltage VGs 40 Vdc 

Gate Current IG 50 mA 

Total Device Dissipation @ TA = 25°C Po 310 mW 
Derate above 25°C 2.82 mW/°C 

Storage Temperature Range Ts.!!!_ -65 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -1.0 µA) 

Gate Reverse Current 
(VGs = -20 V) 

Gate Source Cutoff Voltage 
(Vos = 20 V, lo = 10 nA) J202 

J203 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= 20 vi J202 

J203 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 20 v, t = 1.0 kHz) J202 

J203 

*Pulse Width "" 2.0 ms. 

J202 
J203 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

JFETs 
LOW FREQUENCY/LOW NOISE 

N-CHANNEL - DEPLETION 

Refer to 2N5457 for graphs . 

Symbol Min Max Unit 

V(BR)GSS -40 - Vdc 

IGSS - -100 pA 

VGS(off) Vdc 
-0.8 -4.0 
-2.0 -10.0 

loss* mA 
0.9 4.5 
4.0 20.0 

IYtsl* µmhos 
1000 
1500 
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MAXIMUM RATINGS 
-~ 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGs 30 

Gate Current IG 50 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Temperature Range Ts!9_ -65 to + 150 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = 1.0µ.A) 

Gate Reverse Current 
(V GS = 20 Volts) 

Gate Source Cutoff Voltage 
(Vos= -15V,lo= -1.onA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= -15V) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = -15 v, f = 1.0 kHz) 

Output Admittance 
(Vos = -15 v, f = 1.0 kHz) 

Input Capacitance 
(Vos= -15V,f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = -15 V, f = 1.0 MHz) 

*Pulse Width :'i;; 2.0 ms. 

--
Unit 

Vdc 

Vdc 

Vdc 

mA 

mW 
mW/°C 

oc 

J270 
CASE 29-04, STYLE 30 

T0-92 (T0-226AA) 

JFET 
CHOPPER TRANSISTOR 

P-CHANNEL - DEPLETION 

Refer to MPF970 for graphs . 

Symbol Min Max Unit 

V(BR)GSS 30 - Vdc 

IGSS - 200 pA 

VGS(off) 0.5 2.0 Vdc 

loss* -2.0 -15 mA 

IYtsl 6000 15000 µ.mhos 

IYosl - 200 µ.mhos 

Ciss - 32 pF 

Crss - 8.0 pF 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Drain-Gate Voltage VoG -25 Vdc 

Gate Current IG 10 mA 

Total Device Dissipation @ TA = 25'C Po 350 mW 
Cerate above 25'C 2.8 mW/'C 

Lead Temperature TL 300 •c 
(1116" from Case for 10 Seconds) 

Junction Temperature Range TJ -65 to +150 ·c 
Storage Temperature Range Ts.!l!. -65 to +150 •c 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -1.0 µA. Vos= 0) 

Gate Reverse Current 
<VGs = -15 v. Vos = 01 

Gate Source Cutoff Voltage 
(Vos = 10 V, lo = 1.0 mA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
<Vos = 10 v. VGs = o> 

Gate-Source Forward Voltage 
!Vos= 0, IG ,,; 1.0 mA) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 10 v. lo= 5.0 mA, f = 1.0 kHz) 

Output Admittance 
(Vos= 10 v. lo= 5.0 mA, f = 1.0 kHz) 

Input Capacitance . 
(Vos = 10 v. 10 = 5.o mA, f = 1.0 MHz> 

Reverse Transfer Capacitance 
!Vos = 10 v. lo= 5.o mA, f = 1.0 MHz) 

J300 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

1 Drain 

~-© 
2 Source 

JFET 
HIGH FREQUENCY AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs. 

.. Symbol Min Max Unit 

V(BR)GSS -25 - Vdc 

IGSS - 500 pA 

VGS(off) -1.0 -6.0 Vdc 

loss 6.0 30 niA 

VGS(f) - 1.0 Vdc 

lvtsl 4500 9000 µmhos 

IYosl - 200 µmhos 

Ciss - 5.5 pF 

Crss - 1.7 pF 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Gate Voltage VoG -30 

Gate-Source Voltage VGS -30 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Lead Temperature TL 300 
(1/16" from Case for 10 Seconds) 

Operating and Storage Junction TJ. Tstg -65to +150 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = 1.0 µA, Vos = 0) 

Gate Reverse Current 
(VGs = -20 v. Vos = o) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 v. VGs = o) 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Output Admittance 
(Vos = 15 v. VGs = o. I= 1.0 kHz) 

Forward Transconductance 
(Vos = 15 v. VGs = o. I = 1.0 kHz) 

J304 
J305 

J304 
J305 

J304 
J305 

Unit 

Vdc 

Vdc 

mA 

mW 
mWf'C 

oc 

'C 

J304 
J305 

CASE 29·04, STYLE 5 
T0-92 (T0·226AA) 

,,/ ,,,~ ... 
3 2 Source 

Symbol 

V(BR)GSS 

IGSS 

VGS(oll) 

loss 

IYosl 

Re(Yfs) 

JFET 
HIGH FREQUENCY 

AMPLIFIERS 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs . 

Min 

30 

-

-2.0 
-0.5 

5.0 
1.0 

-

4500 
3000 

Max 

-

100 

-6.0 
-3.0 

15 
8.0 

50 

7500 
-

Unit 

Vdc 

pA 

Vdc 

mA 

µmhos 

µmhos 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 25 Vdc 

Gate-Source Voltage VGS 25 Vdc 

Forward Gate Current IGF 10 mAdc 

Total Device Dissipation @ TA = 25°C Po 350 mW 
Derate above 25°C 2.8 mWl°C 

Junction Temperature Range TJ -65 to +125 ·c 
Storage Temperature Range Tstg_ -65 to +150 ·c 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS 
UG = -1.0 µA, Vos= 01 

Gate Reverse Current IGSS 
!VGs = -15 v, Vos= o. TA= 25·c1 
(VGs = -15 v, Vos= 0, TA= +125°C) 

Gate Source Cutoff Voltage VGS(off) 
(Vos = 10 V, lo = 1.0 nA) J308 

J309 
J310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) loss 
(Vos = 10 V, VGs = O) J308 

J309 
J310 

Gate-Source Forward Voltage VGS(f) 
(Vos = 0, IG = 1.0 mA) 

SMALL·SIGNAL CHARACTERISTICS 

Common-Source Input Conductance Re(y;8 ) 

(Vos = 10 v, lo = 10 mA. t = 100 MHz) J308 
J309 
J310 

Common-Source Output Conductance Re!vosl 
(Vos = 10 v, lo = 10 mA. t = 100 MHz) 

Common-Gate Power Gain Gpg 
(Vos = 10 v, lo = 10 mA, t = 100 MHz) 

Common-Source Forward Transconductance Re(yfs) 
!Vos = 10 v. lo = 10 mA, t = 100 MHz) 

Common-Gate Input Conductance Re(y;g) 
!Vos = 10 v, lo = 10 mA. t = 100 MHz) 

Common-Source Forward Transconductance gfs 
(Vos= 10 V, lo = 10 mA. f = 1.0 kHz) J308 

J309 
J310 

Common-Source Output Conductance 9os 
!Vos = 10 v, 10 = 10 mA, t = 1.0 kHz) 

J308 thru J310* 
CASE 29·04, STYLE 5 

T0-92 (T0·226AA) 

1 Drain 

o:.-© 
2 Source 

JFET 
VHF/UHF AMPLIFIERS 

N-CHANNEL - DEPLETION 

*These are Motorola 
designated preferred devices'. 

Min Typ Max 

-25 - -

- - -1.0 
- - -1.0 

-1.0 - -6.5 
-1.0 - -4.0 
-2.0 - -6.5 

12 - 60 
12 - 30 
24 - 60 

- - 1.0 

- 0.7 -
- 0.7 -
- 0.5 -
- 0.25 -

- 16 -

- 12 -

- 12 -

8000 - 20000 
10000 - 20000 
8000 - 18000 

- - 250 

Unit 

Vdc 

nA 
µA 

Vdc 

mA 

Vdc 

mmhos 

mm hos 

dB 

mm hos 

mmhos 

µmhos 

µmhos 
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J308 thru J310 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Common-Gate Forward Transconductance gfg µmhos 
(Vos= 10 v. lo = 10 mA, t = 1.0 kHz) J308 - 13000 -

J309 - 13000 -
J310 - 12000 -

Common-Gate Output Conductance gog µmhos 
(Vos = 10 v. lo = 10 mA, t = 1.0 kHz) J308 - 150 -

J309 - 100 -
J310 - 150 -

Gate-Drain Capacitance Cgd - 1.8 2.5 pF 
(Vos = 0, VGs = -10 v. f = 1.0 MHz) 

------

Gate-Source Capacitance Cgs - 4.3 5.0 pF 
(Vos= 0, VGs = -10 v. f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure NF - 1.5 - dB 
(Vos = 10 v. lo = 10 mA, t = 450 MHz) 

Equivalent Short-Circuit Input Noise Voltage en - 10 - nV/VHz 
(Vos = 10 v. lo = 10 mA. t = 100 Hzl 

(1) Pulse Test: Pulse Width "' 300 µs, Duty Cycle "' 3.0%. 

II 
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J308 thru J310 

FIGURE 1 - 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 

Cl= C2 0.8 10 pF. JFD .;:;MVM010W. 

C3 = C4 "' 8 35 pF Erie ::!539 0020 
C5"' C6 .=- 5000 pF Erie (2443 000) 
C7"' 1000-pF. Allen Bradley ::rFA5C 
RFC"'° 0.33 µH Miller #9230-30. 
Ll """One Turn ti-16 Cu, 1/4" 1.0. (Air Core) 
L2p= One Turn :::16 Cu, 1/4" l.D. (Air Core) 
L25 "' One Turn .:t16 Cu, 1 /4" l .D. (Air Core) 

FIGURE 2 - DRAIN CURRENT and TRANSFER 
CHARACTERISTICS versus GATE-SOURCE VOLTAGE 

--+---+-~"""-" 

:;; 

60 ~ 
~ 

FIGURE 3 - FORWARD TRANSCONDUCTANCE 
versus GATE-SOURCE VOLTAGE 

E soi---t--~..--r----+---+----+--- 50 3 
>-z 
w 
~ 40 
;'; t---+---T---t-'....-+---+--- -+---+_.,.c "__.,,~. 

z 30i---t---r---r---"k----+-----+ 

~ 
~ 201--t--t--t---+---l'<""'>'f--7"''-t:;,-"· 

z 
40 ~ 

0 
z 

30 0 

L--~L---'-...,."""--L---L--""'""'-...L~...L-""'""-~~o 
-5.0 -4.0 -3.0 -2.0 1.0 0 

lo - VGs- GATE-SOURCE VOLTAGE (VOLTS) 

loss-VGs- GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 

FIGURE 4 - COMMON-SOURCE OUTPUT 
ADMITTANCE and FORWARD TRANSCONDUCTANCE 

versus DRAIN CURRENT 

VGS· GATE SOURCE VOLTAGE (VOL TS) 

FIGURE 5 - ON RESISTANCE and JUNCTION CAPACITANCE 
versus GATE-SOURCE VOLTAGE 

100 k 1-0 k 10~------~-~-~-~-~-~---7~120 

10 k 

1 0 k 
Cc= 

~ 
100 

0 01 

IL: Yfs ];,; 
Yts 

.M 

::z 
J7 

VGs(ott) ~ 2.3V --IL' 
VGs(off) = 5JV ---

yos f 

--

J,.,.- )····· 

t' 1 0 
O.f 0.2 03 05 1.0 20 3.0 50 fO 20 30 50 100 

lo. DRAIN CURRENT (mA) 

" >-

Ros1 

"' Cgd +-- 24 /£ 
fO<----+--+---l---l---+---+---+---+---+---

Oc_ _ _L__-L-_ __l_ _ __L _ _L_--L~--'---1~---'-__JO 
10 9.0 80 70 6.0 bO 4.0 30 2.0 1.0 0 

VGS, GATE SOURCE VOLTAGE jVQL TS) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

4-48 



J308 thru J310 

FIGURE 6 - COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 

2 4 

18 --+----- +------+-~ H- 18 

1--- ----

100 200 300 500 700 1000 

f, FREQUENCY IMHz) 

FIGURE 8 -COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 
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FIGURE 10 - NOISE FIGURE and 
POWER GAIN versus DRAIN CURRENT 

vo6·20J 
f- f • 450 MHz 
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FIGURE 7 - COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY 
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versus FREQUENCY 
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FIGURE 11 - NOISE FIGURE and 
POWER GAIN versus FREQUENCY 
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II 

J308 thru J310 

FIGURE 12 -450 MHz IMO EVALUATION AMPLIFIER 

C3 

U310 

GI 
I 
I 
I 

C4 

=h_ = 

I = 
I 

SHIELD 

CG 

Bw (3dB) - 36.5 MHz 
lo - 10 mAdc 

Vos - 20 Vdc 
Device case grounded 
IM test tones - f1 = 449.5 MHz, f2 = 450.5 MHz 

C1 = 1-10 pf Johanson Air variable trimmer. 
C2, C5 = 100 pf feed thru button capacitor. 
C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer. 

L 1 = 1/8" x 1/32" x 1·5/8" copper bar 
L2, L4 = Ferroxcube Vk200 choke. 
L3 = 1/8" x 1/32" x 1-7/8'' copper bar. 

Amplifier power gain and IMO products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 

FIGURE 13 - TWO TONE 3RD ORDER INTERCEPT POINT 

..io u110JETI 1flo6Roii.1NfERdPT;.1ulN~~ 
+201-vos = 20 Vdc --l-+---+-+---+-+--+-+--+-/....,i.'«M 

£ lo=10mAdc ,,-"' / 
;;; I-Fl =449.SMHz v _I 
~ _20 F2=450.5MHz L VL 

~ --40 FU~DAMENTAL DUTPUT_Lv 

~ -60 ~ i -80 y JRJ DRJER IMO DUTPUIL 

-100 ,Y 7 
-120V" JZ 

I 

-120 -100 -80 -60 -40 -20 +20 

INPUT POWER PER TONE (dBm) 

Example of Intercept point plot use: 
Assume two In-band signals of ... 20 dBm •t the amplifier input. 
They will result In • 3rd order IMO slgnel et the output of -90 
dBm. Also, each signal level at the output will be -11 dBm, show
ing an amplifier gain of 9.0 dB and an Intermodulation ratio (IMR) 
capability of 79 dB. The gain end IMR values apply only for signal 
levels below compre11ion. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Drain-Gate Voltage Voas 60 Vdc 

Gate-Source Voltage Vas ±20 Vdc 

Drain Current - Continuous lo 0.5 Ade 
Pulsed loM 0.8 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25·c 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient RllJA 556 •CfW 

Junction and Storage Temperature TJ, Ts.!ll -55 to +150 ·c 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF170LT1 = 6Z 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (Vas = O, lo = 100 µ,A) 

Gate-Body Leakage Current, Forward (VGSF = 15 Vdc, Vos = 0) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vos= Vas. lo = 1.0 mA) 

Static Drain-Source On-Resistance (Vas = 10 Vdc, lo = 200 mA) 

On-State Drain Current (Vos = 25 V, Vas = 0) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 
(Vos = 10 V, Vas = 0 V, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 

Turn-On Delay Time 

Turn-Off Delay Time 
(Voo = 25 v, lo = 500 mA, Rgen = 50 Ohms) 

Figure 1 

*Pulse Test: Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

+25V 

1250 

20dB 500 
AmNUATOR 

Figure 1. Switching Test Circuit 

TO SAMPLING 
SCOPE 
500 INPUT 

MMBF170LT1 
CASE 318-07, STYLE 21 

SOT-23 (T0-236AB) 

Symbol 

V BR DSS 

iass 

VGS(tll}_ 

rofil_ol!)_ 

lo(offl 

Id on 

Id( off 

Drain 3 

Source 2 

TMOS FET 
TRANSISTOR 

N-CHANNEL 

Refer to 2N7000 for graphs. 

Min Max 

60 

10 

0.8 3.0 

- 5.0 

- 0.5 

60 

10 

10 

SWITCHING WAVEFORM 

Ion 

OUTPUT 
INVERTED 

Vout 
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Vdc 
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MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Volt~ge 

Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 
Characteristic 

Total Device Dissipation FR-5 Board,* 
TA= 25."C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0:062 in. 

DEVICE MARKING 

Symbol 

'Vos 

VoG 

VGS 

IGJfl_ 

Symbol 

Po 

R9JA 

TJ, Ts!!l 

Value Unit 

30 Vdc 

30 Vdc 

30 Vdc 

50 mAdc 

Max Unit 

225 mW 

1.8 mWl"C 

556 "C!W 

-55 to +150 ·c 

I MMBF4391LT1 = SJ; MMBF4392LT1 = 6K; MMBF4393LT1 = 6G 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted,) 

Characteristic 

OFF CHARACTERISTICS 

· Gate-Source Breakdown Voltage 
llG = 1.0 µAde, Vos = 01 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = 0, TA= 25°C) 
!VGs = 15 vdc, Vos = o, TA= 1oo·c1 

Gate Source Cutoff Voltage 
!Vos = 15 Vdc, lo = 10 nAdc) MMBF4391 

MMBF4392 
MMBF4393 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos= 15 V, VGs = O) MMBF4391 

MMBF4392 
MMBF4393 

Drain Current 
!Vos = 15 Vdc, VGs = 1.2 Vdc) 
!Vos= 15, VGs = 12 Vdc, TA= 100°c1 

Drain-Source On-Voltage 
Oo = 12 mAdc, VGs = O) MMBF4391 
Oo = 6.0 mAdc, VGs = O) MMBF4392 
Oo = 3.0 mAdc, VGs = O) MMBF4393 

Static Drain-Source On Resistance 
Oo = 1.0 mAdc, VGs = O) MMBF4391 

MMBF4392 
MMBF4393 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = 12 Vdc, f = 1.0 MHz) 

Note: "LT1" must be used when ordering SOT-23 devices. 

MMBF4391LT1 
thru 

MMBF4393LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source· 

,~' .:.~ 
1 Drain 

JFET 
SWITCHING TRANSISTORS 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

ioss 

lo 

Vos( on) 

ros(on) 

Ciss 

Crss 

N-CHANNEL 

*These are Motorola 
designated preferred devices. 

Refer to MPF4391 for graphs. 

Min Max 

30 -

- 1.0 
- 0.20 

-4.0 -10 
-2.0 -5.0 
-0.5 -3.0 

50 150 
25 75 
5.0 30 

- 1.0 
- 1.0 

- 0.4 
- 0.4 
- 0.4 

- 30 
- 60 

- 100 

- 14 

- 3.5 

Unit 

Vdc 

nAdc 
µAde 

Vdc 

mAdc 

nAdc 
µAde 

Vdc 

Ohms 

pF 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Gate-Source Voltage VGs 30 Vdc 

Gate Current IG 10 mAdc 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient ReJA 556 °CIW 

Junction and Storage Temperature TJ, Ts!!!_ -55 to +150 oc 
*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBF4416LT1 = 6A 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = 1.0 ~de, Vos = O) 

Gate Reverse Current 
(VGs = 20 Vdc, Vos = O) 
(VGs = 20 Vdc, Vos = o, TA = 150°CI 

Gate Source Cutoff Voltage 
Oo = 1.0 nAdc, Vos = 15 Vdcl 

Gate Source Voltage 
Oo = 0.5 mAdc, Vos = 15 Vdcl 

ON CHARACTERISTICS 

Zero-Gate-Voliage Drain Current 
(VGs = 15 Vdc, VGs = 0) 

Gate-Source Forward Voltage 
UG = 1.0 mAdc, Vos = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 

Output Admittance 
(Vos= 15 Vdc, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Output Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 Vdc, lo = 5.0 mAdc, Rg = 1000 n, f = 100 MHz) 
(Vos = 15 Vdc, lo = 5.0 mAdc, ~ = 1000 n, f = 400 MHz) 

Common Source Power Gain 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 100 MHz) 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 400 MHz) 

MMBF4416LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source 

1 Drairi 

JFET 
VHF/UHF AMPLIFIER TRANSISTOR 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

VGS(f) 

IYtsl 

IYosl 

Ciss 

Crss 

Coss 

NF 

Gps 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5484 for graphs . 

Min Max 

30 -

- 1.0 
- 200 

- -6.0 

-1.0 -5.5 

5.0 15 

- 1.0 

4500 7500 

- 50 

- 4.0 

- o,8 

- 2.0 

- 2.0 
- 4.0 

18 -
10 -

Unit 

Vdc 

nAdc 
nAdc 

Vdc 

Vdc 

µAde 

Vdc 

µmhos 

µmhos 

pF 

pF 

pF 

dB 

dB 
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II 

MAXIMUM RATINGS 
Rating Symbol Value Unh 

Drain-Gate Voltage VoG 25 v 
Reverse Gate-Source Voltage·..:. VG~ -25 v 
THERMAL CHARACTERISTICS 

Characteristic Symbol Mu Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mWf'C 

Thermal Resistance Junction to Ambient RBJA 556 'CIW 

Junction and Storage Temperature TJ, TS!!!_ -55 to +150 "C 

*FR-6 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF4856LT1 = AAA 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Vos= o. 10 = 1.0 µAl 

Gate Reverse Current 
(Vos = 0 v. VGs = 20 V) 

Gate Source Cutoff Voltage 
(Vos = 15, lo = 0.5 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(VGs = o. Vos = 15 VI 

Drain Cutoff Current 
(Vos = 15 V, VGs = 10 V) 

Drain Source On Voltage 
(VGs = o, lo = 20 mAl 

Drain Source On Resistance 
(VGs = o, lo = o, t = 1.0 kHz) 

Input Capacitance J Vos = o, VGs = -10 v 
Reverse Transfer Capacitance 1 f = 1.0 MHz 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time 

Rise Time Voo = 10 v, lo(on) = 20 mA 

Turn-Off Time 
VGS(on) = 0, VGS(off) = -10 V 

(1) Pulse Test; Pulse Width < 300 µ.s, Duty Cycle "' 2%. 

MMBF4856l Tl* 
CASE 31.8-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source 

,~' '~-© 
JFET 

SWITCHING 

1 Drain 

N-CHANNEL - DEPLETION 

Symbol 

V(BR)GSS 

IGSS 

VGS(OFF) 

loss 

lo( off) 

Vos( on) 

ros(on) 

Ciss 

Crss 

Id 

Ir 

!off 

*This Is a Motorola 
designated preferred device. 

Refar to MPF4391 for graphs. 

Min Max 

-40 -

- 0.5 

-4.0 -10 

50 -

- 0.25 

- 0.75 

- 25 

- 18 

- 8 

- 6 

- 3 

- 25 

Unit 

v 

nA 

v 

mA 

nA 

v 

n 

pF 

nS 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 30 Vdc 

Drain-Gate Voltage VoG 30 Vdc 

Reverse Gate-Source Voltage VGs(r) 30 Vdc 

Forward Gate Current IG(fl 50 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mW/°C 

Thermal Resistance Junction to Ambient ReJA 556 oc/W 

Junction and Storage Temperature TJ, Ts.!9_ -55 to + 150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF4860LT1 = 6F 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = 1.0 µ.Ade, Vos = 01 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = 01 
(VGs = 15Vdc, Vos= o, TA= 150°C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 0.5 nAdcl 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = 01 

Drain Cutoff Current 
(Vos = 15 Vdc, VGs = 10 Vdcl 
(Vos= 15Vdc, VGs = 10Vdc, TA= 150°c1 

Drain-Source On-Voltage 
(lo = 10 mAdc, VGs = 01 

Static Drain-Source On Resistance 
(VGs = o, lo = o, f = 1.0 kHzl 

Input Capacitance 
(Vos = 0, VGs = 10 Vdc, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 0, VGs = 10 Vdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Voo = 10 Vdc, lo(onl = 20 mAdc) 
(VG(on) = 0, VGS(off) = 10 Vdc) 

Rise Time 
(Voo = 10 Vdc, lo(on) = 10 mAdc) 
(VGS(on) = 0, VGS(off) = 6.0 Vdc) (Figure 1) 

Turn-Off Time 
(Voo = 10 Vdc, lo(on) = 5.0 mAdc) 
(VGS(on) = 0, VGS(off) = 4.0 Vdc) (Figure 1) 

(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle,;; 10%. 

MMBF4860l Tl* 

CASE 318-07, STYLE 10 
SOT-23 (T0-236AB) 

2 Source 

~3 
1~~ 

2 
,;,~ 

1 Drain 

JFET 
SWITCHING TRANSISTOR 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

ID( off) 

Vos( on) 

ros(on) 

Ciss 

Crss 

td 

tr 

to ff 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to MPF4391 for graphs . 

Min Max 

30 -

- 0.5 
- 2.0 

-2.0 -6.0 

20 100 

- 0.25 
- 0.5 

- 0.5 

- 40 

- 18 

- 8.0 

- 6.0 

- 4.0 

- 50 

Unit 

Vdc 

nAdc 
µ.Ade 

Vdc 

mAdc 

nAdc 
µ.Ade 

Vdc 

Ohms 

pF 

pF 

ns 

ns 

ns 
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TEST CIRCUIT 

II 

MMBF4860LT1 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

o---~~ 200 ns ~N~~~(onl 
-6.0V~ ~--~~rVGS(ofl) 

: ton t--t toff l--
td(on) _, 1-i- --J i-!-- td(off) 

tr-l :-1 ~ ~tf I I I ,_ ___ _ 

1 : l0% OUTPUT 

OUTPUT 

VOLTAGE WAVEFORMS 

NOTES: 1. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle "" 2.0% 

2. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr ,,;;; 0. 75 ns, Rin ~ 1.0 megohm, Cin ..;; 2.5 pF. 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Junction and Storage Temperature TJ, Ts.!9_ -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF5457LT1 = 60 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 10 µAde, Vos = 01 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = O) 
(VGs = 15 Vdc, Vos = o, TA = 100'C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 10 nAdcl 

Gate Source Voltage 
!Vos = 15 Vdc, lo = 100 µAdel 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Currentl1) 
!Vos = 15 Vdc, VGs = o) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance(1) 
(Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Reverse Transfer Admittance 
!Vos = 15 Vdc, VGs = o, f = 1.0 kHzl 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

(1) Pulse test: Pulse Width "' 630 ms; Duty Cycle "' 10%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

MMBF5457LT1* 

CASE 318-07, STYLE 10 
SOT-23 (T0-236AB) 

2 Source 

o!.-@ 
1 Drain 

JFET 
'C/W GENERAL PURPOSE TRANSISTOR 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYfsl 

IYrsl 

Ciss 

Crss 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5457 for graphs. 

Min Typ Max 

25 - -

- - 1.0 
- - 200 

0.5 - -6.0 

- -2.5 -

1,0 5.0 

1000 - 5000 

- 10 50 

- 4.5 7.0 

- 1.5 3.0 

Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

/Lmhos 

/Lmhos 

pF 

pF 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGs(r) -25 

Gate Current IG 10 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Junction and Storage Temperature TJ, Tsjg_ -55to+150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF5459LT1 = 6L 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = -10 µA, Vos= 01 

Gate 1 Leakage Current 
(VGs = -15 V, Vos= 0) 

Gate 2 Leakage Current 
(VGs = -15 V, Vos= 0, TA= 100°C) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 V, VGs = 0) 

SMALL.SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

Output Admittance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

Input Capacitance 
(Vos = 15 V, VGs = 0, f = 1.0 MHz)' 

Reverse Transfer Capacitance 
(Vos = 15 v, VGs = 0, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mWf'C 

"C!W 

·c 

MMBF5459LT1 * 
CASE 318·07, STYLE 10 

SOT.23 (T0-236AB) 

2 Source 

,~' '~-© 

Symbol 

V(BR)GSS 

IG1ss 

IG2ss 

VGs(off) 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

1 Drain 

JFET 
TRANSISTOR 

N·CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5457 for graphs. 

Min Max 

25 -

- 1.0 

- 200 

-2.0 -8.0 

4.0 16 

2000 6000 

- 50 

- 7.0 

- 3.0 

Unit 

Vdc 

nA 

nA 

Vdc 

mA 

µ,mhos 

µ,mhos 

pF 

pF 
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MAXIMUM RATINGS 
Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Forward Gate Current 

THERMAL CHARACTERISTICS 
Characteristic 

Total Device Dissipation FR-5 Board,* 
TA= 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient 

Junction and Storage Temperature 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBF5460LT1 = 6E 

Symbol Valua 

VoG 40 

VGSR 40 

IGF 10 

Symbol Max 

Po 225 

1.8 

RoJA 556 

TJ, Ts.!9._ -55to +150 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 10 µAde, Vos= O) 

Gate Reverse Current 
IVGs = 20 Vdc, Vos = 01 
<VGs = 20 Vdc, Vos = o, TA = 100°c1 

Gate Source Cutoff Voltage 
!Vos = 15 Vdc, lo = 1.0 µAde) 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 0.1 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = 15 Vdc, VGs = 01 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Output Admittance 
(Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Input Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 15 Vdc, VGs = 0, RG = 1.0 Mn, 
f = 100 Hz, BW = 1.0 Hz) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

oc/W 

oc 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

en 

MMBF5460LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source 

,~' '~-© 
1 Drain 

JFET 
GENERAL PURPOSE 

TRANSISTOR 

P-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5460 for graphs. 

Min Typ Max 

40 - -

- - 5.0 
- - 1.0 

0.75 - 6.0 

0.5 - 4.0 

-1.0 -5.0 

1000 - 4000 

- - 75 

- 5.0 7.0 

- 1.0 2.0 

- 20 -

Unit 

Vdc 

nAdc 
µAde 

Vdc 

Vdc 

mAdc 

,.mhos 

,.mhos 

pf 

pF 

nVNHz 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs .AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VDG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Forward Gate Current IG(f) 10 

Continuous Device Dissipation at or Below Po 
Tc = 25'C 200 

Linear Derating Factor 2.8 

Storage Channel Temperature Range Ts_tg_ -65 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction ~o Ambient ReJA 556 

Junction and Storage Temperature TJ, Ts_tg_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBF5484LT1 = 6B 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
OG = -1.0 µA, Vos = O) 

Gate Reverse Current 
(VGs = -20 V, Vos = O) 
(VGs = -20 V, Vos = o, TA= 100'C) 

Gate Source Cutoff Voltage 
(Vos = 15 V, ID = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 15 V, VGs = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos= 15 V, VGs = 0, f = 1.0 kHz) 

Output Admittance 
(Vos= 15 V, VGs = o, f = 1.0 kHz) 

Input Capacitance 
(Vos= 15 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos= 15 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance 
(Vos= 15 V, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos= 15 V, lo = 1.0 mA, VG' = 1.0 mmhos) 
(RG = 1.0 k!l, f = 100 MHz) 
(Vos = 15 V, VGs = 0, YG' = 1.0 µmho) 
(RG = 1.0 M!l, f = 1.0 kHz) 

Common Source Power Gain 
(Vos= 15 Vdc, lo= 1.0 mAdc, f = 100 MHz) 

Unit 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

'C 

Unit 

mW 

mW/'C 

'CIW 

'C 

MMBF5484LT1 * 

Symbol 

CASE 318-07, STYLE 10 
SOT-23 (T0-236AB) 

2 Source 

'~-© 
JFET 

TRANSISTOR 

N-CHANNEL 

1 Drain 

*This is a Motorola 
designated preferred device. 

Refer to 2N5484 for graphs. 

Min Max Unit 

V(BR)GSS -25 - Vdc 

IGSS 
- -1.0 nA 
- -0.2 µA 

VGS(off) -0.3 -3.0 Vdc 

loss 1.0 5.0 mAdc 

IYtsl 3000 6000 µmhos 

IYosl - 50 µmhos 

Ciss - 5.0 pF 

Crss - 1.0 pF 

Coss - 2.0 pF 

NF dB 

- 3.0 

- 2.5 

Gps 16 25 dB 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGS(r) 25 

Forward Gate Current IG(f) 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 
--

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Junction and Storage Temperature TJ, Tstg -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBF5486LT1 = 6H 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(Vos= 0, IG = -1.0 µA) 

Gate 1 Leakage Current 
(VGs = -20 V, Vos = O) 

Gate 2 Leakage Current 
(VGs = -20 v, Vos = 0, TA = 100°C) 

Gate Source Cutoff Voltage 
(Vos = 15 V, lo = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(VGs = 0, Vos = 15 V) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(VGs = 0, Vos = 15 V, f = 1.0 kHz) 

Input Admittance 
(VGs = 0, Vos = 15 V, f = 400 MHz) 

Output Admittance 
(VGs = o, Vos = 15 v, f = 1.0 kHz) 

Output Conductance 
. (VGs = 0, Vos = 15 V, f = 400 MHz) 

Forward Transconductance 
(VGs = 0, Vos = 15 V, f = 400 MHz) 

Input Capacitance 
(VGs = 0, Vos = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGs = 0, Vos = 15 V, f = 1.0 MHz) 

Output Capacitance 
(VGs = 0, Vos = 15 V, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
(Vos = 15 V, lo = 4.0 mA f = 100 MHz, YG = 1.0 !'mhos) 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

oc/W 
oc 

(Vos = 15 V, lo= 4.0 mA, RG = 1.0 k!1, f = 400 MHz, YG = 1.0 l'mhos) 
(VGS = 0, Vos = 15 V, RG = 1.0 mil, f = 1.0 kHz, YG = 1.0 !Lmhos) 

Common Source Power Gain 
(Vos = 15 v, lo = 4.0 mA, f = 100 MHz) 
(Vos = 15 v, lo = 4.0 mA t = 400 MHz) 

MMBF5486LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

Symbol 

V(BR)GSS 

IG1SS 

IG2ss 

VGS(off) 

loss 

IYfsl 

Re(Yis) 

IYosl 

Re(vos> 

Re(Yfs) 

Ciss 

Crss 

Coss 

NF 

Gps 

2 Source 

,:.-© 
1 Drain 

JFET 
TRANSISTOR 

N-CHANNEL 

*This is a Motorola 
designated preferred device. 

Refer to 2N5484 for graphs. 

Min Max 

-25 -

- -1.0 

- -0.2 

-2.0 -6.0 

8.0 20 

4000 8000 

- 1000 

- 75 

- 100 

3500 -

- 5.0 

- 1,0 

- 2.0 

- 2.0 
- 4.0 
- 2.5 

18 30 
10 20 

Unit 

Vdc 

nA 

µ,A 

Vdc 

mA 

I'm hos 

I'm hos 

I'm hos 

I'm hos 

I'm hos 

pF 

pF 

pF 

dB 

dB 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VG§Jrl_ -25 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25•c 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Junction and Storage Temperature TJ, Ts!ll_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBFJ175LT1 = 6W 

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!Vos = o, 10 = 1.0 µAl 

Gate Reverse Current 
(Vos = 0 V, VGs = 20 V) 

Gate Source Cutoff Voltage 
(Vos = 15, ID = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(VGs = 0, Vos = 15 V) 

Drain Cutoff Current 
(Vos = 15 V, VGs = 10 V) 

Drain Source On Resistance 
Uo = 500 nA) 

Input Capacitance J Vos = o, VGs = 10 v 
Reverse Transfer Capacitanc".l_ f = 1.0 MHz 

(1) Pulse Test; Pulse Width < 300 µs, Duty Cycle "" 2%. 

Unit 

v 
v 

Unit 

mW 

mWfC 

•ctw 
·c 

MMBFJ175LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source 

,~' ~--© 

Symbol 

V(BR)GSS 

IGSS 

VGS(OFF) 

loss 

ID( off) 

ros(on) 

Ciss 

Crss 

JFET 
CHOPPER 

1 Drain 

P-CHANNEL - DEPLETION 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 1.0 

3.0 6.0 

7.0 60 

- 1.0 

- 125 

- 11 

- 5.5 

Unit 

v 

nA 

v 

mA 

nA 

n 

pF 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Gate Voltage VoG 25 

Reverse Gate-Source Voltage VGS(r) -25 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Junction and Storage Temperature TJ, Ts!ll_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBFJ175LT1 = 6W 

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
!Vos = o, 10 = 1.0 µ.Al 

Gate Reverse Current 
(Vos = 0 V, VGs = 20 V) 

Gate Source Cutoff Voltage 
(Vos = 15, lo = 10 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(VGs = 0, Vos = 15 V) 

Drain Cutoff Current 
(Vos = 15 V, VGs = 10 V) 

Drain Source On Resistance 
Uo = 500 nA) 

Input Capacitance J Vos = o, VGs = 10 v 
Reverse Transfer Capacitancel f = 1.0 MHz 

(1) Pulse Test; Pulse Width < 300 µ.s, Duty Cycle "" 2%. 

Unit 

v 
v 

Unit 

mW 

mW/°C 

°C1W 

·c 

MMBFJ177LT1 * 
CASE 318-07, STYLE 10 

SOT-23 (T0-236ABI 

2 Source 

,~' ~-© 

Symbol 

V(BR)GSS 

IGSS 

VGS(OFF) 

loss 

lo(offl 

ros(on) 

Ciss 

Crss 

JFET 
CHOPPER 

1 Drain 

P-CHANNEL - DEPLETION 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 1.0 

0.8 2.5 

1.5 20 

- 1.0 

- 300 

- , , 
- 5.5 

Unit 

v 

nA 

v 

mA 

nA 

n 

pF 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Gate-Source Voltage VGS 25 

Gate Cur.rent IG 10 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Junction and Storage Temperature TJ, Ts.!9._ -55 to + 150 

*FR-5 = 1 .0 x 0.75 x 0.062 in. 

DEVICE MARKING 

I MMBFJ309LT1 = 6U; MMBFJ310LT1 = 6T 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted,) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = - LO µAde, Vos = 0) 

Gate Reverse Current 
(VGS = -15V) 
(VGS = -15V, TA= 125'C) 

Gate Source Cutoff Voltage MMBFJ309 
(Vos = 10 Vdc, lo = 1.0 nAdc) MMBFJ310 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current MMBFJ309 
!Vos = 10 Vdc, VGs = o) MMBFJ310 

Gate-Source Forward Voltage 
UG = 1 .o mAdc, Vos = o) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 Vdc, lo = 1 o mAdc, f = 1 .o kHz) 

Output Admittance 
(Vos = 10 Vdc, lo = 10 mAdc, f = 1.0 kHz) 

Input Capacitance 
(VGs = -10 Vdc, Vos = 0 Vdc, f = LO MHz) 

Reverse Transfer Capacitance 
(VGs = -10 Vdc, Vos = 0 Vdc, f = LO MHz) 

Equivalent Short-Circuit Input Noise Voltage 
(Vos = 10 Vdc, lo = 10 mAdc, f = 100 Hz) 

Note: "LT1" must be used when ordering SOT-23 devices, 

Unit 

Vdc 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'CIW 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

loss 

VGS(f) 

IYfsl 

IYosl 

Ciss 

Crss 

en 

MMBFJ309LT1 * 
MMBFJ310LT1* 
CASE 318-07, STYLE 10 

SOT-23 (T0-236AB) 

2 Source 

,:.-Eg) 
1 Drain 

JFET 
VHF/UHF AMPLIFIER 

TRANSISTOR 

N-CHANNEL 

*These are Motorola 
designated preferred devices, 

Refer to J309 for graphs, 

Min Typ Max 

-25 - -

- - -LO 
- - -LO 

-1,0 - -4,0 
-2,0 -6,5 

12 - 30 
24 60 

- - 1.0 

8.0 - 18 

- - 250 

- - 5,0 

- - 2.5 

- 10 -

Unit 

Vdc 

nAdc 
µAde 

Vdc 

mAdc 

Vdc 

mm hos 

µmhos 

pf 

pf 

nV/YHz 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 25 Vdc 

Gate-Source Voltage VGs 25 Vdc 

Gate Current IG 10 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA= 25°C 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient ReJA 556 °CIW 

Junction and Storage Temperature TJ, Ts!ll_ -55 to + 150 oc 
*FR-5 = 1.0 x 0.75 x 0.062 in. 

DEVICE MARKING 

MMBFU310LT1 = 6C 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = -1.0 µA, Vos = 01 

Gate 1 Leakage Current 
(VGs = -15 V, Vos = 0) 

Gate 2 Leakage Current 
IVGs = -15 v, Vos = o, TA = 125°CI 

Gate Source Cutoff Voltage 
(Vos = 10 V, lo = 1.0 nA) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
!Vos = 10 v, VGs = 01 

Gate-Source Forward Voltage 
llG = 10 mA, Vos = O) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 10 v, lo = 10 mA, t = 1.0 kHz) 

Output Admittance 
!Vos = 10 V, lo = 10 mA, t = 1.0 kHz) 

Input Capacitance 
(VGs = -10 V, Vos = 10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(VGs = -10 V, Vos = 10 V, f = 1.0 MHz) 

MMBFU310LT1 * 

Symbol 

CASE 318-07, STYLE 10 
SOT-23 (T0-236AB) 

JFET 
TRANSISTOR 

N-CHANNEL 

2 Source 

*This is a Motorola 
designated preferred device. 

Refer to J310 for graphs . 

Min Max Unit 

V(BR)GSS -25 - Vdc 

IG1ss - -150 pA 

1G2ss - -150 nA 

VGS(off) -2.5 -6.0 Vdc 

loss 24 60 mA 

VGS(f) - 1.0 Vdc 

IYtsl 10 18 mm hos 

IYosl - 250 µmhos 

Ciss - 5.0 pF 

Crss - 2.5 pF 
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II 

MAXIMUM RATINGS (Tc = 25'C Unless Otherwise Noted) 

Rating Symbol Value Unit 

Drain-to-Source Voltage Voss 200 Volts 

Drain-to-Gate Voltage VoG 200 Volts 

Gate-to-Source Voltage - Continuous VGS ±20 Volts 

Drain Current - Continuous 10 250 mAdc 
-Pulsed loM 500 

Total Power Dissipation @ TA = 25'C Po 0.8 Watts 
Derate above 25'C 6.4 mW/'C 

Operating and Storage Temperature TJ, Tstg -65 to 150 'C 
Range 

DEVICE MARKING 

FT107 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to ReJA 156 'CIW 
Ambient 

Maximum Temperature for Soldering TL 260 'C 
Purposes 10 Sec 

Maximum Time in Solder Bath 

ELECTRICAL CHARACTERISTICS (TA = 25'C Unless Otherwise Noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-to-Source Breakdown Voltage V(BR)DSS 
(VGs = 0, lo= 10 µA) 

Zero Gate Voltage Drain Current loss 
(Vos= 130 V, VGs = O) 

Gate-Body Leakage Current - Reverse IGSS 
(VGs = 15 Vdc, Vos= O) 

ON CHARACTERISTICS' 

Gate Threshold Voltage VGS(th) 
(Vos= VGs. to= 1.0 mAdc) 

Static Drain-to-Source On-Resistance 
(VGs = 1 o Vdc, lo= 200 mA) 

ros(on) 

Drain-to-Source On-Voltage 
(VGs = 10 V, to= 200 mA) 

Vos( on) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (Vos= 25 V, VGs = 0, Ciss 

Output Capacitance f= 1.0 MHz) Coss 

Transfer Capacitance Crss 

SWITCHING CHARACTERISTICS 

Turn-On Time (See Figure 1) Ion 

Turn-Off Time (See Figure 1) loff 
Pulse Test: Pulse Width :S 300 µs, Duty Cycle :S 2.0%. 

Min 

200 

-

-

1.0 

-

-

-
-

-

-
-

MMfT107Tl* 
CASE 318E-04, STYLE 3 
SOT-223 (T0-261AA) 

TMOS FET 
TRANSISTOR 

3 SOURCE 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Typ Max Unit 

- - Vdc 

- 30 nAdc 

O.Q1 10 nAdc 

- 3.0 Vdc 

- 14 Ohms 

- 2.8 Vdc 

60 - pF 

30 -
6.0 -

6.0 15 ns 

12 15 
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Figure 1. Switching Test Circuit 

+25V 

Pulse Generator Vin 

c----, r· 
I '1----3- I~ I~~ I ---.i I 1-=- -=- 50 1M 
L ___ J 

- - -

MMFT107T1 

RESISTIVE SWITCHING 

Figure 2. Switching Waveforms 

To Sampling Scope 
50 Q Input 

1---ff--l-+Vout 

OutputVout 
Inverted 

Input Vin 
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MAXIMUM RATINGS (Tc = 25°C Unless Otherwise Noted) 

Rating Symbol Value Unit 

Drain-to-Source Voltage Voss 90 Volts 

Drain-to-Gate Voltage VoG 90 Volts 

Gate-to-Source Voltage - Continuous VGs ±30 Volts 

Drain Current - Continuous lo 1.0 Amps 
- Pulsed loM 2.0 

Total Power Dissipation @ TA = 25°C Po 0.8 Watts 
Derate above 25°C 6.4 mWFC 

Operating and Storage Temperature TJ, Tstg -65 to 150 oc 

Range 

DEVICE MARKING 

T6661 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to RoJA 156 oc/W 
Ambient 

Maximum Temperature for Soldering TL 260 oc 

Purposes 10 Sec 
Maximum Time in Solder Bath 

ELECTRICAL CHARACTERISTICS (TA = 25°C Unless Otherwise Noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-to-Source Breakdown Voltage V(BR)DSS 
(VGs = 0, lo= 10 µA) 

Zero Gate Voltage Drain Current loss 
(Vos= 90 V, VGs = 0) 

Gate-Body Leakage Current IGSS 
(VGs = 15 Vdc, Vos= O) 

ON CHARACTERISTICS• 

Gate Threshold Voltage VGS(th) 
(Vos= VGS· lo= 1.0 mAdc) 

Static Drain-to-Source On-Resistance ros(on) 
(VGs = 10 Vdc, lo= 1.0 Ade) 

Drain-to-Source On-Voltage Vos( on) 
(VGs = 10 V, lo= 1.0 A) 
(VGs = 5.0 V, lo= 0.3 A) 

On-State Drain Current 
(Vos= 25 V, VGs = 10 Vdc) 

lo( on) 

Forward Transconductance gFS 
(Vos= 25 v, 10 = o.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance (Vos= 25 V, VGs = 0, Ciss 

Output Capacitance f = 1.0 MHz) 
Coss 

Transfer Capacitance Crss 

SWITCHING CHARACTERISTICS (See Figure 1) 

Rise Time (Voo = 25 V, lo= 0.5 Rated lo, Ir 

Fall Time Rgen = 50 Ohms) If 

Turn-On Time 
See Figures 1 and 2 

1on 

Turn-Off Time Iott 
Pulse Test Pulse Width $ 300 µs, Duty Cycle :-::; 2.0%. 

Min 

90 

-

-

0.8 

-

-
-
1.0 

170 

-

-
-

-
-
-

-

MMFT6661 Tl* 
CASE 318E-04, STYLE 3 
SOT-223 (T0-261AAI 

TMOS FET 
TRANSISTOR 

3SOURCE 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Typ Max Unit 

- - Vdc 

- 10 µAde 

- 100 nAdc 

1.4 2.0 Vdc 

1.2 4.0 Ohms 

Vdc 
- 4.0 
- 1.6 

2.0 - Amps 

- - mm hos 

30 - pF 

20 -

3.6 -

- 5.0 ns 

- 5.0 

- 5.0 

- 5.0 
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Figure 1. Switching Test Circuit 

Pulse Generator 
r----, 
I 
I 
I 
l.. 

+25V 

MMFT6661T1 

RESISTIVE SWITCHING 

Figure 2. Switching Waveforms 

To Sampling Scope 
50 .Q Input 

r--+r---+-•Vout 

OutputV0 ut 
Inverted 

Input Vin 
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II 

MAXIMUM RATINGS (Tc = 25'C Unless Otherwise Noted) 

Rating Symbol Value Unit 

Drain-to-Source Voltage Voss 60 Volts 

Drain-to-Gate Voltage VoG 60 Volts 

Gate-to-Source Voltage - Continuous VGS ±30 Volts 

Drain Current - Continuous 10 1.0 Amps 
- Pulsed loM 2.0 

Total Power Dissipation @ TA = 25'C Po 0.8 Watts 
Derate above 25'C 6.4 mWFC 

Operating and Storage Temperature TJ, Tstg -65to 150 'C 
Range 

DEVICE MARKING 

FT960 

THERMAL CHARACTERISTICS 

Thermal Resistance - Junction to RoJA 156 'C/W 
Ambient 

Maximum Temperature for Soldering TL 260 'C 
Purposes 10 Sec 

Maximum Time in Solder Bath 

ELECTRICAL CHARACTERISTICS (TA = 25'C Unless Otherwise Noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-to-Source Breakdown Voltage V(BR)DSS 
(VGs = o, 10 = 10 µA) 

Zero Gate Voltage Drain Current loss 
(Vos= 60 V, VGs = 0) 

Gate-Body Leakage Current - Reverse IGSS 
(VGSR = 15 Vdc, Vos= 0) 

ON CHARACTERISTICS• 

Gate Threshold Voltage VGS(th) 
(Vos= VGs. lo= 1.0 mAdc) 

Static Drain-to-Source On-Resistance ros(on) 
(VGs = 1 o Vdc, 10 = 1.0 Ade) 

Drain-to-Source On-Voltage (VGs = 10 Vdc) Vos( on) 
(lo= 0.5 A) 
(lo= 1.0A) 

On-State Drain Current lo( on) 
(VGs= 10 Vdc, lo= 1.0 Amp) 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss 

Output Capacitance (Vos= 25 V, VGs = 0, Coss 
f = 1.0 MHz) 

Transfer Capacitance Crss 

SWITCHING CHARACTERISTICS• 

Turn-On Time (See Figure 1) Ion 

Turn-Off Time (See Figure 1) loft 
* Pulse Test: Pulse Width :S 300 µs, Duty Cycle :S 2.0%. 

Min 

60 

-

-

1.0 

-

-
-
1.0 

-

-

-

-
-

MMFT960T1* 

CASE 318E-04, STYLE 3 
SOT-223 (T0-261AA) 

•• 3 

TMOS FET 
TRANSISTOR 

3SOURCE 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Typ Max Unit 

- - Vdc 

- 10 µAde 

- 50 nAdc 

- 3.5 Vdc 

1.2 1.7 Ohms 

Vdc 
- 0.8 
- 1.7 

2.0 - Amps 

60 - pF 

49 -

13 -

7.0 15 ns 

7.0 15 
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Figure 1. Switching Test Circuit 

+25V 

Pulse Generator Vjn ·----· r~ I 'i_ ___ -3- 11-
1 ~----S'(;' I -- -.l I 1-= ':" 50 1 M L. ___ ... 

':"' - -

MMFT960T1 

RESISTIVE SWITCHING 

Figure 2. Switching Waveforms 

To Sampling Scope 
50 il Input 

1--tl--+-+Vaut 

OutputVuui 
Inverted 

Input Vin 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 200 Vdc 

Gate-Source Voltage VGS ±20 Vdc 

Drain Current - Continuous (1) lo 400 mAdc 
- Pulsed (2) loM 800 

Total Power Dissipation@ TA= 25°C Po 1.0 Watts 
Derate above 25°C 8.0 mwrc 

Operating and Storage TJ. Tstg -55 to 150 'C 
Temperature Range 

Thermal Resistance Junction to Ambient OJA 208 'CIW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (VGs = 0, lo = 0.5 mA) V(BR)DSS 

Zero Gate Voltage Drain Current ioss 
(Vos = 200 V, VGs = 0) 

Gate-Body Leakage Current IGSS 
!VGs = 20 v. Vos = o) 

ON CHARACTERISTICS* 

Gate Threshold Voltage !lo = 1.0 mA, Vos = VGsl VGS(th) 

Drain-Source On-Voltage (VGs = 10 V) Vos( on) 
!lo= 100 mA) 
!lo= 300 mA) 
!lo= 500 mA) 

On-State Drain Current lo( on) 
(Vos = 25 v, VGs = 10 V) 

Static Drain-Source On-Resistance (VGs = 10 Vdc) ros(on) 
!lo= 150 mA) 
!lo= 300 mA) 
!lo= 500 mA) 

Forward Transconductance (Vos = 25 V, lo = 300 mA) gfs 

DYNAMIC CHARACTERISTICS 

Input Capacitance Ciss 
(Vos= 25 V, VGs = o. f = 1.0 MHz) 

Output Capacitance Coss 
(Vos= 25 v. VGs = o. f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vos= 25 v. VGs = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 

Turn-On Time (See Figure 1) 

Turn-Off Time (See Figure 1) lo ff 

(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width ,;; 300 IL•· Duty Cycle ,;; 2.0%. 

MPF89 
CASE 29-03, STYLE 7 

T0-92 (T0-226AE) 

2 Drain 

1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Min Typ Max 

200 - -
- 0.1 60 

- 0.01 100 

1.0 - 2.7 

- 0.45 0.6 
- 1.2 1.8 
- 3.0 -
500 700 -

- 4.5 6.0 
- - 6.0 
- 6.0 -
140 400 -

- 72 -

- 15 -

- 2.8 -

6.0 

12 

Unit 

Vdc 

/LAdc 

nAdc 

Vdc 

Vdc 

mA 

Ohms 

mm hos 

pF 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 25 

Gate-Source Voltage VGs -25 

Gate Current IG 10 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Junction Temperature Range TJ 125 

Storage Temperature Range Ts!!L -65 to +150 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = -10 µAde, Vos= O) 

Gate Reverse Current 
(VGs = -15 Vdc, Vos = o) 
(VGs = -15 Vdc, Vos= 0, TA= 100°C) 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc, lo = 2.0 nAdc) 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 0.2 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current• 
(Vos = 15 Vdc, VGs = o Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance• 
!Vos = 15 Vdc, VGs = o, f = 1.0 kHz) 
(Vos= 15 Vdc, VGs = o, f = 100 MHz) 

Input Admittance 
(Vos= 15 Vdc, VGs = o, f = 100 MHz) 

Output Conductance 
(Vos= 15 Vdc, VGs = 0, f = 100 MHz) 

Input Capacitance 
(Vos= 15 Vdc, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
(Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

*Pulse Test: Pulse Width"" 630 ms; Duty Cycle"" 10%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

·c 
·c 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

VGS 

loss 

IYtsl 

Re!Yisl 

Re(Yosl 

Ciss 

Crss 

MPF102 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

,/~~"' 
2 3 2 Source 

JFET 
VHF AMPLIFIER 

N-CHANNEL - DEPLETION 

Refer to 2N5484 for graphs . 

Min Max Unit 

-25 - Vdc 

- -2.0 nAdc 
- -2.0 µAde 

- -8.0 Vdc 

-0.5 -7.5 Vdc 

2.0 20 mAdc 

µmhos 
2000 7500 
1600 -
- 800 µmhos 

- 200 µmhos 

- 7.0 pf 

- 3.0 pf 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Vos 60 Vdc 

Gate-Source Voltage VGS ±15 Vdc 

Drain Current - Continuous(1) 10 0.5 Ade 
Pulsed(2) IOM 1.0 

Total Device Dissipation @ TA = 25°C Po 1.0 Watts 
Derate above 25°C MPF910 8.0 mWl°C 

Total Device Dissipation @ Tc = 25°C Po 6.25 Watts 
Derate above 25°C MFE910 50 mWl°C 

Operating and Storage Junction TJ, Tstg -65 to +150 •c 
Temperature Range 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width .;; 300 µ,s, Duty Cycle .;; 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vos = 40 v, VGs = 01 

Gate Reverse Current 
(VGs = 10 V, Vos = 0) 

Symbol 

loss 

IGSS 

Drain-Source Breakdown Voltage V(BR)DSS 
(VGs = o. 10 = 100 µAl 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 
(Vos = VGS• lo = 1.0 mA) 

Drain-Source On-Voltage Vos( on) 
(VGS = 10 V, lo = 500 mA) 

On-State Drain Current lo( on) 
(Vos = 25 V, VGs = 10 V) 

Forward Transconductance gfs 
(Vos = 15 V, lo= 500 mA) 

MPF910 

MPF910 
CASE 29-03, STYLE 22 

T0-92 (T0-226AE) 

TMOS 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

Refer to MPF6659 for graphs. 

Min Typ Max Unit 

- 0.1 10 µAde 

- 0.01 10 nAdc 

60 90 - Vdc 

0.3 1.5 2.5 Vdc 

- - 2.5 Vdc 

500 - - mA 

100 - - mm hos 
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MAXIMUM RATINGS 

Rating Symbol MPF930 MPF960 MPF990 Unit 

Drain-Source Voltage Vos 35 60 90 Vdc 

Drain-Gate Voltage VoG 35 60 90 Vdc 

Gate-Source Voltage VGS ±30 Vdc 

Drain Current Ade 
Continuous (1) lo 2.0 
Pulsed (2) loM 3.0 

---

Total Device Dissipation Po 
@TA= 25'C 1.0 Watts 
Derate above 25'C 8.0 mW/'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to 150 'C 

Thermal Resistance 8JA 125 'CIW 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSX 
!VGs = o. 10 = 10 µAl MPF930 

MPF960 
MPF990 

Gate Reverse Current (VGs = 15 Vdc, Vos = O) IGSS 

ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current (Vos = Maximum Rating, VGs = O) loss 

Gate Threshold Voltage !lo = 1.0 mA, Vos = VGsl VGS(Th) 

Drain-Source On-Voltage (VGs = 10 V) Vos(on) 
!lo= 0.5 A) MPF930 

MPF960 
MPF990 

!lo= 1.0A) MPF930 
MPF960 
MPF990 

(lo= 2.0 A) MPF930 
MPF960 
MPF990 

Static Drain-Source On Resistance ros(on) 
(VGs = 10 Vdc, lo = 1.0 Ade) MPF930 

MPF960 
MPF990 

On-State Drain Current (Vos = 25 v. VGs = 10 V) IDJ9n) 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance (Vos = 25 v. VGs = 0, f = 1.0 MHz) Ciss 

Reverse Transfer Capacitance (Vos = 25 v. VGs = o. f = 1.0 MHz) Crss 

Output Capacitance (Vos = 25 v. VGs = o. f = 1.0 MHz) Coss 

Forward Transconductance !Vos = 25 v. 10 = o.5 Al gfs 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Turn-Off Time to ff 

*Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

MPF930* 
MPF960* 
MPF990* 

CASE 29-03, STYLE 22 
T0-92 (T0-226AE) 

3 Drain 

~·-$ 
1 Source 

TMOS 
SWITCHING 

N-CHANNEL - ENHANCEMENT 

*These are Motorola 
designated preferred devices. 

Min Typ Max 

35 - -
60 - -
90 - -
- - 50 

- - 10 

1.0 - 3.5 

- 0.4 0.7 
- 0.6 0.8 
- 0.6 1.2 

- 0.9 1.4 
- 1.2 1.7 
- 1:2 2.4 

- 2.2 3.0 
- 2.8 3.5 
- 2.8 4.8 

- 0.9 1.4 
- 1.2 1.7 
- 1.2 2.0 

1.0 2.0 -

- 70 -
- 20 -
- 49 -
200 380 -

7.0 15 

7.0 15 

Unit 

Vdc 

nAdc 

µAde 

Vdc 

Vdc 

Ohms 

Amps 

pF 

pF 

pF 

mmhos 

ns 

ns 
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l\llPF930,IVIPF960,IVIPF990 

RESISTIVE SWITCHING 
FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

+25 v 

To Sampling Scope 
50 n Input 

t---tt--:t-+ Vout 

FIGURE 3 - ON VOLTAGE veraue TEMPERATURE, 

Input Vin 

FIGURE 4 - CAPACITANCE VARIATION 

200,.----.--,...-..,.--.---.--...-..,.--.----.--. 

l~t--t--+--+--+--t---+--+--+---1---l 
VGS • OV 

160 rt--:-+--+--+--t---t--+--+--t---t---t 
l Co11 

0.1 ,____. _ _._ _ _.__..____. _ _._ _ _.__...___...___, o~~-~-~-~~--'--~-~~-~ 
-55 - 35 -15 + 5.0 25 45 65 85 105 125 145 

2.4 

2.1 

11.8 

!Z 1.5 
!ti a 1.2 

~ 0.9 

§ 0.6 
9 

0.3 

TJ, JUNCTION TEMPERATURE l°CI 

F.IGURE & - TRANSFER CHARACTERISTIC 

Vo5=10V / 
" L 

~ v 
rz: 
~ _L'1 

y 
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 

VGS· GATE-SOURCE VOLTAGE IVOLTSI 

0 5.0 10 20 30 40 50 

Vos. DRAIN-SOURCE VOLTAGE {VOLTS! 

FIGURE 8 - OUTPUT CHARACTERISTIC 

2.8 
~s = 1ov-£J 

9.0-1 

8.°-:::1 

7.0-1 

s.o-1 

5.0 

4.0 

5.0 10 20 30 40 50 

Vos.DRAIN-SOURCE VOLTAGE {VOLTS) 
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1.8 

1.4 

le' 
~ 1.0 

!Z ! 1.6 

z 1.2 

~ .... 0.8 
Ii 
~ 0.4 

0.2 

MPF930, MPF960, MPF990 

FIGURE 7 - SATURATION CHARACTERISTIC 

v~ = itiv__. 1--..... 
.,,,.... 

9.0 
.L'.'.'.1 

Z£'.'.'.:1 8.0 
V./ 

~ L 7.0 

~ L:::'.l 6.0 

~ ;:..---: 
~ 5.0 

1¥7 4.0 
~3:0': 

0.6 1.0 2.0 3.0 4.0 5.0 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 25 

Drain-Gate Voltage VoG 30 

Reverse Gate-Source Voltage vasR 30 

Forward Gate Current 1<ill1 10 

Total Device Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Storage Channel Temperature Range Ts!ll_ -65 to + 150 

Operating Temperature Range Tchannel -65 to + 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
UG = 1.0 µAde, Vos = O) 

Gate Reverse Current 
(VGs = 15 Vdc, Vos = O) 
<VGs = 15 Vdc, Vos = o, TA = 15o·c1 

Drain-Cutoff Current 
(Vos = 15 Vdc, VGs = 12 Vdc) MPF970 
(Vos = 15 Vdc, VGs = 12 Vdc, TA= 15o•c1 MPF970 
<Vos = 15 Vdc, VGs = 1.0 Vdc) MPF971 
(Vos = 15 Vdc, VGs = 1.0 Vdc, TA= 1so0c) MPF971 

Gate Source Cutoff Voltage 
(Vos = 15 Vdc. lo = 10 nAdc) MPF970 

MPF971 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 20 Vdc, VGs = O) MPF970 

MPF971 

Drain-Source On-Voltage 
Ho = 10 mAdc, VGs = O) 
Ho = 1.5 mAdc, VGs = O) 

Static Drain·Source On Resistance 
(lo = 1.0 mAdc, VGS = O) MPF970 

MPF971 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
(VGs = o, lo = o. t = 1.0 kHz) MPF970 

MPF971 

Input Capacitance 
(VGs = 12 Vdc, Vos = o. f = 1 .0 MHz) MPF970 
(VGs = 7.0 Vdc, Vos = o. f = 1 .0 MHz) MPF971 

Reverse Transfer Capacitance 
(VGs = 12 Vdc, Vos = o. f = 1.0 MHz) MPF970 
(VGs = 7.0 Vdc, Vos = o. f = 1.0 MHz) MPF971 

Unit. 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mwrc 

·c 

·c 

Symbol 

V(BR)GSS 

IGSS 

lo( off) 

VGS(off) 

loss 

Vos(on) 

ros(on) 

rds(on) 

C;ss 

Crss 

MPF970 
MPF971 

CASE 29-04, STYLE 5 
T0-92 (T0-226AA) 

JFET 
SWITCHING 

P-CHANNEL - DEPLETION 

Min Typ Max 

30 - -

- - 1.0 
- - 1.0 

- - 10 
- - 10 
- - 10 
- - 10 

5.0 - 12 
1.0 - 7.0 

-15 - -100 
-2.0 - -50 

- - 1.5 
- - 1.5 

- - 100 
- - 250 

- - 100 
- - 250 

- - 12 
- - 12 

- - 5.0 
- _.._- 5.0 
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Unit 

Vdc 

nAdc 
µAde 

nAdc 
µAde 
nAdc 
µAde 

Vdc 

mAdc 

Vdc 

Ohms 

Ohms 

pf 

pF 



MPF970, MPF971 

ELECTRICAL CHARACTERISTICS (continued) ITA = 25"C unless otherwise noted.I 

Characteristic Symbol Min 

SWITCHING CHARACTERISTICS (See Figure 6, RK = 0) (1) 

Rise Time t, 
llo(onl = 10 mAdc, VGS(offl = 12 Vdcl MPF970 -

llo(an) = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 -

Fall Time 1r-
llo(onl = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -

llo(onl = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 -

Turn-On Time Ion 
llo(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
llo(on) = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 -

Turn-Off Time lo ff 
llo(on) = 10 mAdc, VGS(off) = 12 Vdc) MPF970 -
llo(on) = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 

(1) Pulse Test: Pulse Width "' 100 µs, Duty Cycle "' 1.0%. 

FIGURE 1 - EFFECT OF loss ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 

-

200 
:=:[:1::======================---T ;~ha_n_}_I --2-J~c~ --1

20 

3 160 ] 16 ~ 
~~ ~ 
a~ I\ o 
~ 3 120 t--+-+~-'<t---+---1,--+---+-+--+-+-+---+-t----112 > 
~;:;:; 1'. ..I ~~ 
0 u t--t--t-+C>._...._,~@ VGs = 0 !..-.-"~ :::i 0 
~~ ~ ~~ 
~ ~ 80 8.0 

~-~ ~ ~ 
40 l----tj/-:b--i"'_.==t~+----+-t-+--+-+--+-t----14.0 ~ 
O.____.____._..__.___. _ _.__,_~.___.____. _ _,__.__.__~o 

0 10 20 30 40 50 60 70 

loss. ZERO-GATE VOLTAGE DRAIN CURRENT (mA) 

Typ 

2.0 
3.0 

9.0 
68 

3.5 
5.0 

13 
88 

FIGURE 2 - TURN-ON DELAY TlME FIGURE 3 - RISE TIME 

Max Unit 

ns 
5.0 
5.0 

ns 
15 
80 

ns 
8.0 
10 

ns 
25 
120 

1oo~~~~~~~~~~~~;;;~~~EE~~~ 70t Tchanne1=25°C ~ 
100~a~~8~1~!~~I~;~~~~E.1 70 ~ T channel - 25°C '3:=': 
50...,.-,..,._,_,_..~~--+--+--+-VGSlott) • 12 V IMPF9701 

! 
w .. 
;::: 

~ 
0 
z 
0 
z 
0: 

!" 

50 ~ VGS(ott) • 11 V (MPF970)-
JO ":s~--~.-+--+-+-t~R~K~.-R-o-· t-+---t 7 .0 V MP F971 I -

t--'"'k::'......,-ft..... ...... )-<..,..: 
20 f---t-P~:A~t.....:::--MPF971-f-+--+---IH-+++--t--j 

11~~i11b;§T'-~~m1m§ 5.0 ~ MPF970 t--1 

0 3.01---+-+--+-R~ 

j 2.0 .L .il 
MPF971 

MPF970-

1.0 '---'-'-1....J...J....J...J...1---'---'----'---'---'--..J....J--'--U...-.I.-~ 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IQ, DRAIN CURRENT (mAI 

S, ~ ~~•Ao· ~ 7.0 VIMPF9711 

1.0 '--'---J'-1.....J....J....J..J...<.--'--'---'---'---'-"-'-'-'-'--'---.......,._ 
0.2 0.3 0.5 0.7 1.0 1.0 3.0 5.0 7.0 10 20 

ID, DRAIN CURRENT lmA) 
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MPF970, MPF971 

FIGURE 4 -TURN-OFF DELAY TIME 

500 

300 

]' 200 

Es 
~ 
~ 

~ 
rRK =Ro• 

Tchanne1""25°~ 
VGS(off)= 12 V IMPF9701 

7. V IMPF971) w ,. 
>= 

~ 
Q 

100 

70 
50 

30 

20 

b-., 

r:s 

MPF971"' 

N~ 

::s: ::s ..... k_MPF970 

~ 
K 

~ v ~ 
.LD-D-. 

j 10 
RK = 0 ...... b,.I ~ 

7.0 
5.0 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IQ, DRAIN CURRENT lmAI 

FIGURE 6 - SWITCHING TIME TEST CIRCUIT 

-voo 

INPUT 

INPUT PULSE 
trio;;0.25 ns 
tf°'0.5 ns 

PULSE WIDTH= 2.0 µs 

DUTY CYCLE.;; 2.0% 

SET V QS(off) = -10 V 

50!l 

'-, 

RGG > RK 

Ro·= RQIRT+50) 
Ro+RT+50 

Ro 

50" 

20 

OUTPUT 

FIGURE 7 - TYPICAL FORWARD TRANSFER ADMITTANCE 

5.o l--+--+-+-+-++++---1~....:l+---+V-t.'1v"+ffiri--t--i 

MPF9i1 "1 y 
3.01--1--+->-i+++..'.JZ..JJC-~~tc-+--l-+-+-H-H+--+--I 

~..71 Tchennel = 25°C 
J1fil_J Vos= 20 v 

2.0l--1--+-l,oq,-+.fi-+--l-+--+-+-+-H-H+--+--I 
.%~ MPF970 

1.0 z 
IL 

0.7'--'-"-"-'-'-...... -'--'--'--'-~-'-~~~-~,. 
0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IQ, DRAIN CURRENT lmA) 

FIGURE 5 - FALL TIME 

500 ~ • L-.I.:.:: 
_ I' __J_ ~Channel= 250C 1···---'--· i 

300 r-......~ ,.., l)(RK -10""'~" VGS(off)= 12 V IMPF970) 
2001--+-"'1N~Nrl--H-f'l~~.dl!:::-=>lrMPF971 7 .0 V IMPF971) 

~ ~ 
]' 100§~mm~~~~m§§ w 70 ,. 
; SO 1--t-t-t-l-++t-l-:~""~""io.,-+~~ ..... ~~,~MPF970--+---! 
:f: 30 t--t-+-+-rRK = o.e'. l'S: 

w ~ ~ 
~ 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IQ, DRAIN CURRENT lmAI 

NOTE 1 
The switching characteristics shown above were measured uSing a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage 1s at Gate Supply Vottage (+VQG). The 
Drain-Source Voltage (Vos) is slightly lower than Drain Supply 
Voltage (Voo) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crss) or Gate-Drain Capacitance (Cgdl is charged to 
VGG +Vos-

Dunng the turn-on in.terval, Gate-Source Capacitance (Cgs) 
discharges through the series combination of RGen and RK. Cgd 
must discharge to Voston) through RG and RK in series with the 
parallel combination of effective load impedance (A'ol and 
Orain-So1Jrce Resistance (rds). During the turn-off, this charge 
flow 1s reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rds is a function of the gate-source voltage. While Cgs 
discharges, VGS approaches zero and rds decreases. Since Cgd 
discharges through rds· turn-0n time is non-linear. During turn-off, 
the situation is reversed with rds increasing as Cgd charges. 

The above switching curves show two impedance conditions; 1) 
RK 1s equal to Ro. which simulates the switching behavior of 
cascaded stages where the driviilg source impedance is normally 
the load impedance of the previous stage, and 2) AK "' 0 (low 
impedance) the driving source impedance is that of the generator. 

20 

10 

~ 70 
z ., 
O
u 5.0 
;;: 
::) 
u" 

3.0 

2,0 

FIGURE 8 - TYPICAL CAPACITANCE 

~ ~s=Cgd 

]'\ 
T channel "' 25°C 

wrisnegllgbl1 
~ 

Ull "h.. 
Wl 

20 

0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

VR, REVERSE VOLTAGE !VOLTS) 
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MPF970, MPF971 

FIGURE 9 - EFFECT OF GATE-SOURCE VOLTAGE 
ON ORAIN-SOURCE RESISTANCE 

280l Jioss • ll Ll ] IT 
w 240 Q7.5mA [l15m-'[20mA 30mA "J_40mA [IsomA 

~o;200 7- 7 -1 
:;: ~ I/_ -J- -7-- 17J_ 7 71 
~ 9. 1601---+-._L_'--+-_L_,f--+---V.--+_.,,.-+-+.<'--I--+-~ 

~~ ~ ~7lZ IZv 
~ ~ 120 .z L_ 7 7 
g;_~ 80 ~~ 1,......--"' 
~ F-- +--- Tctiannel =.25°C 
;? 401--+--+-+---l--+--+-+---1-1 -,-11-~ 

1.0 2.0 3.0 4.0 5.0 

VGS. GATE-SOURCE VOLTAGE (VOL TSI 

FIGURE 10 - EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON-STATE RESISTANCE 

0 ~"'so~--:_3~0~-~~-3_,_o_....__,_so_...._ ..... so-'-1...1.20-'-1-'so 

Tchannel. CHANNEL TEMPERATURE (OC) 

FIGURE 11 - LOW FREQUENCY CIRCUIT MODEL 

7~ 
Cgs ro~ 

Vis = 1......: C1ss 
Vos ~ 1 'ass+ 1w Coss 
Vis~ Vis 
Yrs -1wCm 

C1ss = Cgct + Cgs 
Crss = Cgd 
Coss~ Cgd .. Cr1s. Ccis 0 
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MAXIMUM RATINGS 
Rating Symbol Value 

Drain-Source Voltage Vos 50 

Drain-Gate Voltage VoG 50 

Gate-Source Voltage VGS -50 

Drain Current lo 10 

Total Device Dissipation (a TA = 25°C Po 350 
Derate above 25°C 2.8 

Junction Temperature Range TJ 125 

Storage Temperature Range Ts.!9_ -65 to 150 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(IG = -1.0 µAde, Vos = 0) 

Gate Reverse Current 
(VGs = -30 Vdc, Vos = Ol 
(VGs = -30 Vdc. Vos = o, TA = 150°C) 

Gate Source Cutoff Voltage 
!lo = 0.5 nAdc, Vos = 15 Vdcl 

Gate Source Voltage 
(lo = 50 µAde, Vos = 15 Vdc) 
llo = 200 µAde, Vos = 15 Vdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos = 15 Vdc, VGs = 01 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
!Vos = 15 Vdc, VGs = o, t = 1.0 kHz)(1) 

!Vos = 15 Vdc, VGs = o, t = 100 MHz) 

Output Adminance(1) 
!Vos = 15 Vdc, VGs = o, t = 1.0 kHz) 

Input Capacitance 
(Vos= 15 Vdc, VGS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance 
!Vos = 15 Vdc, VGs = 0, f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 
!Vos = 15 Vdc, VGs = o, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

Equivalent Input Noise Voltage 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

MPF3821 
MPF3822 

(Vos = 15 Vdc, VGs = 0, f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

(1) Pulse Test: Pulse Width"' 100 ms, Duty Cycle"' 10%. 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

oc 
oc 

Symbol 

V(BR)GSS 

IGss 

VGS(off) 

VGS 

loss 

IYtsl 

IYosl 

Ciss 

Crss 

NF 

en 

MPF3821 
MPF3822 

CASE 29-04, STYLE 5 
T0-92 (T0-226AAI 

JFET 
GENERAL PURPOSE 

N-CHANNEL - DEPLETION 

Refer to 2N5457 for graphs. 

Min 

-50 

-
-

-
-

-0.5 
-1.0 

0.5 
2.0 

1500 
3000 

1500 
3000 

-
-
-

-

-

-

Max 

-

-0.1 
-100 

-4.0 
-6.0 

-2.0 
-4.0 

2.5 
10 

4500 
6500 

-
-

10 
20 

6.0 

3.0 

5.0 

200 
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Unit 

Vdc 

nAdc 

Vdc 

Vdc 

mAdc 

µmhos 

µmhos 

pF 

pF 

dB 

nv/Hz% 



MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Vos 30 

Drain-Gate Voltage VoG 30 

Gate-Source Voltage VGS 30 

Forward Gate Current IG(f) 50 

Total Device Dissipation (<_i TA = 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Channel T channel· -65to+150 
Temperature Range Ts.!.9_ 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG = 1.0 µ.Ade, Vos = 01 

Gate Reverse Current 
iVGs = 15 Vdc, Vos = 01 
iVGs = 15 Vdc, Vos= o, TA= 100°CI 

Drain-Cutoff Current 
(Vos = 15 Vdc, VGs = 12 Vdcl 
!Vos = 15 Vdc, VGs = 12 Vdc, TA = 100°CI 

Gate Source Voltage 
(Vos = 15 Vdc, lo = 1 o nAdcl MPF4391 

MPF4392 
MPF4393 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l I 
(Vos = 15 Vdc, VGs = O) MPF4391 

MPF4392 
MPF4393 

Drain-Source On-Voltage 
llo = 12 mAdc, VGs = 01 MPF4391 
llo = 6.0 mAdc, VGs = OJ MPF4392 
llo = 3.0 mAdc, VGs = 01 MPF4393 

Static Drain-Source On Resistance 
110 = 1.0 mAdc, VGs = 01 MPF4391 

MPF4392 
MPF4393 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance 
(Vos = 15 Vdc, lo = 60 mAdc, f = 1.0 kHz) MPF4391 
(Vos = 15 Vdc, lo = 25 mAdc, f = 1.0 kHz) MPF4392 
(Vos = 15 Vdc, lo = 5.0 mAdc, f = 1.0 kHz) MPF4393 

Drain-Source "ON" Resistance 
iVGs = o, 10 = o, f = 1.0 kHzl MPF4391 

MPF4392 
MPF4393 

Input Capacitance 
iVGs = 15 Vdc, Vos = o, f = 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW/°C 

oc 

Symbol 

V(BR)GSS 

IGSS 

lo( off I 

VGS 

loss 

Vos1onl 

ros(oni 

IYfsl 

rds(on) 

Ciss 

MPF4391 
thru 

MPF4393* 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 

1 Drain I 
1/1/ 

2 Source 
3 

JFETs 
SWITCHING 

N-CHANNEL - DEPLETION 

*MPF4392 and MPF4393 are Motorola 
designated prefer.red devices. 

Min Typ Max Unit 

30 - - Vdc 

- - 1.0 nAdc 
- - 0.2 µAde 

- - 1.0 nAdc 
- - 0.1 µAde 

Vdc 
50 - 150 
25 - 75 
5.0 - 30 

mAdc 
60 - 130 
25 - 75 
5.0 - 30 

Vdc 
- - 0.4 
- - 0.4 
- - 0.4 

Ohms 
- - 30 
- - 60 
- -- 100 

mm hos 
- 20 -
- 17 -
- 12 -

Ohms 
- - 30 
- - 60 
- - 100 

- 6.0 10 pF 
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II 

MPF4391 thru MPF4393 

ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Reverse Transfer Capacitance Crss pF 
(VGs = 12 Vdc, Vos = 0, f = 1.0 MHz) - 2.5 3.5 
!Vos = 15 Vdc, lo = 10 mAdc, t = 1.0 MHz) - 3.2 -

SWITCHING CHARACTERISTICS 

Rise Time (See Figure 2) Ir ns 
OD(on) = 12 mAdc) MPF4391 - 1.2 5.0 
Oo(on) = 6.0 mAdc) MPF4392 - 2.0 5.0 
(ID(on) = 3.0 mAdc) MPF4393 - 2.5 5.0 

Fall Time (See Figure 4) If ns 
(VGS(off) = 12 Vdc) MPF4391 - 7.0 15 
(VGS(off) = 7.0 Vdc) MPF4392 - 15 20 
(VGS(off) = 5.0 Vdc) MPF4393 - 29 35 

Turn-On Time (See Figures 1 and 2) Ion ns 
OD(on) = 12 mAdc) MPF4391 - 3.0 15 
Oo(on) = 6.0 mAdcl MPF4392 - 4.0 15 
(IQ!_on) = 3.0 mAdc) MPF4393 - 6.5 15 

Turn-Off Time (See Figures 3 and 4) loft ns 
(VGS(off) = 12 Vdc) MPF4391 - 10 20 
(VGS(off) = 7.0 Vdc) MPF4392 - 20 35 
(VGS(off) = 5.0 Vdc) MPF4393 - 37 55 

(1) Pulse Test: Pulse Width ,;; 100 µs, Duty Cycle,;; 1.0%. 

TYPICAL SWITCHING CHARACTERISTICS 

~ 
w 

" ;: 
>-g 
~ 
z 
~ 

=> 

~ 
"' 

FIGURE 1 -TURN-ON DELAY TIME 

1000 

500 TJ"' 25°c 

2001--l .t< !::::,,,, 100 

, 
1~-~ ...... MPF4391 VGS(off) = 12 V l 

t--:!"'+-t:tt-+-1AK 'Ro· t- -- - MPF4392 , 7.0 VI 
A_ --MPF4393 , 5.0 V 

50 

20 

10 

5.0 

2.0 

1.0 
0.5 0.7 1.0 2.0 3.0 5.0 7 .0 10 20 30 50 

lo, DRAIN CURRENT {mA) 

FIGURE 3 -TURN-OFF DELAY TIME 

2.0H-+-t+t--+--+-+--+--+-++-+-t+---'l'--'~c-4--'i'-'--I 

1.0~-+-~--+--+---"--+--+-~~-'--'--~-'-'-' 
0.5 0.7 1.0 

lo, DRAIN CURRENT (mA} 

g 

" ;: 
w 

~ 

-

FIGURE 2 - RISE TIME 
1000 

500 r-~ 

200 

100 

50 

20 ·'9 

10 

5.0 

::~~~:i:~··:· ::~.J.-= .. ·~~=±~1:I~·,-~·=·F:.:-:~. =~=~~~ 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 30 50 

IQ, DRAIN CURRENT (mA) 

FIGURE 4 - FALL TIME 

2.0 f-+-Hc++--+--+--+--+--+-+-+-H-+--t--+--+-0-"r-;..,· 

1.0 L.-L-+-W-'--+--'---'--+--+-~~-+--'--~-'-'-' 
0.5 0.7 1.0 2.0 3.0 5.0 7 .0 10 20 30 50 

IQ, DRAIN CURRENT (mA) 
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MPF4391 thru MPF4393 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT 

INPUT 

INPUT PULSE 
tr·025ns 
!f·,OSns 

PUlSEWIOTli 0 20µs 
DUTY CYCLE -:: 2.0·, 

sn vos1am, 10 v 

RQ l~p-~~J•2Q_) 
Ro•Rr•SO 

OUTPUT 

FIGURE 6 -TYPICAL FORWARD TRANSFER ADMITTANCE 

.... 
<( 

t;; 
zu; 

~~ 
~~ 
au 
~z 

~;: 
<(~ 

~~ 
~a; 

" :!" 

3.0H-+t+t---!-t-----1-+--H-+-H-+---<-+---<--1--< 

1.0~---'--~.l_~-.l___J__.l_L..J---'--.l...L.l__j_.l__j_.L__J 

0.5 0.7 1.0 1.0 3.0 5.0 7.0 10 10 30 
lo. DRAIN CURRENT (mA) 

FIGURE 8 - EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 

160 

0 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

VGs. GA TE-SOURCE VOLTAGE (VOL TSI 

50 

8.0 

NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (-VGGI. The 
Drain-Source Voltage ! Vos) is slightly lower than Drain Supply, 
Voltage ( Vool due to the voltage divider. Thus A everse Transfer 
Capacitance (C,55 ) or Gate-Drain Capacitance (Cgd) is charged to 

VGG +Vos· 
During the turn-on interval, G~te-Source Capacitance {Cgsl dis

charges through the series combination of AGen and RK. Cgd 
must discharge to Vos(on) through AG and AK in series with tJie 
parallel combination of effective load impedance {R 'ol and Drain
Source Resistance (rds). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rds is a function of the gate-source voltage. While Cgs 
discharges, VGs approaches zero and rds decreases. Since Cgd 
discharges through rds· turn-on time is non-linear. During turn.off, 

the situation 1s reversed with rds increasing as Cgd charges. 
The above switching curves show two impedance conditions; 1) 

AK is equal to Ro· which simulates the switching behavior of 
cascaded stages where the dnvrng source impedance is nor mat ly the 
load impedance of the previous stage, and 2) R K ""'0 (low imped
ance) the driving source impedance is that of the generator . 

FIGURE 7 -TYPICAL CAPACITANCE 

3.or-t-·H+t++----+---+-+-++++++--~-+-+N-1'!.1-H-""J-+t----i 
1.oH-+H-l+l---4 T chann

1

el = 25°C f--!--+---H-+1-m._-1--< 
(Cds is negligible) ~ 

1.5~~'--1-+T+u-l-T 1--------1--4-LLLlllJ~ 

1.0 L..L---'--'-W.l.L-~---1~.Ll..LJ.Jcl__-l,_...L.Ll_l.J_LU~-'-~ 
003 0.05 0.1 0.3 0.5 1.0 3.0 5.0 10 30 

VR, REVERSE VOLTAGE [VOLTS) 

FIGURE 9 - EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON-STATE RESISTANCE 

0.4L--'----'---'----'----L--..L--'--..J 
-70 -40 -10 20 50 BO 110 140 170 

lchannel. CHANNEL TEMPERATURE (OC) 
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II 

MPF4391 thru MPF4393 

FIGURE 10 - EFFECT OF IDSS ON DRAIN.SOURCE 
RESISTANCE AND GATE.SOURCE VOLTAGE 

0 0 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

loss. ZERD·GATE·VOLTAGE DRAIN CURRENT lmAI 

NOTE2 

The Zero-Gate-Voltage Drain Current !IDssl. is the principle dater· 
minant of other J-FET 'characteristics. Figure 10 shows the 
relationship of Gate-Source Off Voltage (VGS(off)I and Drein
Source On Resistance (rds(on)I to IDSS· Mostofthedeviceswill 
be within ±10% of the values shown in Figure 10. This date will 
be useful in predicting the characteristic variations for a given 
part nu rnber. 

For example: 
Unknown 

rds(onl and Vos range for an MPF4392 
The electrical characteristics table indicates that an MPF4392 

has an loss range of 25 to 75 mA. Figure 10, shows rds(onl 
= 52 Ohms for I DSS = 25 mA and 30 Ohms for I DSS • 75 mA. 
The corresponding VGs values are 2.2 volts and 4.8 volts. 
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MAXIMUM RATINGS 

MPF4856 MPF4859 
MPF4857 MPF4860 

Rating Symbol MPF4858 MPF4861 

Drain-Source Voltage Vos T 40 + 30 

Drain-Gate Voltage VoG +40 + 30 

Reverse Gate-Source Voltage VGSR -40 -30 

Forward Gate Current IGF 50 

Total Device Dissipation (a TA = 25"C Po 
Derate above 25°C 360 

2.4 

Storage Temperature Range T s.!Jl -65 to + 150 

ELECTRICAL CHARACTERISTICS ITA ~ 25'C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
llG ~ 1.0 µAde, Vos ~ O) MPF4856, MPF4857, MPF4858 

MPF4859, MPF4860, MPF4861 

Gate Reverse Current 
IVGs ~ -20 Vde, Vos ~ O) MPF4856, MPF4857, MPF4858 
IVGS ~ 15 Vdc, Vos ~ 01 MPF4859, MPF4860, MPF4861 
(VGs ~ -20 Vde, Vos~ 0, TA~ 150'CI MPF4856, MPF4857, MPF4858 
(VGs ~ -15 Vde, Vos~ 0, TA~ 150°C) MPF4859, MPF4860, MPF4861 

Gate Source Cutoff Voltage 
(Vos ~ 15 Vdc, lo ~ 0.5 nAdel MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Drain Cutoff Current 
!Vos ~ 15 Vde, VGs ~ -10 Vdc) 
!Vos ~ 15 Vde, VGs ~ 10 Vde, TA~ 150°C) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) 
(Vos ~ 15 Vdc, VGs ~ O) MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Drain-Source On-Voltage 
(lo ~ 20 mAde, VGs ~ OI MPF4856, MPF4859 
(lo ~ 10 mAdc, VGs ~ 01 MPF4857, MPF4860 
llo ~ 5.o mAdc, VGs ~ Ol MPF4858, MPF4861 

SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance 
IVGs ~ o. lo ~ o, t ~ 1.0 kHz) MPF4856, MPF4859 

MPF4857, MPF4860 
MPF4858, MPF4861 

Input Capacitance 
!Vos ~ o. VGs ~ -10 Vde, f ~ 1.0 MHz) MPF4856 thru MPF4861 

Reverse Transfer Capacitance 
!Vos ~ o. VGs ~ --10 Vde, t ~ 1.0 MHz) 

MPF4856 thru MPF4861 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 
mW!'C 

'C 

Symbol 

V(BR)GSS 

IGSS 

VGS(off) 

lo( off) 

loss 

Vos(onl 

rds(on) 

Ciss 

Crss 

MPF4856 
thru 

MPF4861* 
CASE 29-04, STYLE 5 

T0-92 (T0-226AA) 

JFET 
SWITCHING 

N-CHANNEL - DEPLETION 

*These are Motorola 
preferred devices. 

Refer to MPF4391 for graphs . 

Min Max 

-40 -
-30 -

- 0.25 
- 0.25 
- 0.5 
- 0.5 

-4.0 -10 
-2.0 -6.0 
-0.8 -4.0 

- 0.25 
- 0.5 

50 -
20 100 
8.0 80 

- 0.75 
- 0.5 

0.5 

- 25 
- 40 
- 60 

- 18 

- 8.0 
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Vde 

nAde 
µAde 

mAdc 

Vde 

Ohms 

pF 

pF 



MPF4856 thru MPF4861 

ELECTRICAL CHARACTERISTICS (continued) (TA= 25°C unless otherwise noted.) 

I Characteristic Symbol I Min Max Unit 

SWITCHING CHARACTERISTICS 
Turn-On Conditions for MPF4856, MPF4859: MPF4856, MPF4859 Id( on) - 6.0 ns 
Delay Time (Voo = 10 Vdc, lo(on) = 20 mAdc, MPF4857, MPF4860 - 6.0 

VGS(on) = 0, VGS(off) = -10 Vdc) MPF4858, MPF4861 - 10 

Rise Time Conditions for MPF4857, MPF4860: MPF4856, MPF4859 tr - 3.0 ns 
(Voo = 10 Vdc, lo(on) = 10 mAdc, MPF4857, MPF4860 - 4.0 
VGS(on) = 0, VGS(off) = -6.0 Vdc) MPF4858, MPF4861 - 10 

Turn-Off Time Conditions for MPF4858, MPF4861: MPF4856, MPF4859 lo ff - 25 ns 
(Voo - 10 Vdc, IO(on) - 5.0 mAdc, MPF4857, MPF4860 - 50 
VGS(on) = 0, VGS(off) = -4.0 Vdc) MPF4858, MPF4861 - 100 

II 
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MAXIMUM RATINGS 

Rating Symbol MPF6659 MPF6660 MPF6661 Unit 

Drain-Source Voltage Vos 35 60 90 Vdc 

Drain-Gate Voltage VoG 35 60 90 Vdc 

Gate-Source Voltage VGS ±30 Vdc 

Drain Current - Ade 
Continuous (1) 10 2.0 
Pulsed (2) loM 3.0 

Total Device Dissipation Po 
@Tc= 25'C 2.5 Watts 
Derate above 25'C 20 mWl'C 

Total Device Dissipation Po 
@TA= 25'C 1.0 Watts 
Derate above 25'C 8.0 mWl'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 'C 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width ,,;; 300 µs, Duty Cycle ,,;; 2.0%. 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Zero-Gate-Voltage Drain Current loss 
(Vos = Maximum Rating, VGs = O) 

Gate-Body Leakage Current IGSS 
(VGs = 15 V, Vos = O) 

Drain-Source Breakdown Voltage V(BR)DSX 
IVGs = o, 10 = 10 µAl MPF6659 

MPF6660 
MPF6661 

ON CHARACTERISTICS(1) 

Gate Threshold Voltage VGS(Th) 
!Vos = VGS· lo = 1.0 mA) 

Drain-Source On-Voltage Vos( on) 
IVGs = 10 V, lo = 1.0 A) MPF6659 

MPF6660 
MPF6661 

(VGs = 5.0 V, lo = 0.3 A) MPF6659 
MPF6660 
MPF6661 

Static Drain-Source On Resistance ros(on) 
IVGs = 10 Vdc, lo = 1.0 Ade) MPF6659 

MPF6660 
MPF6661 

On-State Drain Current lo( on) 
!Vos = 25 V, VGs = 10 V} 

SMALL-SIGNAL CHARACTERISTICS 

Input Capacitance Ciss 
!Vos= 25 V, VGs = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
!Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Output Capacitance Cass 
!Vos = 25 V, VGs = 0, f = 1.0 MHz) 

Forward Transconductance gfs 
!Vos = 25 v, 10 = o.5 Al 

MPF6659 
thru 

MPF6661* 
CASE 29-03, STYLE 22 

T0-92 (T0-226AE) 

1 Drain 

~@ 
2 Source 

TMOS FET TRANSISTORS 

N-CHANNEL - ENHANCEMENT 

*MPF6660 and MPF6661 are 
Motorola designated preferred devices. 

Min Typ Max Unit 

- - 10 µAde 

- - 100 nAdc 

Vdc 
35 - -
60 - -
90 - -

0.8 1.4 2.0 Vdc 

Vdc 
- - 1.8 
- - 3.0 
- - 4.0 

- o.8 1.5 
- 0.9 1.5 
- 0.9 1.6 

Ohms 
- - 1.8 
- - 3.0 
- - 4.0 

1.0 2.0 - Amps 

- 30 - pF 

- 3.6 - pF 

- 20 - pF 

170 - - mm hos 
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II 

MPF6659 thru MPF6661 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

SWITCHING CHARACTERISTICS(1) 

Rise Time Ir - - 5.0 ns 

Fall Time If - - 5.0 ns 

Turn-On Time Ion - - 5.0 ns 

Turn-Off Time lo ff - - 5.0 ns 

(1) Pulse Test: Pulse Width "" 300 µ,s, Duty Cycle "" 2.0%. 

RESISTIVE SWITCHING 

FIGURE 1 - SWITCHING TEST CIRCUIT FIGURE 2 - SWITCHING WAVEFORMS 

Pulse Generator 
r----.., 

+ 25V 

Vin 

!Fl 
AGURE 3 - VGS(th) NORMALIZED versus TEMPERATURE 

2.0 

1 6 1---+---t---+---+--+-Vos = VGs -+---I 
~ · lo= 1.0 mA 

~ 
0 1.2 l'"-;;;;_::-i" __ --;----ii---+--+---+---1---1 

cS I --:c 

i 0.81--+---+---+---i--l-t--.J-="l'_-:~l--+t----f 
:2 
~ 
~ 0.4 1---+---+--+--~-+---+--t-----i 

o~-~-~-~--~-~-~--~~ 
-50 0 50 100 150 (°C) 

TJ, JUNCTION TEMPERATURE 

AGURE 5 - OUTPUT CHARACTERISTICS 

2.0 
VGS = lOV 

~ 1.6 IL 9.0V 
::;; 
5 .... z 1.2 
~ 
=> u 

,,.._ 
-,_ 8.0 v 

~ 
7.0V 

~ 0.8 
0 6.0V 
g 
JI. 0.4 ~ 5.0V 

4.0V 
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Vos. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 

2.0 

~ 1.6 
::;; 
5 .... 
~ 1.2 
a: 
=> u 
z 
~ 0.8 
0 

g 
JI. 0.4 

To Sampling Scope 
50 0 Input 

Vout 

Input Vin 

FIGURE 4 - ON-REGION CHARACTERISTICS 

1.0 2.0 3.0 4.0 
Vos. ORAIN·TO·SOURCE VOLTAGE (VOLTS) 

FIGURE 6 - CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 
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MPF6659 thru MPF6661 

FIGURE 7 - ON-VOLTAGE versusTEMPERATIJRE 

10 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Voss 60 

Drain-Gate Voltage VoGR 60 

Gate-Source Voltage VGS -40 

Continuous Drain Current lo 200 

Pulsed Drain Current loM 500 

Power Dissipation @ Tc = 25'C Po 350 
Derate above 25'C 2.8 

Operating and Storage Temperature TJ, Ts.!l!_ 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 312.5 

Maximum lead Temperature for Soldering 
TL 300 

Purposes, Y1e11 from case for 1 O seconds 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = o, 10 = 10 µA) 

Zero Gate Voltage Drain Current 
(Vos = 48 v. VGs = o) 
(Vos= 48 v. VGs = 0, TA= 125 'C) 

Gate-Body Leakage 
(Vos= 0, VGs = ±30 V) 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

On-State Drain Current* 
(Vos = VGS· lo = 1.0 mA) 

Drain-Source On Resistance• 
(VGs = 5.0 v. lo = 0.3 A) 
(VGs = 10 v. lo = 1.0 A) 

Forward Transconductance* 
(Vos= 10 v, 10 = o.5 Al 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance Vos= 15V, VGs = 0 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Voo = 25 v, lo = 1.0 A 

Turn-Off Time 
RL = 24 n, RG = 25 n 

* Pulse Test; Pulse width < 300 µs, Duty Cycle s 2% 

Unit 

v 
v 
v 

mA 

mA 

mW 

mW/'C 

'C 

Unit 

'CIW 

'C 

VN0300L* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)DSS 

loss 

IGSS 

VGS(th) 

lo(on) 

ros(on) 

9fs 

Ciss 

Coss 

Crss 

Ion 

lo ff 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 10 
- 500 

±100 

0.8 2.5 

1.0 -

- 3.3 
- 1.2 

200 -

- 100 

- 95 

- 25 

- 30 

-
30 
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Unit 

v 

µA 

nA 

v 

A 

n 

mS 

pF 

ns 



MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Drain-Gate Voltage IRGs ~ 1 Mn) VoGR 60 Vdc 

Gate-Source Voltage VGs ±40 Vdc 

Drain Current mAdc 
Continuous 10 190 
Pulsed loM 1000 

Total Power Dissipation (u TA ~ 25°C Po 400 mW 
Derate above 25°C 3.2 mWi°C 

Operating and Storage TJ, Tstg -55 to +150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Ambient ReJA 312.5 "C/W 

Maximum Lead Temperature for TL 300 "C 
Soldering Purposes, 1116" from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS !Tc ~ 25°C unless otherwise noted.I 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
IV Gs ~ 0, lo ~ 100 1<AI 

Zero Gate Voltage Drain Current 
(Vos ~ 48 V, VGs ~ 0) 
!Vos ~ 48 V, VGs ~ 0, TJ ~ 125°C) 

Gate-Body Leakage Current. Forward 
IVGSF ~ 30 Vdc, Vos ~ O) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vos ~ VGS· lo ~ 1.0 mA) 

Static Drain-Source On-Resistance 
(VGs ~ 10 Vdc, lo ~ 500 mAI 
IVGs ~ 10 Vdc, lo ~ 500 mA, Tc ~ 125°CI 

Drain-Source On-Voltage 
IV Gs ~ 5.0 V, lo ~ 200 mA) 
IVGs ~ 10 V, lo ~ 500 mAI 

On-State Drain Current IVGs ~ 10 v, Vos "' 2.0 Vos1on)I 

Forward Transconductance !Vos "' 2.0 Vos(on)· lo ~ 500 mAI 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (Vos ~ 25 V, VGs ~ 0 
I ~ 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS* 

Turn-On Delay Time 

Turn-Off Delay Time 

IVoo ~ 15 V, lo ~ 600 mA 
Rgen ~ 25 ohms, RL ~ 23 ohms) 

*Pulse Test: Pulse Width ,,; 300 l's, Duty Cycle ,,; 2.0%. 

Symbol 

VN0610LL* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AAJ 

1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Refer to BS170 for graphs. 

Min Max Unit 

V(BRIDSS 60 - Vdc 

loss 1<Adc 
- 10 
- 500 

IGSSF - -100 nAdc 

VGS(th) 0.8 2.5 Vdc 

ros(on) Ohm 
- 5.0 
- 9.0 

Vos( on I Vdc 
- 1.5 
- 2.5 

ID( on) 750 - mA 

gfs 100 - 1<mhos 

Ciss - 60 pf 

Coss - 25 

Crss - 5.0 

Ion 10 ns 

loft 10 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Gate-Source Voltage VGs ±30 Vdc 

Drain Current - Continuous(1 I 10 0.3 Ade 
Pulsed(2) loM 1.0 

Total Power Dissipation (a TA = 25°C Po 1.0 Watts 
Derate above 25°C 8.0 mWl°C 

Operating and Storage 
Temperature Range 

TJ, Tstg -40to+150 oc 

(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width " 300 µ.s, Duty Cycle. 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted.I 

Characteristic I Symbol 

OFF CHARAClERISTICS 

Drain-Source Breakdown Voltage V(BRIDSS 
(VGs = 0, lo = 100 µ.A) 

Zero Gate Voltage Drain Current loss 
!Vos = 45 V, VGs = O) 

Gate-Body Leakage Current 1Gss1 
(VGs = -15 V, Vos= 0) 

Gate· Body Leakage Current 1Gss2 
(VGs = 15 V, Vos = O) 

ON CHARACTERISTICS 

Gate Threshold Voltage VGS(th) 
(Vos = VGS· lo = 1.0 mA) 

On-State Drain Current ID( on) 
(Vos = 15 V, VGs = 10 Vi 

Forward Transconductance gfs 
!Vos = 15 v, lo = 500 mAI 

Drain-Source On-Voltage Vos(oni1 
(VGS = 5.0 V, lo = 200 mA) 

Drain-Source On-Voltage Vos1on12 
(VGs = 10 V, lo = 500 mA) 

Drain-Source On-Resistance ros(on) 1 
(VGS = 5.0 V, lo = 200 mA) 

Drain-Source On-Resistance 'DS(on)2 
(VGS = 10 V, lo = 500 mA) 

Input Capacitance Ciss 
(Vos = 25 V, v GS = 0, f = 1.0 MHz) 

Output Capacitance Cass 
(Vos = 25 V, v GS = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
!Vos = 25 V, VGs = 0 V, f = 1.0 MHz) 

Turn-On Time Ion 
(Vos = 15 v. RL = 23 n, RG = 50 n, Vin = 20 V) 

Turn-Off Time lo ff 
(Vos = 15 v, RL = 23 n, RG = 50 n. Vin = 20 VI 

VN10LM 
CASE 29-03, STYLE 22 

T0-92 (T0-226AE) 

3 Drain 

~.~ 
1 Source 2 

3 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

Min Typ Max 

60 - -

- 0.1 10 

- - 100 

- - -100 

0.8 - 2.5 

750 - -

200 - -

- - 1.5 

- - 2.5 

- - 7.5 

- - 5.0 

- - 60 

- - 25 

- - 5.0 

- - 10 

- - 10 

Unit 

Vdc 

µ.Ade 

nAdc 

nAdc 

Vdc 

mA 

mm hos 

Vdc 

Vdc 

n 

n 

pF 

pF 

pF 

ns 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Voss 60 

Drain-Gate Voltage VoGR 60 

·Gate-Source Voltage VGs -40 

Continuous Drain Current lo 200 

Pulsed Drain Current loM 500 

Power Dissipation@ Tc~ 25°C Po 350 
Derate above 25°C 2.8 

Operating and Storage Temperature TJ, Ts!ll_ -
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA 312.5 

Maximum Lead Temperature for Soldering 
TL 300 

Purposes, Y1a" from case for 10 seconds 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = o, 10 = 100 µAl 

Zero Gate Voltage Drain Current 
(Vos = 120 V, VGs = 0) 
(Vos = 120 V, VGs = 0, TA = 125 °C) 

Gate-Body Leakage 
(Vos = 0, VGs = ±15 V) 

Gate Threshold Voltage 
(Vos= VGS· lo= 1.0 mA) 

On-State Drain Current* 
(VGs = 10 v, Vos"" 2.0 Vos(on)l 

Drain-Source On Resistance* 
(VGS = 2.5 V, lo = 0.1 Al 
(VGs = 10 v, 10 = o.5 Al 

Forward Transconductance* 
(Vos = 10 v, 10 = o.5 Al 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance Vos = 25 V, VGs = 0 
f=1.0MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Voo = so v, 10 = 0.1 A 
RL = 150()., RG = 25(). 

Turn-Off Time 

*Pulse Test; Pulse width < 300 µ.s, Duty Cycle ,,; 2% 

Unit 

v 
v 
v 

mA 

mA 

mW 

mW/°C 

·c 

Unit 

•CJW 

·c 

Symbol 

VN1706L* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

,/ /$ 
2 3 1 Source 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

V(BR)DSS 170 - v 

loss µA 
- 10 
- 500 

IGSS - ±100 nA 

VGS(th) 0.8 2.0 v 

lo(on) 1.0 - A 

ros(on) (). 

- 10 
- 6.0 

gfs 300 - ms 

Ciss - 125 

Coss - 50 pF 

Crss - 20 

t(on) - 8.0 

tr - 8.0 
ns 

t(off) - 18 

t(!l_ - 12 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage Voss 60 Vdc 

Drain-Gate Voltage (RGs = 1 M!1) VoGR 60 Vdc 

Gate-Source Voltage VGs ;;40 Vdc 

Drain Current mAdc 
Continuous lo 150 
Pulsed loM 1000 

Total Power Dissipation (<1' TA = 25°C Po 400 mW 
Derate above 25°C 3.2 mW!°C 

Operating and Storage TJ. Tstg -55 to + 150 oc 

Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance junction to Ambient RBJA 312.5 oc/W 

Maximum Lead Temperature for TL 300 oc 

Soldering Purposes, 1/16" from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = o. lo = 100 µ,A) 

Zero Gate Voltage Drain Current 
(Vos = 48 V, VGs = O) 
(Vos = 48 v, VGs = o. TJ = 125°C) 

Gate-Body Leakage Current, Forward 
(VGSF = 30 Vdc, Vos = 0) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vos = VGS· lo = 1.0 mAI 

Static Drain-Source On-Resistance 
(VGs = 10 Vdc, lo = 0.5 Adel 
(VGs = 10 Vdc, lo = 0.5 v. Tc = 125°C) 

Drain-Source On-Voltage 
(VGs = 5.0 v. lo = 200 mAI 
<VGS = 10 V, ID = 500 mA) 

On-State Drain Current 
(VGs = 10 Vdc, Vos ~ 2.0 Vos<ortli 

Forward Transconductance 
(Vos = 10 V, lo = 500 mA) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance <Vos = 25 v. VGs = o 
f = 1.0 MHz) 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS• 

Turn-On Delay Time 

Turn-Off Delay Time 
!Voo = 15 v. lo = 000 mA 

Rgen = 25 ohms, RL = 23 ohms) 

*Pulse Test: Pulse Width " 300 µ,s, Duty Cycle " 2.0%. 

VN2222LL* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

',, 1~ 
3 1 Source 

Symbol 

V(BRIDSS 

loss 

IGSSF 

VGS(th) 

ros(on) 

Vos(onl 

lo(on) 

gfs 

Ciss 

Coss 

Crss 

ton 

loft 

TMOS FET 
TRANSISTOR 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

60 - Vdc 

µ,Ade 
- 10 
- 500 

- -100 nAdc 

0.6 2.5 Vdc 

Ohm 
- 7.5 
- 13.5 

Vdc 
- 1.5 

- 3.75 

750 - mA 

100 - µ,mhos 

- 60 pF 

- 25 

- 5.0 

10 ns 

10 
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VN2222LL 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage Voss 60 

Drain-Gate Voltage VoGR 60 

Gate-Source Voltage VGS -40 

Continuous Drain Current lo 200 

Pulsed Drain Current loM 500 

Power Dissipation@ Tc = 25'C Po 350 
Derate above 25'C 2.8 

Operating and Storage Temperature TJ. Ts_!g_ 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RoJA 312.5 

Maximum Lead Temperature for Soldering 
TL 300 

Purposes, Y1s" from case for 10 seconds 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGS = 0, lo = 100 µA) 

Zero Gate Voltage Drain Current 
(Vos = 120 v. VGs = o) 
(Vos = 120 v. VGs = o, TA= 125 'C) 

Gate-Body Leakage 
(Vos= o. VGs = ±15 V) 

Gate Threshold Voltage 
(Vos = VGS· lo = 1.0 mA) 

On-State Drain Current* 
(VGs = 10 v. Vos"' 2.0 Vos(on)l 

Drain-Source On Resistance* 
(VGs = 2.5 v. lo= 0.1 A) 
(VGs = 10 v. lo = 0.5 A) 

Forward Transconductance* 
(Vos = 10 v. 10 = o.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance Vos = 2s v. VGs = o 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time 
Voo = so v. 10 = o.4 A 
RL = 150 fl, RG = 25 fl 

Turn-Off Time 

• Pulse Test; Pulse width < 300 µ,s, Duty Cycle s 2% 

Unit 

v 
v 
v 

mA 

mA 

mW 

mWl'C 

'C 

Unit 

'C/W 

'C 

Symbol 

V(BR)DSS 

loss 

IGSS 

VGS(th) 

ID( on) 

ros(on) 

gfs 

Ciss 

Coss 

Crss 

t(on) 

t, 

I( off) 

l(f) 

VN2406L* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

3 Drain 

~@ 
TMOS FET 

TRANSISTOR 

1 Source 

N-CHANNEL - ENHANCEMENT 

*This is a Motorola 
designated preferred device. 

Min Max 

240 -

- 10 
- 500 

- ±100 

0.8 2.0 

1.0 -

- 10 
- 6.0 

300 -

- 125 

- 50 

- 20 

- 8.0 

- 8.0 

- 23 

- 34 
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v 

µA 

nA 

v 

A 

fl 

mS 

pF 

ns 



MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage Voss 

Drain-Gate Voltage VoGR 

Gate-Source Voltage VGS 

Continuous Drain Current 10 

Pulsed Drain Current loM 

Power Dissipation @Tc = 25°C Po 
Derate above 25°C 

Operating and Storage Temperature TJ, Ts_!g_ 

Value Unit 

60 v 
60 v 
-40 v 
200 mA 

500 mA 

350 mW 

2.8 mW/"C 

oc 

VN2410L* 
CASE 29-04, STYLE 22 

T0-92 (T0-226AA) 

3 Drain 

:~ 
3 1 Source 

TMOS FET 
THERMAL CHARACTERISTICS TRANSISTOR 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R9JA 312.5 

Maximum Lead Temperature for Soldering TL 300 
Purposes, y, •• from case for 10 seconds 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

STATIC CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = o. lo = 100 µ,A) 

Zero Gate Voltage Drain Current 
(Vos = 120 v. VGs = o> 
(Vos = 120 v. VGs = 0, TA = 125 °C) 

Gate-Body Leakage 
(Vos= 0,VGs = ±15V) 

Gate Threshold Voltage 
(Vos= VGs.10 = 1.0 mA) 

On-State Drain Current* 
IV Gs = 10 v. Vos "' 2.0 Vos(on» 

Drain-Source On Resistance* 
(VGs = 2.5 v. lo= 0.1 A) 
(VGs = 10 v. lo = 0.5 A) 

Forward Transconductance* 
(Vos = 10 v, 10 = o.5 A) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance Vos = 25 v. VGs = o 
f = 1.0 MHz 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Time v00 = so v, 10 = o.4 A 
RL = 150 n, RG = 25 n 

Turn-Off Time 

* Pulse Test; Pulse width < 300 µ,s, Duty Cycle ,;; 2% 

Unit 

0 CfW 

oc 

N-CHANNEL - ENHANCEMENT 

Symbol 

V(BR)DSS 

loss 

IGSS 

VGS(th) 

lo(on) 

ros(on) 

gfs 

Ciss 

Coss 

Crss 

l(on) 

Ir 

I( off) 

l(f) 

*This is a Motorola 
designated preferred device. 

Min Max 

240 -

- 10 
- 500 

- ±100 

0.8 2.0 

1.0 -

- 10 
10 

300 -

- 125 

- 50 

- 20 

- 8.0 

- 8.0 

- 23 

- 34 
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Unit • v 

µ,A 

nA 

v 

A 

n 

ms 

pF 

ns 
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,,l_ 
3 (T0-226AA) 

2 

CASE 182-02 
(T0-226AC) 

.3 2. 1. 1 2 3 
CASE 318-07 CASE 3180-03 CASE 318E-04 

SOT-23 (T0-236AB) SC-59 

1 

CASE 646-06 

14# 
1 CASE 751 A-02 

S0-14 

SOT-223 (T0-261AA) 

-1 

CASE 648-08 

16# 
1 CASE 751 B-03 

S0-16 

Packaging options include plastic DIPs and surface mount 
packages. Most SOT-23, SC-59 and SOT-223 package devices 
are only available in Tape and Reel. 

NOTE: All SOT-23 package devices have had a "Tl" suffix 
added to the device title. 

Small-Signal Tuning 
and Switching Diodes 
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EMBOSSED TAPE AND REEL 

SOT-23, SC-59, SOT-223, S0-14 and S0-16 packages are available in Tape and Reel. Use the 
appropriate suffix indicated below to order any of the SOT-23, SC-59, SOT-223, S0-14 and S0-16 
packages. (See Section 7 on Packaging for additional information). 

SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SC-59: available in 8 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SOT-223: available in 12 mm Tape and Reel 

S0-14: 

S0-16: 

Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the "T1" suffix in the device title with a "T3" suffix to order the 13 inch/4000 unit reel. 

available in 16 mm Tape and Reel 
Add an "R1" suffix to the device title to order the 7 inch/500 unit reel. 
Add an "R2" suffix to the device title to order the 13 inch/2500 unit reel. 

available in 16 mm Tape and Reel 
Add an "R1" suffix to the device title to order the 7 inch/500 unit reel. 
Add an "R2" suffix to the device title to order the 13 inch/2500 unit reel. 

RADIAL TAPE REEL AND AMMO PACK 

T0-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards . 

T0-92: available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code' to the device title to order the Radial 

Tape Reel. 

available in Ammo Pack (Fan Fold Box) 
Add an "RLR" suffix and the appropriate Style code' to the device title to order the Ammo 

Pack box. 

*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

SOT-23 and SC-59 packages have a device marking and a date code etched on the device. The 
generic example below depicts both the device marking and a representation of the date code that appears 
on the SC-59 and SOT-23 packages. 

The "D" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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SILICON EPICAP DIODES 

... are designed for electronic tuning and harmonic-generation applications, 
and provide solid-state reliability to replace mechanical tuning methods. 

• Guaranteed High-Frequency Q 

• Guaranteed Wide Tuning Range 

• Guaranteed Temperature Coefficient 

• Standard 10% Capacitance Tolerance 

• Complete Typical Design Curves 

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 mA 

RF Power Input* Pin 5.0 Watts 

Device Dissipation @ TA = 25"C Po 400 mW 
Derate above 25°C 2.67 mWl°C 

Device Dissipation @ Tc = 25"C Pc 2.0 Watts 
Derate above 25"C 13.3 mWl°C 

Junction Temperature TJ +175 "C 

Storage Temperature Range Ts.!!J.. -65to +200 oc 

*The RF power input rating assumes that an adequate heatsink is provided. 

ELECTRICAL CHARACTERISTICS ITA = 25"C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage llR = 10 f.'Adc) V(BR)R 

Reverse Voltage leakage Current IVR = 55 Vdc, TA = 25"C) IR 
IVR = 55 Vdc, TA= 150"C) 

Series Inductance (f = 250 MHz, l = 1/16") Ls 
Case Capacitance If = 1.0 MHz, l = 1/16") Cc 

Diode Capacitance Temperature Coefficient IVR = 4.0 Vdc, f = 1.0 MHz) TCc 

CT, Diode Capacitance Q, Figure of Merit 

1N5139,A 
thru 

1N5148,A 
2 

CASE 51-02 
(D0-204AA) 

Min 

60 

-
-
-
-

-

" 

6.8-47 pf EPICAP 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Typ Max 

70 -
Unit 

Vdc 

- 0.02 /.'Ade 
- 20 

4.0 - nH 

0.17 - pF 

200 - ppml°C 

TR, Tuning Ratio 
VR = 4.0 Vdc, f = 1.0 MHz VR = 4.0 Vdc, 

VR = 4.0 Vdc, f = 1.0 MHz c.vcso 
pf f=SOMHz f = 1.0 MHz 

Device Min Typ Max Min Min Typ Min Typ 

1N5139 6.1 6.8 7.5 350 0.37 0.4 2.7 2.9 
1N5139A 6.5 6.8 7.1 350 0.37 0.4 2.7 2.9 
1N5140 9.0 10 11 300 0.38 0.41 2.8 3.0 
1N5140A 9.5 10 10.5 300 0.38 0.41 2.8 3.0 

1N5141 10.8 12 13.2 300 0.38 0.41 2.8 3.0 
1N5141A 11.4 12 12.6 300 0.38 0.41 2.8 3.0 
1N5142 13.5 15 16.5 250 0.38 0.41 2.8 3.0 
1N5142A 14.3 15 15.7 250 0.38 0.41 2.8 3.0 

1N5143 16.2 18 19.8 250 0.38 0.41 2.8 3.0 
1N5143A 17.1 18 18.9 250 0.38 0.41 2.8 3.0 
1 N5144 19.8 22 24.2 200 0.43 0.45 3.2 3.4 
1N5144A 20.9 22 23.1 200 0.43 0.45 3.2 3.4 

1N5145 24.3 27 29.7 200 0.43 0.45 3.2 3.4 
1N5145A 25.7 27 28.3 200 0.43 0.45 3.2 3.4 
1N5146 29.7 33 36.3 200 0.43 0.45 3.2 3.4 
1N5146A 31.4 33 34.6 200 0.43 0.45 3.2 3.4 

1N5147 36.1 39 42.9 200 0.43 0.45 3.2 3.4 
1N5147A 37.1 39 40.9 200 0.43 0.45 3.2 3.4 
1N5148 42.3 47 51.7 200 0.43 0.45 3.2 3.4 
1N5148A 44.7 47 49.3 200 0.43 0.45 3.2 3.4 
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1N5139,A thru 1N5148,A 

PARAMETER TEST METHODS 

1. Ls. SERIES INDUCTANCE 
Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter). L = lead length. 

2. Cc. CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

3. CT, DIODE CAPACITANCE 
(CT = Cc + CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RATIO 
TR is the ratio of CT measured at 4.0 Vdc divided by 
CT measured at 60 l(dc. 

5. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub
stituting in the following equations: 

Q = 2,,.fC 
G 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 

100~~~~!!!1!~~~~~ 70 J= TA 25'C f:: 
50 l-----1f-~,_"...!N:-1,_;..-t-tft---+ f ~ 1 MHz +-

30 t--

1.0 3.0 5.0 7.0 10 30 
V,, REVERSE VOLTAGE IVOLTSI 

FIGURE 3 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 

50 60 

1.010 t-----+--+--+---+---+--......,..LJ"'-lv---1 

i 1.000 1--+--+----+---+---,,1F~---1v---1r-__, 
i y 
~ o.sso .--+--+---<v-~t---+---+---+---< 
~ I .....-1 
53 ~ 
~ 0.980 t--+--~7---+---+----+---1--t----< 

! NORMALIZED TO C4 

0.970 tI +----+----+-------t---lf-----i 
~:: ~;~~ 

0.960 l 
-100 -75 -50 -25 +25 +50 +75 +100 

T,, JUNCTION TEMPERATURE l'CI 

(Boonton Electronics Model 33ASB). 

6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, CT (as measured at VR = 4.0 
Vdc, f = 1.0 MHz) is compared to CT (as measured at 
VR = 60 Vdc, f = 1.0 MHz) by the following equation 
which defines '" 

log CT(4) - log CT(60) 
a = log 60 - log 4 

Note that a CT versus VR law is assumed as shown in 
the following equation where Cc is included. 

CT=~ 
Va 

7. TCc. DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 

TCc is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA= -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation 
which defines TCc: 

TC = ICT(+85°C) - CT(-65°C) I·~ 
C 85 + 65 CT(25°C) 

FIGURE 2 - FIGURE OF MERIT versus REVERSE VOLTAGE 

10000 ~~§~~~~~!Il~~f;::~T''§ 1000 I= T. 25'C l=1 

~ 
~ 

ffi 
" ~ 
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"' d 

~ 
;-;; 
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FIGURE 4 - NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE 

PERCENT OF Q @ 25°C 

V,~4Vdc 
f~50MHz 

50 60 
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0 

1N5139,A thru 1N5148,A 

FIGURE 5 - REVERSE CURRENT versus REVERSE 
BIAS VOLTAGE 

FIGURE 6 - FIGURE OF MERIT versus FREQUENCY 
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II 

SILICON EPICAP DIODES 

... epitaxial passivated abrupt junction tuning diodes designed for elec
tronic tuning, FM, AFC and harmonic-generation applications in AM through 
UHF ranges, providing solid-state reliability to replace mechanical tuning 
methods. 

• Excellent 0 Factor at High Frequencies 

• Guaranteed Capacitance Change - 2.0 to 30 V 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerance - 10% and 5.0% 

• Complete Typical Design Curves 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Device Dissipation @ TA = 25°C Po 400 mW 
Derate above 25°C 2.67 mW!°C 

Operating Junction Temperature Range TJ +175 ·c 

Storage Temperature Range Ts.!l!. -65 to +200 ·c 

*Indicates JEDEC Registered Data. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage OR = 10 µAde) V(BR)R 

Reverse Voltage Leakage Current (VR = 25 Vdc, TA = 25°C) IR 
(VR = 25 Vdc, TA = 150°C) 

Series Inductance (f = 250 MHz, lead length = 1/16") Ls 

Case Capacitance (f = 1.0 MHz, lead length= 1/16") Cc 

Diode Capacitance Temperature Coefficient TCc 
(Note 6) (VR = 4.0 Vdc, f = 1.0 MHz) 

Cr, Diode Capacitance (1) 
VR = 4.0 Vdc, f = 1.0 MHz 

Device pF 

Min Max 
(Norn -10%) Norn (Norn +10%) 

1N5441A 6.1 
1N5443A 9.0 
1N5444A 10.B 

1N5445A 13.5 
1N5446A 16.2 
1N5448A 19.8 

1N5449A 24.3 
1N5450A 29.7 
1N5451A 35.1 
1N5452A 42.3 

1N5453A 50.4 
1N5455A 73.8 
1N5456A 90 

(1) To order devices with CT Norn ± 5.0% add Suffix B. 
*Indicates JEDEC Registered Data. 

6.8 7.5 
10 11 
12 13.2 

15 16.5 
18 19.8 
22 24.2 

27 29.7 
33 36.3 
39 42.9 
47 51.7 

56 61.6 
82 90.2 
100 110 

1N5441A, B 
thru 

1N5456A, B 

CASE 51-02 
(D0-204AA) 

Min 

30 

-
-
-
-
-

6.8-100 pf 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

Typ Max 

- -
- 0.02 
- 20 

4.0 -
0.17 -
300 -

2 

Unit 

Vdc 

µAde 

nH 

pF 

ppm/"C 

TR, Tuning Ratio Q, Figure of Merit 
CziC30 VR = 4.0 Vdc 

f = 1.0 MHz f = 50 MHz 

Min Max Min 

2.5 3.1 450 
2.6 3.1 400 
2.6 3.1 400 

2.6 3.1 400 
2.6 3.1 350 
2.6 3.2 350 

2.6 3.2 350 
2.6 3.2 350 
2.6 3.2 300 
2.6 3.2 250 

2.6 3.3 200 
2.7 3.3 175 
2.7 3.3 175 
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1N5441A, B thru 1N5456A, B 

PARAMETER TEST METHODS 

1. Ls. SERIES INDUCTANCE 5. Q, FIGURE OF MERIT 
Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter or equivalent). 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub
stituting in the following equations: 

2. Cc. CASE CAPACITANCE 
Q = 2?TfC 

G 
Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

(Boonton Electronics Model 33AS8 or equivalent). 

3. Cr. DIODE CAPACITANCE 

6. TCc. DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 

(CT = Cc + CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

TCc is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA= -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation, 
which defines TCc: 

4. TR, TUNING RATIO 
TR is the ratio of CT measured at 2.0 Vdc divided by 
CT measured at 30 Vdc. 

TC = ICT(+85°C) - CT(-65°C) I·~ 
C 85 + 65 CT(25°C) 

Accuracy limited by CT measurement to ±0.1 pF. 

1000 

500 

200 

100 

50 

20 

10 

5.0 

2.0 

1.0 
0.1 0.2 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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TYPICAL DEVICE PERFORMANCE 

FIGURE 2 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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II 

1N5441A, B thru 1N5456A, B 

FIGURE 3 - FIGURE OF MERIT versus REVERSE VOLTAGE 

VR, REVERSE VOLTAGE {VOLTS! 

FIGURE 5 - REVERSE CURRENT versus REVERSE 
BIAS VOLTAGE 
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FIGURE 4 - FIGURE OF MERIT V!lrsus FREQUENCY 
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MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Reverse Voltage VR 70 

Peak Forward Current IF 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature T J, T s.!g_ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAL99LT1 = JF 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 70 V) 
(VR = 25 V, TJ = 150'C) 
(VR = 70 V, TJ = 150'C) 

Reverse Breakdown Voltage 
OR = 100 f.'A) 

Forward Voltage 
OF= 1.0 mA) 
OF= 10 mA) 
OF= 50 mA) 
OF= 150 mA) 

Recovery Current 
OF = 10 mA, VR = 5.0 V, RL = 500 11) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Reverse Recovery Time 
OF = IR = 10 mA, RL = 100 11, measured at IR = 1.0 mA) 

Forward Recovery Voltage 
OF = 10 mA, tr = 20 ns) 

Unit 

Vdc 

mAdc 

Unit 

mW 

mW/'C 

'C!W 

mW 

mWl'C 

'C!W 

'C 

Symbol 

IR 

V(BR) 

VF 

Us 

Co 

trr 

VFR 

BAL99LT1* 
CASE 318-07, STYLE 18 

SOT-23 (T0-236ABI 

Anode Cathode 
30 ~1 0 2 

SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

- 2.5 
- 30 
- 50 

70 -

- 715 
- 855 
- 1000 
- 1250 

- 45 

- 1.5 

- 6.0 

- 1.75 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Revetse Voltage VR 75 

Peak Forward Current IF 200 

Peak Forward Surge Current IFM(SU.!lll') 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25•c 
Derate above 25"C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25"C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ. Ts:!ll._ -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0:4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAS16LT1 = A6 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 75 V) 
(VR = 75 V, TJ = 150°C) 
(VR = 25 V, TJ = 150°C) 

Reverse Breakdown Voltage 
llBR = 100 µA) 

Forward Voltage 
llF = 1.0 mA) 
llF = 10 mA) 
llF = 50 mA) 
llF = 100 mA) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Recovery Voltage 
llF = 10 mA. tr = 20 ns) 

Reverse Recovery Ti me 
llF = IR = 10 mA, RL = 50 fl) 

Stored Charge 
llF = 10 mA to VR = 5.0 V, RL = 500 fl) 

Unit 

Vdc 

mAdc 

mA 

Unit 

mW 

mWf'C 

"C/W 

mW 

mWf'C 

"CIW 

·c 

Symbol 

IR 

V(BR) 

VF 

Co 

VFR 

Irr 

as 

BAS16LT1* 
CASE 318-07, STYLE 8 

SOT-23 (T0-236AB) 

3 O>----Ml4>----0 1 
Cathode Anode 

SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

- 1.0 
- 50 
- 30 

75 -

- 715 
- 855 
- 1000 
- 1250 

- 2.0 

- 1.75 

- 6.0 

- 45 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

If 
1-

OUTPUT PULSE 

Unit 

µA 

v 

mV 

pF 

v 

ns 

pC 

llF = IR = 10 mA; measured 
at iR(RECI = 1.0 mA) 

Notes: 1. A 2.0 kfl variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip• Irr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Reverse Voltage VR 250 

Peak Forward Current If 200 

Peak Forward Surge Current IFM(SU!!J.0) 625 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts!ll._ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAS21LT1 = JS 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
IVR = 200 V) 
IVR = 200 V, TJ = 150°C) 

Reverse Breakdown Voltage 
ilBR = 100 µA) 

Forward Voltage 
llF = 100 mA) 
(If= 200 mA) 

Diode Capacitance 
IVR = 0, f = 1.0 MHz) 

Reverse Recovery Time 
(IF = IR = 30 mA, RL = 100 0) 

Unit 

Vdc 

mAdc 

mA 

Unit 

mW 

mWl°C 

°C!W 

mW 

mWl°C 

°C!W 

"C 

Symbol 

IR 

V(BR) 

VF 

Co 

trr 

BAS21LT1* 
CASE 318-07, STYLE 8 

SOT-23 (TOl-236AB) 

3 0---111<1~-----<0 1 
Cathode Anode 

SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

- 0.1 
- 100 

250 -

- 1000 
- 1250 

- 5.0 

- 50 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

1--

Unit 

µA 

v 

mV 

pF 

ns 

INPUT SIGNAL OUTPUT PULSE 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current Of) of 30 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 30 mA. 
3. tp n trr 

llF = IR = 30 mA; measured 
at iR(REC) = 3.0 mA) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(sUilJ!l) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts.lg_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAV70LT1 = A4 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
O(BRI = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, TJ = 150'C) 
(VR = 70 Vdc) 
(VR = 70 Vdc, TJ = 150'CI 

Diode Capacitance 
(VR = 0, I= 1.0 MHz) 

Forward Voltage 
OF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 50 mAdc) 
OF= 150 mAI 

Reverse Recovery Time 
OF= IR= 10 mAdc, VR = 5.0 Vdc, IR(REC) = 1.0 mAdc) (Figure 1) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mW/'C 

'C!W 

mW 

mW/'C 

'C!W 

'C 

Symbol 

V(BR) 

IR 

Co 

VF 

trr 

BAV70LT1* 
CASE 318-07, STYLE 9 

SOT-23 (T0-236AB) 

Anode 

Cat~~: 
Anode 

SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

>70 -

- 60 
- 5.0 
- 100 

- 1.5 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 

Unit 

Vdc 

µAde 

pF 

mVdc 

ns 

OF = IR = 10 mA; measured 
at iR(RECI = 1.0 mA) 

Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 1 O mA. 
3. Ip" Irr 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 50 Vdc 

Forward Current IF 200 mAdc 

Peak Forward Surge Current IFM(su~) 500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,• Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWl°C 

Thermal Resistance Junction to Ambient ReJA 556 oc/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mWl°C 

Thermal Resistance Junction to Ambient ReJA 417 oc/W 

Junction and Storage Temperature TJ, Ts_!g_ -55 to + 150 oc 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAV74LT1 = JA 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
il(BR) = 5.0 J.LAdc) 

Reverse Voltage Leakage Current 
IVR = 50 Vdc, T J = 125°C) 
(VR = 50 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
llF = 100 mAdc) 

Reverse Recovery Time 
llF = IR = 10 mAdc, iR(REC) = 1.0 mAdc, measured at IR = 1.0 mA, RL = 100 fl) 

BAV74LT1 
CASE 318-07, STYLE 9 

SOT-23 (T0-236AB) 

Anode 

Cat~~: 
Anode 

SWITCHING DIODE 

Symbol Min Max 

V(BR) 50 -

IR 
- 100 
-- 0.1 

Co - 2.0 

Vf - 1.0 

Irr - 4.0 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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J.LAdc 

pF I 
Vdc 

ns 



• 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Forward Current IF 150 mAdc 

Peak Forward Surge Current lfl~~U.!ll_e) 500 mAdc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device .Dissipation FR-5 Board,* Po 225 mW 
TA= 25'C 
Derate above 25'C 1.8 mW/'C 

Thermal Resistance Junction to Ambient RIJJA 556 'C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA= 25°C 
Derate above 25'C 2.4 mWl'C 

Thermal Resistance Junction to Ambient RoJA 417 'C/W 

Junction and Storage Temperature TJ, Ts.!!!. -55to +150 'C 

*FR-5 = 1.0 x 0. 75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAV99LT1 = A7 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (l(BR) = 100 µA) 

Reverse Voltage Leakage Current (VR = 70 Vdc) 
(VR = 25 Vdc, T J = 150'C) 
(VR = 70 Vdc, TJ = 150'C) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage (IF = 1.0 mAdc) 
OF= 10 mAdc) 
OF= 50 mAdc) 
OF= 150 mAdc) 

Reverse Recovery Time OF = IR = 10 mAdc, ifil_RE<;j_ = 1.0 mAdc) (Figure 1) 

Forward Recovery Voltage OF = 10 mA. tr = 20 ns) 

Symbol 

'1_Blll_ 

IR 

Co 

VF 

trr 

VFR 

BAV99LT1* 
CASE 318-07, STYLE 11 

SOT-23 (T0-236AB) 

Anode 
10 

Cathode 
. 1111 02 

Cathodal Anode 

DUAL SERIES 
SWITCHING DIODE 

*This Is a Motorola 
designated preferred device. 

Min Max 

70 -
- 2.5 
- 30 
- 50 

- 1.5 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

- 1.75 

Unit 

.Vdc 

µAde 

pF 

mVdc 

ns 

v 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
OF= IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kn .variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip• Irr 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(SU!!l!') 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts.!9_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

BAW56LT1 = A1 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
O(BR) = 100 µ.Ade) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, T J = 150'C) 
(VR = 70 Vdc) 
(VR = 70 Vdc, T J = 150'C) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
OF= 1.0 mAdc) 
OF= 10 mAdc) 
OF= 50 mAdc) 
Of= 150 mA) 

Reverse Recovery Time 
OF= IR = 10 mAdc, IR(REC) = 1.0 mAdc) (Figure 1) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C/W 

'C 

Symbol 

V(BR) 

IR 

Co 

VF 

Irr 

BAW56LT1* 
CASE 318-07, STYLE 12 

SOT-23 (T0-236AB) 

Cathode 

A;o~: 
Cathode 

DUAL 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

70 -

- 30 
- 2.5 
- 50 

- 2.0 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

Unit 

Vdc 

µ.Ade 

pF 

mVdc 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Notes: 1. A 2.0 kn variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip• Irr 

OUTPUT PULSE 
OF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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II 

MAXIMUM RATINGS (TA= 25'C) 

Rating Symbol 

Reverse Voltage VR 

Peak Reverse Voltage VRM 

Forward Current IF 

Peak Forward Current IFM 

Peak Forward Surge Current IFSM• 

THERMAL CHARACTERISTICS 

Rating Symbol 

Power Dissipation Po 

Junction Temperature TJ 

Value Unit 

40 Vdc 

40 Vdc 

100 mAdc 

225 mAdc 

500 mAdc 

Max Unit 

200 mW 

150 "C 

M1MA151AT1 * 
CASE 318D-03, STYLE 4 

ANODE 
3 

~· 2 1 
CATHODE NO CONNECTION 

SC-59 PACKAGE 
SINGLE SILICON 

SWITCHING DIODE 
SURFACE MOUNT 

Storage Temperature Tstg -55-+ 150 'C 

*This is a Motorola 
designated preferred device. 

ELECTRICAL CHARACTERISTICS (TA = 25'C) 

Characteristic Symbol 

Reverse Voltage Leakage Current IR 

Forward Voltage VF 

Reverse Breakdown Voltage VR 

Diode Capacitance Co 

Reverse Recovery Time trr* 

•trr Test Circuit 

RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING 

Marking Symbol 

Condition 

VR = 35 V 

IF=100mA 

IR=100µA 

VR = 0, f = 1 MHz 

IF= 10 mA, VR = 6 V, 

RL=100Q,1rr=0.1 IR 

INPUT PULSE 

10% 

lp=2µs 
tr= 0.35 ns 

Min 

-

-
40 

-
-

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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Max Unit 

0.1 µA 

1.2 Vdc 

- Vdc 

2 pF 

3 ns 

OUTPUT PULSE 

IF=10mA 
VR=6V 
RL= 100Q 



MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value 

Reverse Voltage VR 40 

Peak Reverse Voltage VRM 40 

Forward Current IF 100 

Peak Forward Current IFM 225 

Peak Forward Surge Current IFsM• 500 

•t= 1 SEC 

THERMAL CHARACTERISTICS 

Rating Symbol Max 

Power Dissipation Po 200 

Junction Temperature TJ 150 

Storage Temperature Tstg -55-+150 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current IR 

Forward Voltage VF 

Reverse Breakdown Voltage VR 

Diode Capacitance Co 

Reverse Recovery Time trr* 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

Unit 

mW 

"C 

oc 

Condition 

VR = 35 V 

IF=100mA 

IR=100µA 

VR = O. f = 1 MHz 

IF= 10 mA, VR = 6 V. 

M1MA151KT1 * 
CASE 318D-03, STYLE 2 

CATHODE 

~* 2 1 1 

ANODE NO CONNECTION 

SC-59 PACKAGE 
SINGLE SILICON 

SWITCHING DIODE 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

- 0.1 

- 1.2 

40 -

- 2 

- 3 

Unit 

µA 

Vdc 

Vdc 

pF 

ns 
RL=100Q, lrr=0.1 IR 

*trr Test Circuit 

RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE 

DEVICE MARKING 

Marking Symbol 

lp=2µs 
tr= 0.35 ns 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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OUTPUT PULSE 

IF= 10 mA 
VR=6V 
RL=100n 
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II 

MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Reverse Voltage VR 40 Vdc 

Peak Reverse Voltage VRM 40 Vdc 

Forward Current Single IF 100 mAdc 

Dual 150 

Peak Forward Current Single IFM 225 mAdc 

Dual 340 

Peak Forward Surge Current Single IFSM' 500 mAdc 

Dual 750 

•t:: 1 SEC 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 
Storage Temperature Tstg -55-+150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current IR 

Forward Voltage VF 

Reverse Breakdown Voltage VR 

Diode Capacitance Co 

Reverse Recovery Time trr* 

*trr Test Circuit 

RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING 

Marking Symbol 

Condition 

VR = 35 V 

IF=100mA 

IR=100µA 

VR = 0, f = 1 MHz 

IF= 10 mA, VR = 6 V, 

RL = 100 Q, Irr= 0.1 IR 

INPUT PULSE 

Ip 

10% 

1p=2µs 
tr= 0.35 ns 

M1MA151 WAT1 * 
CASE 318D-03, STYLE 5 

ANODE 
3 

~· 2 1 
CATHODE 

SC-59 PACKAGE 
COMMON ANODE 

DUAL SWITCHING DIODE 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max Unit 

-

-
40 

-

-

0.1 µA 

1.2 Vdc 

- Vdc 

15 pF 

10 ns 

OUTPUT RULSE 

IF= 10 mA 
VR=6V 
RL=100Q 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MAXIMUM RATINGS (TA= 25°C) 

Rating Symbol Value Unit 

Reverse Voltage VR 40 Vdc 

Peak Reverse Voltage VRM 40 Vdc 

Forward Current Single IF 100 mAdc 

Dual 150 

Peak Forward Current Single IFM 225 mAdc 

Dual 340 

Peak Forward Surge Current Single IFsM• 500 mAdc 
;---- -

Dual 750 

*t= 1 SEC 

THERMAL CHARACTERISTICS 

Rating Symbol Max Unit 

Power Dissipation Po 200 mW 

Junction Temperature TJ 150 oc 
Storage Temperature Tstg -55-+150 "C 

ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic Symbol 

Reverse Voltage Leakage Current IR 

Forward Voltage VF 

Reverse Breakdown Voltage VR 

Diode Capacitance Co 

Reverse Recovery Time trr 

*Irr Test Circuit 

RECOVERY TIME EQUIVALENT TEST CIRCUIT 

DEVICE MARKING 

Marking Symbol 

Condition 

VR = 35 V 

IF=100mA 

IR=100µA 

VR = 0, f = 1 MHz 

IF=10mA,VR=6V, 

RL = 100 n, Irr= 0.1 IR 

INPUT PULSE 

10% 

Ip= 2 µs 
tr== 0.35 ns 

M1MA151 WKTl * 
CASE 318D-03, STYLE 3 

CATHODE 

ANODE 

SC-59 PACKAGE 
COMMON CATHODE 

DUAL SWITCHING DIODE 
SURFACE MOUNT 

*This is a Motorola 
designated preferred device. 

Min Max 

- 0.1 

- 1.2 

40 -

- 2 

- 3 

Unit 

µA 

Vdc 

Vdc 

pF 

ns 

OUTPUT PULSE 

IF=10mA 
VR=6V 
RL= 1oon 

The "X" represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MAXIMUM RATINGS (@ 25'C Free-Air Temperature unless otherwise noted.) 

MAD1107P 
Rating Symbol MAD130P MAD1103P MAD1108P 

Peak Reverse Voltage( 1) VRM 50 50 50 

Steady-State Reverse VR 25 25 40 
Voltage 

Peak Forward Current at IFM 500 
(or below) 25°C Free-Air 
Temperature( 1) 

Continuous Forward IF 400 
Current at !or below) 
25°C Free-Air 
Temperaturel2) 

Continuous Power Po 600 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 

Operating Free-Air TA -65 to + 125 
Temperature Range 

Storage Temperature Tstg -65to +150 
Range 

Lead Temperature 1/16" 260 
from Case for 10 
Seconds 

NOTES: 
1. These values apply for PW ,,;; 100 µs, duty cycle ,,;; 20%. 
2. Derate linearity to + 125°C temperature at rate of 3.2 mAf'C. 
3. Derate linearity to + 125°C temperature at rate of 6.0 mW/°C. 

PACKAGE OPTIONS 

PLASTIC 
PSuffix 

Pin 
Connection 

Device Ref.No. Case 

MAD130P MAD1107P 

Unit 

Vdc 

Vdc 

mA 

mA 

mW 

'C 

'C 

'C 

Device 

MAD130P* 
MAD1103P* 
MAD1107P* 
MAD1108P* 

MAD1108P 
CASE 648-08 

MAD130P 
MAD1103P, MAD1107P 

CASE 646-06 

MONOLITHIC DIODE ARRAYS 

*These are Motorola 
designated preferred devices. 

PLASTIC 
P Suffix 

Pin 
Connection 

Ref. No. Case 

Dual 10-Diode Array 3 646-06 
Dual B-Diode Array 

2 646-06 

MAD1103P 
Dual B-Diode Array 4 646-06 

MAD110BP 
B-Diode Array 

PIN CONNECTION DIAGRAMS 

8-D1ode Array 
16-Pin Package 

III!lilI 
Case 648 

3 

Dual 10-Diode Array 
14-Pin Package 

Case 646 

2 

Dual 8-Diode Array 
14-Pm Package 

4 

Dual 8-Diode Array 
14-Pin Package 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAD130P, MAD1103P, MAD1107P, MAD1108P 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage(1) V(BR) 
(IR~ 10 µA) MAD130 40 - Vdc 

MADl 103/110711108 50 -
Static Reverse Current IR µA 

(VR = 40 V) - 0.1 
-

Static Forward Voltage VF Vdc 
(IF= 100 mA) - 1.1 
llF = 500 mA)(2) - 1 5 

Peak Forward Voltage(3) VFM - 5.0 Vdc 
llF = 500 mA) 

SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic Symbol Typical Value Unit 

Forward Recovery Time, Figure 3 t1r 20 ns 
OF= 500 mA) 

Reverse Recovery Time, Figure 2 Irr MAD1108 l 8.0 ns 

OF = 200 mA, IRM = 200 mA, RL = 100 !l, irr = 20 mA) Others l 10.0 

NOTES: 
1. This parameter must be measured using pulse techniques. PW = 100 µs, duty cycle,;; 20%. 
2. This parameter is measured using pulse techniques. PW = 300 µs, duty cycle ,;; 2.0%. Read time is 90 µs from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle~ 2.0%, pulse rise time~ 10 ns. The 

total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 

FIGURE 1 - TYPICAL CHARACTERISTICS 
STATIC FORWARD VOLTAGE 

1000 

1.0 

0. 1 

z 

TA - +25°C +== 

0.2 0.4 0.6 0 8 1.0 1.2 1.4 1.6 1.8 

Vf. FORWARD VOLTAGE {VOLTS! 

FIGURE 2 - FORWARD RECOVERY TIME AND PEAK FORWARD 
VOLTAGE TEST CIRCUIT AND WAVEFORMS 

10 !l 

tr,,;; 15 ns 
Duty Cycle,,;; 2 0% 
PW= 150ns 

OUT 
tr,,; 4 5 ns 
Rm): 1 0 MJl 
Cin,.;,:; 5 0 pF ~,~-

VFM 

I 10% 

---1 

11 VF 

v, 
i _J__ 

lfr r---
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MAD130P, MAD1103P, MAD1107P, MAD1108P 

FIGURE 3 - REVERSE RECOVERY TIME TEST CIRCUIT AND WAVEFORMS 

0.05 µF DUT 

0 
n TPin o----..---;t--.-----<>--+-il'f--t--0-------<> TPout 

__J L 6k 1.2mH 

AdJUSt amplitude for 
IF= 200 mAdc to 500 mAdc 
Input Pulse 

tf~ 1.0 ns. 
Duty Cycle,;;,:;: 1.0% 
PW= 200 ns 

Zout = 50 ohms 

1,~0.4 ns 
Rin = 50 ohms 

Adjust for IA = If 

I 
'" I 

trr ----.1 
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MAXIMUM RATINGS (@ 25'C Free-Air Temperature unless otherwise noted.) 

Rating Symbol Value 

Peak Reverse Voltage(1) VRM 50 

Steady-State Reverse VR 40 
Voltage 

Peak Forward Current at IFM 500 
(or below) 25'C Free-Air 
Temperature(1) 

Continuous Forward IF 400 
Current at (or below) 
25'C Free-Air 
Temperature(2) 

Continuous Power Po 600 
Dissipation at (or below) 
25'C Free-Air 
Temperature(3) 

Operating Free-Air TA -55to +125 

Unit 

Vdc 

Vdc 

mA 

mA 

mW 

'C 

MAD1109P* 

PLASTIC 
CASE 646-08 

T0-116 

Temperature Range 

Storage Temperature Tstg 'C 
MONOLITHIC DIODE ARRAY 

Range 
-55to +150 

Lead Temperature 1/16" 260 'C 
from Case for 10 
Seconds 

NOTES: 
1. These values apply for PW "' 100 µ.s, duty cycle "' 20%. 
2. Derate linearity to + 125'C temperature at rate of 3.2 mA/'C. 
3. Derate linearity to + 125'C temperature at rate of 6.0 mWfC. 

ELECTRICAL CHARACTERISTICS (@ 25'C Free-Air Temperature) 

Characteristic Symbol 

Reverse Breakdown Voltage(4) OR= 10µ.A) V(BR) 

Static Reverse Current (VR = 40V) IR 

Static Forward Voltage OF= 100 mA) VF 
OF = 500 mA)(5) 

Peak Forward Voltage(6) OF= 500 mA) VFM 

SWITCHING CHARACTERISTICS (@ 25'C Free-Air Temperature) 

Characteristic Symbol 

Forward Recovery Time, Figure 3 OF= 500 mA) !fr 

Reverse Recovery Time, Figure 2 trr 
OF= 200 mA, IRM = 200 mA, RL = 10011, irr = 20 mA) 

NOTES: 
4. This parameter must be measured using pulse techniques. PW = 100 µ.s, duty cycle "' 20%. 

*This is a Motorola 
dasignated preferred device. 

PIN CONNECTION DIAGRAM 

IIIIIII 
Limit 

Min Max 

50 -
- 0.1 

- 1.1 
- 1.5 

- 5.0 

Typical Value 

20 

8.0 

Unit 

Vdc 

µ.A 

Vdc 

Vdc 

Unit 

ns 

ns 

5. This parameter is measured using pulse techniques. PW = 300 µ.s, duty cycle "' 2.0%. Read time is 90 µ.s from the leading edge of the 
pulse. 

6. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle"' 2.0%, pulse rise time"' 10 ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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0.1.___,__,__._'----'--'--'--'-~~ 
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 

VF, FORWARD VOLTAGE (VOLTS) 

Figure 1. Typical Characteristics 
Static Forward Voltage 

0.05 µF Tp;n 
_Jl_ 

ADJUST AMPLITUDE FOR 
If = 200 mAdc To 500 mAdc 6 k 
INPUT PULSE 0.001 µF 

tf ~ 1 ns 
DUTY CYCLE ,,,; 1 % 
PW = 200 ns 
Zout = 50 OHMS 

MAD1109P 

10!1 
Tp;n o-~V'V'v--41----o TPout 

tr,,,; 15 ns 
DUTY CYCLE ,,,; 2% 
PW= 150 ns 

DUT 
tr~ 4.5 ns 
R;n;;. 1 M!l 
C;n.;5pF 

(fr 

Figure 2. Forward Recovery Time and Peak Forward 
Voltage Test Circuit and Waveforms 

SCOPE 
DUT 

OmA_[ 

--IF 

1.2 mH tr~ 0.4ns 
R;n = 50 OHMS IR 

ADJUST FOR IR = If 
~trr--1 

Figure 3. Reverse Recovery Time Test Circuit and Waveforms 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

... designed primarily for UHF mixer applications but suitable also for use 
in detector and ultra-fast switching circuits. Supplied in an inexpensive plas
tic package for low-cost, high-volume consumer requirements. Also avail
able in Surface Mount package. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 
by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 6.0 dB Typ@ 1.0 GHz 

• Very Low Capacitance - Less Than 1.0 pF@ Zero Volts 

• High Forward Conductance - 0.5 Volts (Typ)@ IF = 10 mA 

MAXIMUM RATINGS 

MBD101..l_ MMBD101LT1 

Rating Symbol Value Unit 

Reverse Voltage VA 4.0 Volts 

Forward Power Dissipation Pf I @)TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mwrc 

Junction Temperature TJ +125 oc 
Storage Temperature Range Ts.!!J. -55to +150 oc 

DEVICE MARKING 
MMBD101LT1 = 4M 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR= 10 µAl 

Diode Capacitance CT 
(VA= 0, f = 1.0 MHz, Note 1) 

Forward Voltage (1) VF 
OF= 10 mAI 

Noise Figure NF 
(f = 1.0 GHz, Note 2) 

Reverse Leakage IA 
IVR = 3.0 VI 

CASE 318-07, STYLE 8 
SOT-23 (T0-236AB) 

.3 
1~ 

2 

Min 

4.0 

-

-

-

-

3 O>---t<1l4r--o 1 
Cathode Anode 

SILICON HOT-CARRIER 
UHF MIXER DIODES 

*These are Motorola 
designated preferred devices. 

Typ Max 

5.0 -

0.88 1.0 

0.5 0.6 

6.0 -

0.02 0.25 

Unit 

Volts 

pF 

Volts 

dB 

µA 

MMBD101LT1 is also available in bulk packaging. Use MMBD101L as the device title to order this device in bulk. 
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MBD101, MMBD101LT1 

TYPICAL CHARACTERISTICS 
(TA = 25°C unless noted) 

AGURE 1 - REVERSE LEAKAGE 

1.0~~~~~~~~~~ 0.7 ~ 
0.5 t---t---+---+---+--,-+--t----,.1.lL'.~-+--+----t 

1 !--+-- VR = 3.0 Vdc +---+--~i-,..L"-+-+---+-_, 

w 0.2 1-..-1---+---+---+--... tz:~.L.-t----+--+---+----t 
~ L1 z 
w 0.1.~~m~~~m~§ ~ 0.07 ~ 
~ 0.05 ~ 

~ ~ 
0.02~ 
0.01 .____.~.._... _ _._ _ _,__..___....__.... _ _._ _ _._____. 

30 40 50 60 70 80 90 100 110 120 130 

TA, AMBIENT TEMPERATURE (°CI 

FIGURE 3 - CAPACITANCE 

0.9 t---+---+----+--+----+----+-__,t-----t 

~ 

i ~ 
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NOTES ON TESTING AND SPECIACATIONS 

0.8 

10 

Note 1 - Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscil
lator (LO) frequency of 1.0 GHz. The LO power is 
adjusted for 1.0 mW. IF amplifier NF= 1.5 dB, f = 30 
MHz, see Figure 5. 

Note 3 - Ls is measured on a package having a short instead 
of a die, using an impedance bridge (Boonton Radio 
Model 250A RX Meter). 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

... designed primarily for high-efficiency UHF and VHF detector applica
tions. Readily adaptable to many other fast switching RF and digital applica
tions. Supplied in an inexpensive plastic package for low-cost, high-volume 
consumer and industrial/commercial requirements. Also available in Surface 
Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics By 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 15 ps (Typ) 

• Very Low Capacitance - 1.5 pF (Max)@ VR = 15 V 

• Low Reverse Leakage - IR ~ 13 nAdc (Typ) MBD301, MMBD301 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

MBD30iJ. MMBD301LT1 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Power Dissipation Pf l @TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mW/°C 

Operating Junction TJ -55 to + 125 
oc 

Temperature Range 

Storage Temperature Range TS!fl -55 to + 150 oc 

DEVICE MARKING 

I MMBD301LT1 = 4T 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
llR = 10 µAl 

Total Capacitance, Figure 1 Cr 
IVR = 15 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 T 

llF = 5.0 mA, Krakauer Method) 

Reverse Leakage, Figure 3 IR 
IVR = 25 VI 

Forward Voltage, Figure 4 Vf 
llF = 10 mAdc) 

MBD301* 
MMBD301LT1 * 

CASE 182-02, STYLE 1 ! 
(T0-226AC) 

Cat;o~e I 4 ~n~de 1 
2 

CASE 318-07, STYLE 8 
1 
0&3 

SOT-23 (T0-236AB) ~ 
30--1•--01 

Cathode Anode 

30 VOLTS 
SILICON HOT-CARRIER 

DETECTOR AND SWITCHING 
DIODES 

Min 

30 

-
-

-

-

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

0.9 1.5 

15 -

13 200 

0.5 0.6 

Unit 

Volts 

pf 

ps 

nAdc 

Vdc 

MMBD301LT1 is also available in bulk packaging. Use MMBD301L as the device title to order this device in bulk. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

... designed primarily for high-efficiency UHF and VHF detector applica
tions. Readily adaptable to many other fast switching RF and digital 
applications. Supplied in an inexpensive plastic package for low-cost, high
volume consumer and industrial/commercial requirements. Also available in 
Surface Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics by 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 15 ps (Typ) 

• Very Low Capacitance - 1.0 pF@ VR = 20 V 

• High Reverse Voltage - to 70 Volts 

• Low Reverse Leakage - 200 nA (Max) 

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted) 

MBD7oiJ MMBD701LT1 

Rating Symbol Valu" Unit 

Reverse Voltage MBD701 VR 70 Volts 

Forward Power Dissipation PF l @TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWl°C 

Operating Junction TJ -55 to +125 
oc 

Temperature Range 

Storage Temperature Range Tsjg_ -55to +150 oc 

DEVICE MARKING 

~701LT1=5H 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
llR = 10 µ,Ade) 

Total Capacitance, Figure 1 CT 
(VR = 20 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 7 

llF = 5.0 mA. Krakauer Method) 

Reverse Leakage, Figure 3 IR 
IVR = 35 V) 

Forward Voltage, Figure 4 VF 
llF = 10 mAdc) 

MBD701* 
MMBD701LT1 * 

CASE 182-02, STYLE 1 ! 
(T0-226AC) 

Cat~o~e l4 ~n~de 1 
2 

CASE 318-07, STYLE 8 Oti.3 

SOT-23 (T0-236AB) 1 ~...,,,, 
2 

30 14 0 1 
Cathode Anode 

70 VOLTS 
HIGH-VOLTAGE 

SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 

DIODES 

Min 

70 

-

-

-

-

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

0.5 1.0 

15 -

9.0 200 

1.0 1.2 

Unit 

Volts 

pF 

ps 

nAdc 

Vdc 

MMBD701LT1 is also available in bulk packaging. Use MMBD701L as the device title to order this device in bulk. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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SURFACE MOUNT 
DIODE ARRAYS 

These diode arrays are multiple diode junctions fabricated by a planar pro
cess and mounted in integrated circuit packages for use in high-current, 
fast-switching core-driver applications. These arrays offer many of the 
advantages of integrated circuits such as high-density packaging and 
improved reliability. These advantages result from such factors as fewer 
glass-to-metal seals. 

• Designed for Use in Computers and Peripheral Equipment 

• Applications Include: 
Magnetic Cores 
Thin-Film Memories 
Plated-Wire Memories 
Decoding or Encoding Applications 

MAXIMUM RATINGS 

Rating Symbol 

Peak Reverse Voltage VRM 

Steady-State Reverse Voltage VR 

Peak Forward Current 25°C IFM 

Continuous Forward Current If 

Power Dissipation Po 
Derating Factor 

Operating Temperature TA 

Storage Temperature Range Ts!!!. 

1. MMAD130 

Dual 10 
Diode 

Value Unit 

50 Vdc 

40 Vdc 

500 mA 

400 mA 

500 mW 
4.0 mW!°C 

-65 to +125 ·c 
-65to +150 ·c 

S0-14 Pin Diagram 

5. 
S Diode 
Array 

MMAD130 
MMAD1103 

thru 
MMAD1107 

MMAD1109* 
CASE 751A-02 

S0-14 

MONOLITHIC 
DIODE ARRAYS 

*MMAD130, MMAD1103, MMAD1107 
and MMAD1109 are Motorola 
designated preferred devices. 

MMAD1106 

Array ]mtm[ (Common ®IIllllll 

2. 
16 
Diode 
Array 

3. 
Duals 
Diode 
Array 

4. 
s Diode 
Array 
(Common 
Cathode) 

MMAD1103 

NC Pin 4, 6, 10, 13 

MMAD1104 

]Bff[ 
NC Pin 4, 11 

MMAD1105 

®lIIIIlll 
NC Pin 1, 4, 6, 10, 13 

Anode) 
NC Pin 1, 4, 6, 10, 13 

6. MMAD1107 

Duals Jmm[ Diode 
Array 

NC Pin 6, 13 

7. MMAD1109 
7 Diode 
Array 
(Independent) IIIIIII 

Device Description 

MMAD130 Dual 10 Diode Array 
MMAD1103 16 Diode Array 

MMAD1104 Dual 8 Diode Array 

MMAD1105 8 Diode Array Common Cathode 

MMAD1106 8 Diode Array Common Anode 

MMAD1107 Dual 8 Diode Array 

MMAD1109 7 Diode Array 

Diagram 

2 

3 
4 

5 

6 
7 
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MMAD130 Series 

ELECTRICAL CHARACTERISTICS (@ 25'C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage (1) OR = 10 µA) V(BR) 50 - Vdc 

Static Reverse Current (VR = 40 V) IR - 0.1 µA 

Static Forward Voltage OF = 100 mA) VF - 1.1 Vdc 
OF = 500 mA) (2) - 1.5 

Peak Forward Voltage (3) OF = 500 mA) VFM - 5.0 Vdc 

SWITCHING CHARACTERISTICS I@ 25'C Free-Air Temperature) 

Characteristic Symbol Typical Value Unit 

Forward Recovery Time OF = 500 mA) tfr 20 ns 

Reverse Recovery Ti me trr 8.0 ns 
OF = 200 mA, IRM = 200 mA, RL = 100 !1, irr = 20 mA) 

1. This parameter must be measured using pulse techniques. PW = 100 µs, duty cycle,;; 20%. 
2. This parameter is measured using pulse techniques. PW = 300 µ,s, duty cycle ~ 2.0%. Read time is 90 µ,s from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW= 150 ns, duty cycle,;; 2.0%, pulse rise time,;; 10 ns. The total 

capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz . 
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SURFACE MOUNT 
ISOLATED 8-DIODE ARRAY 

This diode array is a multiple diode junction fabricated by a planar process 
and mounted in integrated circuit packages for use in high-current, fast
switching core-driver applications. This array offers the advantages of an 
integrated circuit with high-density packaging and improved reliability. This 
advantage results from such factors as fewer connections, more uniform 
device parameters, smaller size, less weight and fewer glass-to-metal seals. 

• Designed for use in Computers and Peripheral Equipment 

• Applications Include: 
Magnetic Cores 
Thin-Film Memories 
Plated-Wire Memories 
Decoding or Encoding 

MAXIMUM RATINGS 

Rating 

Peak Reverse Voltage 

Steady-State Reverse Voltage 

Peak Forward Current 25°C 

Continuous Forward Current 

Power Dissipation 
Oerating Factor 

Operating Temperature 

Storage Temperature Range 

Symbol Value 

VRM 50 

VR 40 

IFM 500 

IF 400 

Po 500 
4.0 

TA -65to +125 

Ts!g_ -65to +150 

ELECTRICAL CHARACTERISTICS(@ 25°C Free-Air Temperature) 

Characteristic 

Reverse Breakdown Voltage (1) 
OR= 10 µAl 

Static Reverse Current 
(VR = 40 VI 

Static Forward Voltage 
OF = 100 mA) 
OF = 500 mAI (2) 

Peak Forward Voltage (3) 
OF= 500 mA) 

SWITCHING CHARACTERISTICS I@ 25°C Free-Air Temperature) 

Characteristic 

Forward Recovery Time 
(IF= 500 mA) 

Reverse Recovery Time 
(IF = 200 mA, IRM = 200 mA, RL = 100 n, irr = 20 mA) 

Unit 

Vdc 

Vdc 

mA 

mA 

mW 
mWl°C 

oc 
oc 

Symbol 

V(BR) 

IR 

VF 

VFM 

Symbol 

!fr 

Irr 

1. This parameter must be measured using pulse techniques. PW= 100 µs, duty cycle...:;;: 20%. 

MMAD1108* 
CASE 7518-03 

S0-16 

IIIIIIII 
Pin Connections Diagram 

MONOLITHIC 
DIODE ARRAY 

*This is a Motorola 
designated preferred device. 

Limit 

Min Max 

50 -

- 0.1 

- 1.1 
- 1.5 

- 5.0 

Typical Value 

20 

8.0 

Unit 

Vdc 

µA 

Vdc 

Vdc 

Unit 

ns 

ns 

2. This parameter is measured using pulse techniques. PW = 300 µ,s, duty cycle "° 2.0%. Read time is 90 µ,s from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle~ 2.0%, pulse rise time~ 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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DUAL SILICON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 

... designed primarily for UHF mixer applications. but suitable also for use 
in detector and ultra-fast switching circuits. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 
by Eliminating the "Cat-Whisker" Contact 

• Very Low Capacitance - Less Than 1.0 pF@ Zero Volts 

• Low Forward Voltage - 0.5 Volts (Typ)@ If = 10 mA 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Continuous Reverse Voltage 4.0 Vee 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mW!°C 

Thermal Resistance Junction to Ambient R9JA 556 "C/W 

Total Device Dissipation Po 300 mW 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 mW!°C 

Thermal Resistance Junction to Ambient R9JA 417 "C/W 

Junction and Storage Temperature TJ, Ts.!9._ -55to +125 "C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD352LT1 = M5G; MMBD353LT1 = M4F; MMBD354LT1 = M6H 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) (EACH DIODE) 

MMBD352LT1 * 
CASE 318-07, STYLE 11 

SOT-23 (T0-236AB) 
Anode 

1 o ~I 
Cathode 

~I o 2 

Cathode/ Anode 

MMBD353LT1* 
CASE 318-07, STYLE 19 

SOT-23 (T0-236AB) 

~3 
1 ~71-., 

2 

Cathode Anode 

10--1•~-x--....... ,.,__ ..... 02 
3 

Cathode/Anode 

MMBD354LT1 * 
CASE 318-07, STYLE 9 

SOT-23 (T0-236AB) 

Anode 

Cat3h~A :d no e 

DUAL HOT CARRIER 
MIXER DIODES 

*These are Motorola 
designated preferred devices. 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Forward Voltage VF - 0.60 v 
OF= 10 mA) 

Reverse Voltage Leakage Current IR µA 
(VR = 3.0 V) - 0.25 
(VR = 4.0 V) - 10 

Capacitance c - 1.0 pF 
(VR = 0 V, f = 1.0 MHz) 

MMBD352LT1, MMBD353LT1 and MMBD354LT1 are also available in bulk packaging. Use MMBD352L, MMBD353L or MMBD354L as the 
device title when ordering these devices in bulk. 

FIGURE 1 - FORWARD VOLTAGE FIGURE 2 - CAPACITANCE 
100 1.0 .---....----.-----,---,----.,-----,---,---, 

1 
I-

~ 10 

a 

I 
~ 1.0 
.!f. 

0.1 
0.3 

J... 

:a---IZ" E 0.9 1----+---+----<I---+---+----<--+---< 

IZ 
L 

0.7 1---+----+-___,l----t---t--___,l----t----i 

0.6 ~-~-~-->---~-~-->---~-~ 
0.4 0.5 0.6 0.7 0.8 0 1.0 2.0 3.0 4.0 

VF, FORWARD VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(su_ffie) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ, Tstg -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD914LT1 = 50 

ELECTRICAL CHARACTERISTICS (TA= 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
OR = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 20 Vdc) 
(VR = 75 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
OF= 10 mAdc) 

Reverse Recovery Time 
OF = IR = 10 mAdc) (Figure 1) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mW/°C 

°C/W 

mW 

mW/"C 

°CIW 

"C 

MMBD914LT1 * 
CASE 318-07, STYLE 8 

SOT-23 (T0-236AB) 

3 O>---!ol4it--O 1 
Cathode Anode 

HIGH-SPEED SWITCHING DIODE 

Symbol 

V(BR) 

IR 

CT 

VF 

Irr 

*This is a Motorola 
designated preferred device. 

Min Max 

100 -

- 25 
- 5.0 

- 4.0 

- 1.0 

- 4.0 

Unit 

Vdc 

nAdc 
µAde 

pF 

Vdc 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
(If= IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kll variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 1 O mA. 
3. Ip» Irr 
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MAXIMUM RATINGS 

Rating ... Symbol Value 

Reverse Voltage MMBD2836LT1 VR 75 
MMBD2835LT1 35 

Forward Current If 100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA= 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ. Ts!!L -55to +150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD2835LT1 = A3; MMBD2836LT1 = A2 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
!IR = 100 µAde) MMBD2835LT1 

MMBD2836LT1 

Unit 

Vdc 

mAdc 

Unit 

mW 

mW!°C 

oc;w 

mW 

mWl°C 

oc;w 

oc 

Symbol 

V(BR) 

MMBD2835LT1 
MMBD2836LT1 
CASE 318-07, STYLE 12 

SOT-23 (T0-236AB) 

Cathode A;o:-c::: 
Cathode 

DUAL 
SWITCHING DIODES 

Min Max 

35 -
75 -

Unit 

Vdc 

Reverse Voltage Leakage Current IR nAdc 
(VR = 30 Vdc) MMBD2835LT1 - 100 
(VR = 50 Vdc) MMBD2836LT1 - 100 

Diode Capacitance CT - 4.0 pF 
(VR = 0, f = 1.0 MHz) 

Forward Voltage VF Vdc 
(If = 10 mAdc) - 1.0 
!IF = 50 mAdc) - 1.0 
(IF = 100 mAdc) - 1.2 

Reverse Recovery Time Irr - 4.0 ns 
(If = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

If 
t-

lrr 1-

OUTPUT PULSE 
(If = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

' 
Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 mA. 

2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip» Irr 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

5-36 



MAXIMUM RATINGS 

Rating Symbol Value 

Peak Reverse Voltage VRM 75 

D.C. Reverse Voltage MMBD2837LT1 VR 30 
MMBD2838LT1 50 

Peak Forward Current IFM 450 
300 

Average Rectified Current io 150 
100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Oerate above 25°C 1_8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature T J, T s.!fl_ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD2837LT1 = A5; MMBD2838LT1 = A6 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
O(BR) = 100 µAde) MMBD2837LT1 

MMBD2838LT1 

Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2837LT1 
(VR = 50 Vdc) MMBD2838LT1 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
OF= 10 mAdc) 
OF= 50 mAdc) 
(IF = 100 mAdc) 

Reverse Recovery Time 
OF= IR= 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mW!'C 

'C!W 

mW 

mW/"C 

'C/W 

'C 

Symbol 

V(BR) 

IR 

C1 

VF 

Irr 

MMBD2837LT1 
MMBD2838LT1 
CASE 318-07, STYLE 9 

SOT-23 (T0-236AB) .3 
,~~ 

2 

Anode 

Cat~~A:d no e 

DUAL 
SWITCHING DIODES 

Min Max 

35 -
75 -

Unit 

Vdc 

µAde 
- 0.1 
- 0.1 

- 4.0 pF 

Vdc 
- 1.0 
- 1.0 
- 1.2 

- 4.0 ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

1---

INPUT SIGNAL OUTPUT PULSE 

(IF = IR = 10 mA; measured 
at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kl1 variable resistor adjusted for a Forward Current (If) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp "trr 
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II 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Rever5e'Voltpge ,ill' VR 70 Vdc 

Forward Current IF 200 mAdc MMBD6050LT1 
Peak Forward. surge Current IFM(surg&_ 500 

THERMAL CHARACTERISTICS 

Charac:teristic Symbol Max 

Total Device Dissipation FR-5 Board,• Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R9JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,•• TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R9JA 417 

Junction and Storage Temperature TJ, Ts,!g_ -55to +150 

*FR-5 = 1.0 x 0. 75 x 0.062 m. 
**Alumina = 0.4 x 0.3 x 0,024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD6050LT1 = 5A 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted,) 

Charac:teristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(l(BR) = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 50Vdc) 

Forward Voltage 
OF = 1.0 mAdc) 
OF = 100 mAdc) 

Reverse Recovery Time 
(IF= IR= 10 mAdc, ifilREQ_ = 1,0 mAdc) (Figure 1) 

Capacitance 
(VR = 0) 

mAdc 

Unit 

mW 

mW!°C 

·ciw 
mW 

mW!°C 

•ciw 
•c 

Symbol 

V(BR) 

IR 

VF 

Irr 

c 

CASE 318-07, STYLE 8 
SOT-23 .(T0-236AB) 

3 O>----i<l 4-----<0 1 
Cathode Anode 

SWITCHING DIODE 

Min Max 

70 -

- 0.1 

0.55 0,7 
0.85 1.1 

- 4.0 

- 2.5 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

If 
t-

Unit 

Vdc 

µAde 

Vdc 

ns 

pF 

INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 1 O mA; measured 

at iR(REC) = 1,0 mA) 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) Is equal to 10 mA. 
3. Ip• Irr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(sum_e) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient RoJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient RoJA 417 

Junction and Storage Temperature TJ, Ts!!l -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD6100LT1 = 5BM 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
il(BR) = 100 µAde) 

Reverse Voltage Leakage Current 
IVR = 50 Vdc) 

Forward Voltage 
llF = 1.0 mAdc) 
llF = 100 mAdc) 

Reverse Recovery Time 
llF = IR = 10 mAdc, iR(REC) = 1 .0 mAdc) (Figure 1) 

Capacitance 
IVR = 0) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mWi°C 

°CIW 

mW 

mWi°C 

°CIW 

oc 

Symbol 

V(BR) 

IR 

VF 

trr 

c 

MMBD6100LT1 
CASE 318-07, STYLE 9 

SOT-23 (T0-236AB) 

Anode 

Cat~~A:d no e 

DUAL 
SWITCHING DIODE 

Min Max 

70 -

- 0.1 

0.55 0.7 
0.85 1.1 

- 4.0 

- 2.5 

Unit 

Vdc 

µAde 

Vdc 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Notes: 1. A 2.0 k!l variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip" Irr 

OUTPUT PULSE 

(IF= IR = 10 mA; measured 
at iR(REC) = 1.0 mA) 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 100 

Forward Current IF 200 

Peak Forward Surge Current IFM(su_i:g_e) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA= 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Ts.!9._ -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD7000LT1 = M5C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
O(BR) = 100 µAde) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 
(VR = 100 Vdc) 
(VR = 50 Vdc, 125'C) 

Forward Voltage 
OF= 1.0 mAdc) 
OF= 10 mAdcl 
OF = 100 mAdc) 

Reverse Recovery Time 
OF = IR = 10 mAdc) (Figure 1) 

Capacitance 
(VR = 0) 

Unit 

Vdc 

mAdc 

mAdc 

Unit 

mW 

mW/'C 

'C/W 

mW 

mW/'C 

'C!W 

'C 

MMBD7000LT1 * 

Symbol 

V(BRI 

IR 
IR2 
IR3 

VF 

Irr 

c 

CASE 318-07, STYLE 11 
SOT-23 (T0-236AB) 

Anode 
10 

Cathode 
~1 0 2 

Cathode/Anode 

DUAL 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

100 -

Unit 

Vdc 

µAde 
- 0.30 
- 0.5 
- 100 

Vdc 
0.55 0.7 
0.67 0.82 
0.75 1.1 

- 4.0 ns 

- 1.5 pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mA) 

Notes: 1. A 2.0 kl.l variable resistor adjusted for a Forward Current (IF) of 10 mA. , 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip" Irr 
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SILICON EPICAP DIODE 

... designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

MMBVlOSGLTl * 
• Controlled and Uniform Tuning Ratio 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Device Dissipation @ TA ~ 25°C Po 200 
Derate above 25°C 2.0 

Junction Temperature TJ +125 

Storage Temperature Range Ts!lJ. -55to +150 

DEVICE MARKING 

MMBV105GLT1 ~ M4E 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
(IR ~ 10 µAdel 

Reverse Voltage Leakage Current 
(VR ~ 28 V) 

Cr 
Device VR = 25 Vdc 
Type pF 

Min ! Max 

MMBV105GLT1 1.8 2.8 

Unit 

Volts 

mA 

mW 
mWl°C 

oc 
oc 

Symbol 

Y(BR)R 

IR 

a 
f = 100 MHz 
VR = 3.0 V 

Typ 

150 

CASE 318-07, STYLE 8 
SOT-23 (T0-236AB) .3 

1~~ 
2 

3 o---11+------o 1 
Cathode Anode 

30 VOLT 
VOLTAGE VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

Min Max 

30 -

- 50 

C3/C25 

Min 1 Max 

4.0 6.0 

MMBV105GLT1 is also available in bulk packaging. Use MMBV105GL as the device title to order this device in bulk. 

FIGURE 1 - DIODE CAPACITANCE 
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FIGURE 2 - FIGURE OF MERIT 
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SILICON EPICAP DIODES 

... designed for general frequency control and tuning applications; provid
ing solid-state reliability in replacement of mechanical tuning methods. 

• High 0 with Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Available in Surface Mount Package 

MAXIMUM RATINGS 

MV209 l MMBV109LT1 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current :F 200 mA 

Forward Power Dissipation Po I @TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mW!°C 

Junction Temperature TJ +125 oc 
Storage Temperature Range Ts.!9_ ~55 to + 150 oc 

DEVICE MARKING 

MMBV109LT1 = M4A 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.I 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR = 10 µAde) 

Reverse Voltage Leakage Current IR 
IVR = 25 Vdc) 

Diode Capacitance Temperature Coefficient TCc 
(VR = 3.0 Vdc, f = 1.0 MHz) 

MMBV109LT1* 
MV209* 

CASE 318-07, STYLE 8 
SOT-23 (T0-236AB) 

3o----j~1 
Cathode Anode 

-

3 

1 
2 

CASE 182-02, STYLE 1 
(T0-226AC) 

2o----j~1 ./> 
2 Cathode Anode 

Min 

30 

-

26-32 pF 
VOLTAGE VARIABLE 

CAPACITANCE DIODES 

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

µAde 

- 300 - ppmi°C 

Ct, Diode Capacitance 
Q, Figure of Merit CR, Capacitance Ratio 

VR = 3.0 Vdc 
VR = 3.0 Vdc, f = 1.0 MHz f=50MHz 

pf (Note 1) 

[ Device Min ! Norn ! Max Min Min 

[ MMBV109LT1, MV209 26 29 32 200 5.0 

MMBV109LT1 is also available in bulk packaging. Use MMBV109L as the device title to order this device in bulk. 
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FIGURE 1 - DIODE CAPACITANCE 
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MMBV109LT1, MV209 

FIGURE 2 - FIGURE OF MERIT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. Q is calculated by taking the G and C readings of an admit
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 
equation: 

Q ~ 21TfC 
G 

2. CR is the ratio of Ct measured at 3.0 Vdc divided by Ct mea
sured at 25 Vdc . 
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SILICON EPICAP DIODES 

... designed for general frequency control and tuning applications; 
providing solid-state reliability in replacement of mechanical tuning 
methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 
• Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 

MAXIMUM RATINGS 

MV409 j MMBV409LT1 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Current IF 200 

Forward Power Dissipation Po I @TA= 25°C 280 200 
Derate above 25°C 2.8 2.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg_ -55 to + 150 

DEVICE MARKING 

MMBV409LT1 = X5 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic - All Types 

Reverse Breakdown Voltage 
llR = 10 1<Adc) 

Reverse Voltage Leakage Current 
IVR = 15 Vdc) 

Diode Capacitance Temperature Coefficient 
IVR = 3 Vdc, f = 1 MHz) 

Unit 

Volts 

mA 

mW 
mW!"C 

oc 

oc 

Symbol 

V(BR)R 

IR 

TCc 

Ct. Diode Capacitance 
VR = 3 Vdc, f = 1 MHz 

pf 

t 
Device Min f Nom I Max 

MMBV409LT1, MV409 26 29 32 

NOTES ON TESTING AND SPECIFICATIONS 

MMBV409LT1* 
MV409* 

CASE 318-07, STYLE 8 
SOT-23 (T0-236ABI 

3 o----11+----o 1 
Cathode Anode 

CASE 182-02, STYLE 1 
T0-92 (T0-226ACI 

2 o----11+----o 1 
Cathode Anode 

Min 

20 

-

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

*These are Motorola 
designated preferred devices. 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

l'Adc 

- 300 - ppm/"C 

Q, Figure of Merit CR, Capacitance Ratio 
VR = 3 Vdc C3/C3 
f=50MHz f = 1 MHz 

(Note 1) (Note 2) 

Min Min l Max 

200 1.5 l 1.9 

(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 

Q = 27l'fC 
G 

(2) CR is the ratio of Ct measured at 3 Vdc divided by Ct measured at 8 Vdc. 

MMBV409LT1 is also available in bulk packaging. Use MMBV409LT1 as the device title to order this device in bulk. 
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SILICON EPICAP DIODE 

... designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

MMBV432LT1 * 

• High Figure of Merit - Q = 150 (Typ)@ VR = 2.0 Vdc, f = 50 MHz 

• Guaranteed Capacitance Range 

• Dual Diodes - Save Space and Reduce Cost 

• Surface Mount Package 

• Available in 8 mm Tape and Reel 

• Monolithic Chip Provides Improved Matching - Guaranteed ± 1.0% (Max) 
Over Specified Tuning Range 

MAXIMUM RATINGS (Each Diode) 

Rating Symbol Value 

Reverse Voltage VR 14 

Forward Current IF 200 

Total Power Dissipation @ TA = 25°C Po 350 
Derate above 25°C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Ts.!9_ -55to +125 

DEVICE MARKING 

I MMBV432LT1 = M4B 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

Reverse Breakdown Voltage 
llR = 10 µAde) 

Reverse Voltage Leakage Current 
(VR = 9.0 Vdc) 

Diode Capacitance 
(VR = 2.0 Vdc, f = 1.0 MHz) 

Capacitance Ratio C2/C8 
(f = 1.0 MHz) 

Figure of Merit* 
(VR = 2.0 Vdc, f = 50 MHz) 

*O = 2'11'1C 
G 

Unit 

Volts 

mA 

mW 
mWl°C 

oc 
oc 

Symbol 

V(BR)R 

IR 

CT 

CR 

0 

Min 

14 

-

43 

1.5 

100 

CASE 318-07, STYLE 9 
SOT-23 (T0-236AB) 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 100 

- 48.1 

- 2.0 

150 -

MMBV432LT1 is also available in bulk packaging. Use MMBV432L as the device title to order this device in bulk. 

TYPICAL CHARACTERISTICS (Each Diode) 
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SILICON EPICAP DIODE 

... designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

MMBV609LT1* 

• High Figure of Merit - Q = 350 (Typ) @ VR = 3.0 Vdc, f = 50 MHz 
• Guaranteed Capacitance Range 
• Dual Diodes - Save Space and Reduce Cost 
• Surface Mount Package 
• Available in 8 mm Tape and Reel 
• Monolithic Chip Provides Improved Matching 
• Hyper Abrupt Junction Process Provides High Tuning Ratio 

MAXIMUM RATINGS (Each Diode) 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Current IF 100 mA 

Total Power Dissipation@ TA = 25°C Po 225 mW 
Derate above 25°C 1.8 mWfC 

Junction Temperature TJ +125 oc 
Storage Temperature Range Ts!!L -55 to + 125 oc 

DEVICE MARKING 

I MMBV609LT1 = 5L 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR= 10 µAdel 

Reverse Voltage Leakage Current IR 
(VR = 15 Vdc) 

Diode Capacitance Cr 
(VR = 3.0 Vdc, f = 1.0 MHz) 

Capacitance Ratio C3/C8 CR 
(f = 1.0MHz) 

Figure of Merit a 
(VR = 3.0 Vdc, f = 50 MHz) 

Min 

20 

-

26 

1.8 

250 

CASE 318-07, STYLE 9 
SOT-23 (T0-236AB) 

f i l 
DUAL 

VOLTAGE-VARIABLE 
CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -
- 10 

- 32 

- 2.4 

350 -

MMBV609LT1 is also available in bulk packaging. Use MMBV609L as the device title to order this device in bulk. 
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SILICON EPICAP DIODE 

... designed for 900 MHz frequency control and tuning applications; 
providing solid-state reliability in· replacement of mechanical tuning 
methods. 

• Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 
• Available in 8 mm Tape and Reel 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Current IF 20 

Forward Power Dissipation @ TA = 25°C Po 225* 

Unit 

Volts 

mA 

mW 
Derate above 25°C 1.8 mW!°C 

Junction Temperature TJ +125 oc 
Storage Temperature Range Ts.!lJ. -55to +125 oc 

*FR5 Board 1.0 x 0.75 x 0.62 in. 

DEVICE MARKING 

MMBV809LT1 = 5K 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic - All Types Symbol 

Reverse Breakdown Voltage V(BR)R 
OR = 10 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 15 Vdc) 

Ct. Diode Capacitance 
VR = 2.0 Vdc, f = 1.0 MHz 

pf 

Device Min l Typ l Max 

MMBV809LT1 4.5 l 5.3 l 6.1 

NOTES ON TESTING AND SPECIFICATIONS 

MMBV809LT1* 

Min 

20 

-

CASE 318-07, STYLE 8 
SOT-23 (T0-236AB) 

10 llJ.lf---o3 
ANODE CATHODE 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

4.5-6.1 pf 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 50 

Unit 

Vdc 

nAdc 

0, Figure of Merit CR, Capacitance Ratio 
VR = 3.0 Vdc C2tca 
f = 50 MHz f = 1.0 MHz 

(Note 1) (Note 2) 

Min Min l Max 

300 1.8 l 2.6 

(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 

Q = 2rrfC 
G 

(2) CR is the ratio of Ct measured at 2.0 Vdc divided by Ct measured at 8.0 Vdc. 

MMBV809LT1 is also available in bulk packaging. Use MMBV809L as the device title to order this device in bulk. 
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MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

5-50 



SILICON EPICAP DIODES 

... designed in the popular PLASTIC PACKAGE for high volume require
ments of FM Radio and TV tuning and AFC, general frequency control and 
tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

Also available in Surface Mount Package up to 33 pf. 

• High 0 with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance - 10% 

• Complete Typical Design Curves 

MAXIMUM RATINGS 

MV21XXIMMBV21XXLT1 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Forward Power Dissipation Po 

I 

@TA= 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mWf'C 

Junction Temperature TJ +125 ·c 

Storage Temperature Range Ts!!L -55to +150 ·c 

DEVICE MARKING 
MMBV2101LT1 = M4G MMBV2105LT1 = 4U MMBV2109LT1 = 4J · 
MMBV2103LT1 = 4H MMBV2107LT1 = 4W 
MMBV2104LT1 = 4Z MMBV2108LT1 = 4X 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
UR= 10 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, TA = 25°C) 

Diode Capacitance Temperature Coefficient TCc 
<VR = 4.0 Vdc, f = 1.0 MHz) 

MMBV2101LT1 
MMBV2103LT1 thru 

MMBV2105LT1 
MMBV2107LT1 thru 

MMBV2109LT1 * 
MV2101 

MV2103 thru MV2105 
MV2107 thru MV2109 

MV2111 
MV2113 thru MV2115* 

CASE 318-07, STYLE 8 • 3 

SOT-23 IT0-236AB) 1 ~ 
2 

3 o--j I+--<> 1 
Cathode Anode 

CASE 182-02, STYLE 11' 
(T0-226AC) 

1 
2 o--j I+--<> 1 

Cathode Anode 2 

6.8-100 pf 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

*MMBV2101LT1, MMBV2105LT1, 
MMBV2109LT1, MV2101, MV2104, 

MV2108, MV2109, MV2111, MV2113 

Min 

30 

-

-

and MV2115 are Motorola 
designated preferred devices. 

Typ Max 

- -

- 0.1 

280 -

Unit 

Vdc 

µ.Ade 

ppmf'C 
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MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1 
MV2101, MV2103 thru MV2105, MV2107 thru MV2109, MV2111, MV2113 thru MV2115 

Cy, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 
VR = 4.0 Vdc, f = 1.0 MHz VR = 4.0 Vdc, C2/C30 

pF f = 50 MHz f = 1.0 MHz 

Device Min Nom Max Typ Min Typ Max 

MMBV2101LT1/MV2101 6.1 6.8 7.5 450 2.5 2.7 3.2 
MMBV2103LT1/MV2103 9.0 10 11 400 2.5 2.9 3.2 
MMBV2104LT1/MV2104 10.8 12 13.2 400 2.5 2.9 3.2 
MMBV2105LT1/MV2105 13.5 15 16.5 400 2.5 2.9 3.2 

MMBV2107LT1/MV2107 19.8 22 24.2 350 2.5 2.9 3.2 
MM BV2108L T1/MV2108 24.3 27 29.7 300 2.5 3.0 3.2 
MMBV2109LT1/MV2109 29.7 33 36.3 200 2.5 3.0 3.2 

MV2111 42.3 47 51.7 150 2.5 3.0 3.2 
MV2113 61.2 68 74.8 150 2.6 3.0 3.3 
MV2114 73.8 82 90.2 100 2.6 3.0 3.3 
MV2115 90 100 110 100 2.6 3.0 3.3 

MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1 and MMBV2107LT1 thru MMBV2109LT1 are also available in bulk. Use the device title 
and drop the "T1" suffix when ordering any of these devices in bulk.' 

PARAMETER TEST METHODS 

1. CT, DIODE CAPACITANCE 
(Cr = Cc + CJ), CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

2. TR, TUNING RATIO 
TR is the ratio of CT measured at 2.0 Vdc divided by 
CT measured at 30 Vdc. 

3. 0, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub
stituting in the following equations: 

Q = 27TfC 
G 

(Boonton Electronics Model 33AS8). Use Lead Length 
= 1/16". 

4. TCc. DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 
TCc is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA= -65°C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85°C in the following equation 
which defines TCc: 

TC = CT(+ 85°C) - CT( - 65°C) , ~ 
C 85 + 65 CR(25°C) 

Accuracy limited by measurement of CT to ± 0.1 pF. 
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MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1 
MV2101, MV2103 thru MV2105, MV2107 thru MV2109, MV2111, MV2113 thru MV2115 
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TYPICAL DEVICE PERFORMANCE 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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SILICON EPICAP DIODE 

... designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 
• Controlled and Uniform Tuning Ratio 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Vdc 

Forward Current IF 200 mAdc 

Device Dissipation @ TA = 25'C Po 200 mW 
Derate above 25'C 2.0 mW/'C 

Junction Temperature TJ +125 'C 

Storage Temperature Range Ts!ll -55 to + 150 'C 

DEVICE MARKING 

MMBV3102LT1 = M4C 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR= 10 µAde) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc. TA = 25'C) 

Diode Capacitance Temperature Coefficient TCc 
(VR = 4.0.Vdc, f = 1.0 MHz) 

Min 

30 

-

-

MMBV3102LT1 
CASE 318-07, STYLE 8 

SOT-23 (T0-236AB) 

3 o--jj+--o 1 
Cathode Anode 

22 pf (Nominal) 
30 VOLTS 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

Typ Max 

- -

- 0.1 

300 -

Unit 

Vdc 

µAde 

ppmf'C 

CT, Diode Capacitance Q, Figure of Merit CR, Capacitance Ratio 
VR : 3.0 Vdc, I : 1.0 MHz VR: 3.0 Vdc, 

pf I: 50 MHz 

Device Min j Nom 1 Max Min Min 

MMBV3102LT1 20 22 25 200 4.5 

MMBV3102LT1 is also available in bulk packaging. Use MMBV3102L as the device title to order this device in bulk. 

FIGURE 1 - DIODE CAPACITANCE 
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MMBV3102LT1 

FIGURE 2 - FIGURE OF MERIT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. Ls is measured on a package having a short instead of a die, 
using an impedance bridge (Boonton Radio Model 250A RX 
Meter). 

2. Cc is measured on a package without a die, using a capaci
tance bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admit
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 
equation: 

Q ~ 27TfC 
G 

4. CR is the ratio of CT measured at 3.0 Vdc divided by CT 
measured at 25 Vdc. 
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SILICON PIN DIODE 

... designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a Surface Mount 
package. 

MMBV3401l Tl* 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Capacitance - 0.7 pF Typ at VR = 20 V 

• Very Low Series Resistance at 100 MHz - 0.34 Ohms (Typ) 
@IF= 10 mAdc 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Power Dissipation @ TA = 25'C PF 200 
Derate above 25'C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Ts!!l_ -55 to + 150 

DEVICE MARKING 

MMBV3401LT1 = 40 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
(IR = 10 µ,A) 

Diode Capacitance 
IVR = 20 VI 

Series Resistance (Figure 5) 
(IF = 10 mAI f = 100 MHz 

Reverse Leakage Current 
(VR = 25 VI 

Unit 

Vdc 

mW 
mWt'C 

'C 

'C 

Symbol 

V(BRIR 

CT 

Rs 

IR 

Min 

35 

-

-
-

CASE 318"07, STYLE 8 
SOT-23 (T0-236ABl 

3 o---j !-f----o 1 
Cathode Anode 

SILICON PIN 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 1.0 

- 0.7 

- 0.1 

MMBV3401LT1 is also available in bulk packaging. Use MMBV3401L as the device title to order this device in bulk. 
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FIGURE 3 - DIODE CAPACITANCE 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 
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I A~ DU T Power Supply Boonton 
Model 33A or B 

lo 0 Li:: ... ,,,~ ... ,, .. ~· 
All measurements@ 100 MHz short as possible. 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale wilt be set at 120 pF, as re
quired when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the '"G" 
zero control for a minimum null on the "null meter' 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10·mA . 

5. Obtain a minimum null on the "null meter'', with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale l~ 130 pf) and sub
tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 

Where: 

2.533 G 
Rs~--

c2 

G - in micromhos, 
C-in pF, 

Rs - in ohms 
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HIGH VOLTAGE SILICON PIN DIODES 

... designed primarily for VHF band switching applications but alsa suitable 
for use in general-purpose switching circuits. Supplied in a cost effective 
plastic package for economical, high-volume consumer and industrial 
requirements. Also available in surface mount. 

• Long Reverse Recovery Time 
trr = 300 ns (Typ) 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Series Resistance@ 100 MHz -
Rs = 0.7 Ohms (Typ) @ IF = 10 mAdc 

MMBV3700LT1 
MPN3700 

CASE 318-07, STYLE 8 
SOT-23 (T0-236AB) 

3 o---11+--<> 1 
Cathode Anode 

• Reverse Breakdown Voltage = 200 V (Min) 

MAXIMUM RATINGS 

MPN3700 l MMBV3700L T1 

Rating Symbol Value Unit 

CASE 182-02, STYLE 1 ~ 
(T0-226AC) 

1 
2 o---11+--<> 1 

Cathode Anode 2 
Reverse Voltage VR 

Total Power Dissipation Po 
@TA= 25°C 280 
Derate above 25°C 2.8 

Junction Temperature TJ 

Storage Temperature Range Ts:!ll_ 

DEVICE MARKING 

MMBV3700LT1 = 4R 

200 

I 200 
2.0 

+125 

-55 to +150 

Volts 

mW 
mW/"C 

·c 
·c 

SILICON PIN 
SWITCHING DIODES 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage V(BR)R 200 - - Volts 
OR".' 10µ,A) 

Diode Capacitance Cr - - 1.0 pF 
(VR = 20 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) Rs - 0.7 1.0 Ohms 
OF= 10 mA) 

Reverse Leakage Current IR - - 0.1 µ,A 
(VR = 150 Vdc) 

Reverse Recovery Ti me Irr - 300 - ns 
OF = IR = 10 mA) 

MMBV3700LT1 is also available in bulk packaging. Use MMBV3700L as the device title to order this device in bulk. 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SERIES RESISTANCE 
3.2 .---l..--r---r--..---r----.--.----r---, 

2.8 t---ri, l--+---+---l--+---+---i---1 
~ ~ TA= 2s·c 
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i 1.8 ~ 
ffi 1.4 t----+--.>tt--+----+----+--+----+-----1 

a: ~ ffi 1.0 t----+----+--' .... ...._,..+----i--+---+---ir------1 

~ ~ £ 0.8 l----+--+--+-==""l---=:--..,::-t-t--J--t~---t-----1 

0.4 l--+---+--t--+---+--t--+---1 
0'---_._ _ _. __ .._ _ _._ _ _. __ .._ _ _.__~ 
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FIGURE 2 - FORWARD VOLTAGE 

TA=25°C 
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~ 
B400t----+---+--+----+---+--I'----+---; 

~3001----+----+--t---+---+L-_,Lj,,,_,__-+-_ _, 
~ 
~2001---+---+--+----+---hf--f---+---; 

,,:- 1001-----+--+--+--__.--+v~L'.1~--+--+---1 
0.7 0.8 0.9 

Vf. FORWARD VOLTAGE (VOLTS) 
1.0 
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MMBV3700LT1, MPN3700 
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FIGURE 3 - DIODE CAPACITANCE 
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FIGURE 4 - LEAKAGE CURRENT 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 

10 pf 500 ll 
Hi<>---------1~(~~~~6..-~~~\Nl~,~~__,o+ 

C::Jour Boonton 
Model 33A or B 

lo 0 

All measurements@ 100 MHz 

Power Supply 

I o-
-= For test fixture, leads should 

be as short as possible 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF ca
pacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or 8) must be ini
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF, as required 
when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuit from point 
"A" to "8" Then connect the power supply providing 10 mA 
of bias current to the test circuit 

Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". The 
null occurs at approximately 130 pF 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter''. with the ca
pacitance and conductance scale adjustment arms. 

6 Read conductance (G) direct from the scale. Now read the 
capacitance value from the scale (= 130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance 
(R5) can now be calculated from: 

Where 

2.533 G 
R50~ 

G -- n micromhos, 
C - n pF, 

Rs - n ohms 
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SILICON PIN DIODE 

... designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a cost effective 
T0-92 type plastic package for economical, high-volume consumer and 
industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Series Resistance@ 100 MHz -
Rs = 0.7 Ohms (Typ)@ IF= 10 mAdc 

• Sturdy T0-92 Style Package for Handling Ease 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Power Dissipation @ TA = 25°C PF 400 mW 
Derate above 25°C 4.0 mWf'C 

Junction Temperature TJ +125 oc 
Storage Temperature Range Ts!!!. -55 to + 150 oc 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR= 10µA) 

Diode Capacitance Cr 
(VR = 15 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) Rs 
OF= 10 mA) 

Reverse Leakage Current IR 
(VR = 15 Vdc) 

Min 

20 

-

-

-

MPN3404* 
CASE 182-02, STYLE 1 

(T0-226AC) 

,/ 
10 ..i 0 2 

Anode Cathode 

SILICON PIN 
SWITCHING DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

1.3 2.0 

0.7 0.85 

- 0.1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Unit 

Volts 

pF 

Ohms 

µA 

1.0 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 

TO pF 500 n 
Hi ~1-(----16>----"""V>/\r----O+ 

CA~DUT PowerSupply Boonton 
Model 33A or B 

Lo 0 

All measurements@ 100 MHz 
C ........ ,,.~-

shortaspossible. 

To measure series resistance, a 10 pf capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500..ohm resistor. The resistance of the 10 pf 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or Bl must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re
quired when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (~ 130 pF) and sub
tract 120 pf which yields capacitance (CJ. The forward 
resistance (Rs) can now be calculated from: 

Where: 

2.533G 
Rs=--

c2 

G - in micromhos, 
C-in pf, 

Rs - in ohms 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 100 Vdc 

Recurrent Peak Forward Current IF 200 mA 

Peak Forward Surge Current IFM(surge) 500 mA 
(Pulse Width = 10 µsec) 

Power Dissipation @ TA = 25°C Po(1) 625 mW 
Derate above 25°C 5.0 mWFC 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg!1) -55 to + 135 oc 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
O(BR) = 100 µAde) 

Reverse Current 
(VR = 100 Vdc) 
(VR = 50 Vdc) 
(VR = 50 Vdc, TA = 125°C) 

Forward Voltage 
OF = 1.0 mAdc) 
(IF = 10 mAdc) 
(IF = 100 mAdc) 

Capacitance 
(VR = O) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 

Symbol 

V(BR) 

IR 

VF 

c 

trr 

MSD6100* 

CASE 29-04, STYLE 3 
T0-92 (T0-226AA) 

, I '""'ijoo. 
2 3 3 Cathode 

DUAL SWITCHING DIODE 
COMMON CATHODE 

*This is a Motorola 
designated preferred device. 

Min Max 

100 -

- 5.0 
- 0.1 
- 50 

0.55 0.7 
0.67 0.82 
0.75 1.1 

- 1.5 

- 4.0 

Unit 

Vdc 

µAde 

Vdc 

pF 

ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po= 1.0 W @Tc = 25°C, 
Derate above 25°C - 8.0 mWFC, TJ = -65 to + 150°C, OJC = 125°C/W. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Peak Forward Recurrent Current IF 200 mA 

Peak Forward Surge Current IFM(surge) 500 mA 
(Pulse Width = 10 I'S) 

Total Device Dissipation @ TA = 25"C Pol1) 625 mW 
Derate above 25"C 5.0 mW°C 

Operating and Storage Junction TJ, Tstgl1) -55 to + 135 "C 
Temperature Range 

ELECTRICAL CHARACTERISTICS IT A = 25"C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
!l(BR) = 100 ~de) 

Reverse Current 
IVR = 50 Vdc) 

Forward Voltage 
!IF= 10 mAdc) 

Capacitance 
IVR = O) 

Reverse Recovery Time 
!IF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 

Symbol 

V(BR) 

IR 

VF 

c 

trr 

MSD6150* 

CASE 29-04, STYLE 4 
T0-92 (T0-226AA) 

"' ®" 3 Cathode 1 2 Cathode 

DUAL DIODE 
COMMON ANODE 

*This is a Motorola 
designated preferred device. 

Min Typ Max 

70 - -

- - 0.1 

- 0.80 1.0 

- 5.0 8.0 

- - 100 

Unit 

Vdc 

/'Ade 

Vdc 

pF 

ns 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W@ Tc = 25"C, Derate 
above 8.0 mW/"C, Po = 10 W @ Tc = 25°C, De rate above 80 mW/"C, T J, T stg = - 55 to + 150", oJC = 12.5"C/W, OJA = 125"C. 
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SILICON EPICAP DIODE 

... designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configurations for 
minimum signal distortion and detuning. This device is supplied in the pop
ular T0-92 plastic package for high volume, economical requirements of 
consumer and industrial applications. 

• High Figure of Merit -

MV104* 
CASE 29-04, STYLE 15 

(T0-226AA) 

Q = 140 (Typ)@ VR = 3.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 
37-42 pF@ VR = 3.0 Vdc (MV104) 

• Dual Diodes - Save Space and Reduce Cost 

• T0-92 Package for Easy Handling and Mounting 

• Monolithic Chip Provides Near Perfect Matching - Guaranteed ± 1% 
(Max) Over Specified Tuning Range 

I Pin~Pin3 
1 Al A2 

2 
3 Pin 2 C 

MAXIMUM RATINGS (Each Device) 

Rating Symbol Value 

Reverse Voltage VR 32 

Forward Current Ip 200 

Total Power Dissipation @ TA = 25'C Pp 280 
Derate above 25'C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -55 to + 150 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 
OR = 10 µAde) 

Reverse Voltage Leakage Current TA = 25'C 
(VR = 30 Vdc) TA = 60'C 

Diode Capacitance Temperature Coefficient 
(VR = 4.0 Vdc, f = 1.0 MHz) 

Unit 

Volts 

mA 

mW 
mW/'C 

'C 

'C 

Symbol Min 

V(BR)R 32 

IR -
-

TCc -

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODE 

*This is a Motorola 
designated preferred device. 

Typ Max 

- -

- 50 
- 500 

280 -

Unit 

Vdc 

nAdc 

ppm/'C 

Cr. Diode Capacitance Q, Figure of Merit CR, Capacitance Ratio 
VR = 3.0 Vdc, I= 1.0 MHz VR = 3.0 Vdc C3fC30 

pf f = 100 MHz f = 1.0 MHz 

Device Min ± Max Min 

± 
Typ Min l Max 

MV104 37 42 100 140 2.5 l 2.8 

FIGURE 1 - DIODE CAPACITANCE (Each Diode) 

100 1----+-+--l-+-1-H--+-+-+--+-+-++-+++--+--l---1 

70r-. 

10._...._....__. ....... .....,~~---'---'---'-....__..__...._.,__,.___, _ _. 
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VA. REVERSE VOLTAGE {VOLTS) 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

5-64 



MV104 

TYPICAL CHARACTERISTICS (Each Device) 

FIGURE 2 - FIGURE OF MERIT versus VOLTAGE 
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SILICON HYPER-ABRUPT TUNING DIODES 

... designed with high capacitance and a capacitance change of greater 
than TEN TIMES for a bias change from 2.0 to 10 volts. Provides tuning 
over broad frequency ranges; tunes AM radio broadcast band, general AFC 
and tuning applications in lower RF frequencies. 

• High Capacitance: 120-250 pF 

• Large Capacitance Change with Small Bias Change 

• Guaranteed High Q 

• Available in Standard Axial Glass Packages 

• H Suffix Devices with 100% Screening 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 12 Volts 

Forward Current IF 250 mA 

Device Dissipation @ TA = 25'C Po 400 mW 
Derate above 25'C 2.67 mWl°C 

Junction Temperature TJ +125 'C 

Storage Temperature Range Ts.!9_ -65 to +200 'C 

ELECTRICAL CHARACTERISTICS (TA= 25'C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(IR = 1 O JLAdc) 

Leakage Current at Reverse Voltage IR 
(VR = 10 Vdc, TA = 25'C) 

Series Inductance Ls 
(f = 250 MHz, Lead Length = 1/16") 

Case Capacitance Cc 
(f = 1.0 MHz, Lead Length = 1/16") 

Cr. Diode Capacitance Q, Figure of Merit 

Device 

MV1403 
MV1404 
MV1405 

VR = 2.0 Vdc, f = 1.0 MHz VR = 2.0 Vdc, 
pf 

Min Norn 

140 175 
96 120 
200 250 

I= 1.0 MHz 

Max Min 

210 200 
144 200 
300 200 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 

4 6 7 
VR, REVERSE VOLTAGE (VOLTS) 

MV1403 
MV1404 
MV1405 

2 

CASE 51-02 
(D0-204AA) 

2 o----j !+---01 
Anode Cathode 

120-250 pf 
12 VOLTS 

HIGH TUNING RATIO 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Min Typ Max Unit 

12 - - Vdc 

- - 0.1 JLAdc 

- 5.0 - nH 

- 0.25 - pF 

TR, Tuning Ratio 

C1/C10 C2/C10 
I= 1.0 MHz I= 1.0 MHz 

Min Min 

- 10 
- 10 
- 10 

10 
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SILICON EPICAP DIODES 

... epitaxial passivated tuning diodes designed for AFC applications in 
radio, TV, and general electronic-tuning. 

• Maximum Working Voltage of 20 V 
• Excellent Q Factor at High Frequencies 
• Solid-State Reliability to Replace Mechanical Tuning Methods 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Current IF 250 mA 

Device Dissipation (jiJ TA = 25'C Po 400 mW 
Derate above 25'C 2.67 mW/'C 

Junction Temperature TJ +125 'C 

Storage Temperature Range Ts_!g_ -65to +200 'C 

ELECTRICAL CHARACTERISTICS ITA = 25'C unless otherwise noted.) 

Characteristic Symbol 

Reverse Breakdown Voltage BVR 
llR = 10 1LAdc) 

Reverse Voltage Leakage Current IR 
IVR = 15 Vdc, TA= 25'C) 

Series Inductance Ls 
If = 250 MHz, Lead Length = 1 /16") 

Case Capacitance Cc 
(f = 1.0 MHz, Lead Length = 1/16") 

Ct. Diode Capacitance 
VR = 4.0 Vdc, I= 1.0 MHz 

pf 

Device Min Norn Max 

MV1620 6.1 6.8 7.5 
MV1624 9.0 10.0 11.0 
MV1626 10.8 12.0 13.2 

MV1628 13.5 15.0 16.5 
MV1630 16.2 18.0 19.8 
MV1634 19.8 22.0 24.2 

MV1636 24.3 27.0 29.7 
MV1638 29.7 33.0 36.3 
MV1640 35.1 39.0 42.9 
MV1642 42.3 47.0 51.7 

MV1644 50.4 56.0 61.6 
MV1648 73.8 82.0 90.2 
MV1650 90.0 100.0 110.0 

TR, Tuning Ratio, is the ratio of Cr measured at 2 Vdc divided by Cr measured at 20 Vdc. 

Min 

20 

-

-

-

MV1620 
thru 

MV1650 
CASE 51-02 

D0-204AA (D0-7) 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-100 pF 
20 VOLTS 

Typ Max 

- -

- 0.10 

4.0 -

0.17 -

Unit 

Vdc 

1LAdc 

nH 

pF 

Q, Figure of Merit TR. Tuning Ratio 
VR = 4.0 Vdc C2/C20 
l=SOMHz I= 1.0 MHz 

Typ Min Max 

300 2.0 3.2 
300 2.0 3.2 
300 2.0 3.2 

250 2.0 3.2 
250 2.0 3.2 
250 2.0 3.2 

200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 
200 2.0 3.2 

150 2.0 3.2 
150 2.0 3.2 
150 2.0 3.2 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 15 

Forward Current If 50 

Total Power Dissipation @ TA = 25'C Po 280 

Derate above 25°C 
2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -55to +125 

DEVICE MARKING 

V7005 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

Reverse Breakdown Voltage 

(IR = 10 µAde) 

Reverse Voltage Leakage Current 
(VR = 9.0 Vdc) 

Diode Capacitance 
(VR = 1.0 Vdc, f = 1.0 MHz) 

Capacitance Ratio C1/C9 
(I= 1.0MHz) 

Figure of Merit 
(VR = 1.0 Vdc, f = 1.0 MHz) 

Unit 

Volts 

mA 

mW 

mWi°C 

'C 

'C 

Symbol 

V(BR)R 

IR 

Cr 

CR 

Q 

MV7005T1* 
CASE 318E-04, STYLE 2 

T0-261AA 

1 -.if-- 2,4 
ANODE CATHODE 

SOT-223 PACKAGE 
HIGH CAPACITANCE 

VOLTAGE-VARIABLE DIODE 
SURFACE MOUNT 

Min 

15 

-

400 

12 

150 

*This is a Motorola 
designated preferred device. 

Max 

-

100 

520 

-

-

Unit 

Vdc 

nAdc 

pf 

-

-
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SILICON TUNING DIODES 

... designed for electronic tuning of AM receivers and high capacitance, 
high tuning ratio applications. 

• High Capacitance Ratio - CR = 15 (Min), 
MVAM108, 115, 125 

• Guaranteed Diode Capacitance - Ct = 440 pF (Min) -
560 pF (Max)@ VR = 1.0 VDc, f = 1.0 MHz, MVAM108, MVAM115, 
MVAM125 

• Guaranteed Figure of Merit -
Q = 150 (Min)@ VR = 1.0 Vdc, f = 1.0 MHz 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage MVAM108 VR 12 Volts 
MVAM109 15 
MVAM115 18 
MVAM125 28 

Forward Current IF 50 mA 

Power Dissipation @ TA = 25°C Po 280 mW 
Derate above 25°C 2.8 mW/°C 

Operating and Storage Junction TJ. Tstg -55to +125 oc 

Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted, Each Device) 

Characteristic Symbol 

Breakdown Voltage V(BR)R 
llR = 10 1<Adc) MVAM108 

MVAM109 
MVAM115 
MVAM125 

Reverse Current IR 
(VR ,= 8.0 V) MVAM108 
(VR 0= 9.0 V) MVAM109 
(VR =' 15 V) MVAM115 
(VR =' 25 V) MVAM125 

Diode Capacitance Temperatujre Coefficient (11 TCc 
(VR = 1.0 Vdc, f = 1.0 MHz, TA= -40°C to +85°C) 

Case Cap,acitance Cc 
(f = 1.0 MHz. Lead Length 1116") 

Diode Capacitance (2) Ct 
IVR = 1.0 Vdc, f = 1.0 MHz) MVAM108, 115, 125 

MVAM109 

Figure of Merit Q 
(f = 1.0 MHz, Lead Length 1116", VR = 1.0 Vdc) 

Capacitance Ratio 
(f = 1.0 MHz) MVAM108 C1/C8 

MVAM109 C1/C9 
MVAM115 C1/C15 
MVAM125 C11C25 

NOTES: 

Min 

12 
15 
18 
28 

-
--
-
-
-

-

440 
400 

150 

15 
12 
15 
15 

MVAM108* 
MVAM109* 
MVAM115* 
MVAM125* 

CASE 182-02, STYLE 1 
(T0·226AC) 

'~ 
2 

2 o-------11+----o 1 
Cathode Anode 

TUNING DIODES 
WITH VERY HIGH 

CAPACITANCE RATIO 

*These are Motorola 
designated preferred devices. 

Typ Max 

- -
- -
- -
- -

- 100 
- 100 
- 100 
- 100 

435 -

0.18 -

500 560 
460 520 

- -

- -
- -
- -
- -

Unit 

Vdc 

nAdc 

ppmi°C 

pF 

pF 

-
-

1. The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per °C is nearly constant from -40°C to + 100°C. 

2. Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points 
along the specified tuning range. 
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FIGURE 1 - TYPICAL AM RADIO APPLICATION 
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CASE 318-07 
IT0-236ABl 

SOT-23 
STYLE 22 

.I 
23 

CASE29-04 
IT0-226AAl 

T0-92 
STYLE 33 

CASE 318E-04 
(T0-261AA) 

SOT-223 
STYLE& 

SMALLBLOCK Products are a unique family of application 
specific "minigrated" circuits. These circuits will incorporate 
various transistor, resistor and diode configurations for use in 
certain applications. Since these SMALLBLOCK circuits are 
monolithic chips, they will reduce both component count and the 
required space on circuit boards, simplify circuitry and improve 
reliability. 

SMALLBLOCK Products 
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EMBOSSED TAPE AND REEL 

SOT-23 and SOT-223 packages are available only in Tape and Reel. Use the appropriate suffix indicated 
below to order any of the SOT-23 and SOT-223 packages. (See Section 7 on Packaging for additional 
information). 

SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/3000 unit reel. 
Replace the "T1 '' suffix in the device title with a "T3" suffix to order the 13 inch/10,000 unit reel. 

SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the "T1" suffix) to order the 7 inch/1000 unit reel. 
Replace the ''T1" suffix in the device title with a ''T3" suffix to order the 13 inch/4000 unit reel. 

RADIAL TAPE REEL AND AMMO PACK 

T0-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 

T0-92: available in 365 mm Radial Tape Reel 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Radial 

Tape Reel. 

available in Ammo Pack (Fan Fold Box) 
Add an "RLR" suffix and the appropriate Style code* to the device title to order the Ammo 

Pack box. 

*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 

DEVICE MARKINGS/DATE CODE CHARACTERS 

The SOT-23 package has a device marking and a date code etched on the device. The generic 
example below depicts both the device marking and a representation of the date code that appears on the 
SOT-23 package. 

The "D" represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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The MDC1000 series is a silicon turn-off device designed to reduce the turn-off 
time of a MOSFET or an IGBT. It also clamps the MOSFET gate voltage to a safe 
level. This device eliminates the use of individual components by integrating them 
into a single device. The use of the MDC1000 series can reduce system cost and 
board space, while optimizing the switching performance of the MOSFET. The 
MOSFET Turn-Off Device is a member of the SMALLBLOCK family. 

• Output Voltage Clamped to 12.5 Volts to Protect the MOSFET Gate 
• Very Fast Turn-Off Time, 15 Nanoseconds Typical 
• Simplifies Circuit Design 
• Reduces Board Space 
• Three Package Styles: T0-92 for Insertion, SOT-23 and SOT-223 for Surface 

Mount 

• Applications Literature: EB-142; The MOSFET Turn-Off Device, A New Circuit 
Building Block; AN1078; New Components Simplify Brush DC Motor Drives; 
AN1087; Speeding up Horizontal Outputs; AN1101; One-Horsepower Off-Line 
Brushless Permanent Magnet Motor Drive 

MAXIMUM RATINGS (TA= 25°C unless otherwise specified) 

Rating Symbol Value 

Input - Continuous l1N 50 

Input - Current Peak l1NM 500 
(Pulse Width= 20 µs, Duty Cycle,; 2%) 

Thermal Resistance - Junction to Ambient ReJA 
MDC1000A 0.227 
MDC1000BLT1 0.625 
MDC1000CT1 0.227 

Total Power Dissipation @ TA= 25°C Po 
MDC1000A 550 
MDC1000BLT1' 200 
MDC1000CT1• 550 

Derate above 25°C 
MDC1000A 1.82 
MDC1000BLT1• 5.7 
MDC1000CT1• 1.82 

Operating and Storage Temperature Range TJ, Ts.!9._ -65 to +150 

Lead Soldering Temperature .. TL 260 
"Device mounted on an FR-5 printed circuit board 1.0 x o. 75 x 0.062 inches using footprint shown in Section 8. 

"*Additional information on soldering of the MDC1000BLT1 ,CT1 surface mount packages is shown in Section 8. 

DEVICE MARKING 

MDC1000A MDC1000 

MDC1000BLT1 C10 

MDC1000CT1 C1000 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

Input Clamp Voltage [Note 1] 

Output Clamp Voltage [Note 2] 

Turn-Off Time 
(1000 pF, from 9.0 V to 1.0 V) See Figures 1 and 2 

Storage Time 

Propagation Delay 

Input Capacitance @ 1 O Volts, I= 1.0 MHz 

Dropout Current [Note 4] 

[1] Input pin(+) to return pin(-) with output pin open. 
[2] lnput and output pins common(+) to return pin{-). 

(llN = 2.0 rnA) 
(llN =50mA) 

(louT = 2.0 mA) 
(louT = 50 mA) 

Unit 

mA 

mA 

°C/mW 

mW 

mW/°C 

"C 

"C 

Symbol 

Vin 

Vout 

loff 

Is 

~cm_ 
Cin 

~ufil_ 

MDClOOOA* 
CASE 29-04 
STYLE 33 

T0-226AA (T0-92) ,/ 
3 

MDClOOOBLTl * 
CASE 318-07 

STYLE 22 
T0-236AB (SOT-23) 

,.3 
2 

MDClOOOCTl * 
CASE 318E-04 

STYLE 6 
T0-261AA (SOT-223) 

SMALLBLOCK 
MOSFET TURN-OFF DEVICES 

*These are Motorola 
designated preferred devices. 

PIN CONNECTION DIAGRAMS 

. rfIB-o OUTPUT 

INPUT~ 

MDC1000A 
1-Return 
2-lnput 
3-0utput 

RETURN 

MDC1000BLT1 MDC1000CT1 
1-Return 
2-0utput 
3-lnput 

1-Return 
2-lnput 
3-0utput 
4-lnput 

EQUIVALENT CIRCUIT 

Min Typ Max Unit 

9.5 11 12 Vdc 
9.5 11.2 12.5 

9.0 10.4 11.5 Vdc 
9.0 10.8 12 

- 15 - ns 

- 60 - ns 

- 5.0 - ns 

- 5.0 - pF 

50 110 - µA 

[3] MDC1000s should be mounted as close as possible to the MOSFET being controlled to minimize noise difflculties. In particular, the return lead should have as short a run to the 
MOSFET source lead as possible. Also, Kelvin connections between the MDC1000 return lead and the MOSFET source lead will enhance noise immunity. 

[4] Output Current level below which MTO must fall to insure driver MOSFET will tum back on. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

6-3 

• 



II 

JL 

V;n = 5 V 
PULSE WIDTH = 1 µs 

DUTY CYCLE 5 2% 

MDC1 OOOA,BLT1 ,CTI 

SWITCHING 
+25 v 

2kQ 680 

Vout 1000 pF 

Figure 1. Turn-Off Time Test Circuit Figure 2. Turn-Off Waveforms 

TYPICAL CHARACTERISTICS 
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Figure 3. Allowable Input Current versus 
Ambient Temperature 
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Figure 5. Output Clamp Voltage versus 
Ambient Temperature 
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Figure 11. MOSFET Fall Time versus Gate Resistance 
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MDC1 OOOA,BLT1 ,CTI 

OPERATING DESCRIPTION 

The MDC1000 series provides an economical and space 
saving method of turning off a power MOSFETwhile achieving 
a level of circuit improvement at the same time. It reduces the 
component count of an active gate turn-off network for 
MOSFETs. The device quickly discharges the gate-source 
and gate-drain capacitances when the input signal is removed 
and provides protection of the gate-source in the event of an 
overvoltage condition on the control line. 

To turn a MOSFET off, it is necessary to discharge the input 
capacitance to drive the gate-source voltage to below 
VGS(th)· Turning on a MOSFET is fairly straight-forward, but 
turning it off frequently calls for some form of active turn-off 
network to help speed up the turn-off process. Typically, this 

I 
I 
I 
I 
I 
I 

15 k 

L __ 
MDC1000 SERIES 

10.4 v 

has been achieved with a network comprised of several active 
and passive components. The effect of the turn-off network is 
to provide a low impedance discharge path for the MOSFET 
input capacitance and therefore speed up its turn-off. 

Instead of a single PNP transistor which is commonly used 
for the turn-off function, an NPN has been added and is con
nected to the PNP in the configuration of an SCR. This combi
nation provides the regenerative turn-on action of an SCR, 
further speeding up the process of discharging the gate of the 
MOSFET. It also contains an integral 10.4 volt zener diode, 
providing the MOSFET gate with overvoltage protection. Using 
the MDC1000 series, a power MOSFET can typically be 
turned off in tens of nanoseconds. 

I OUTPUT 

I RETURN 

MOSFET 
GATE 

Figure 12. Recommended Gate Drive Circuit 

INPUT 
9-24 Vdc 

_Jl_ 
INPUT 

SIGNAL 
(PWM) 

MPS 
ASS 
1 k 

CE1N4935 DC 

"'""'" 11 , "" 

1N \ 4148 

0.0S µF 

INPUT 
9-24 Vdc 

_Jl_ 
INPUT 

SIGNAL 
(PWM) 

1N4935 r*-r: DC 

"''"\ ll~om 
0.05 µF 

Figure 13a. Utilizing Discrete Components Figure 13b. Utilizing MDC1000A 

Figure 13. Active MOSFET Gate Turn-Off Circuit 
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R1 

R3 

MDC1 OOOA,BLT1 ,CTI 

TYPICAL APPLICATIONS UTILIZING THE MDC1000A 

R1 

MC34060 

R3 

RS 

-= -= -= 

Vee 

DC INPUT 
POWER 

I IC SWITCHED 
L OUTPUT 

POWER 

Figure 14. PWM Portion of Switchmode Power Supply for Power MOSFET Gate Control 

Vee +12V 
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IC1 

osc Vee 
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DUTY % OUT 
CYCLE 

GND 
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-= -= -= 

Figure 15. Horizontal Gain Circuit for Power MOSFET Gate Control and PNP Current Mirror for Gate Drive Circuit 
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Vin= 12to 26 V 

50 µF 
35 v 

+15 v 

4.7 k 

MDC1000A,BLT1,CTI 

Vee 

4.7 k 

300 

ei------~ 
680pF '.r 

GND 
RT 

47 k 

MASSO 

+ 

'Optional to minimize output ripple 

C3 

:JtµF 

UI 

Figure 16. DC-DC Converter 
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03 
MTP 

40N06M 
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A6 
I k 

470 µF 
35 v 

-= Cl 
Io.oo5µF 

A7 
10 

Figure 17. DC Motor Control Utilizing High Side MOSFET Switches 
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BRUSHLESS 
MOTOR CONTROLLER 

+15V 

R2 
10 k 

U2 4 
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R 

G 

-= 

Cl 
I0.005µF 

c 
0 Cl 

I µF 

IN5325A 

C4 
22µF 

D2 
MBR040 

DI 
MBR040 

MDC1000A,BLT1 ,CTI 

r 
I 
I 
L. 

22 

R6 

I k 

C2 
0.001 µF 

RB 
2 k 

r 
I 
I 
L. 

DC MOTOR 

02 
MTP40N06M 

R7 
10 

Figure 18. DC Motor Control With Optoisolated Level Shift 
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The MDC1005 series is a silicon turn-off device designed to reduce the turn-off 
time of a MOSFET. It also clamps the MOSFET gate voltage to a safe level. This 
device eliminates the use of individual components by integrating them into a 
single device. The use of the MDC1005 series can reduce system cost and board 
space, while optimizing the switching performance of the MOSFET. The 
MOSFET Turn-Off Device is a member of the SMALLBLOCK family. 

• Output Voltage Clamped to 5.0 Volts to Protect the MOSFET Gate 
• Very Fast Turn-Off Time, 22 Nanoseconds Typical 
• Simplifies Circuit Design 
• Reduces Board Space 
• Two Package Styles: T0-92 for Insertion, SOT-23 tor Surtace Mount 

(SOT-23 available only in Tape and Reel) 

• Applications Literature: EB-142; The MOSFET Turn-Off Device, A New Circuit 
Building Block 

MAXIMUM RATINGS (TA= 25°C unless otherwise specified) 

Rating Symbol Value 

Input - Continuous l1N 50 

Input - Current Peak l1NM 500 
(Pulse Width= 20 µs, Duty Cycle~ 2%) 

Thermal Resistance - Junction to Ambient ReJA 
MDC1005A 0.227 
MDC1005BLT1 0.625 

Total Power Dissipation @ TA = 25°C Po 
MDC1005A 550 
MDC1005BLT1• 200 

Derate above 25'C 
MDC1005A 1.82 
MDC1005BLT1• 5.7 

Operating and Storage Temperature Range TJ, Tstg -65 to +150 

Lead Soldering Temperature-- TL 260 

*Device mounted on an FR-5 printed circuit board 1.0 x 0.75 x 0.062 inches using footprint shown in Section 8. 
**Additional information on soldering of the MDC1005BLT1 surface mount package is shown in Section 8 

DEVICE MARKING 

I MDC1005A MDC1005 

C05 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic 

Input Clamp Voltage [Note 1] 

Output Clamp Voltage [Note 2] 

Fall Time 
(1000 pF, from 5.0 V to 1.0 V) See Figures 1 and 2 

Propagation Delay (on) 

Propagation Delay (off) 

Input Capacitance @ 5.0 Volts, f = 1.0 MHz 

Dropout Current [Note 4] 

[1] Input pin(+) to return pin(-} with output pin open. 
[2] Input and output pins common(+} to return pin(-). 

(11N =2.0 mA) 
(l1N =50 mA) 

(lour= 2.0 mA) 
(IOLJT = 50 mA) 

Unit 

mA 

mA 

°C/mW 

mW 

mW/°C 

oc 
oc 

Symbol 

Vin 

Vout 

t1 

tprop(on) 

tprop(off) 

Gin 

l(sus) 

MDC1005A* 
CASE 29-04, STYLE 33 

T=~, 
3 

MDC1005BLT1* 
CASE 318-07, STYLE 22 

T0-236AB 6.r_ 
(SOT-23) 1~ 3 

2 

SMALLBLOCK 
MOSFET TURN-OFF DEVICES 

*These are Motorola 
designated preferred devices. 

PIN CONNECTION DIAGRAMS 

~OUTPUT 
INPUT~ 

MDC1005A 
1-Return 
2-lnput 
3-0utput 

RETURN 

MDC1005BLT1 
1-Return 
2-0utput 
3-lnput 

EQUIVALENT CIRCUIT 

Min Typ Max 

5.5 5.8 6.5 
5.5 6.0 6.8 

5.0 5.2 6.0 
5.0 5.5 6.3 

- 22 -

- 6.0 -
- 22 -

- 7.0 -

50 110 -

Unit 

v 

v 

ns 

ns 

ns 

pF 

µA 

[3] MDC1005s should be mounted as close as possible to the MOSFET being controlled to minimize noise difficulties. In particular, the return lead should have as short a run to the 
MOSFET source lead as possible. Also, Kelvin connections between the MDC1005 return lead and the MOSFET source lead is recommended. 

[4] Output Current level below which MTO must fall to insure driver MOSFET will turn back on 
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MDC1005A,BLT1 

SWITCHING 

JL 

V;n = 5 V 
PULSE WIDTH = 1 µs 

DUTY CYCLE ,; 2% 

+25 v 

Figure 1. Turn-Off Time Test Circuit 

Vout 1000 pF 

Figure 2. Turn-Off Waveforms 

TYPICAL CHARACTERISTICS 
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::;; 
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::;; 
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< ::;; 

~ 20 
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TA· TEMPERATURE (°C) 

Figure 3. Allowable Input Current versus 
Ambient Temperature 
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Figure 5. Output Clamp Voltage versus 
Ambient Temperature 
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10 

J-----1 

J-----1 
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TA. TEMPERATURE (°C) 

Figure 4. Input Clamp Voltage versus 
Ambient Temperature 

INPUT(+)T 
OUTPUT (open) 
RETURN(-) 

J 

V;n. INPUT VOLTAGE (VJ 

' Figure 6. Input Characteristics 

10 
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MDC1005A,BLT1 

TYPICAL CHARACTERISTICS 

ou7PuT1Ti 
INPUT(+) 
RETURN(-) 

l/ 
V;n, INPUT VOLTAGE (V) 

Figure 7. Output Characteristics 
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Figure 8. Forward Voltage Drop 
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Figure 9, Dropout Current versus Temperature Figure 10. Input Current versus Temperature 
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Figure 11, Input Capacitance versus Voltage 
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MDC1005A,BLT1 

250 8000 
IGATE=2 mA 

7000 
200 

6000 

~ 150 

j5 100 

5000 

~ 4000 
j5 

3000 

2000 
50 

1000 

0 
5 10 50 100 500 1000 00 

RL, LOAD RESISTANCE (Q) RG, GATE RESISTANCE (Q) 

Figure 12. ton versus Load Resistance Figure 13. toff versus Gate Resistance 

OPERATING DESCRIPTION 

The MDC1005 series provides an economical and space 
saving method of turning off a power MOSFETwhile achieving 
a level of circuit improvement at the same time. It reduces the 
component count of an active gate turn-off network for 
MOSFETs. The device quickly discharges the gate-source 
and gate-drain capacitances when the input signal is removed 
and provides protection of the gate-source in the event of an 
overvoltage condition on the control line. 

To turn a MOSFET off, it is necessary to discharge the input 
capacitance to drive the gate-source voltage to below 
VGS(th)- Turning on a MOSFET is fairly straight-forward, but 
turning it off frequently calls for some form of active tum-off 
network to help speed up the turn-off process. Typically, this 

I 
I 
I 
I 
I 
I 

15k 
5.2V 

L ___ , __ _ 
MDC1005A,BLT1 

has been achieved with a network comprised of several active 
and passive components. The effect of the turn-off network is 
to provide a low impedance discharge path for the MOSFET 
input capacitance and therefore speed up its turn-off. 

Instead of a single PNP transistor which is commonly used 
for the turn-off function, an NPN has been added and is con
nected to the PNP in the configuration of an SCR. This combi
nation provides the regenerative turn-on action of an SCR, 
further speeding up the process of discharging the gate of the 
MOSFET. It also contains an integral 5.2 volt zener diode, 
providing the MOSFET gate with overvoltage protection.Using 
the MDC1005 series, a power MOSFET can typically be 
turned off in tens of nanoseconds. 

I OUTPUT 

I RETURN 

MOSFET 
GATE 

Figure 14. Recommended Gate Drive Circuit 
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MDC1005A,BLT1 

TYPICAL APPLICATIONS UTILIZING THE MDC1 OOSA 

INPUT 1 N4935 
INPUT 9-24 Vdc 11CEgJ, 9-24 Vdc 

MTP3055EL 

1N \ 

-1L 
4148 

-1L INPUT 
SIGNAL MPS 0.05 µF iNPUT 

(PWM) A55 SIGNAL 

1 k (PWM) 

Figure 15a. Utilizing Discrete Components Figure 15b. Utilizing MDC1005A 

+24 v 

U2 
Me7812 

+ e1 I 100µF 

R7 
2.7 k 

-= 

Vo 
GNO 

R8 
9.1 k 

7 

R13 
1 k 

+ e2 

R9I 10µF 
470 

es 

10.1 

ose Vee 

% OUT 

GNO U1 
MC1391P 

Figure 15. Active MOSFET Gate Turn-Off Circuit 

R12 
470 
1M 

01 
MUR110 

R16 
G2 430 
MJ11016 

03 
MTP3055EL 

R1 
1 k 

02 
DAMPER 

=Ls 

R4 
22 

Figure 16. High Resolution Deflection Application Simulator 

e6 

R5 
1 k 

100µF I 
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Tape and Reel Specifications • 
and Packaging Specifications 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

7-1 



II 

Embossed Tape and Reel 
Embossed Tape and Reel is used to facilitate automatic pick and place 

equipment feed requirements. The tape is used as the shipping container 
for various products and requires a minimum of handling. The antistatic/ 
conductive tape provides a secure cavity for the product when sealed with 
the "peel-back" cover tape. 
• Two Reel Sizes Available (7" and 13") 
• Used For Automatic Pick and Place Feed Systems 
• Minimizes Product Handling 
• EIA 481, IEC 286-3, EIAJ RC-10098 
• SOT-23, SC-59 in 8 mm Tape 
• S0-8, SOT-223 in 12 mm Tape 
• S0-14, S0-16 in 16 mm Tape 

Ordering Information 
Use the standard device title and add the required suffix as listed in the 

option table below. Note that the individual reels have a finite number of 
devices depending on the type of product contained in the tape. Also note 
the minimum lot size is one full reel for each line item, and orders are 
required to be in increments of the single reel quantity. Minimum order 
$200.00/line-line. 

SC·59, SOT-23 SOT-143 SO·B, 14, 16 
Bmm Bmm 12, 16mm 

Tape and Reel 
Data for· 
Discrete 

Surf.ce Mount 
o,vices 

PACKAGES 

S0-8 
S0-14 
S0-16 

SOT-23 
SOT-143 
SOT-223 

SC-59 

SOT-223 
12mm 

)0 0 0 0 0) ~ ~~~~ ~ ~ ~~~~ ~ )0 0 0 0 0) ~-~-~-~-i ~-a-a-~ra-~ ,[J!j ~ [§D] [§D] 156/ 

Tape & Reel 
Tape Width Device Reel Size Lot Size Device 

Package (mm) per Reel (inch) (Min) Suffix 

SOT-23 8 3,000 7 3,000 T1 
SC-59 8 10,000 13 10,000 T3 

SOT-143 8 3,000 7 3,000 T1 
8 10,000 13 10,000 T3 

S0-8 12 500 7 500 R1 
12 2,500 13 2,500 R2 

SOT-223 12 
1,000 7 1,000 T1 
4,000 13 4,000 T3 

S0-14 16 500 7 500 R1 
16 2,500 13 2,500 R2 

S0-16 16 500 7 500 'R1 
16 2,500 13 2,500 R2 
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FOR MACHINE REFERENCE 
ONLY 

INCLUDING DRAFT AND RADII 
CONCENTRIC AROUND Bo 

TAPE AND REEL DATA FOR DISCRETE SMD 

CARRIER TAPE SPECIFICATIONS 

USER DIRECTION OF FEED 

RMIN. 

TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS "R" 
WITHOUT DAMAGE 

EMBOSSED 
CARRIER 

TYPICAL 
COMPONENT CAVITY 
CENTER LINE 

100mm ----j 
rl3.937'r--1 m-m MAX I I 

TYPICAL 

~~1-0 o=-.-~--0 

I ------ COMPONENT 
\ CENTER LINE 

+--= . [ (.03~.~~AX 150 mm~--+ 1----------------(9.843")~ 
CAMBER (TOP VIEW) 

ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 150 mm 

DIMENSIONS 

Tape 
Size 81 Max D D1 E F K p Po Pz RMin TMax w 

Bmm 4.1mm 1.5+0.1 mm 1.0 ± 0.1mm 1.75±0.1 mm 3.5±0.05 mm 1.4 mm Max 4.0±0.1 mm 4.0±0.1 mm 1.0±0.1 mm 15mm Q.400 mm 8.0±.30mm 
(.165") -0.0 Min (.069 ± .004") (.138±.001") (.094") (.157±.004") (.157±.004") (.079 ± .001") 1.98"} (.016"} (.315 ± .011"} 

(.059 + .004" (.039") 
-0.0) 

r--
11mm 8.1mm 1.5 mm Min 5.0±0.05 mm 4.5 mm Max 4.0±0.1 mm 15mm 11±.30mm 

(.313"} (.060") (117 ± .001") (.177") (.157 ± .004"} (1.18"} (.470 ± .011") 

8.0±.01 mm 
(.315 ± .004"} 

16mm 11.1 mm 7.5±0.10mm 6.5mm 4.0±0.1 mm 1.0±.010mm 40 mm 16± .30 mm 
(.476") (.195 ± .004") (.156") (.157 ± .004"} (.079 ± .004"} (1.575") (.630 ± .011"} 

8.0±.01 mm 
(.315 ± .004") 

11.0±.004mm 
(.471 ± .004"} 

Metric Dimensions Govern - English are in parentheses for reference only. 

NOTE 1: Ao, Bo, and Ko are determined by component size. The clearance between the components and the cavity must be within .05 min. to .50 
max., the component cannot rotate more than 10° within the determined cavity. 
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TAPE AND REEL DATA FOR DISCRETE SMD 

REEL DIMENSIONS 
Metric Dimensions Govern - English are in Parentheses for Reference only. 

Size A Max G 

8mm 330 mm 8.4mm+1.5 mm, -0.0 
(12.992") (.33" + .059", -0.00) 

12mm 330mm 12.4 mm +2.0 mm, -0.0 
(12.992") (.49" + .079", -0.00) 

16mm 360 mm 16.4 mm+2.0 mm, -0.00 
(14.173") (.646" + .078", - 0.00) 

-I f.-rMAX 

t 
50 mm MIN 

(1.969") 

__L 

-j j-G 

TMax 

14.4mm 
(.56") 

18.4 mm 
(.72") 

22.4 mm 
(.882") 
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T0-92 EIA, IEC, EIAJ 
Radial Tape Reel 
or Ammo Pack 

Radial tape reel and ammo pack of the reliable T0-92 package are the 
best methods of capturing devices for automatic insertion in printed circuit 
boards. These methods of taping are compatible with various equipment 
for active and passive component insertion. 

• Available on 365 mm Reels 
• Available in Ammo Pack (Fan Fold Box) 
• Accommodates All Standard lnserters 
• Allows Flexible Circuit Board Layout 
• 2.5 mm Pin Spacing for Soldering 
• EIA-468, IEC 286-2, EIAJ RC1008B 

Ordering Notes: 
When ordering radial tape on reel or in ammo pack, specify the style per 

Figures 3 thru 8. Add the suffix "RLR" and "Style" to the device title, i.e. 
MPS3904RLRA. This will be a standard MPS3904 radial taped and supplied 
on a reel per Figure 3. 
Reel Information - Minimum order quantity 1 Reel/$200LL. 

Order in increments of 2000. 
Ammo Pack Information - Minimum order quantity 1 Box/$200LL. 

Order in increments of 2000. 

US/European Suffix Conversions 

us 
RLRA 
RLRE 
RLRM 

EUROPE 

RL 
RL1 
ZL1 

T0-92 
RADIAL 

TAPE REEL 
OR 

AMMO 
PACK 

~ 1 I , , ' 
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T0-92 EIA RADIAL TAPE REEL OR AMMO PACK 

Figure 1. Device Positioning on Tape 

01 

·'~~r
\J\~, /J,)' 

"" j ,/ 

T1,; 

r-: 
Oh It 

-H:·-r2 
!-a.I 

Specification 

Inches Millimeter 

Symbol Item Min Max Min Max 

A Component Body Height 0.170 0.210 4.32 5.33 

B Component Body Width 0.125 0.165 3.18 4.19 

c Component Body Length along Tape 0.1748 0.2052 4.44 5.21 

D Tape Feedhole Diameter 0.145 0.1693 3.7 4.3 

D1 Component Lead Width Dimension 0.016 0.022 0.41 0.56 

D2 Component Lead Thickness Dimension O.Q15 0.020 0.38 0.51 

F1, F2 Component Lead Pitch 0.0945 0.110 2.4 2.8 

H Bottom of Component to Seating Plane .059 .156 1.5 4.0 

H1 Feedhole Location 0.3346 0.3741 8.5 9.5 

H2A Deflection Left or Right 0 0.039 0 1 

H2B Deflection Front or Rear 0 0.051 0 1.3 

H3 Feedhole to Overall Component Height 0 1.2600 0 32 

H4 Feedhole to Bottom of Component 0.7086 0.768 18 19.5 

H5 Feedhole to Seating Plane 0.610 0.649 15.5 16.5 

L Defective Unit Clipped Dimension 0.3346 0.433 8.5 11 

L1 Lead Wire Enclosure 0.09842 - 2.5 -
p Feedhole Pitch 0.4921 0.5079 12.5 12.9 

P1 Feedhole Center to Center Lead 0.2342 0.2658 5.95 6.75 

P2 First Lead Spacing Dimension 0.1397 0.1556 3.55 3.95 

T Adhesive Tape Thickness 0.06 0.08 0.15 0.20 

T1 Overall Taped Package Thickness - 0.0567 - 1.44 

T2 Carrier Strip Thickness 0.014 0.027 0.35 0.65 

w Carrier Strip Width 0.6889 0.07481 17.5 19 

W1 Adhesive Tape Width 0.2165 0.2841 5.5 6.3 

W2 Adhesive Tape Position - 0.01968 - 0.5 

NOTES: 
1. Maximum alignment deviation between leads not to be greater than 0.2 mm. 
2. Defective components shall be clipped from the carrier tape such that the remaining protrusion (l) does not exceed a maximum of 11 mm. 
3. Component lead to tape adhesion must meet the pull test requirements established in Figures 10, 11 and 12. 
4. Maximum non-cumulative variation between tape feed holes shall not exceed 1 mm in 20 pitches. 
5. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 
6. No more than 1 consecutive missing component is permitted. 
7. A tape trailer and leader, having at least three feed holes is required before the first and after the last component. 
8. Splices will not interfere with the sprocket feed holes. 
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T0-92 EIA RADIAL TAPE REEL OR AMMO PACK 

REEL STYLES 

Figure 2. Reel Specifications 

ARBOR HOLE DIA. 

MARKING NOTE 
SEE FIGURE 13 

RECESS DEPTH 
9.5 mm MIN 

CORE DIA. 
B2mm ± 1 mm 

__ __l 
--- ----

I ~. 'T H!B RECESS 

~ 7fi'Jmm+1mm I- 365mm + 3, - Omm -

57.2mm 
MAX 

~ ! 38.1 mm :!:: 1 mm 
--~ I 

[ 1 I I 
Material used must not cause deterioration of components or degrade lead solderability. 

Figure 3. Style A 

r CARRIER STRIP 

ADHESIVE TAPE 

0 0 0 

ROUNDED 
SIDE 

Rounded size of transistor and adhesive tape visible. 

Figure 5. Style E 

CARRIER STRIP 

ADHESIVE TAPE 

Flat side of transistor and adhesive tape visible. 

Figure 4. Style B 

ADHESIVE TAPE ON REVERSE SIDE 

CARRIER STRIP 

FEED~=,...,.~-0--0--0--0---~ 

Flat side of transistor and carrier strip visible (adhesive 
tape on reverse side). 

Figure 6. Style F 

ADHESIVE TAPE ON REVERSE SIDE 

CARRIER STRIP 

0 0 0 

Rounded side of transistor and carrier strip visible (ad hew 
sive tape on reverse side). 
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T0-92 EIA RADIAL TAPE REEL OR AMMO PACK 

Figure 7. Style M 

Style M ammo pack is equivalent to 
Styles E and F of reel pack dependent 
on feed orientation from box. 

Figure 10. Test #1 

The component shall not pull free with 
a 300 gram load applied to the leads 
for 3 ± 1 second. 

AMMO PACK STYLES 

Figure 8. Style P 

Style P ammo pack is equivalent to 
Styles A and B of reel pack dependent 
on feed orientation from box. 

ADHESION PULL TESTS 

Figure 11. Test #2 

HOLDING 
FIXTURE 

The component shall not pull free with 
a 70 gram load appHed to the leads for 
3 ± 1 second. 

T0-92 Lead Forming 
Figure 13. Ordering Notes 

How to choose Lead Form option: Example: 

Figure 9. Ammo Pack Dimensions 

2.2~· 

MAX 

Figure 12. Test #3 

500 GRAM PULL FORCE 

" 252 mm MAX 
9.92"" 

~ 

There shall be no deviation in the 
leads and no component leads shall 
be pulled free of the tape with a 500 
gram load applied to the component 
body for 3 ± 1 second. 

1. Determine option either T0-1S or T0-5, see Dimen
sional Drawings 

BC237B configured T0-1S .... 
See Data Sheet for Style Number 

*Identify measurement between centres of the two 
outside leads: 
i.e. 2.5 mm for T0-18 

5.0 mm for T0-5 

2. Determine the pinout of the device (Style Number -
see Product Data Sheet) 

3. Identify Drawing corresponding to Style Number (see 
Figures Sa and Sb). 

Style 17 ... Drawing indicates Dimensions, and that posi
tion of Centre Lead is towards the round side of the prod
uct (towards the back) 
Order type: BC237B18 

Other Examples: 
P2N2222-18 
2N5551-5 
BC337-25-5 

P2N2222A18 
BC4SSA1S 
BC547C5 

Note: For reverse configurations, please consult the 
factory. 
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Bar Code Labelling 
The Intermediate Package Label shall contain, as a minimum, the Motorola part number, 

Motorola lot number, Motorola manufacturing date (date code), and quantity as shown in 
Exhibit 4a. Customer part number (CPN) label, Exhibit 4b, shall be added when CPN is 
available. 

Data Identifier Codes 
Data identifier codes shall be included on both the Intermediate Labels and the Shipping 

Labels. On these labels a data identifier code in the first position following the start code of 
the bar code symbol is used to identify the information to follow. This character is not to be 
included in the human readable line, but is shown in the human readable title for the 
appropriate data area. See Exhibits 2 and 3. 

No additional bar code symbols will be placed on the Shipping Identification Label nor on 
the Intermediate Package Label unless it contains a data identifier to differentiate it from other 
bar code symbols. 

Motorola had initially attempted to standardize on a set of data identifiers which it believed 
to be the preferred standard. However, with the establishment of the EIA STANDARD EIA-
556A, Electronic Industries Association Shipping Container Bar Code Label Standard and their 
adoption of the "Standard of the Federation of Automated Coding Technologies" (FACT) 
identifiers, we have altered our standards to comply with this new Industry Standard. 
Therefore, the following identifiers will be used to identify data found on our labels: 
P - Customer Product Identification - (Customer part number) 
1 P - Motorola Part Number 
Q - Quantity 
K - Transaction Number - (Customer P.O. No.) 
3S - Package Identification assigned by Motorola to the lowest level of shipping package.* 

(This is the most common designator used by Motorola.) 
4S Package Identification assigned by Motorola to a master package containing the same 

items. (Single Product I Single Order)* Lower levels of packaging within this master 
package will contain separate packaging labels. 

5S - Package Identification assigned by Motorola to a master package containing unlike 
items. (MIXED LOAD I Single Order)* Lower levels of packaging within this master 
package will contain separate packaging labels. 

6S - Package Identification assigned by Motorola to a master package containing the same 
items over multiple customer orders. (Single Product I Multiple Customer Orders)* 
Lower levels of packaging within this master package will contain separate packaging 
labels. 

7S - Package Identification assigned by Motorola to a master package containing unlike 
items over multiple customer orders. (MIXED LOAD I Multiple Customer Orders)* 
Lower levels of packaging within this master package will contain separate packaging 
labels. 

*NOTE: Supplier Package ID is made up of Vendor ID (Motorola's EIA ID is 185) followed by 
a "plus" ( +) and the ship date (YYWW) and the Packing List Number. This combination will 
provide a unique identification not repeated by Motorola. 
(Example - 185 + 884510000A for Motorola shipment of 45th week 1988 with packing list 
number 10000A.) 
*NOTE: Some identifier codes only apply to shipping labels and others only intermediate 
containers and vice versa. 
9D - Manufacturing Date (Date Code - YYWW) 
1T - Motorola Manufacturing Lot Number for traceability 
V - Vendor Code assigned by Customer 
6V - EIA Manufacturer's identification code for Motorola (185) 
Example: Motorola part number in human readable form = MC146805E2CP 

Bar code symbol for Motorola part number = 1 PMC146805E2CP 
Customer part number in human readable form = 1401-23456 
Bar code symbol for Customer part number = P1401-23456 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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The human readable part number characters shall be bold and a minimum 0.125 inch 
(3 mm) high. The bar code symbol of the part number shall be directly below the human 
readable characters and shall be a minimum 0.250 inch (6.35 mm) high. Depending on the 
nominal dimension of the narrow bar code elements, part numbers of varying lengths can 
be printed on one line. The maximum length of any bar code symbol should not exceed 3.5 
inches (89 mm). The part number shall be designated by Motorola for Standard Devices or 
by the customer for Special Devices. The maximum length anticipated for the part number 
is sixteen (16) characters plus the data identifier ("P" for Customer Part Number or "1 P" for 
Motorola Part Number). 

Bar Code Symbology 
Bar Codes shall be of the 3-of-9 (Code 39) type and shall conform to the Bar Code Symbology 

Standard for 3-of-9 Bar Codes published by EIA-556A. In addition to this symbology 
specification, the following paragraphs cover specific requirements for the Motorola 
Intermediate and Shipping Labels. 
Code Configuration 

The Code 39 configuration is in accordance with (AIM) USS 39 Symbol specification. 
Code Density and Dimensions 

The bar heights shall be a minimum of 0.250 inch (6.35 mm). The width of the narrow 
elements ('X' dimension) shall be within the range of .007 to 0.16 inch. The ratio of the 
nominal width of the wide to narrow elements shall be 3: 1, with an allowable range of 2.8: 1 
to 3.2:1. 
Check Digits 

Check digits shall not be used in the bar codes. 
Reflectivity and Contrast 

The printed bar code symbols shall meet the contrast and reflectivity requirements specified 
in EIA-556A, at all electromagnetic wave lengths from B633 to B900 nanometers. 
Quiet Zone 
The minimum quiet zone for each bar coded data element shall be 0.25 inch. 

Special Labels 
While we hope that these specifications will cover most situations, there will be 

circumstances where requirements will dictate special arrangements between customers and 
Motorola. Every effort to minimize these situations should be a goal of all so that complexities 
and costs are not added. 
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MOTOROLA "INTERNAL USE" INTERMEDIATE CONTAINER LABEL 

MPN ( 1P):SPS9249 
1111111111111111111111111111111111111111111m11111111 
LOT C 1T)•KAP24B225 

lllllllllllllllllllllllllllllllllllll~lllllllllllllllllllllllR 
DTE C90)•9.1249.125 

1111~1111111111111111111111111111111111111111111111111111~ 
QTY (Q): 5000 

11111111111111111111111111111111111 

REV:C 

assembled 
in 

VORE A 

REF: KAA06113B 
DCl QT"r- 2810 
DC2 QTY'- 2190 

CUSTOMER PART NUMBER INTERMEDIATE CONTAINER LABEL 
(Added to container when customer part number is available) 

Label size may be adjusted to fit intermediate packing, but it shall contain all Bar Code 
information shown above as a minimum. 

PACKAGE 
COUNT 

CONTAINER 
1UANTITY 

CUSTOMER 
P.O. 

CUSTOMER 
PART NO. 

MOTOROLA SHIP PACK 
EIA CODE PLUS DATE LIST NO. 

C3Sl PYG ID• 185+902612345H 

I llllll lllllll Ill ll~l lllll 1!11111111111111111111~Ill11~111111111111111111111111 
( 130 ) PRCkAf'.£ CCLtff: 

11111111111111111111111111111111111111111~ 5 / 10 
( Q) OUAtffIT'(: 

1111111111111111111111111111111111111111 
15000 

•fl TR'tii':' 1234567890123 

I 
CR• ~"'f:';, 512345R6 

1111111111111111111111111111111111111111111~1111111 

FROM: 
J'UTIJRO....A, INC. 
5035 EAST MC[)(]...£LL RCAJ 
PHOENIX, APIZ~ 
85008 

TO: 
fK ELECTRONICS CCW 
MICRIIll"PUTER OIVISictl 
123 fffiTH 32!{] ST 
Cl.PERTil-0, CflIFIFNIA 
85786 

CEF'TIFIE[' 

SUPPLIER PART: 

SN7 4L55alffl(Bjl 

FD• 123456 
LI• 01 
S.J• 201 

FIELD FOR "CERTIFIED" NOTATION 

MOTOROLA STANDARD DEVICE SHIPPING LABEL 
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T0-92 Lead Forming 
Lead configurations conform to T0-18 or T0-5 pin circles. 

Ordering Notes: 
When ordering Lead Formed T0-92, 
verify the style per Figures 1a and 1b. 

Figure 1a. T0-18 Styles and Dimensions 

0.5TY!' 11.-0.02 r 9:5 MIN I 0.374 

1. - . -ffi 
I 

2.5 ± 0.5 
0.098 ± 0.02' 

FLAT 
SIDE 

~1~.-t:::__ -==a--+ 

Figure 1b. T0-5 Styles and Dimensions 

_ffi_ * ~- :o.o=~~±Tf =o.0=12:...__-e;;:a:E5!!~c::====~ 

. . millimeters 
Dimensions are in inches 

0.4 J--9.5 MIN 
o.ois I o.374 

2.5 ± 0.3 
0.0~ ± 0.012 

t 

I 

FLAT 
SIDE 

FLAT 
SIDE 

2.5 ± 0.5 
0.098 ± 0.02 

1.5 ± 0.5 
0.059 ± 0.02 

FLAT 
, SIDE 

- 2.5±0.5 
0.098 ± 0.02 
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The following pages contain information on the various 
packages referenced on the individual data sheets. Information 
includes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for case numbers, old JEDEC ''TO" numbers, the new 
JEDEC "TO" designation, and footprint dimensions for surface 
mount packages to assist in board layout. 

Additionally, abstracts of available application notes are 
provided. Please contact your local sales representative for 
those desired. 

Package Outline Dimensions, 
Footprints, and 

Applications Literature 
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Package Outline Dimensions 
Dimensions are in inches unless otherwise noted. 

CASE 22·03 T0-18 (T0-206AA) METAL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 531 5.84 0.209 0.230 

• 4.52 4.95 0.178 0.195 
c 4.32 5.33 0.170 0.210 
D 0.406 0.533 0.016 0.021 
E - 0.762 - 0.030 
F Q.4-06 0.483 0.016 0.019 
G 2.54BSC 0.100BSC 
H 0.914 1.17 0.035 0.046 
J 0.711 1.22 O.o28 0.046 

' 12.70 - 0.500 -
l 6.35 - 0.250 -
• 45° BSC 45~ BSC 
N 1.27BSC 0.050BSC 

• - 1.27 - 0.050 

All JEOEC notes and dimensions apply. 

CASE 29-03 (T0-226E) T0-92 1-WATT PLASTIC 

NOTES: 
1. DIMENSIONS -A- AND -B- ARE DATUMS 
2. -T- IS SEATING PLANE. 
3. POSITIONAL TOLERANCE FOR LEADS: 

It I ¢0.1010.0041 ®ITIA ®I B ®I 
4. DIMENSIONING AND TOLERANCJNG PER 

ANSI Y14.5, 1982. 
5. CONTROLLING OIM: INCH 

MILLIMETERS 
DIM MIN MAX 
A '·''I'·" 
B ""I5.21 
c 3.18 4.19 
0 o.46Io.61 
G 1.27 SSC 
J 2.54 BSC 
K moI-
N 2.03 2.92 
R 3431 -
s 0.46 0.61 

CASE 29 STYLES STYLE17 
PINI COLLECTOR 

BASE 

STYLE1 STYLE9 
PIN 1 EMITIER PIN1 BASE 1 

2 BASE 2 EMITIER 
3 COLLECTOR 3 BASE2 

STYLE2 STYLE10 
PIN 1 BASE PIN1. CATHODE 

2 EMITIER 2. GATE 
3 COLLECTOR 3. ANODE 

STYLE3 STYLE11 
PIN 1 ANODE PIN1. ANODE 

2 ANODE 2. CATHODE ANO ANODE 
3 CATHODE 3. CATHODE 

STYLE4 STYLE 12 
PIN 1 CATHODE PIN 1. MAIN TERMINAL 1 

2 CATHODE 2. GATE 
3 ANODE 3. MAIN TERMINAL 2 

STYLES STYLE13 STYLE22 
PIN1 DRAIN PIN1 ANODE 1 PIN1 SOURCE 

2 SOURCE 2. GATE 2 GATE 
3 GATE 3 CATHODE 2 3 DRAIN 

STYLES STYLE 14 
PIN1 GATE PIN l EMITTER GATE 

2 SOURCE AND SUBSTRATE 2 COLLECTOR SOURCE 
3 DRAIN 3. BASE DRAIN 

STYLE7 STYLE15 
PIN1 SOURCE PIN 1. ANODE 1 EMITIER 

2 DRAIN 2 CATHODE COLLECTOR/ANODE 
3 GATE 3. ANODE2 CATHODE 

STYLES STYLE16 
PINI DRAIN PIN1 ANODE MT1 

2 GATE 2 GATE GATE 
3 SOURCE ANO SUBSTRATE 3. CATHODE MT2 

INCHES 
MIN MAX 
0.200}0.310 
0.175}0.205 
0.125 0.165 
O.D1B}0.024 

0.050 SSC 
0.100 BSC 

0.500} -
0.080 0.115 
0.135} -
o.ornio.024 

MT 
SUBSTRATE 
MT 

STYLE28 
PIN1 CATHODE 

2 ANODE 
3 GATE 

CASE 22 STYLES 
STYLE1· 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

STYLE 2: 
PIN 1. SOURCE, SUBSTRATE 

AND CASE 
2. GATE 
3. DRAIN 

STYLE 3: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 

STYLE 4: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE & CASE 

STYLES: 
PIN 1. EMITTER 

2. BASE 1 
3. BASE2 

STYLE 6: 
PIN 1. CATHODE 

2. GATE 
3. ANODE 

STYLE7: 
PIN 1. ANODE 2 

2. BASE 
3. CATHODE 

STYLE 8: 
PIN1. GATE 

2. ANODE 1 ·0' 
3. ANODE2 

STYLE 9 
PIN 1. ANODE 2 

2. ANODE 1 
3. GATE 

(CONNECTED TO CASE} 

STYLE 10: STYLE 13: 
PIN 1. BASE PIN 1. ANODE 

2. EMITIER 2. GATE 
3. BASE 3. CATHODE 

STYLE 11 STYLE 14 
PIN 1. DRAIN PIN 1. ANODE 

2. GATE 2. OPEN 
3. SOURCE, SUBSTRATE 3. CATHODE 

STYLE 12: 
PIN 1. SOURCE 

2. GATE 
3. DRAIN (CASE) 

CASE 29-04 (T0-226AA) T0-92 PLASTIC 

CASE 51-02 

Ir-• 
© 

=-i 

r+. 
A 

--1 

K 

L 

NOTES· 
1. CONTOUR OF PACKAGE BEYOND ZONE "P" IS 

UNCONTROLLED 
2. DIM "F" APPLIES BETWEEN "H" AND "L". DIM 

"D" & "S" APPLIES BETWEEN "l" & 12.70mm 
I0.5'') FROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12.70mm 
I0.5'') FROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 

MILLIMETERS 
DIM MIN MAX 
A 4.32 5.33 
B 4.45 5.20 
c 3.18 4.19 
D 0.41 0.55 
F 0.41 0.46 
G 1.15 1.39 
H - 2.54 
J 2.42 2.66 

' 12.70 -
l 6.35 -
N 2.04 2.66 

• 2.93 -
R 3.43 -
s 0.39 0.50 

NOTES: 

INCHES 
MIN MAX 
0.170 0.210 
0.175 0.205 
0.125 0.165 
0.016 0.022 
0.016 0.019 
0.045 0.055 
- 0.100 

0.095 0.105 
0.500 -
0.250 -
0.080 0.105 
0.115 -
0.135 -
0.015 0.020 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIAB 
AND LENGTH A. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT SHALL 
NOT BE SUBJECT TO THE MIN LIMIT OF DIA 8. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO 
ALLOW FOR FLASH, LEAD FINISH BUILDUP, 
ANO MINOR IRREGULARlTIES OTHER THAN 
HEAT SLUGS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
D 0.46 0.66 0.018 0.022 
F - 1.27 - 0.050 
K 25.40 38.10 1.000 1.500 

Al JEDEC dimension• ind notes apply 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 79-04 (T0-205AD) T0-39 METAL 

~ M0.Y ~ 
M J-> 

DIM 
A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 
p 
R 

MILLIMETERS 
MIN MAX 
8.51 9.39 
7.75 8.50 
6.10 6.60 
0.41 0.53 
0.23 1.04 
0.41 0.48 

5.08BSC 
0.72 O.B6 
0.74:1 1.14 

12.70 19.05 
a35:J -

45° BSC 
- J_ 1.27 
2.54J_ -

INCHES 
MIN MAX 
0.335 0.370 
0.305 0.335 
0.240 0.260 
O.ot6 0.021 
0.0119 0.041 
O.ot6 0.019 

0.200BSC 
0.028 0.034 
0.029 0.045 
0.500 0.750 
0.250 -

45°BSC 
- 0.050 

0.100 -

CASE 182-02 (T0-226AC) T0-92 PLASTIC 

~ 
SECT.A-A r 

CASE 318-07 T0-236AB (SOT-23) PLASTIC 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 

Y14.5M, 1982. 
CONTROLLING DIMENSION: !NCH. 
MAXIMUM LEAD THICKNESS INCLUDES LEAD 
FINISH THICKNESS. MINIMUM LEAD THICKNESS 
IS THE MINIMUM THICKNESS OF BASE MATERIAL. 

4. 318-03 OBSOLETE, NEW STANDARD 318-07. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 2.80 3.04 0.1102 0.1197 
B 1.20 1.40 0.0472 0.0551 
c 0.89 1.11 0.0350 0.0440 
0 0.37 0.50 0.0150 0.0200 
G 1.78 2.04 0.0701 0.0807 
H 0.013 0.100 0.0005 0.0040 
J 0,085 0.177 0.0034 0.0070 
K 0.45 0.50 0.0180 0.0236 
L 0.89 1.02 0.0350 0.0401 
s 2.10 2.50 0.0830 0.0984 
v 0.45 0.60 0.0177 0.0236 

CASE 79 STYLES 

2 

·O· 
STYLE 1: 

PIN1.EMlmR 
2. BASE 
3. COLLECTOR 

Sn'Lf2: 
PIN 1. DRAIN 

2. SOURCE 
3. GATE 

STYLE3: 
PIN 1. CATHODE 

2. GATE 
3. ANODE 

STVLE4: 
PIN 1. MAIN TERM. 1 

2. GATE 
3. MAINTERM.2 

2 

STYLE1: 
PIN 1. ANODE 

2. CATHODE 

STYLE2: 
PIN 1. CATHODE 

2. ANODE 

STYLE3: 
PIN 1. MAIN TERMINAL 1 

2. MAIN TERMINAL 2 

CASE 318 STYLES 

STYLES· 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR 

STYLE7 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

STYLES 
PIN 1. ANODE 

2. NO CONNECTION 
3. CATHODE 

STYLE9: 
PIN 1. ANODE 

2. ANODE 
3. CATHODE 

STYLE10: 
PIN1. DRAIN 

2. SOURCE 
3. GATE 

STYLE 11: 
PIN1. ANODE 

2 CATHODE 
3. CATHODE-ANODE 

NOTES. 

STYLH 

1. DIMENSIONINGANDTOLERANCINGPERANSI 
Y14.5M,1982 

2. CONTROLLING DIMENSION· INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM. 
4 OIMENSIONBSHALLNOTVARYMORETHAN0.25 

(0.0IOllNZONER.THISZONEOONTROlLEDFOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMEt.ISION P 
ANDL OIMENSIONOAPPLIESBETWEEN 
DIMENSIONLANDKMINIMUM.LEADDIAMETER 
ISUNCOtHROLLEOINOIMENSKJNPAND 
BEYONDDIMENSIONKMINIMUM. 

PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 

STYLES: 
PIN 1. SOURCE 

2. GATE 
3. DRAIN 

ICASEJ 

STYLE7: 
PIN 1. DRAIN 

2. GATE 
3. SOURCE 

STYLEB' 
PIN 1. ANOOE 

2. ANODE 
3. CATHODE 

NOTES: 

STYLES: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE 

STYLE10: 
PIN 1. COLLECTOR 

2.EMIITTR 
3.BASE 

STYLE 11: 
PIN 1. ANODE 

2. OPEN 
3. CATHODE 

1. CONTOUR OF PACKAGE BEYOND ZONE P IS 
CONTROLLED. 

2. DIMENSION F APPLIES BETWEEN H AND L. 
DIMENSION DANOS APPLIES BETWEEN LAND 
12.70mm (0.5') FROM SEATING PLANE. LEAD 
DIMENSION IS UNCONTROLLED IN HAND 
BEYOND 12.70mm (0.5') FROM SEATING PLANE. 

3. 182-01AND182-03 OBSOLETE, NEW STANDARD 
182-02. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 

A 4.32 5.33 0.170 0.210 

• 4.45 5.21 0.175 0.205 
c 3.18 4.19 0.125 0.165 
D 0.41 0.56 O.D16 0.022 
F 0.407 0.482 O.D16 0.019 
G 1.27BSC 0.050BSC 
H - 1.27 - 0.050 
J 2.54BSC 0.100BSC 
K 12.70 - 0.500 -
L 6.35 - 0.250 -
N 2.03 2.66 0.080 0.105 
p 2.93 - 0.115 -
R 3.43 - 0.135 -
s 0.36 0.41 0.014 0.016 

STYLE12: STYLE 18: 
PIN1. CATHODE PIN 1. NO CONNECTION 

2. CATHODE 2. CATHODE 
3. ANODE 3.. ANODE 

STYLE13: STYLE 19: 
PIN1. SOURCE PIN 1. CATHODE 

2. DRAIN 2. ANODE 
3. GATE 3. CATHODE-ANODE 

STYLE 14. STYLE20: 
PIN 1 CATHODE PIN1. CATHODE 

2. GATE 2. ANODE 
3. ANODE 3. GATE 

STYLE15: STYLE21: 
PIN 1 GATE PIN 1. GATE 

2 CATHODE 2. SOURCE 
3. ANODE 3. DRAIN 

STYLE 16: STYLE22· 
PIN 1. ANODE PIN 1. RETURN 

2. CATHODE 2. OUTPUT 
3. CATHODE 3. INPUT 

STYLE17: STYLE23: 
PIN 1. NO CONNECTION PIN1 ANODE 

2. ANODE 2. ANODE 
3. CATHODE 3. CATHODE 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 3180-03 (SC-59) CASE 318E-04 (SOT-223) 
STYLE 1 STYLE3 STYLES STYLE 1 

PIN 1 
2 
3 
4 

BASE 
COLLECTOR 
EMITTER 
COLLECTOR 

GATE 
DRAIN 

PIN 1. EMITIER PIN t. ANODE 
2. BASE 2. ANODE 

PIN 1. CATHODE 
2. CATHODE 
3. ANODE 

3 SOURCE 
4 DRAIN 

DRAIN 
GATE 
SOURCE 
GATE 

3. COLLECTOR 

STYLE2: 

3. CATHODE 

STYLE 4: STYLES STYLE2 STYLE6 
PIN 1. N.C. PIN 1. N.C 

2. ANODE 2. CATHODE 
3. CATHODE 3. ANODE 

r¥~.:=l! 
i H--
-, l'I t 

I _.I ._D 

1--G-1 
+ LliEOJ c 

lH -t 

P1N 1, CATHODE 
2. ANODE 
3. ANODE/CATHODE 

NOTES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y15.5M. 1982. 
2. CONTROLLING DIMENSION: MILLIMETERS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 2.70 3.10 0.1063 0.1220 
B 1.30 1.70 0.0512 0.0669 
c 1.00 1.30 0.0394 0.0511 
D 0.35 0.50 0.0138 0.0196 
G 1.70 2.10 0.0670 0.0826 
H 0.013 0.100 0.0005 0.0040 
J 0.10 0.26 0.0040 0.0102 
K 0.20 0.60 0.0079 0.0236 
l 1-25 1.65 0.0493 0.0649 
s 2.50 3.00 0.0985 0.1181 

PIN 1 
2 
3 
4 

PIN 1 RETURN NOTES ANODE 
CATHODE 
NC 
CATHODE 

SOURCE 
DRAIN 
GATE 

2 INPUT 1 DIMENSIONfNG AND TOLERANCING PER ANSI 
3 OUTPUT Y14.5M. 1982 

4 DRAIN 4 INPUT 2. CONTROLLING DIMENSION: MILLIMETERS 

_h:fl 
TIM_, 
r rn_J 
~' '~~D 
L :!1--G [ _j 

DIM 
A 
B 
c 
D 
F 
G 
H 
J 
K 
l 
M 
s 

MILLIMETERS 
MIN MAX 

6.30 6.70 
3.30 3.70 
1.50 1.75 
0.60 0.89 
2.90 3.20 
2.20 2.40 
0.020 0.100 
0.24 0.35 
1.50 2.00 
0.85 1.05 

o· 10· 
6.70 7.30 

INCHES 
MIN MAX 

0.249 0.263 
0.130 0.145 
0.060 0.068 
0.024 0.035 
0.115 0.126 
0.087 0.094 
0.0008 0.0040 
0.009 0.014 
0.060 0.078 
0.033 0.041 

o• 10 ° 
0.264 0.287 

1~c ~~ 
[C>[o.oa(ooo31I[ H f ::f:--M _j K Q 

CASE 646-06 (14-PIN DIP) PLASTIC 

STYLE 1: 
PIN 1.COLLECTOR 

2.BASf 
3.EMlffiR 
4. NO CONNECTION 
5.EMlmR 
6. BASE 
7. COLLECTOR 
8.COUECTOR 
9. BASE 

10.EMlffiR 
11. NO CONNECTION 
12.EMlmR 
13.BASE 
14. COLLECTOR 

NOTES: 

STYLE 5: 
PIN 1. GATE 

2.0RAIN 
3.SOURCE 
4. NO CONNECTION 
5. SOURCE 
6. DRAIN 
7. GATE 
8.GATE 
9. DRAIN 

10. SOURCE 
11. NO CONNECTION 
12.SOURCE 
13. DRAIN 
14. GATE 

1. LEADS WITHIN 0.13 mm I0.005) RADIUS OF TRUE 
POS!TION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. DIMENSION "8" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL. 

CASE 648-08 (16-PIN DIP) PLASTIC 

~ CJJ 
•rl 

" G ~L0 ,.~ K 

l±fui.10.0101 ® I T I A ®I 

PU.. ' 

NOTES: 
1. D'IMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "L" TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
4. DIMENSION "B" DOES NOT INCLUDE MOLD 

FLASH 
5. ROUNDED CORNERS OPTIONAL 

STYLE 1: STYLE 2 
PIN 1. CATHODE PIN 1. COMMON DRAIN 

2. CATHODE 2. COMMON DRAIN 
3. CATHODE 3. COMMON DRAIN [i]SEATING [j' l, 

J___j~ l-M 
4. CATHODE 
5. CATHODE 
6. CATHODE 
7. CATHODE 

4. COMMON DRAIN 
5. COMMON DRAIN 
6. COMMON DRAIN 
7. COMMON DRAIN 

8. CATHODE 
9.ANODE 

10.ANODE 
11.ANODE 
12.ANODE 
13.ANODE 
14.ANODE 
15.ANODE 
16.ANODE 

8. COMMON DRAIN 
9. GATE 

10. SOURCE 
11.GATE 
12. SOURCE 
13.GATE 
14. SOURCE 
15. GATE 
16. SOURCE 

MILLIMETERS 
DIM MIN MAX 
A 18.16 19.56 
B 6.10 6.60 
c 3.69 4.69 
D 0.38 0.53 
F 1.02 1.78 
G 2.54BSC 
H 1.32 2.41 
J 0.20 0.38 
K 1.92I34.3 
l 1.62 asc 
M O' 11)" 

N o31I101 

°'M 
A 
B 
c 
D 
F 
G 
H 
J 
K 
l 
M 
s 
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INCHES 
MIN MAX 

0.715 0.770 
0.240 0.260 
0.145 0.185 
0.015 0.021 
0.040 0.070 

0.100 BSC 
0.052 0.095 
O.OOB 0.015 
0.115 0.135 

0.300 BSC 
o· 10' 

0.015 0.039 

-1 

MILLIMETERS INCHES 
M1N MAX MIN MAX 
18.80 19.55 0.740 0.770 
6.35 6.85 0.250 0.270 
3.69 4.44 0.145 0.175 
0.39 0.53 0.015 0.021 
1.02 1.77 0.040 0.070 

2.54 BSC 0.100 BSC 
1.27 BSC 0.050 BSC 

0.21 038 0.008 O.Q15 
2.80 330 0.110 0.130 
7.50 7.74 0.295 0.305 
o· 10' o· 10· 

0.51 1.01 0.020 0.040 



PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 751A-02 (S0-14) PLASTIC 

D,.---·A-_ __ ' 

Ji P l+lo2510.0101®ls ®I 

0) 'J1 '~ 
--------
~GI~ C 

w_bfiB_qqoj::JJ{i SEATING 
o--1~14PI. K PLANE 

11~x450 

L~l 
~M F----1 11> 

l+lo25100101®lrls @IA@ 

CASE 7518-03 (S0-16) PLASTIC 

~=·-- - -~ - - -.clof 
J., p !ti 0.25(0.010} ®I B ®I 

0 ·1J I·~ 
_______ :=_J 
--j G f-- C 

ITL&I§:d b.EJb_qd d__t LTING 
o-ii.-1ePL K Pl.ANE 
~I ®I rliJll.1.£]5] 

NOTES 
1. DIMENSIONS A AND BARE DATUMS AND TIS A 

DATUM SURFACE 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
3. CONTROLLING DIMENSION: MILLIMETER 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION 
5. MAXIMUM MOLD PROTRUSION 0.15 ~0.006) 

PER SIDE. 

MILUMITTRS INCHES 
DIM MIN MAX MIN MAX 
A 8.55 8.75 0.337 0.344 
B 3.80 4.00 0.150 0.157 
c 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.o16 0.049 
G 1.27 BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 

' 0.10 0.25 o.o04Io.oos 
M O' 7° O' 7' 
p 5.80 6.20 0.229 0.244 
R 0.25 0.50 o.010Io.019 

NOTES 
1. DIMENSIONS A AND BARE DATUMS ANO TIS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
4. DIMENSION A ANO B DO NOT INCLUDE MOLD 

PROTRUSION 
5. MAXIMUM MOLD PROTRUSION 0.15 l0.006) 

PERSlDE. 

MILLIMETERS INCHES 
~M MIN MAX MIN MAX 
A 9.BO 10.00 0.386 0.393 
B 3.BO 4.00 0.150 0.157 
c 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.016 0.049 
G 1.27 BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 

·-' 0.1.oio.25 0.004 0.009 
M O' 7' I)' 7° 
p s.soI s.20 0.229 0.244 
R o.25Io.so 0.010 0.019 
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INFORMATION FOR USING SMALL SIGNAL SURFACE MOUNT PACKAGES 

THERMAL INFORMATION 

The power dissipation of small signal surface mount 
packages is generally a function of the collector/drain pad 
size. This can vary from the minimum pad size for soldering 
to a pad size given for maximum power dissipation. Power 
dissipation for a surface mount device is determined by 
TJ(maxl' the maximum rated junction temperature of the die, 
R0 JA' the thermal resistance from the device junction to 
ambient, and the operating temperature, TA. Using the 
values provided on the data sheet for the SOT-23 package, 
P0 can be calculated as follows. 

The values for the equation are found in the maximum 
ratings table on the data sheet. Substituting these values 

into the equation for an ambient temperature TA of 25°C, 
one can calculate the power dissipation of the device which 
in this case is 225 milliwatts. 

p = 
D 

150°C - 25°C 

0.556° C/mW 
225 milliwatts 

The 0.556 °C/mW for the SOT-23 package assumes the 
recommended collector/drain pad area of 37 mil2 on FR-4 
glass epoxy printed circuit board to achieve a power 
dissipation of 225 milliwatts using the footprint shown. 
Another alternative is to use a ceramic substrate or an 
aluminum core board such as Thermal Clad. By using 
an aluminum core board material such as Thermal Clad, 
the power dissipation can be doubled using the same 
footprint. 

GENERAL SOLDERING PRECAUTIONS 

The melting temperature of solder is higher than the rated 
temperature of the device. When the entire device is heated 
to a high temperature failure to complete soldering within a 
short time could result in device failure. Therefore, the 
following items should always be observed in order to 
minimize the thermal stress to which the devices are 
subjected. 

Always preheat the device 
The delta temperature between the preheat and 
soldering should be 100°C or less* 
When preheating and soldering, the temperature of 
the leads and the case must not exceed the maximum 
temperature ratings as shown on the data sheet. 
When using infrared heating with the reflow 
soldering method, the difference in temperatures of 
the case and the leads shall be '10°C or less. 

The soldering temperature and time shall not 
exceed 260°C for more than 10 seconds 
When shifting from preheating to soldering, the 
maximum temperature gradient shall be 5°C or less 
After soldering has been completed, the device 
should be allowed to cool naturally for three minutes 
or more. Gradual cooling should be used as 
forced cooling will increase the temperature 
gradient and result in latent mechanical stress 
One should not apply mechanical stress or shock 
during cooling 

* Soldering a device without preheating can cause 
excessive thermal shock and stress which can result 
in damage to the device 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

8-6 



MINIMUM RECOMMENDED FOOTPRINTS FOR SURFACE MOUNTED APPLICATIONS 

Surface mount board layout is a critical portion of the total 
design. The footprint for the semiconductor packages must be 
the correct size to insure proper solder connection interface 
between the board and the package. The footprint is also impor-

0.037 
0.95 

SC-59 

0;0~9co1 
f.- 0.150 --1 

3.8 0.346 
8.8 

o;~srooo_J 
009--l 1.--
1.3 1---1 I o.09 f-2.3 

t 

cn;:s) 

SOT-223 C"~:s) 

tant with regard to the power dissipation. With the correct pad 
geometry, the packages will self align when subjected to a solder 
reflow process. The recommended footprints for the SC-59, 
SOT-223, SOT-23, S0-14 and S0-16 are shown below. 

10.0791 

(0.0371 ---0.95 

SOT-23 

10.0331 
0.85 = 0.1 

' 
C"~~s) 

0.045" = 0.005" 

fDDOO~ 
0.145" 0.160" 
MIN = 0.005" 

loooo_J_ 
0.030" = 0005"-l 1-- -l l--o.050"TYP 

S0-8, OPTO S0-8, S0-14, S0-16 
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Application Note Abstracts 
(Application Notes are available upon request.) 

AN-211 A Field-Effect Transistors In 
Theory and Practice 

The basic theory, construction, and application information for 
field-effect transistors Ounction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 

AN-220 FETs in Chopper and Analog 
Switching Circuits 

The author's discussion begins with elementary chopper and 
analog switch characteristics-explores fully the considerations 
required for conventional FET chopper and analog switch design 
- and finishes with specific FET circuit examples. 

AN-847 Tuning Diode Design 
Techniques 

Tuning diodes are voltage variable capacitors employing the 
junction capacitance of a reverse biased PN junction. This note 
presents a simplified theory of tuning diodes and discusses a 
number of considerations to be employed in designs using tuning 
diodes. 

AR-300 The Hidden Dangers of 
Electrostatic Discharge - ESD 

An in-depth discussion on damage from electrostatic 
discharge to electronic components. This article covers topics 
such as ESD Generation, electronic component susceptibility to 
ESD, typical electrostatic voltages, damage to specific families 
of electronic devices, static-sensitive components, static 
protection, combatting ESD and the importance of electronic 
component packaging. 
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This Reliability and Quality Assurance section contains infor
mation on the measurement of outgoing quality, reliability data 
analysis, reliability stress test descriptions with the applicable 
MIL-STD methods, statistical process control techniques, and 
quality assurance processing. 

Reliability and 
Quality Assurance 
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OUTGOING QUALITY 

The Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside the specification limits at the 
time of shipment. Motorola has established Six Sigma goals to 
improve its outgoing quality and will continue its "error free 
performance" focus to achieve the goal of zero parts per million 
(PPM) outgoing quality. Motorola's present quality level has lead 
to vendor certification programs with many of its customers. 
These programs ensure a level of quality which allows the 
customer either to reduce or eliminate the need for incoming 
inspections. 

AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 

AOQ = (Process Average) • (Probability of Acceptance) 
• (106) (PPM) 

• Process Average= Total Projected Reject Devices 
Total Number of Devices 

• Projected Reject Devices= Defects in Sample • Lot Size 
Sample Size 

• Total Number of Devices= Sum of units in each 
submitted lot 

• Probability of Acceptance= 1 - N~mb~r of ~~ts R;ject~d 
um er o ots este 

• 106 =Conversion to parts per million (PPM) 

RELIABILITY DATA ANALYSIS 

Reliability is the probability that a semiconductor device will 
perform its specified function in a given environment for a 
specified period. In other words, reliability is quality over time and 
environmental conditions. The most frequently used reliability 

measure for semiconductor devices is the failure rate ( A.). The 
failure rate is obtained by dividing the number of failures observed 
by the product of the number of devices on test and the interval in 
hours, usually expressed as percent per thousand hours or 
failures per billion device hours (FITS). This is called a point 
estimate because it is obtained from observations on a portion 
(sample) of the population of devices. 

To project from the sample to the population in general, one 
must establish confidence intervals. The application of 
confidence intervals is a statement of how "confident" one is that 
the sample failure rate approximates that for the population. To 
obtain failure rates at different confidence levels, it is necessary to 

make use of specific probability distributions. The chi-square (X2) 
distribution that relates observed and expected frequencies of an 
event is frequently used to establish confidence intervals. The 
relationship between failure rate and the chi-square distribution is 
as follows: 

x2 (a, d. f.) 
A.= 21 

where: 

A.= failure rate 

x2 =chi-square function 

a= (100 - confidence level) /100 
d.f. =degrees of freedom= 2r + 2 

r = number of failures 

t = device hours 
Chi-square values for 60% and 90% confidence intervals for 

up to 12 failures are shown below. 

Chi-Square Table 

Chi-Square Distribution Function 

60% Confidence Level 90% Confidence Level 

No. Fails x2 Quantity No. Fails x2 Quantity 

0 1.833 0 4.605 
1 4.045 1 7.779 
2 6.211 2 10.645 
3 8.351 3 13.362 
4 10.473 4 15.987 
5 12.584 5 18.549 
6 14.685 6 21.064 
7 16.780 7 23.542 
8 18.868 8 25.989 
9 20.951 9 28.412 
10 23.031 10 30.813 
11 25.106 11 33.196 
12 27.179 12 35.563 

The failure rate of semiconductor devices is inherently low. As 
a result, the industry uses a technique called accelerated testing 
to assess the reliability of semiconductors. During accelerated 
tests, elevated stresses are used to produce, in a short period, the 
same failure mechanisms as would be observed under normal 
use conditions. The objective of this testing is to identify these 
failure mechanisms and eliminate them as a cause of failure 
during the useful life of the product. 

Temperature, relative humidity, and voltage are the most 
frequently used stresses during accelerated testing. Their 
relationship to failure rates has been shown to follow an Eyring 
type of equation of the form: 

A.= A exp(<!>kT) • exp(B/RH) • exp( CE) 

Where A, B, C, <I>, and k are constants, more specifically B, C, 
and <I> are numbers representing the apparent energy at which 
various failure mechanisms occur. These are called activation 
energies. "T" is the temperature, "RH" is the relative humidity, and 
"E" is the electric field. The most familiar form of this equation 
(shown on following page) deals with the first exponential term 
that shows an Arrhenius type relationship of the failure rate versus 
the junction temperature of semiconductors. The junction 
temperature is related to the ambient temperature through the 
thermal resistance and power dissipation. Thus, we can test 
devices near their maximum junction temperatures, analyze the 
failures to assure that they are the types that are accelerated by 
temperature and then by applying known acceleration factors, 
estimate the failure rates for lower junction temperatures. 

The Table on the following page shows observed activation 
energies with references. 
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Table 1 - Time Dependent Failure Mechanisms In Semiconductor Devices 
(Applicable to Discrete and Integrated Circuits) 

Typical 
Device Relevant Accelerating Activation 

Association Process Factors Factors Energy in eV Model Reference 

Silicon Oxide Surface Charges Mobile Ions T, V 1.0 Fitch, et al. 1A 
Silicon-Silicon Inversion, Accumulation EN,T Peck 2 
Oxide Interface 

Oxide Pinholes EN,T E, T 0.7 - 1.0 (Bipolar) 1984WRS 18 
1.0 (Bipolar) Hokari, et al. 5 

Dielectric Breakdown EN,T E, T 0.3-0.4 (MOS) Domangue, et al. 3 
(TDDB) 0.3(MOS) Crook, D.L. 4 

Charge Loss E, T E,T O.B(MOS) Gear,G. 11 
EPROM 

Metallization Electromigration T,J J, T 1.0 Nanda, et al. 6 
Large grain Al 
(glassivated) 

Grain Size 0.5 Black, J.R. 7 
Smail grain Al 

Doping 0.7 Black, J.R. 12 
Cu-Al/Cu-Si-Al 
(sputtered) 

Corrosion Contamination H,EN,T 0.6-0.7 Lycoudes, N. E. 8 
Chemical (for electrolysis) 
Galvanic EN may have 
Electroly1ic thresholds 

Bond and Other lntermetallic T, Impurities T 1.0(Au/Ai) Fitch, W.T. 9 
Mechanical Interfaces Growth Bond Strength 

Various Wafer Fab, Metal Scratches T, V T, v 0.5-0.7eV Howes, et al. 10 
Assembly, and Mask Defects, etc. 
Silicon Defects Silicon Defects 0.5eV MMPD 13 

V =voltage; E = electric field; T =temperature; J = current density; H = humidity 

NO. REFERENCE 

1A 

18 

1.0 eV activation for leakage type failures. 
Fitch, W.T.; Greer, P.; Lycoudes, N.; "Data to Support 0.001%/1000 Hours for 
Plastic I/C's.~ Case study on linear product shows 0.914 eV activation energy 
which is within experimental error of 0.9 To 1.3 eV activation energies for 
reversible leakage (inversion) failures reported in the literature. 

0.7 To 1.0 eV for oxide defect failures for bipolar structures. This is under 
investigation subsequent to information obtained from 1984 Wafer Reliability 
Symposium, especially for bipolar capacitors with silicon nitride as dielectric. 

1.0 eV ac1ivation for leakage type failures. 

Peck, D.S.; "New Concerns About Integrated Circuit Reliabilitylt' 1978 Reliability 
Physics Symposium. 

0.36 eV for dielec1ric breakdown for MOS gate struc1ures. 
Domangue, E.; Rivera, R.; Shedard, C.; •Reliability Prediction Using Large MOS 
Capacitorslt, 1984 Reliability Physics Symposium. 

0.3 eV for dielectric breakdown. 

Crook, D.L.; "Method of Determining Reliability Screens for Time Dependent 
Dielec1ric BreakdownM, 1979 Reliability Physics Symposium. 

1.0 eV for dielectric breakdown. 

Hol<ari, Y.; et al.; IEDM Technical Digest, 1982. 

10 

11 

12 

13 

1.0 eV for large grain Al-Si (compared to llne width). 

Nanda, Vangarc:I, Gj-P; Black, J.R.; "Electromigratlon of Al-Si Alloy FilmsM, 1978 
Reliability Physics Symposium. 

0.5 eV Al, 0.7 eV Cu-Al small grain (compared to line width). 

Black, J.R.; ~current Limitation of Thin Film Conduc1or" 1982 Reliability Physics 
Symposium. 

0.65 eV for corrosion mechanism. 

Lycoudes, N.E.; "The Reliability of Plastic Microcircuits in Moist Environments", 
1978 Solid State Technology. 

1.0 eV for open wires or high resistance bonds at the pad bond due to Au-Al 
interrnetaHics. 

Fitch, W.T.; "Operating Life vs Junction Temperatures for Plastic Encapsulated l/C 
(1.5 mil Au wire)", unpublished report 

O. 7 eV for assembly related defects. 
Howes, M.G.; Morgan, D.V.; uReliability and Degradation, SemiconductbrDevices 
and Circuits" John Wiley and Sons, 1981. 

Gear, G.; "FAMOUS PROM Reliability Studies•, 1976 Reliability Physics 
SymposiLim 

Black, J.R.: unpublished report. 

Motorola Memory Products Division; unpublished report. 
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THERMAL RESISTANCE 

Circuit performance· and long-term circuit reliability are 
affected by die temperature. Normally, both are improved by 
keeping the junction temperatures low. 

Electrical power dissipated in any semiconductor device is a 
source of heat. This heat source increases the temperature of the 
die about some reference point, normally the ambient 

temperature of 25° C in still air. The temperature increase, then, 
depends on the amount of power dissipated in the circuit and on 
the net thermal resistance between the heat source and the 
reference point. 

The temperature at the junction depends on the packaging 
and mounting system's ability to remove heat generated in the 
circuit from the junction region to the ambient environment. The 
basic formula for converting power dissipation to estimated 
junction temperature is: 

or: 

where: 

T J = maximum junction temperature 

TA = maximum ambient temperature 

Po= calculated maximum power dissipation, including 
effects of external loads when applicable 

0JC = average thermal resistance, junction to case 

llcA =average thermal resistance, case to ambient 

llJA = average thermal resistance, junction to ambient 

(1) 

(2) 

This Motorola recommended formula has been approved by 
RADC and DESC for calculating a "practical'' maximum operating 
junction temperature for MIL-M-3851 O devices. 

Only two terms on the right side of equation (1) can be varied 
by the user, the ambient temperature and the device 

case-to-ambient thermal resistance, llcA· (To some extent the 

device power dissipation can also be controlled, but under 
recommended use the supply voltage and loading dictate a fixed 
power dissipation.) Both system air flow and the package 

mounting technique affect the llcA thermal resistance term. llJc 
is essentially independent of air flow and external mounting 
method, but is sensitive to package material, die bonding method, 
and die area. 

For applications where the case is held at essentially a fixed 
temperature by mounting on a large or temperature controlled 
heat sink, the estimated junction temperature is calculated by: 

TJ =Tc+ Po (li'Jcl (3) 

where Tc = maximum case temperature and the other 
parameters are as previously defined. 

AIR FLOW 

Airflow over the packages (due to a decrease in llcA) reduces 
the thermal resistance of the package, therefore permitting a 
corresponding increase in power dissipation without exceeding 
the maximum permissible operating junction temperature. 

For thermal resistance values for specific packages, see the 
Motorola Data Book or Design Manual for the appropriate device 
family or contact your local Motorola sales office. 

ACTIVATION ENERGY 

Determination of activation energies is accomplished by 
testing randomly selected samples from the same population at 
various stress levels and comparing failure rates due to the same 
failure mechanism. The activation energy is represented by the 
slope of the curve relating to the natural logarithm of the failure 
rate to the various stress levels. 

In calculating failure rates, the comprehensive method is to 
use the specific activation energy for each failure mechanism 
applicable to the technology and circuit under consideration. A 
common alternative method is to use a single activation energy 
value for the "expected" failure mechanism(s) with the lowest 
activation energy. 
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RELIABILITY STRESS TESTS 
The following are brief descriptions of the reliability tests 
commonly used in the reliability monitoring program. Not all ofthe 
tests listed are performed by each product division. Other tests 
may be performed when appropriate. 

AUTOCLAVE (aka, PRESSURE COOKER) 
Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Autoclave is a highly accelerated and 
destructive test. 

Typical Test Conditions: TA= 121° C, rh = 100%, p = 1 
atmosphere (15 psig), t = 24 to 96 hours 
Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 
Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 

HIGH HUMIDITY HIGH TEMPERATURE BIAS 
(H3TB, H3TRB, or THB) 
This is an environmental test designed to measure the moisture 
resistance of plastic encapsulated devices. A bias is applied to 
create an electrolytic cell necessary to accelerate corrosion of the 
die metallization. With time, this is a catastrophically destructive 
test. 

Typical Test Conditions: TA= 85° C to 95° C, rh = 85% 
to 95%, Bias= 80% to 100% of Data Book max. rating, t = 
96 to 1750 hours 
Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 
Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 

HIGH TEMPERATURE GATE BIAS (HTGB) 
This test is designed to electrically stress the gate oxide under a 
bias condition at high temperature. 

Typical Test Conditions: TA= 150° C, Bias= 80% of 
Data Book max. rating, t = 120 to 1000 hours 
Common Failure Modes: Parametric shifts in gate 
leakage and gate threshold voltage 
Common Failure Mechanisms: Random oxide defects 
and ionic contamination 
Military Reference: MIL-STD-750, Method 1042 

HIGH TEMPERATURE REVERSE BIAS (HTRB) 
The purpose of this test is to align mobile ions by means of 
temperature and voltage stress to form a high-current leakage 
path between two or more junctions. 

Typical Test Conditions: TA = 85° C to 150° C, Bias = 
80% to 100% of Data Book max. rating, t = 120 to 1000 
hours 
Common Failure Modes: Parametric shifts in leakage 
and gain 
Common Failure Mechanisms: Ionic contamination on 
the surface or under the metallization of the die 
Military Reference: MIL-STD-750, Method 1039 

HIGH TEMPERATURE STORAGE LIFE (HTSL) 
High temperature storage life testing is performed to accelerate 
failure mechanisms which are thermally activated through the 
application of extreme temperatures. 

Typical Test Conditions: TA= 70° C to 200° C, no bias, t 
= 24 to 2500 hours 
Common Failure Modes: Parametric shifts in leakage 
and gain 
Common Failure Mechanisms: Bulk die and diffusion 
defects 
Military Reference: MIL-STD-750, Method 1032 

INTERMITTENT OPERATING LIFE (IOL) 
The purpose of this test is the same as SSOL in addition to 
checking the integrity of both wire and die bonds by means of 
thermal stressing. 

Typical Test Conditions: TA = 25° C, Pd = Data Book 

maximum rating, Ton= T off =Ll of 50°Cto 100° C, t=42to 
30000 cycles 
Common Failure Modes: Parametric shifts and 
catastrophic 
Common Failure Mechanisms: Foreign material, crack 
and bulk die defects, metallization, wire and die bond 
defects 
Military Reference: MIL-STD-750, Method 1037 
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MECHANICAL SHOCK 
This test is used to determine the ability of the device to withstand 
a sudden change in mechanical stress due to abrupt changes in 
motion as seen in handling, transportation, or actual use. 

Typical Test Conditions: Acceleration = 1500 g's, 
Orientation = X 1. Y 1, Y2 plane, t = 0.5 msec, Blows = 5 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2015 

MOISTURE RESISTANCE 
The purpose of this test is to evaluate the moisture resistance of 
components under temperature/humidity conditions typical of 
tropical environments. 

Typical Test Conditions: TA= -10° C to 65° C, rh = 80% 
to 98%, t = 24 hours/cycle, cycle = 10 
Common Failure Modes: Parametric shifts in leakage 
and mechanical failure 
Common Failure Mechanisms: Corrosion or 
contaminants on or within the package materials. Poor 
package sealing 
Military Reference: MIL-STD-750, Method 1021 

SOLDERABILITY 
The purpose of this test is to measure the ability of device 
leads/terminals to be soldered after an extended period of storage 
(shelf life). 

Typical Test Conditions: Steam aging= 8 hours, Flux= 
R, Solder= Sn60, Sn63 
Common Failure Modes: Pin holes, dewetting, 
non-wetting 
Common Failure Mechanisms: Poor plating, 
contaminated leads 
Military Reference: MIL-STD-750, Method 2026 

SOLDER HEAT 
This test is used to measure the ability of a device to withstand the 
temperatures as may be seen in wave soldering operations. 
Electrical testing is the endpoint criterion for this stress. 

Typical Test Conditions: Solder Temperature= 260° C, t 
= 10 seconds 
Common Failure Modes: Parameter shifts, mechanical 
failure 
Common Failure Mechanisms: Poor package design 
Military Reference: MIL-STD-750, Method 2031 

STEADY STATE OPERATING LIFE (SSOL) 
The purpose of this test is to evaluate the bulk stability of the die 
and to generate defects resulting from manufacturing aberrations 
that are manifested as time and stress-dependent failures. 

Typical Test Conditions: TA = 25° C, Po = Data Book 
maximum rating, t = 16 to 1000 hours 
Common Failure Modes: Parametric shifts and 
catastrophic 
Common Failure Mechanisms: Foreign material, crack 
die, bulk die, metallization, wire and die bond defects 
Military Reference: MIL-STD-750, Method 1026 

TEMPERATURE CYCLING (AIR TO AIR) 
The purpose of this test is to evaluate the ability of the device to 
withstand both exposure to extreme temperatures and transitions 
between temperature extremes. This testing will also expose 
excessive thermal mismatch between materials. 

Typical Test Conditions: TA= -65° C to 200° C, cycle= 
10 to 4000 
Common Failure Modes: Parametric shifts and 
catastrophic 
Common Failure Mechanisms: Wire bond, cracked or 
lifted die and package failure 
Military Reference: MIL-STD-750, Method 1051 

THERMAL SHOCK (LIQUID TO LIQUID) 
The purpose of this test is to evaluate the ability of the device to 
withstand both exposure to extreme temperatures and sudden 
transitions between temperature extremes. This testing will also 
expose excessive thermal mismatch between materials. 

Typical Test Conditions: TA= 0° C to 100° C, cycle= 20 
to300 
Common Failure Modes: Parametric shifts and 
catastrophic 
Common Failure Mechanisms: Wire bond, cracked or 
lifted die and package failure 
Military Reference: MIL-STD-750, Method 1056 

VARIABLE FREQUENCY VIBRATION 
This test is used to examine the ability of the device to withstand 
deterioration due to mechanical resonance. 

Typical Test Conditions: Peak acceleration = 20 g's, 
Frequency range = 20 Hz to 20 KHz, t = 48 minutes. 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2056 
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STATISTICAL PROCESS CONTROL 
Motorola's Discrete and Materials Technologies Group 

(DMTG) is continually pursuing new ways to improve product 
quality. Initial design improvement is one method that can be used 
to produce a superior product. Equally important to outgoing 
product quality is the ability to produce product that consistently 
conforms to specification. Process variability is the basic enemy 
of semiconductor manufacturing since it leads to product 
variability. Used in all phases of Motorola's product 
manufacturing, STATISTICAL PROCESS CONTROL (SPC) 
replaces variability with predictability. The traditional philosophy 
in the semiconductor industry has been adherence to the data 
sheet specification. Using SPC methods assures the product will 
meet specific process requirements throughout the 
manufacturing cycle. The emphasis is on defect prevention, not 
detection. Predictability through SPC methods requires the 
manufacturing culture to focus on constant and permanent 
improvements. Usually these improvements cannot be bought 
with state-of-the-art equipment or automated factories. With 
quality in design, process and material selection, coupled with 
manufacturing predictability, Motorola can produce world class 
products. 

The immediate effect of SPC manufacturing is predictability 
through process controls. Product centered and distributed well 
within the product specification benefits Motorola with fewer 
rejects, improved yields and lower cost. The direct benefit to 
Motorola's customers includes better incoming quality levels, less 
inspection time and ship-to-stock capability. Circuit performance 
is often dependent on the cumulative effect of component 
variability. Tightly controlled component distributions give the 
customer greater circuit predictability. Many customers are also 
converting to just-in-time (JIT) delivery programs. These 
programs require improvements in cycle time and yield 
predictability achievable only through SPC techniques. The 
benefit derived from SPC helps the manufacturer meet the 
customer's expectations of higher quality and lower cost product. 

Ultimately, Motorola will have Six Sigma capability on all 
products. This means parametric distributions will be centered 
within the specification limits with a product distribution of plus or 
minus Six Sigma about mean. Six Sigma capability, shown 
graphically in Figure 1-1 , details the benefit in terms of yield and 
outgoing quality levels. This compares a centered distribution 
versus a 1 .5 sigma worst case distribution shift. 

New product development at Motorola requires more robust 
design features that make them less sensitive to minor variations 
in processing. These features make the implementation of SPC 
much easier. 

A complete commitment to SPC is present throughout 
Motorola. All managers, engineers, production operators, 
supervisors and maintenance personnel have received multiple 
training courses on SPC techniques. Manufacturing has 
identified 22 wafer processing and 8 assembly steps considered 
critical to the processing of semiconductor products. Processes, 
controlled by SPC methods, that have shown significant 
improvement are in the diffusion, photolithography and 
metallization areas. 

-6cr -5cr -4cr -3cr -2cr -1 cr o 1 cr 2cr 3cr 4cr 5cr 6cr 

Standard Deviations From Mean 

Distribution Centered 

At± 3 CT 2700 ppm defective 
99.73% yield 

At± 4 CT 63 ppm defective 
99.9937% yield 

At± 5 cr 0.57 ppm defective 
99. 999943% yield 

At± 6 cr 0.002 ppm defective 
99.9999998% yield 

Distribution Shifted ± 1.5 

6681 O ppm defective 
93.32% yield 

621 o ppm defective 
99.379% yield 
233 ppm defective 
99.9767% yield 
3.4 ppm defective 
99.99966% yield 

Figure 1-1 -AOQL and Yield from a Normal 
Distribution of Product With 6cr Capability 

To better understand SPC principles, brief explanations have 
been provided. These cover process capability, implementation 
and use. 

PROCESS CAPABILITY 

One goal of SPC is to ensure a process is CAPABLE. 
Process capability is the measurement of a process to produce 
products consistently to specification requirements. The purpose 
of a process capability study is to separate the inherent RANDOM 
VARIABILITY from ASSIGNABLE CAUSES. Once completed, 
steps are taken to identify and eliminate the most significant 
assignable causes. Random variability is generally present in the 
system and does not fluctuate. Sometimes, these are considered 
basic limitations associated with the machinery, materials, 
personnel skills or manufacturing methods. Assignable cause 
inconsistencies relate to time variations in yield, performance or 
reliability. 

Traditionally, assignable causes appear to be random due to 
the lack of close examination or analysis. Figure 1-2 shows the 
impact on predictability that assignable cause can have. 
Figure 1-3 shows the difference between process control and 
process capability. 

A process capability study involves taking periodic samples 
from the process under controlled conditions. The performance 
characteristics of these samples are charted against time. In time, 
assignable causes can be identified and engineered out. Careful 
documentation of the process is key to accurate diagnosis and 
successful removal of the assignable causes. Sometimes, the 
assignable causes will remain unclear requiring prolonged 
experimentation. 

Elements which measure process variation control and 
capability are Cp and Cpk respectively. Cp is the specification 
width divided by the process width or Cp = (specification width) I 
6cr. Cpk is the absolute value of the closest specification value to 
the mean, minus the mean, divided by half the process width or 
Cpk = I closest specification -)( /3cr. 
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SIZE~ 

Process "under control" - all assignable causes are 
removed and future distribution is predictable. 

? ? 

SIZE~ 

Figure 1-2 - Impact of Assignable Causes 
on Process Predictable 

At Motorola, for critical parameters, the process capability is 
acceptable with a Cpk = 1.33. The desired process capability is a 
Cpk = 2 and the ideal is a Cpk = 5. Cpk, by definition, shows where 
the current production process fits with relationship to the 
specification limits. Off center distributio.ns or excessive process 
variability will result in less than optimum conditions 

SPC IMPLEMENTATION AND USE 

DMTG uses many parameters that show conformance to 
specification. Some parameters are sensitive to process 
variations while others remain constant for a given product line. 
Olten, specnic parameters are influenced when changes to other 
parameters occur. It is both impractical and unnecessary to 
monitor all parameters using SPC methods. Only critical 
parameters that are sensitive to process variability are chosen for 
SPC monitoring. The process steps affecting these critical 
parameters must be identified also. It is equally important to find a 
measurement iri these process steps that correlates with product 
performance. This is called a critical process parameter. 

Once the critical process parameters are selected, a sample 
plan must be deiermined. The samples used for measurement 
are organized into RATIONAL SUBGROUPS of approximately 2 
to 5 pieces. The subgroup size should be such that variation 
among the samples within the subgroup remain small. All 
samples must come from the same source e.g., the same mold 
press operator, etc.. Subgroup data should be collected at 
appropriate time intervals to detect variations in ihe process. As 
the process begins to show improved stability, the inter\/al may be 

Out of control 
(assignable causes present) 

In control and capable 
(variation from random 
variability reduced) 

Figure 1-3 - Difference Between Process 
Control and Process Capability 

increased. The data collected must be carefully documented and 
maintained for later correlation. Examples of common 
documentation entries would include operator, machine, time, 
settings, product type, etc. 

Once the plan is established, data collection may begin. The 

data collected will generate X and R values that are plotted with 

respect to time. X refers to the mean of the values within a given 
subgroup, while R is the range or greatest value minus least 

value. When approximately 20 or more X and R values have 
been generated, the average of these values is computed as 
follows: 

x =(X+ X2+ X3+ ... )/K 
R = (R1 + R2 + R3 + ... )/K 

where K = the number of subgroups measured. 

The values of Xand R are used to create the process control 
chart. Control charts are the primary SPC tool used to signal a 

problem. Shown in Figure 1-4 , process control charts show X 
and R values with respect to time and concerning reference to 
upper and lower control limit values. Control limits are computed 
as follows: 

R upper control limit = UCLR = 04 R 
R lower control limit = LCLR = D~ R 
X upper control limit = UCL x =:_ X + A2 R 
X lower control limit = LCLX = X- A2 R 
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Figure 1-4 - Example of Process Control Chart Showing Oven Temperature Data 

Where 04, 03 and A2 are constants varying by sample size, with 
values for sample sizes from 2 to 1 O shown in the following partial 
table: 

2 3 4 5 6 7 8 9 10 

D4 3.27 2.57 2.28 2.11 2.00 1.92 1.86 1.82 1.78 

D3 0.08 0.14 0.18 0.22 

A2 1.88 1.02 0.73 0.58 0.48 0.42 0.37 0.34 0.31 

• For sample sizes below 7, the LCLR would technically be a 
negative number; in those cases there is no lower control limit; 
this means that for a subgroup size 6, six "identical" 
measurements would not be unreasonable. 

Control charts are used to monitor the variability of critical 
process parameters. The R chart shows basic problems with 
piece to piece variability related to the process. The X chart can 
often identify changes in people, machines, methods, etc. The 
source of the variability can be difficult to find and may require 
experimental design techniques to identify assignable causes. 

Some general rules have been established to help determine 
when a process is OUT-OF-CONTROL. Figure 1-9 shows a 
control chart subdivided into zones A, B, and C corresponding to 3 
sigma, 2 sigma, and 1 sigma limits respectively. In 
Figure 1-8 through Figure 1-6 four of the tests that can be used 
to identify excessive variability and the presence of assignable 
causes are shown. As familiarity with a given process increases, 
more subtle tests may be employed successfully. 

Once the variability is identified, the cause of the variability 
must be determined. Normally, only a few factors have a 
significant impact on the total variability of the process. The 
importance of correctly identifying these factors is stressed in the 
following example. Suppose a process variability depends on the 
variance offive factors A, B, C, D and E. Each has a variance of 5, 
3, 2, 1 and 0.4 respectively. 
Since: 

cr tot = ~ cr A2 + cr s2 + cr c2 + cr 02 + cr E2 

cr tot= '1 52 + 32 + 22 + 12+ (0.4)2 = 6.3 

Now if only 0 is identified and eliminated then; 

cr tot= '1 52 + 32 + 22 + (0.4)2 = 6.2 

This results in less than 2% total variability improvement. If B, 
C and 0 were eliminated, then; 

cr tot= J 52 + (0.4)2 = 5.02 

This gives a considerably better improvement of 23%. If only A 
is identified and reduced from 5 to 2, then; 

cr tot= v 22 + 32 + 22 + 12+ (0.4)2 = 4.3 

Identifying and improving the variability from 5 to 2 gives us a 
total variability improvement of nearly 40%. 

Most techniques may be employed to identify the primary 
assignable cause(s). Out-of-control conditions may be correlated 
to documented process changes. The product may be analyzed 
in detail using best versus worst part comparisons or Product 
Analysis Lab equipment. Multi-variance analysis can be used to 
determine the family of variation (positional, critical or temporal). 
Lastly, experiments may be run to test theoretical or factorial 
analysis. Whatever method is used, assignable causes must be 
identified and eliminated in the most expeditious manner 
possible. 

After assignable causes have been eliminated, new control 
limits are calculated to provide a more challenging variability 
criteria for the process. As yields and variability improve, it may 
become more difficult to detect improvements because they 
become much smaller. When all assignable causes have been 
eliminated and the points remain within control limits for 25 
groups, the process is said to be in a state of control: 
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1------------ UCL 
ZONE A(+ 3 SIGMA) 

ZONE B (+ 2 SIGMA) 

ZONE C (+ 1 SIGMA) CENTERLINE 
ZONE C (- 1 SIGMA) 

ZONE B (- 2 SIGMA) 

1 ___ ZO~N~E~A~(-_3_S_l_G_M_A~) ___ LCL 

Figure 1-9 - Control Chart Zones 

1------------ UCL 

1-----------A- LCL 

Figure 1-5 -Two Out of Three Points in Zone 
A or Beyond Indicating Excessive Variability 

--+----------A- LCL 

Figure 1-8 - One Point Outside Control 
Limit Indicating Excessive Variability 

1---~-------- UCL 

::::::-~::::::;: t-- -- -\ /C 

__ -"J------------Y c_ 
B 

, ____________ A LCL 

Figure 1-7 - Four Out of Five Points in Zone B 
or Beyond Indicating Excessive Variability 

,_______________ UCL 

SUMMARY 

A 

---------~--~ 

' c V "c ----~--8 
, ______________ A LCL 

Figure 1-6 - Seven Out of Eight Points in Zone 
C or Beyond Indicating Excessive Variability 

Motorola is committed to the use of STATISTICAL PROCESS 
CONTROLS. These principles, used throughout manufacturing, 
have already resulted in many significant improvements to the 

processes. Continued dedication to the SPC culture will allow 
Motorola to reach the Six Sigma and zero defect capability goals. 
SPC will further enhance the commitment to TOTAL 
CUSTOMER SATISFACTION. 
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The Replacement Devices index provides you with a list of 
devices which had been supported with data sheets in the prior 
edition of the Small-Signal Transistors, FETs and Diodes data 
book (DL126 Rev 2) but are no longer supported in this new 
edition. 

A direct or similar replacement part is listed for those devices 
which have replacement parts. Additionally, a code is provided 
for each device indicating why the device is no longer supported 
by a data sheet. Refer to the legend at the bottom of each page 
in the Replacement Devices index for an explanation of each 
code. 

Motorola is continuing to supply many of these devices. How
ever, all of these devices are not recommended for new design. 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

PART CODE PART DEVICE 
REPLACEMENT 

CODE PART CODE 

1N5442A 1N5441A/3A 1 2N2639 None 2 2N3425 None 2 
1N5442B 1N5441 B/3B 1 2N2640 None 2 2N3437 None 1 
1N5447A 1N5446A/8A 1 2N2641 None 2 2N3438 None 1 
1N5442A 1N5441A/3A 1 2N2642 None 2 2N3439 None 3 
1N5442B 1N5441B/3B 1 2N2642 None 2 2N3440 None 3 
1N5447A 1N5446A18A 1 2N2643 None 2 2N3444 MM3725 2 
1N5447B 1 N5446B/8B 1 2N2644 None 2 2N3459 None 1 
1N5454A 1N5453A15A 1 2N2652 None 2 2N3460 None 1 
1 N5454B 1N5453B/5B 1 2N2652A None 2 2N3485 2N2906A 2 
1N5461A 1N5441A 1 2N2721 None 2 2N3485A 2N2906A 2 

1N5461B 1N5441B 1 2N2722 None 2 2N3486 2N2907A 2 
1N5462A 1N5441A13A 1 2N2723 MPSA13 1 2N3486A 2N2907A 2 
1N5462B 1N5441B/3B 1 2N2785 MPSA13 1 2N3494 2N3637 + 1 
1N5463A 1N5443A 1 2N2800 2N2905A+ 1 2N3495 2N3637 + 1 1N5463B 1N5443B 1 2N2843 None 1 2N3496 2N3637 1 1N5464A 1N5444A 1 2N2844 None 1 2N3498 2N3501 1 1N5464B 1 N5444B 1 

2N2897 2N3700+ 1 2N3506 None 1 1N5465A 1N5445A 1 
1N5465B 1 N5445B 1 2N2903 None 2 2N3507 None 1 

1N5466A 1N5446A 1 2N2913 None 2 2N3648 2N4014 2 

1N5466B 1N5446B 1 2N2914 None 2 2N3724 MM3725 1 

1N5467A 1 N5446A/8A 1 2N2915 None 2 2N3725 MM3725 3 

1N5467B 1N5446B/8B 1 2N2916 None 2 2N3726 None 2 

1N5468A 1N5448A 1 2N2917 None 2 2N3727 None 2 

1N5468B 1N5448B 1 2N2918 None 2 2N3734 MM3725 1 

1N5469A 1N5449A 1 2N2919 None 2 2N3735 MM3725 3 

1N5469B 1N5449B 1 2N2920 None 2 2N3737 MM3725 2 

1N5470A 1N5450A 1 2N2945 None 2 2N3743 2N4931 1 

1N5470B 1N5450B 1 2N2945A None 2 2N3764 2N3762 2 

1N5471A 1N5451A 1 2N2946 None 2 2N3765 2N3762 2 

1N5471B 1N54518 1 2N2946A None 2 2N3796 None 1 

1N5472A 1N5452A 1 2N3011 2N2369A+ 1 2N3797 None 1 

1N5472B 1N5452B 1 2N3012 2N869A 1 2N3798 2N3799 1 

1N5473A 1N5453A 1 2N3013 2N2369A 1 2N3806 None 2 

1N5473B 1N5453B 1 2N3014 2N2369A 1 2N3806A None 2 

1N5474A 1N5453A15A 1 2N3043 None 2 2N3807 None 2 

1N5474B 1N5453B/5B 1 2N3044 None 2 2N3807A None 2 

1 N5475A 1N5455A 1 2N3045 None 2 2N3808 None 2 

1N5475B 1N5455B 1 2N3048 None 2 2N3808 None 2 

1N5476A 1N5456A 1 2N3073 2N2906A+ 1 
2N3808A None 2 
2N3809 None 2 

1N5476B 1N5456B 1 2N3114 2N3500+ 1 2N3809A None 2 
2N1132 2N2904+ 1 2N3135 2N2906A+ 1 2N3810 None 2 
2N1132A 2N2904+ 1 2N3227 2N2369A 1 2N3810A None 2 
2N2060 None 2 2N3245 2N3468+ 1 2N3811 None 2 
2N2218 2N2218A+ 1 2N3811A None 2 

2N3249 2N869A+ 1 2N3821 MPF3821 2 2N2221 2N2221A+ 1 2N3250A 2N3251A 1 2N3822 MPF3822 2 2N2223 None 2 2N3252 MM3725 1 2N3823 None 2 2N2223 A None 2 2N3253 MM3725 1 2N3838 None 2 
2N2368 2N2369A+ 1 2N3300 2N2219A+ 1 2N3909 None 2 
2N2453 None 2 2N3302 2N2222A+ 1 2N3909A None 2 
2N2453A None 2 2N3307 2N4959 2, 5 2N3962 2N3799 1 
2N2480A None 2 2N3308 2N4959 2, 5 2N3965 2N3799 1 
2N2481 2N2369A+ 1 2N3330 None 1 2N3971 None 2 
2N2501 2N2369A 1 2N3331 None 1 2N3972 None 2 
2N2605 2N3964 1 

• This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless otherwise indicated. 

Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book lor Device Information 

II 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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REPLACEMENT DEVICES 

REPLACEMENT REPLACEMENT 
DEVICE 

REPLACEMENT 
DEVICE PART CODE DEVICE PART CODE PART CODE 

2N3993 None 2 2N4861 None 2 2N6987 None 2 
2N3994 None 2 2N4861A None 2 2N6988 None 2 
2N4013 2N4014 1 2N4890 2N4033 1 2N6989 None 2 
2N4015 None 2 2N4926 MM3002 1 2N699 2N3020 1 
2N4016 None 2 2N4927 MM3002 1 2N6990 None 2 
2N4026 2N4033 1 2N4928 2N3637 1 2N7008 2N7000• 3 
2N4027 2N4033 1 2N4929 2N3637 1 2N706 2N2369A 1 
2N4028 2N4033 1 2N4930 2N4931 1 2N7068 2N2369A 1 
2N4029 2N4033 1 2N4937 None 2 2N708 2N2369A 1 

2N4030 2N4032 1 2N4938 None 2 2N718 2N3700 1 
2N4031 2N4033 1 2N4939 None 2 2N835 2N2369A 1 
2N4091 MPF4091 2 2N4941 None 2 2N910 2N3700 1 
2N4092 None 2 2N5022 2N3468 1 2N914 2N2369A 1 
2N4093 None 2 2N5023 2N3467 1 2N915 2N3947 1 
2N4209 MM4209 3 2N5059 2N5058 1 2N916 2N3947 1 
2N4220 None 2 2N5208 MPSH81 1 2N918 None 2 
2N4220A None 2 2N5222 MPSH10• 1 3N155 None 2 
2N4221 None 2 

2N5226 2N4403• 1 3N157 None 2 
2N4221A None 2 

3N169 None 2 
2N4222 None 2 2N5227 2N3906• 1 3N170 None 2 
2N4222A None 2 2N5230 None 2 3N171 None 2 
2N4234 None 3 2N5245 None 1 BC160 BC160-16 1 
2N4235 None 3 2N5246 None 1 BC160-10 BC160-16 1 
2N4236 None 3 2N5247 None 1 BC161 2N4033 1 
2N4237 None 3 2N5320 None 3 BC161-10 2N4033 1 
2N4238 None 3 2N5321 None 3 BC161-6 2N4033 1 
2N4239 None 3 2N5322 None 3 BC171A BC182A 1 
2N4260 None 3 2N5323 None 3 BC1718 BC182B 1 
2N4261 None 3 2N5415 None 3 

BC172A BC182A 1 
2N4338 None 3 2N5416 None 3 BC172B BC182B 1 
2N4339 None 3 2N5581 2N2222A 2 BC172C BC184C 1 
2N4340 None 3 2N5582 2N2222A 2 BC174A BC546A 1 
2N4341 None 3 2N5679 None 3 BC1748 BC546B 1 
2N4351 None 2 2N5680 None 3 BC177C BC177B 1 
2N4352 None 2 2N5681 None 3 BC178A BC1778 1 
2N4391 MPF4391 2 2N5682 None 3 BC1788 BC1778 1 
2N4392 MPF4392 2 2N5771 MPS5771 3 BC178C BC1778 1 
2N4393 MPF4393 2 2N5793 None 2 BC179 BC177 1 
2N4406 2N4407 3 2N5794 None 2 

BC179A BC1778 1 
2N4409 2N4410 1 2N5795 None 2 BC1798 BC177B 1 
2N4416 None 2 2N5796 None 2 BC179C BC1778 1 
2N4416A None 2 2N5859 MM3725 1 BC183A BC183 1 
2N4453 2N869A• 1 2N5861 MM3725 1 BC1838 BC183 1 
2N4854 None 2 2N6428 MPS6428 3 BC183C BC183 1 
2N4855 None 2 2N6428A MPS6428 3 BC1848 BC184 1 
2N4856 MPF4856 2 2N6430 2N6431 1 BC184C BC184 1 
2N4856A MPF4856 2 2N657 2N3500 1 BC212A BC212 1 
2N4857 None 2 2N6782 None 1 

BC213A BC213 1 
2N4857A None 2 2N6784 None 1 BC2138 BC213 1 
2N4858 None 2 2N6788 None 1 BC213C BC213 1 
2N4858A None 2 2N6790 None 1 BC214B BC214 1 
2N4859 MPF4859 2 2N6796 None 1 BC214C BC214 1 
2N4859A MPF4859 2 2N6798 None 1 BC238A BC237A 1 
2N4860 None 2 2N6800 None 1 BC239B BC237B 1 
2N4860A None 2 2N6802 None 1 

• This a direct replacement part. 
Nole: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

PART CODE PART CODE PART CODE 

BC308 BC309 1 BC487B BC489B 1 BCX71GL BC857ALT1 1 
BC308A BC309 1 BC487L BC489 1 BCX71KL BC857BLT1 1 
BC308B BC309B 1 BC488 BC490 1 BCX78-10L BC557C 1 
BC309A BC558A 1 BC488A BC490A 1 8CX78-7L 8C557A 1 
BC309C BC558B 1 BC4888 8C4908 1 BCX78-8L BC557B 1 
BC317 MPS3904 1 BC488L 8C490 1 BCX78-9L BC557C 1 
8C317A MPS3904 1 BC489L BC489 1 8CX79-10L 8C557C 1 
BC317B MPS3904 1 BC490L 8C490 1 BCX79-7L 8C557A 1 
8C320 2N5086 1 BC517S BC517 1 8CX79--8L BC5578 1 
BC320A 2N5086 1 BC549 BC548 1 BCX79-9L BC557C 1 

BC320B 2N5087 1 8C549A BC548A 1 BCY58-Vll 2N2484 1 
BC327-40 BC327~25 1 BC550 BC546 1 BCY78-Vll BCY78-Vlll 1 
BC328-40 BC328-25 1 BC550A BC546A 1 BCY78-X None 1 
BC372-16 BC372 1 BC558 BC558B 1 BCY79-X 8CY79-IX 1 
8C372-25 8C372 1 BC558A 8C5588 1 BDB01A BD801D 1 
BC372-40 8C372 1 BC558C 8C5588 1 BDB01B 8D801D 1 
8C373-16 8C373 1 BC617 8C618 1 8DB02A 8D802D 1 
8C373-25 8C373 1 BC650 8C548C 1 8D8028 8D802D 1 
8C375D 8F374 1 8C650C 8C548C 1 8DC01A 8DC01D 1 
8C413 8C237B 1 8C650CS 8C548C 1 8DC018 8DC01D 1 

8C413B 8C237B 1 BC650S BC548C 1 BDC01C 8DC01D 1 
BC413C BC237C 1 BC651 BC547C 1 BDC02A BDC02D 1 
BC414 BC237B 1 BC651C BC547C 1 BDC028 BDC02D 1 
BC414B BC237B 1 BC651CS BC547C 1 BDC02C BDC02D 1 
BC414C BC237C 1 BC651S BC547C 1 8DC07 BDC05 1 
BC415 BC307B. 1 BC808-16L BC807-16LT1 1 BDCOB BDC06 1 
BC4158 BC307B 1 BCB08-25L BC807-25LT1 1 BF241 BF240 1 
BC415C 8C307C 1 BC808-40L 8CB07-40LT1 1 BF254 BF240 1 
BC416 BC307B 1 8C818-16L BC817-16LT1 1 BF254-3 BF240 1 
BC416B BC3078 1 BCB18-25L BC817-25LT1 1 8F254-4 BF240 1 

BC416C BC307C 1 8C818-40L BC817-40LT1 1 BF257 2N5058 1 
BC445 BC489 1 8C8498L 8C8488LT1 1 8F366 MPS6568A 1 
BC445A BC489A 1 8C849CL BC848CLT1 1 BF371 MPSH24 1 
BC446 BC450 1 8C8508L BC847BLT1 1 8F373 MPSH34 1 
BC446A BC450A 1 8C850CL BC847CLT1 1 8F375 8F374 1 
BC4468 8C450 1 BC859AL 8C858ALT1 1 BF375C BF374 1 
BC447 8C489 1 8C859BL 8C8588LT1 1 8F845 2N6517 1 
8C447A BC489A 1 8C859CL 8C858CLT1 1 8FR92L RF Transistor 5 
BC447B BC4898 1 8C860AL BC857ALT1 1 BFR93L RF Transistor 5 
BC448 BC450 1 BC860BL BC857BLT1 1 BFS17 RF Transistor 5 

BC448A BC450A 1 8C860CL 8C858CLT1 1 BFX38 2N4033 1 
BC448B 8C450 1 BCW66HL MM8T2222ALT1 1 8FX40 2N4033 1 
BC449 BC489 1 8CW67AL 8C807-16LT1 1 8FX48 2N869A 1 
8C449A 8C489A 1 BCW678L 8C807-25LT1 1 8FX85 2N3019 1 
8C4498 BC4898 1 BCW67CL BC807-40LT1 1 BFY50 2N3019 1 
BC450B BC450 1 BCW67L BCX17LT1 1 BFY52 2N3019 1 
BC485 BC489 1 BCW68FL BC807-16LT1 1 BSR56L MMBF4856LT1 + 1 
BC485A BC489A 1 BCW68L BCX17LT1 1 BSR57L None 1 
BC4858 BC489B 1 BCX58-10 BC547C 1 BSR58L None 1 

8C485L BC489 1 BCX58-7 BC547A 1 BSS50 None 3 
BC486 BC490 1 BCX58--8 BC547B 1 BSS51 None 3 
BC486A BC490A 1 BCX58-9 BC5478 1 BSS52 None 3 
BC486B BC490B 1 BCX59-10 BC547C 1 BSS79BL MMBT2222ALT1 1 
BC486L BC490 1 BCX59-7 BC547A 1 BSS79CL MMBT2222ALT1 1 
BC487 BC489 1 BCX59-8 BC547B 1 BSSSOBL MMBT2907ALT1 1 
BC487A BC489A 1 BCX59-9 BC547C 1 

+ This a direct replacement part. 

Nole: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

II 
2: Obsolete Technology 4: See TVS/Zener Data Book lor Device Information 
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REPLACEMENT DEVICES 

REPLACEMENT 
DEVICE 

REPLACEMENT REPLACEMENT 
DEVICE PART CODE PART CODE DEVICE PART CODE 

BSSBOCL MMBT2907ALT1 1 IRFD9120 None 2 MD3467 None 2 
BSSB2BL MMBT2907ALT1 1 IRFD9123 None 2 MD3725 None 2 
BSSB2CL MMBT2907ALT1 1 IRFE110 None 2 MD3762 None 2 
BSV15-16 2N4033 1 IRFE113 None 2 MD3762F None 2 
BSV16-16 2N4033 1 IRFE9120 None 2 MD4260 None 2 
BSV17-10 2N4033 1 IRFE9123 None 2 MD4261 None 2 
BSV17-16 2N4033 1 IRFF110 None 2 MD5000 None 2 
BSW67A MM3007 1 IRFF113 None 2 MD5000A None 2 
BSW68A MM3007 1 IRFF120 None 2 MD5000B None 2 
BSX29 2N869A 1 IRFF123 None 2 MD6001 None 2 

BSX32 MM3725 1 IRFF210 None 2 MD6001 F None 2 
BSX45-10 2N3019 1 IRFF213 None 2 MD6002 None 2 
BSX45-16 2N3019 1 IRFF220 None 2 MD6002F None 2 
BSX45-6 2N3019 1 IRFF223 None 2 MD6003 None 2 
BSX46-10 2N3019 1 IRFF230 None 2 MD7000 None 2 
BSX46-16 2N3019 1 IRFF233 None 2 MD7001 None 2 
BSX47-10 2N3019 1 IRFF330 None 2 MD7001F None 2 
BSX47-16 2N3019 1 IRFF333 None 2 MD7002 None 2 
BSX47-6 2N3019 1 IRFF430 None 2 MD7002A None 2 
BSX59 MM3725 1 IRFF433 None 2 MD7002B None 2 
BSX60 MM3725 1 JF1033B 2N5485t 1 MD7003 None 2 

MD7003A None 2 
BZX84C10L Zener Diode 4 

JF1033S 2N5486t 1 BZX84C11 L Zener Diode 4 MD7003B None 2 
BZX84C12L Zener Diode 4 JF1033Y 2N5484t 1 MD7007 None 2 
BZX84C13L Zener Diode 4 MBAV70L BAV70LT1 t 2 MD7007A None 2 
BZX84C15L Zener Diode 4 MBAV74L BAV74LT1 t 2 MD7007B None 2 
BZX84C16L Zener Diode 4 MD7007BF None 2 
BZX84C1BL Zener Diode 4 MBAW56L BAW56LT1 t 2 MD7021 None 2 
BZX84C20L Zener Diode 4 MBD201 MBD301 1 MD7021F None 2 
BZX84C22L Zener Diode 4 MBD501 MBD701 1 MD708 None 2 
BZXB4C24L Zener Diode 4 MD1121 None 2 MD708A None 2 

MD1122 None 2 MD708B None 2 
BZX84C27L Zener Diode 4 
BZX84C30L Zener Diode 4 MD1132 None 2 MDB001 None 2 
BZX84C33L Zener Diode 4 MD2218 None 2 MDB002 None 2 
BZX84C4V7L Zener Diode 4 MD2218A None 2 MD8003 None 2 
BZX84C5V1L Zener Diode 4 MD2218AF None 2 MD918A None 2 
BZX84C5V6L Zener Diode 4 MD2219A None 2 MD91BAF None 2 
BZX84C6V2L Zener Diode 4 MD2219AF None 2 MD918B None 2 
BZXB4C6V8L Zener Diode 4 MD2369 None 2 MD982 None 2 
BZX84C7V5L Zener Diode 4 MD2369A None 2 MD982F None 2 
BZX84CBV2L Zener Diode 4 MD2369AF None 2 MD984 None 2 
BZX84C9V1L Zener Diode 4 MD2369B None 2 MD985 None 2 
CV10253 2N3019 1 MD2369BF None 2 MFE120 None 2 
CV10440 2N2484 1 MD2904 None 2 MFE121 None 2 
CV10814 2N2484 1 MD2904A None 2 MFE122 None 2 

MD2904AF None 2 

IRFD110 None 2 MFE130 None 2 
IRFD113 None 2 MD2905 None 2 MFE131 None 2 
IRFD120 None 2 MD2905A None 2 MFE132 None 2 
IRFD123 None 2 MD2905AF None 2 MFE2004 None 2 
IRFD1ZO None 2 MD3250 None 2 MFE2005 None 2 
IRFD1Z3 None 2 MD3250A None 2 MFE2006 None 2 
IRFD210 None 2 MD3250AF None 2 MFE201 None 2 
IRFD213 None 2 MD3251 None 2 MFE2010 None 2 
IRFD220 None 2 MD3251A None 2 MFE2011 None 2 
IRFD223 None 2 MD3251AF None 2 MFE2012 None 2 
IRFD9110 None 2 MD3409 None 2 MFE202 None 2 
IRFD9112 None 2 MD3410 None 2 

• This a direct replacement part. 
Note: All replacement parts are simi!ar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredic1able Process 5: See RF Device Data Book tor Device Information 

2: Obsolete Technology 4: See TVS/Zener Data Book tor Device Information 

II 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

PART CODE PART CODE PART CODE 

MFE203 None 2 MMBA811C5L BC857ALT1 1 MMBZ5238BL Zener Diode 4 
MFE204 None 2 MMBA811C6L BC857BLT1 1 MMBZ5239BL Zener Diode 4 
MFE209 None 2 MMBA811C7L BC857BLT1 1 MMBZ5240BL Zener Diode 4 
MFE211 None 2 MMBA811C8L BC857BLT1 1 MMBZ5241BL Zener Diode 4 
MFE212 None 2 MMBA812MSL BC857ALT1 1 MMBZ5242BL Zener Diode 4 
MFE823 None 2 MMBA812M6L BC857BLT1 1 MMBZ5243BL Zener Diode 4 
MFE825 None 2 MMBA812M7L BC857BLT1 1 MMBZ5244BL Zener Diode 4 
MFE9200 None 2 MMBC1009F1L BC848ALT1 1 MMBZ5245BL Zener Diode 4 
MFE930 None 2 MMBC1009F3L BC848ALT1 1 MMBZ5248BL Zener Diode 4 
MFE960 None 2 MMBC1622D6L BC847BLT1 1 MMBZ5247BL Zener Diode 4 

MFE990 None 2 MMBC1622D7L BC847BLT1 1 MMBZ5248BL Zener Diode 4 
MFQ1000C None 1 MMBC1623LSL BC847ALT1 1 MMBZ5249BL Zener Diode 4 
MFQ1000C None 1 MMBC1623L6L BC847BLT1 1 MMBZ5250BL Zener Diode 4 
MFQ1000P None 1 MMBC1623L7L BC847CLT1 1 MMBZ5251BL Zener Diode 4 
MFQ1000P None 1 MMBC1653N2L MMBT5550LT1 1 MMBZ5252BL Zener Diode 4 
MFQ5480P None 1 MMBC1653N3L MMBT5551 LT1 1 MMBZ5253BL Zener Diode 4 
MFQ6660C None 1 MMBC1653N4L MMBT5551 LT1 1 MMBZ5254BL Zener Diode 4 
MFQ6660C None 1 MMBC1654NSL MMBT5551LT1 1 MMBZ5255BL Zener Diode 4 
MFQ6660P None 1 MMBC1654N6L MMBT5551 LT1 1 MMBZ5256BL Zener Diode 4 
MFQ6660P None 1 MMBC1654N7L MMBT5551 LT1 1 MMBZ5257BL Zener Diode 4 

MHQ2222 None 2 MMBD201L MMBD301LT1 1 MMP03725A MMP03725 3 
MHQ2369 None 2 MMBD2835XL BAW58LT1 2 MMPQ3762 MMPQ3467 1 
MHQ2484 None 2 MMBD2836XL BAW56LT1 2 MPF3330 2N5460+ 1 
MHQ2484H None 2 MMBD2837XL BAV74LT1 + 2 MPF3970 MPF4391 + 1 MHQ2484HX None 2 
MHQ2484HXV None 2 

MMBD2838XL BAV74LT1 + 2 MPF3972 MPF4393+ 1 
MHQ2906 None 2 MMBD501L MMBD701LT1 1 

MPF4221 2N5457+ 1 
MHQ3487 None 2 MMBR2060L RF Transislor 5 

MMBR2857L RF Transistor 5 MPF4222A 2N5459+ 1 
MHQ3546 None 2 

MMBR4957L RF Transistor 5 MPF4223 MH03724 None 2 2N5459+ 1 

MHQ3724H None 2 MMBR5031L RF Transistor 5 MPF4856A MPF4856+ 1 
MMBR5179L RF Transistor 5 MHQ3724HX None 2 
MMBR536L RF Transistor 5 MPF4861A MPF4858A+ 1 

MHQ3724HXV None 2 
MMBR901L RF Transistor 5 MPF820 MPF4392+ 1 

MHQ3725 None 2 
MMBR920L RF Transistor 5 MP02221 MPQ2222A 1 

MHQ3725H None 2 
MMBR930L RF Transis1or 5 MPQ3546 None 1 

MHQ3725HX None 2 
MMBR931L RF Transistor 5 MP03725A MPQ3725 3 

MHQ3725HXV None 2 
MMBT3903L MMBT3904LT1 1 MPQ6100 MP06100A 1 

MHQ6002 None 2 
MMBT4123L MMBT3904LT1 1 MPQ6427 MP06426 1 

MHQ918 None 2 
MMBT4125L MMBT3906LT1 1 MP06600 MP06600A1 1 

MM1748A 2N2369A 1 
MMBT5086L MMBT5087LT1 1 MP06600A MP06600A1 1 

MM2945A None 2 
MMBT8598L MMBT8599LT1 1 MPQ7052 MPQ7051 1 

MM3006 MM3007 1 
MMBT930L BC847BLT1 1 MP07053 MP07051 1 

MM3009 2N5058 1 
MMBV2106L MMBV2105LT1/7LT1 1 MP07092 MPS7093 1 

MM3903 2N3947 2 
MMBZ5226BL Zener Diode 4 MPS3403 MPS8099 1 

MM3904 2N3947 2 
MMBZ5227BL Zener Diode 4 MPS3566 2N4401 1 

MM3905 2N3251A 2 
MMBZ5228BL Zener Diode 4 MPS3567 2N4400 1 

MM3906 2N3251A 2 
MMBZ5229BL Zener Diode 4 MPS3589 2N4400 1 

MM4036 2N4033 1 
MMBZ5230BL Zener Diode 4 MPS3702 2N4402 1 

MM4037 2N4033 1 
MMBZ5231BL Zener Diode 4 MPS3703 2N4402 1 

MM4258 2N4208 1 

MMBZ5232BL Zener Diode 4 MPS3704 2N4401 1 
MMSOOS MM5007+ 1 MMBZ5233BL Zener Diode 4 MPS3705 2N4400 1 
MM5006 MM5007+ 1 MMBZ5234BL Zener Diode 4 MPS3903 MPS3904 1 
MM5262 MM3725 1 MMBZ5235BL Zener Diode 4 MPS6569A MPS6588A 1 
MM5415 None 3 MMBZ5236BL Zener Diode 4 MPS6570A MPS6568A 1 
MM5416 None 3 MMBZ5237BL Zener Diode 4 

+ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless o1herwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

II 
2: Obsolete Technology 4: See TVSIZener Data Book for Device Information 
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REPLACEMENT DEVICES 

REPLACEMENT REPLACEMENT 
DEVICE 

REPLACEMENT 
DEVICE PART CODE DEVICE PART CODE PART CODE 

MPS6716 MPS6717t 1 MV2110 MV2109/11 1 2N2501 2N2369A 1 

P2N2222 P2N2222A• 1 2N2605 2N3964 1 MPS6733 MPSW42t 1 2N2639 None 2 
MPS6734 MPSW42t 1 P2N2907 P2N2907At 1 2N2640 None 2 
MPS6735 MPSW42t t 

PBF259R PBF259RS 1 2N2641 None 2 
MPS8097 MPS6428 1 

U308 J308 2 2N2642 None 2 
U309 J309 2 

MPS930A MPS3904 1 2N2642 None 2 
U310 J310 2 2N2643 None 2 MPSA45 MPSA44t 1 1N5447B tN5446B/8B 1 2N2644 None 2 

MPSD55 2N4403t 1 1N5454A 1N5453N5A 1 2N2652 None 2 
MPSH07 MPSH07At 1 1N5454B 1N5453B/5B 1 2N2652A None 2 
MPSH30 MPSH07A 1 1N5461A 1N5441A 1 2N2721 None 2 

1N5461B 1N5441B 1 2N2722 None 2 MPSW43 MPSW42t 1 1N5462A 1N5441N3A 1 

MPSW93 MPSW92t 1 1N5441B/3B 
2N2723 MPSA13 1 

1N5462B 1 2N2785 MPSA13 1 MQ1120 None 2 1N5463A 1N5443A 1 
MQ1120 None 2 1N5463B 1N5443B 1 2N2800 2N2905At 1 
MQ1129 None 2 1N5464A 1N5444A 1 2N2843 None 1 
MQ2218 None 2 1 N5464B 1N5444B 1 2N2844 None 1 
MQ2218 None 2 tN5465A 1N5445A 1 2N2897 2N3700t 1 
MQ2218A None 2 1N5465B 1N5445B 1 2N2903 None 2 
MQ2218A None 2 tN5466A 1N5446A 1 2N2913 None 2 
MQ2219 None 2 1N5466B 1N5446B 1 2N2914 None 2 
MQ2219 None 2 1N5467A 1N5446N8A 1 2N2915 None 2 

MQ2219A None 2 1N5467B 1N5446B/8B 1 2N2916 None 2 
MQ2219A None 2 1N5468A 1N5448A 1 2N2918 None 2 
MQ2369 None 2 tN5468B 1N5448B 1 2N2918 None 2 
MQ2904 None 2 1N5469A 1N5449A 1 2N2917 None 2 
MQ2904 None 2 1N5469B 1N5449B 1 2N2919 None 2 
MQ2905A None 2 1N5470A 1N5450A 1 2N2920 None 2 
MQ2905A None 2 1N5470B 1N5450B 1 2N2945 None 2 
MQ3251 None 2 1N5471A 1N5451A 1 2N2945A None 2 
MQ3251 None 2 1N5471B 1N5451B 1 2N2946 None 2 
MQ3467 None 2 1N5472A 1N5452A 1 2N2946A None 2 
MQ3467 None 2 1N5472B 1N5452B 1 

2N3011 2N2369At 1 
MQ3725 None 2 1N5473A 1N5453A 1 2N3012 2N869A 1 
MQ3725 None 2 1N5473B 1N5453B 1 2N3013 2N2369A 1 
MQ3762 None 2 1N5474A 1N5453N5A 1 2N3014 2N2369A 1 
MQ3762 None 2 1N5474B 1N5453B/5B 1 2N3043 None 2 
MQ6001 None 2 1N5475A 1N5455A 1 2N3044 None 2 
MQ6001 None 2 1N5475B 1N5455B 1 2N3045 None 2 
MQ7001 None 2 1N5476A 1N5456A 1 2N3048 None 2 
MQ7001 None 2 1N5476B 1N5456B 1 

2N3073 2N2906At 1 MQ7003 None 2 2N1132 2N2904t 1 
MQ7003 None 2 2N3114 2N3500t 1 

MQ7007 None 2 2N1132A 2N2904t 1 
2N3135 2N2906At 1 

MQ7007 None 2 2N2060 None 2 
2N3227 2N2369A 1 

MQ7021 None 2 2N2218 2N2218At 1 
2N3245 2N3468t 1 

MQ7021 None 2 2N2221 2N2221At 1 
MQ982 None 2 2N2223 None 2 2N3249 2N869At 1 

MQ982 None 2 2N2223A None 2 2N3250A 2N3251A 1 
2N3252 MM3725 1 

MSD6100X MSD6100t 2 2N2368 2N2369At 1 2N3253 MM3725 1 MSD6102 MSD6100 1 2N2453 None 2 
MV105G MMBV105GLT1 1 2N2453A None 2 2N3300 2N2219At 1 

MV2102 MV2101/3 1 2N2480A None 2 2N3302 2N2222At 1 
MV2102L MV2101U3L 1 2N2481 2N2369At 1 2N3307 2N4959 2, 5 
MV2106 MV2105/7 1 

• This a direc1 replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 

Codes: 1: Low Volume 3: Unpredic1able Process 5: See RF Device Data Book for Device Information 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 

II 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT REPLACEMENT 

PART CODE PART CODE DEVICE PART CODE 

2N3308 2N4959 2, 5 2N3965 2N3799 1 2N4859A MPF4859 2 
2N3330 None 1 2N3971 None 2 2N4860 None 2 
2N3331 None 1 2N3972 None 2 2N4860A None 2 
2N3425 None 2 2N3993 None 2 2N4861 None 2 
2N3437 None 1 2N3994 None 2 2N4861A None 2 
2N3438 None 1 2N4013 2N4014 1 2N4890 2N4033 1 
2N3439 None 3 2N4015 None 2 2N4926 MM3002 1 
2N3440 None 3 2N4016 None 2 2N4927 MM3002 1 
2N3444 MM3725 2 2N4026 2N4033 1 2N4928 2N3637 1 
2N3459 None 1 2N4027 2N4033 1 2N4929 2N3637 1 

2N3460 None 1 2N4028 2N4033 1 2N4930 2N4931 1 
2N3485 2N2906A 2 2N4029 2N4033 1 2N4937 None 2 
2N3485A 2N2906A 2 2N4030 2N4032 1 2N4938 None 2 
2N3486 2N2907A 2 2N4031 2N4033 1 2N4939 None 2 
2N3486A 2N2907A 2 2N4091 MPF4091 2 2N4941 None 2 

2N3494 2N3637 + 1 2N4092 None 2 2N5022 2N3468 1 

2N3495 2N3637 + 1 
2N4093 None 2 2N5023 2N3467 1 
2N4209 MM4209 3 2N5059 2N5058 1 

2N3496 2N3637 1 2N4220 None 2 2N5208 MPSH81 1 
2N3498 2N3501 1 
2N3506 None 1 

2N4220A None 2 2N5222 MPSH10+ 1 

2N3507 None 1 
2N4221 None 2 

2N5226 2N4403+ 1 2N4221A None 2 
2N3648 2N4014 2 2N4222 None 2 2N5227 2N3906+ 1 
2N3724 MM3725 1 2N4222A None 2 2N5230 None 2 
2N3725 MM3725 3 2N4234 None 3 2N5245 None 1 
2N3726 None 2 2N4235 None 3 2N5246 None 1 
2N3727 None 2 2N4236 None 3 2N5247 None 1 
2N3734 MM3725 1 2N4237 None 3 2N5320 None 3 
2N3735 MM3725 3 2N4238 None 3 2N5321 None 3 
2N3737 MM3725 2 2N4239 None 3 2N5322 None 3 
2N3743 2N4931 1 

2N4260 None 3 2N5323 None 3 
2N3764 2N3762 2 2N4261 None 3 2N5415 None 3 
2N3765 2N3762 2 2N4338 None 3 2N5416 None 3 
2N3796 None 1 2N4339 None 3 2N5581 2N2222A 2 
2N3797 None 1 2N4340 None 3 2N5582 2N2222A 2 
2N3798 2N3799 1 2N4341 None 3 2N5679 None 3 
2N3806 None 2 2N4351 None 2 2N5680 None 3 
2N3806A None 2 2N4352 None 2 2N5681 None 3 
2N3807 None 2 2N4391 MPF4391 2 2N5682 None 3 
2N3807A None 2 2N4392 MPF4392 2 2N5771 MPS5771 3 
2N3808 None 2 

2N4393 MPF4393 2 2N5793 None 2 
2N3808 None 2 2N4406 2N4407 3 2N5794 None 2 
2N3808A None 2 2N4409 2N4410 1 2N5795 None 2 
2N3809 None 2 2N4416 None 2 2N5796 None 2 
2N3809A None 2 2N4416A None 2 2N5859 MM3725 1 
2N3810 None 2 2N5861 MM3725 1 
2N3810A None 2 2N4453 2N869A+ 1 

2N6428 MPS6428 3 
2N3811 None 2 2N4854 None 2 

2N6428A MPS6428 3 
2N3811A None 2 2N4855 None 2 

2N6430 2N6431 1 
2N3821 MPF3821 2 2N4856 MPF4856 2 

2N657 2N3500 1 

2N3822 MPF3822 2 2N4856A MPF4856 2 
2N6782 None 1 

2N3823 None 2 2N4857 None 2 
2N6784 None 1 

2N3838 None 2 2N4857A None 2 
2N6788 None 1 

2N3909 None 2 2N4858 None 2 
2N6790 None 1 

2N3909A None 2 2N4858A None 2 
2N6796 None 1 

2N3962 2N3799 1 2N4859 MPF4859 2 

+ This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless otherwise indica1ed. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

2: Obsolete Technology 4: See TVS/Zener Da1a Book for Device Information 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT REPLACEMENT REPLACEMENT 

PART CODE DEVICE PART CODE DEVICE PART CODE 

2N6798 None 1 BC238A BC237A 1 BC486L BC490 1 
2N6800 None 1 BC2398 BC2378 1 BC487 BC489 1 
2N6802 None 1 BC308 BC309 1 BC487A BC489A 1 
2N6987 None 2 BC308A BC309 1 BC4878 BC489B 1 
2N6988 None 2 BC3088 BC309B I BC487L BC489 1 
2N6989 None 2 BC309A BC558A 1 BC488 BC490 1 
2N699 2N3020 1 BC309C BC558B I BC488A BC490A 1 
2N6990 None 2 BC317 MPS3904 I BC4888 BC4908 1 

2N7008 2N7000+ 3 BC317A MPS3904 1 BC488L BC490 1 

'N706 2N2369A I BC317B MPS3904 1 BC489L BC489 1 

2N7068 2N2369A 1 BC320 2No086 1 8C490L BC490 1 

2N708 2N2369A 1 BC320A 2N5086 I BC517S BC517 1 

2N718 2N3700 1 BC3208 2N5087 1 BC549 BC548 1 

2N835 2N2369A 1 BC327-40 BC327-25 1 BC549A BC548A 1 

2N910 2N3700 I BC328-40 BC328-25 1 BC550 BC546 1 

2N914 2N2369A 1 BC372-16 BC372 1 BC550A BC546A 1 

2N915 2N3947 1 BC372-25 BC372 1 BC558 BC5588 1 

2N916 2N3947 1 BC372-40 BC372 1 BC558A BC558B 1 

2N918 None 2 BC373-16 BC373 1 BC558C BC558B 1 

3N155 None 2 BC373-25 BC373 1 BC617 BC618 1 

3N157 None 2 BC375D BF374 1 BC650 BC548C 1 

3N169 None 2 BC413 BC237B 1 BC650C BC548C 1 

3N170 None 2 BC413B BC237B 1 BC650CS BC548C 1 

3N171 None 2 BC413C BC237C 1 BC65DS BC548C 1 

BC160 BC160-16 1 BC414 BC2378 1 BC651 BC547C 1 

BCl60-10 BC160-16 1 BC414B BC237B 1 BC651C BC547C 1 

BC161 2N4033 1 BC414C BC237C 1 BC651CS BC547C 1 

BC161-10 2N4033 1 BC415 BC307B. 1 BC651S BC547C 1 

BCl61-6 2N4033 1 BC4158 BC307B 1 BC808-16L BC807-16LT1 1 

BC171A BC182A 1 BC415C BC307C 1 BC808-25L BC807-25LT1 1 

BC171B BC182B 1 BC416 BC307B 1 BC808-40L BC807-40LT1 1 

BC172A BC182A 1 BC4168 BC3078 1 BC818-16L BC817-16LT1 1 

BC172B BC182B 1 BC416C BC307C 1 BC818-25L BCB17-25LT1 1 

BCl72C BC184C 1 BC445 BC489 1 BC818-40L BC817-40LT1 1 

BC174A BC546A 1 BC445A BC489A 1 BC849BL BC848BLT1 1 

BC174B BC546B 1 BC446 BC450 1 BC849CL BCB48CLT1 1 

BC177C BC177B 1 BC446A BC450A 1 BC850BL BC847BLT1 1 

BC178A BC177B 1 BC446B BC450 1 BC850CL BC847CLT1 1 

SCI 788 BC1778 1 BC447 BC489 1 BC859AL BC858ALT1 1 

BC178C BC177B 1 BC447A BC489A 1 BC859BL BC8588LT1 1 

BC179 BC177 1 BC447B BC489B 1 BC859CL BC858CLT1 1 

BC179A BC1778 1 BC448 BC450 1 BC860AL BC857ALT1 1 

BC179B BC177B 1 BC448A BC450A 1 BC860BL BC857BLT1 1 

BC179C BC177B 1 BC448B BC450 1 BC860CL BC858CLT1 1 

BC183A BC183 1 BC449 BC489 1 BCW66HL MMBT2222ALT1 1 

BC1838 BC183 1 BC449A BC489A 1 BCW67AL BC807-16LT1 1 

BC183C BC183 1 BC449B BC489B 1 BCW67BL BC807-25LT1 1 

BC184B BC184 1 BC450B BC450 1 BCW67CL BC807-40LT1 1 

BC184C BC184 1 BC485 BC489 1 BCW67L BCX17LT1 1 

BC212A BC212 1 BC485A BC489A 1 BCW68FL BC807-16LT1 1 

BC213A BC213 1 BC4858 BC489B 1 BCW68L BCX17LT1 1 

BC213B BC213 1 BC485L BC489 1 BCX58-10 BC547C 1 

BC213C BC213 1 BC486 BC490 1 BCX58-7 BC547A 1 

BC214B BC214 1 BC486A BC490A 1 BCX58-8 BC547B 1 

BC214C BC214 1 BC486B BC490B 1 BCX58-9 BC547B 1 

+ This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

2: Obsolele Technology 4: See TVS/Zener Data Book for Device Information 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

PART CODE PART CODE PART CODE 

BCX59-10 BC547C 1 88851 None 3 IRFD1Z3 None 2 
BCX59-7 BC547A 1 88852 None 3 IRFD210 None 2 
BCX59-8 BC5478 1 B8879BL MMBT2222ALT1 1 IRFD213 None 2 
BCX59-9 BC547C 1 B8879CL MMBT2222ALT1 1 IRFD220 None 2 
BCX71GL BC857ALT1 1 BSS80BL MMBT2907ALT1 1 IRFD223 None 2 
BCX71JL BC857BLT1 1 BSSSOCL MMBT2907ALT1 1 IRFD9110 None 2 
BCX71KL BC857BLT1 1 BSS82BL MMBT2907ALT1 1 IRFD9112 None 2 
BCX78-10L BC557C 1 BSS82CL MMBT2907ALT1 1 IRFD9120 None 2 
BCX78-7L BC557A 1 BSV15-16 2N4033 1 IRFD9123 None 2 
BCX78-8L BC557B 1 B8V15-16 2N4033 1 IRFE110 None 2 
BCX78-9L BC557C 1 BSV17-10 2N4033 1 IRFE113 None 2 

BCX79-10L BC557C 1 BSV17-16 2N4033 1 IRFE9120 None 2 
BCX79-7L BC557A 1 BSW67A MM3007 1 IRFE9123 None 2 
BCX79--8L BC557B 1 BSW68A MM3007 1 IRFF110 None 2 
BCX79-9L BC557C 1 BSX29 2N869A 1 IRFF113 None 2 
BCY58-Vll 2N2484 1 BSX32 MM3725 1 IRFF120 None 2 
BCY?B-Vll BCY78-Vlll 1 BSX45-10 2N3019 1 IRFF123 None 2 
BCY78-X None 1 BSX45-16 2N3019 1 IRFF210 None 2 
BCY79-X BCY79-IX 1 BSX45-6 2N3019 1 IRFF213 None 2 
BDB01A BDB01D 1 BSX46-10 2N3019 1 IRFF220 None 2 
BDB01B BDB01D 1 BSX46-16 2N3019 1 IRFF223 None 2 

BDB02A BDB02D 1 BSX47-10 2N3019 1 IRFF230 None 2 
BDB02B BDB02D 1 BSX47-16 2N3019 1 IRFF233 None 2 
BDC01A BDC01D I BSX47-6 2N3019 I IRFF330 None 2 
BDCOIB BDC01D 1 BSX59 MM3725 1 IRFF333 None 2 
BDC01C BDC01D 1 BSX60 MM3725 1 IRFF430 None 2 
BDC02A BDC02D 1 BZX84C10L Zener Diode 4 IRFF433 None 2 
BDC02B BDC02D 1 BZX84C11l Zener Diode 4 JF1033B 2N5485t 1 
BDC02C BDC02D 1 BZX84C12L Zener Diode 4 

JF1033S 2N5486t 1 BDCO? BDCOS 1 BZX84C13L Zener Diode 4 
BDC08 BDC06 1 BZX84C15l Zener Diode 4 JF1033Y 2N5484t 1 

BF241 BF240 1 BZX84C16l Zener Diode 4 MBAV70L BAV70LT1 t 2 
BF254 BF240 1 BZX84C18L Zener Diode 4 MBAV74l BAV74LT1 t 2 
BF254-3 BF240 1 BZX84C20L Zener Diode 4 
BF254-4 BF240 1 BZX84C22l Zener Diode 4 MBAW56L BAW56LT1 t 2 

BF257 2N5058 1 BZX84C24l Zener Diode 4 MBD201 MBD301 1 

BF366 MPS6568A 1 BZX84C27L Zener Diode 4 MBD501 MBD701 1 

BF371 MPSH24 1 BZX84C30L Zener Diode 4 MD1121 None 2 

BF373 MPSH34 1 BZX84C33L Zener Diode 4 MD1122 None 2 

BF375 BF374 1 BZX84C4V7l Zener Diode 4 MD1132 None 2 

BF375C BF374 1 BZX84C5V1l Zener Diode 4 MD2218 None 2 

BF845 2N6517 1 BZX84CSV6L Zener Diode 4 MD2218A None 2 

BFR92L RF Transistor 5 BZX84C6V2l Zener Diode 4 MD2218AF None 2 

BFR93l RF Transistor 5 BZX84C6V8L Zener Diode 4 MD2219A None 2 

BFS17 RF Transistor 5 BZX84C7VSL Zener Diode 4 MD2219AF None 2 

BFX38 2N4033 1 BZX84C8V2L Zener Diode 4 MD2369 None 2 

BFX40 2N4033 1 BZX84C9V1l Zener Diode 4 MD2369A None 2 

BFX48 2N869A 1 CV10253 2N3019 1 MD2369AF None 2 

BFX85 2N3019 1 CV10440 2N2484 1 MD2369B None 2 

BFYSO 2N3019 1 CV10814 2N2484 1 MD2369BF None 2 

BFY52 2N3019 1 IRFD110 None 2 MD2904 None 2 

IRFD113 None 2 MD2904A None 2 
BSR56l MMBF4856LT1 t 1 

IRFD120 None 2 MD2904AF None 2 
BSR57l None 1 MD2905 None 2 
B8R58L None 1 IRFD123 None 2 

IRFD1ZO None 2 MD2905A None 2 
BSSSO None 3 

• This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless olherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

II 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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REPLACEMENT DEVICES 

REPLACEMENT REPLACEMENT 
DEVICE 

REPLACEMENT 
DEVICE PART CODE DEVICE PART CODE PART CODE 

MD2905AF None 2 MFE132 None 2 MM4036 2N4033 1 
MD3250 None 2 MFE2004 None 2 MM4037 2N4033 1 
MD3250A None 2 MFE2005 None 2 MM4258 2N4208 1 
MD3250AF None 2 MFE2006 None 2 MM5005 MM5007+ 1 
MD3251 None 2 MFE201 None 2 

MM5006 MM5007+ 1 MD3251A None 2 MFE2010 None 2 
MM5262 MM3725 1 MD3251AF None 2 MFE2011 None 2 
MM5415 None 3 MD3409 None 2 MFE2012 None 2 
MM5416 None 3 MD3410 None 2 MFE202 None 2 
MMBA811C5L BC857ALT1 1 MD3467 None 2 MFE203 None 2 
MMBA611r.RL BC857BLT1 1 MD3725 None 2 MFE2D4 None 2 

MD3762 None 2 MFE209 None 2 MMBA811C7L BC857BLT1 1 

MD3762F None 2 MFE211 None 2 MMBA811C8L BC857BLT1 1 

MD4260 None 2 MFE212 None 2 MMBA812M5L BC857ALT1 1 
MMBA812M6L BC857BLT1 1 MD4261 None 2 MFE823 None 2 
MMBA812M7L BC857BLT1 1 MDSOOO None 2 MFE825 None 2 
MMBC 1009F 1 L BC848ALT1 1 MD5000A None 2 MFE9200 None 2 
MMBC 1009F3L BC848ALT1 1 MD5000B None 2 MFE930 None 2 
MMBC1622D6L BC8478LT1 1 MD6001 None 2 MFE960 None 2 

MD6001F None 2 MFE990 None 2 MMBC1622D7L BC847BLT1 1 

MD6002 None 2 MFQ1000C None 1 MMBC I 623L5L BC847ALT1 1 

MD6002F None 2 MFQ1000C None 1 MMBC 1623L6L BC847BLT1 1 

MD6003 None 2 MFQ1000P None 1 MMBC1623L7L BC847CLT1 1 

MD7000 None 2 MFQ1000P None 1 MMBC1653N2L MMBT5550LT1 1 

MD7001 None 2 MFQ5460P None 1 MMBC1653N3L MMBT5551LT1 1 

MD7001F None 2 MFQ6660C None 1 MMBC1653N4L MMBT5551 LT1 1 

MD7002 None 2 MFQ6660C None 1 MMBC1654N5L MMBT5551LT1 1 

MD7002A None 2 MFQ6660P None 1 MMBC1654N6L MMBT5551LT1 1 

MD70028 None 2 MFQ6660P None 1 MMBC 1654N7L MMBT5551LT1 1 

MD7003 None 2 MHQ2222 None 2 MMBD201L MMBD301LT1 1 

MD7003A None 2 MHQ2369 None 2 MMBD2835XL BAW56LT1 2 

MD70038 None 2 MHQ2484 None 2 MMBD2836XL BAW56LT1 2 

MD7007 None 2 MHQ2484H None 2 MMBD2837XL BAV74LT1 + 2 
MD7007A None 2 MHQ2484HX None 2 MMBD2838XL BAV74LT1 + 2 
MD70078 None 2 MHQ2484HXV None 2 MMBD501L MMBD701LT1 1 
MD7007BF None 2 MHQ2906 None 2 MMBR2060L RF Transislor 5 
MD7021 None 2 MHQ3467 None 2 MMBR2857L RF Transistor 5 
MD7021F None 2 MHQ3546 None 2 MMBR4957L RF Transistor 5 
MD708 None 2 MHQ3724 None 2 MMBR5031L RF Transistor 5 
MD708A None 2 MHQ3724H None 2 MMBR5179L RF Transistor 5 
MD7088 None 2 MHQ3724HX None 2 MMBR536L RF Transistor 5 

MD8001 None 2 MHQ3724HXV None 2 MMBR901L RF Transistor 5 
MD8002 None 2 MHQ3725 None 2 MMBR920L RF Transistor 5 
MD8003 None 2 MHQ3725H None 2 MMBR930L RF Transistor 5 
MD918A None 2 MHQ3725HX None 2 MMBR931L RF Transistor 5 
MD918AF None 2 MHQ3725HXV None 2 MMBT3903L MMBT3904LT1 1 
MD9188 None 2 MHQ6002 None 2 MMBT4123L MMBT3904LT1 1 
MD982 None 2 MHQ918 None 2 MMBT4125L MMBT3906LT1 1 
MD982F None 2 MM1748A 2N2369A 1 MMBT5086L MMBT5087LT1 1 
MD984 None 2 MM2945A None 2 MMBT8598L MMBT8599LT1 1 

MD985 None 2 MM3006 MM3007 1 MMBT930L BC8478LT1 1 
MFE120 None 2 MM3009 2N5058 I MMBV2106L MMBV2105LTI /7LTI I 
MFE121 None 2 MM3903 2N3947 2 MMBZ5226BL Zener Diode 4 
MFE122 None 2 MM3904 2N3947 2 MMBZ5227BL Zener Diode 4 
MFE130 None 2 MM3905 2N3251A 2 MMBZ5228BL Zener Diode 4 
MFEl31 None 2 MM3906 2N3251A 2 

• This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless otherwise indicated. 

Codes: 1: Low Volume 3: Unprediclable Process 5: See RF Device Dala Book for Device Information 
2: Obsolele Technology 4: See TVS/Zener Data Book for Device lnformalion 
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REPLACEMENT DEVICES 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

DEVICE 
REPLACEMENT 

PART CODE PART CODE PART CODE 

MMBZ52298L Zener Diode 4 MP03546 None 1 MQ2219 None 2 
MMBZ5230BL Zener Diode 4 MP03725A MPQ3725 3 MQ2219A None 2 
MMBZ52318L Zener Diode 4 MPQ6100 MPQ6100A 1 M02219A None 2 
MMBZ5232BL Zener Diode 4 MPQ6427 MPQ6426 1 MQ2369 None 2 
MMBZ52338L Zener Diode 4 MP06600 MPQ6600A1 1 MQ2904 None 2 
MMBZ52348L Zener Diode 4 MP06600A MPQ6600A1 1 MQ2904 None 2 
MMBZ5235BL Zener Diode 4 MPQ7052 MPQ7051 1 MQ2905A None 2 
MMBZ5236BL Zener Diode 4 MPQ7053 MPQ7051 1 
MMBZ5237BL Zener Diode 4 MQ2905A None 2 
MMBZ523BBL Zener Diode 4 MPQ7092 MPS7093 1 MQ3251 None 2 
MMBZ52398L Zener Diode 4 MPS3403 MPSB099 1 MQ3251 None 2 

MPS3566 2N4401 1 MQ3467 None 2 
MMBZ5240BL Zener Diode 4 MPS3567 2N4400 1 MQ3467 None 2 
MMBZ5241BL Zener Diode 4 MPS3569 2N4400 1 MQ3725 None 2 
MMBZ5242BL Zener Diode 4 MPS3702 2N4402 1 MQ3725 None 2 
MMBZ5243BL Zener Diode 4 MPS3703 2N4402 1 MQ3762 None 2 
MMBZ52448L Zener Diode 4 MPS3704 2N4401 1 MQ3762 None 2 
MMBZ52458L Zener Diode 4 MPS3705 2N4400 1 MQ6001 None 2 
MMBZ5246BL Zener Diode 4 MPS3903 MPS3904 1 M06001 None 2 
MMBZ5247BL Zener Diode 4 
MMBZ524BBL Zener Diode 4 MPS6569A MPS6568A 1 MQ7001 None 2 
MMBZ5249BL Zener Diode 4 MPS6570A MPS6568A 1 MQ7001 None 2 

MPS6716 MPS6717+ 1 M07003 None 2 
MMBZ5250BL Zener Diode 4 

MPS6733 MPSW42+ 1 
MQ7003 None 2 

MMBZ5251BL Zener Diode 4 MQ7007 None 2 
MMBZ5252BL Zener Diode 4 MPS6734 MPSW42+ 1 MQ7007 None 2 
MMBZ5253BL Zener Diode 4 MPS6735 MPSW42+ 1 MQ7021 None 2 
MMBZ5254BL Zener Diode 4 MPS8097 MPS6428 1 M07021 None 2 
MMBZ5255BL Zener Diode 4 MPS930A MPS3904 1 MQ982 None 2 
MMBZ5256BL Zener Diode 4 MPSA45 MPSA44+ 1 MQ982 None 2 
MMBZ5257BL Zener Diode 4 
MMPQ3725A MMP03725 3 

MPSD55 MSD6100X MSD6100+ 2 
MMPQ3762 MMPQ3467 1 2N4403+ 1 

MSD6102 MSD6100 1 
MPSH07 MPSHO?A+ 1 MV105G MMBV105GLT1 1 

MPF3330 2N5460+ 1 MPSH30 MPSHO?A 1 MV2102 MV2101/3 1 

MPF3970 MPF4391+ 1 MPSW43 MPSW42+ 1 MV2102L MV2101U3L 1 

MPF3972 MPF4393+ 1 MPSW93 MPSW92+ 1 MV2106 MV2105/7 1 
MQ1120 None 2 MV2110 MV2109/11 1 

MPF4221 2N5457 + 1 M01120 None 2 P2N2222 P2N2222A+ 1 
MPF4222A 2N5459+ 1 MQ1129 None 2 P2N2907 P2N2907A+ 1 
MPF4223 2N5459+ 1 MQ2218 None 2 PBF259R PBF259RS 1 
MPF4856A MPF4856+ 1 MQ2218 None 2 U308 J308 2 

MQ2218A None 2 U309 J309 2 MPF4861A MPF4858A+ 1 M02218A None 2 U310 J310 2 
MPF820 MPF4392+ 1 MQ2219 None 2 
MPQ2221 MPQ2222A 1 

• This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 

Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 

• 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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