






































































































































































































































































































































































































































































































































































































































































































































































































































































































VOLTAGE REFERENCE FAMILY 

Outline Drawing 
(Dimensions in Inches) 
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PULSE-WIDTH MODULATOR LB1117AC 

Description 

The LB1117AC integrated circuit is a Pulse-Width Modulator (PWM) designed for use in de-to-de converters and in 
switching regulators requiring a single-power switching transistor. Essentially, it provides the control functions necessary 
for constant frequency, pulse-width modulated switching power supplies. The circuit consists of a band-gap voltage 
reference, operational amplifier, sense amplifier, ramp generator, complementary output comparator, a power transistor 
for the PWM function, and a differential amplifier for the voltage regulation and current limiting functions. 

Additionally, the device features a 7.0 V, 100 mW Zener that may be used with an external resistor to function as a shunt 
voltage regulator for the control circuit. The sense amplifier amplifies signals at the negative rail, providing de current 
sensing capabilities. Clock synchronization and minimum duty cycle options are also available. 

The PWM is suitable for a wide range of applications, including switching regulators, switching power supplies, power 
converters, and motor speed controllers. It operates with a typical 5.0 supply voltage and, when utilizing the internal 
Zener, the circuit will operate with much higher input voltages. The device is characterized by a low supply current drain 
which relaxes power requirements on an external shunt regulator resistor, thereby allowing high-input voltage 
applications. The LB1117AC Pulse-Width Modulator is available in a 16-pin plastic DIP. 

Features 

• 7.0 V, 100 mW Zener 

• Supply current less than 5.0 mA with 5.0 supply 
voltage 

• Current limit sensing 

• On-chip Zener allows operation from 13.0 mA current 
source (series resistor and high voltage supply) 

• On-chip output power transistor capable of sinking a 
current to 100 mA 

• Ramp generation frequency, 200 kHz at 7 .5 V 

Functional Diagram Pin Diagram 

Cour Cour 

4 16 -COMP 16 COUT 

RT 
RAMP 

GND 15 +COMP 
er GENERATOR 

VCOLL 14 VSENIN 

GND COUT 13 VSEN OUT 

VBASE 5 12 +IN 
6 D1 

ZENER 
DIODE 

+Vs 

+Vs 6 11 -IN 

RT 7 10 +IN 

CT 8 9 -IN 
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LB1117AC PULSE-WIDTH MODULATOR 

Maximum Ratings 

Rati'!9_ Value Unit 

Positive Power Supply Voltage/Current 8/25 V/mA 

Positive Voltage for On-Chip Output 30 v 
Power Transistor 

Power Dissipation 600 mW 

Storage Temperature Range -40 to + 125 ·c 
Ambient Operating Temperature Range o to 60 ·c 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Descriptions 

Pin Symbol Name/Function 

1 -CoMP Negative Comparator Input; Output of Voltage op amp and Current Diff. Amp 

2 GND Ground 

3 Vcoll Collector for On-chip Output Power Transistor 

4 CouT Inverted Comparator Output 

5 Vbase Base of On-chip Output Power Transistor 

6 Vs Power Supply Input 

7 RT Timing Resistor Connected to Pin 7 and Ground 

8 CT Timing Capacitor Connected to Pin 8, Ground, and Ramp Generator Output 

9 -IN Negative Voltage Op Amp Input 

10 +IN Positive Voltage Op Amp Input 

11 -IN Negative Current Diff Amp Input 

12 +IN Positive Current Diff Amp Input 

13 VSENOUT Sense Amplifier Output 

14 VSENIN Sense Amplifier Input 

15 +COMP Positive Comparator Input 

16 CouT Non Inverted Comparator Output 
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PULSE-WIDTH MODULATOR LB1117AC 

Electrical Characteristics 
(TA = 25°C, Vs = 7.5 V, RT = 34.8 kn, unless otherwise specified) 

Characteristics Conditions Min Max Unit 

Reference Section: 

Output Voltage RL = oo; Is = 34.7 mA (Fig. 2) 1.18 1.32 v 
Power Supply Rejection Ratio 6.Vs = -3.0V; RL = 00 54 - dB 

Load Regulation RL = 1.25 Kn; Is = 13.7 mA - 6.0 mV 

Bandgap Temperature 
o·c ~ tA ~ 1oo·c - .012 %/°C 

Coefficient 

Ramp Generator Section: 

Frequency CT= 2610 pF - 200 kHz 

Line Regulation 6.Vs = -1.0 V - 500 Hz 

High Ramp Voltage 3.75 5.25 v 
Low Ramp Voltage 2.15 2.60 

Current Source 100 170 µA 

Voltage Amplifier Section: 

Input Offset Voltage - 7.0 mV 

Input Bias Current - -2.5 

Input Offset Current 0.5 
µA 

-
Power Supply Rejection Ratio 

Vs=12V, 
Ro = 30 kn 54 -

dB 
Open-Loop Gain 66 92 

Common-Mode Voltage Range 0.75 10.5 

[ v 
HIGH 5.8 -

Output Voltage Swing 
l LOW 0.1 - -

Comparator Section: 

Input Bias Current - 5.0 µA 

Common-Mode Voltage Range 1.5 Vee -1 

1 HIGH 5.5 - v 
Output Voltage Swing Is= 15.7 mA; RL = 1.0 Kl 

LOW - 0.1 

Current Amplifier Section: 

Input Bias Current - -2.5 µA 

Output Voltage Low RL = 30 kn; Is = 12.5 mA - 0.3 v 
Sense Amplifier Section: 

VSEN = 0 V; Is = 12.5 mA (Fig. 3) 0.0 0.57 
Output Voltage v 

VsEN = 0.2 V; Is = 12.5 mA 1.10 1.38 

Voltage Gain 6. VsENIN = 0.05 V; Is = 12.5 mA 18 20 dB 

Output Transistor Section: 

Breakdown Voltage le = 1.0 mA 30 - v 
Saturation Voltage Is = 1 O mA; le = 100 mA - 0.55 

Static Current Forward Transfer Ratio VeE = 1.0 V; IC = 50 mA 25 - -
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LB1117AC PULSE-WIDTH MODULATOR 

Electrical Characteristics (Continued) 
(TA = 25°C, Vs = 7.5 V, RT = 34.8 kO, unless otherwise specified) 

Characteristics Conditions Min Max Unit 

Miscellaneous 

lz = 1.0 mA 6.25 7.15 
Zener Voltage v 

lz = 13.7 mA (Fig. 1) 6.5 7.5 

Vs = 5.0 V, VsEN IN = 0 V 2.0 -
Supply Current mA 

VsEN IN = 200 mV; Vs = 5.0 V - 4.5 

Test Circuits 

Resistor values selected for use in all test circuits are characterized by a nominal ± 1 % tolerance; capacitors, ± 10%. 

30 ldJ 

30.1 k1l 

r2200pF 

..:.. YSENIN 

l 

-r· 
Figure 1. Power Supply Current Test Circuit Figure 2. Bandgap Output Voltage Test Circuit 

30.1 kn 

Is 

34.8 ldl 

Figure 3. Sense Amplifier Output Voltage Test Circuit Figure 4. Input Offset Voltage Test Circuit 

(v10 = ~) 
1000 
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PULSE-WIDTH MODULATOR 

Test Circuits (Continued) 

Ramp Generator Frequency: 

Vs -1.8::; RT ::; Vs - 1-8 } Limits on RT; 
500 µA 135 µA 

CT ::; 3000 (-177 Vs - ·219) pF } Limits on CT; 
(.664 Vs -1) 

T = 1 ; T = RT CT (.487 Vs - .781) 
Ramp Frequency (Vs - 1.8) 

_T_ plotted in Figure 6. 
RTCT 

2610 pFr 
VOLTAGE 

TO 
FREQUENCY 
CONVERSION 

11.5 v 11.0 v 

MEASURE 
(OR CALCULATE) 
FREQUENCY 

Figure 5. Ramp Generator Frequency Test Circuit 

~1~ 

0.53 

0.52 

0.51 

0.50 

0.49 
4 5 6 7 8 9 10 11 12 

Vs (V) 

Figure 6. Ratio of Ramp Generator Period (T) 
to RT CT Time Constant vs. Supply Voltage 

LB1117AC 

-

12-53 



-

LB1117AC PULSE-WIDTH MODULATOR 

Characteristic Curves 
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---- K = 0.6 

K = 0.5 

K = 0.4 

Vs 

R1 

PIN 1 =(-)COMP 

R2 

•Minimum Duty Cycle Resistor Ratio 

Minimum Duty Cycle: 
x = (K - .177) Vs -.781 

.487 Vs - .781 

Duty Cycle Divider Ratios (K = _R_2_ ) 
R1 +R2 

4 5 6 7 8 9 10 11 12 

> -w 
~ 
~ 
~ 
cc 
w z 
w 
N 

w 
..J 

~ 
0 
> 
I-
::::> 
Q 

:!! 
::::> 
:!! 
)( 
<C 
:!! 

8.0 

7.0 

6.0 

vs (V) 

Figure 7. Maximum Duty Cycle as a Function 
of Supply Voltage for Various 

0.6 DUTY CYCLE DIVIDER 
RATIO (K) = 0.475 Vs= 12.0 V 

0.5 vs= 10.0 !. 
VS=7.0V -0.4 r- -
Vs - 5.0V 

0.3 - J_ l J. J. l 
10 20 30 40 50 60 

TEMPERATURE (°C) 

Figure 8. Maximum Duty Cycle as a Function 
of Temperature for Various Supply Voltages 

70 

lz = 10.0 mA 

lz = 1.0 mA 

10 20 30 40 50 60 

TEMPERATURE (°C) 

Figure 9. Zener Voltage vs. Temperature at 1 mA and 10 mA 
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PULSE-WIDTH MODULATOR 

Outline Drawing 
(Dimensions in Inches) 
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SWITCHED-MODE PULSE-WIDTH MODULATOR LB1132AC 

Description 

The LB1132AC Switched-Mode Pulse-Width Modulator (PWM) features a single-ended output which can either sink or 
source currents up to 200 mA. Consisting of eight functional blocks, the device is suitable for performing the basic 
pulse-width modulation function in switching power supplies. 

Functionally, the PWM includes a 1.25 V temperature-compensated reference capable of supplying up to 1 mA to 
external circuitry. It also features supervisory circuitry for current limiting, maximum duty-cycle limiting, shutdown and 
adaptive startup. An internal triangular wave-shape oscillator (providing equal rise and fall times) is controlled by 
external components The output from the comparator is an ECL tree-configured signal feeding into the logic block. 
Additionally, the logic section provides noise immunity using an edge-triggered input which allows only one transition per 
clock cycle. 

The LB1132AC is characterized chiefly by high speed and a powerful FET driver. It is capable of operating at a clock 
frequency of 500 kHz, and can turn on or off a 1000 pF external gate FET in less than 50 ns. Offering superior thermal 
stability, the PWM incorporates a bandgap voltage reference with a temperature coefficient of less than 100 ppm/°C. 

The PWM cannot operate directly from a 48 V battery, thus it generates a 9 V external supply using an internal linear 
regulator to control an off-chip, discrete, high-voltage bipolar transistor. To control the amount of power delivered to a 
power supply load, the PWM adjusts the "on-time" of the primary transformer FET switch. "On-time" is regulated by 
comparing a feedback signal from the power supply output (load) with a slope-compensated pulse; the pulse is 
proportional to the primary transformer current. Also, the comparator limits the maximum duration of FET switch 
"on-time," and keeps the FET switch off during startup conditions. 

The LB1132AC Switched-Mode Pulse-Width Modulator is available in a 16-pin plastic DIP. 

Features 

• High clock frequency 

• Manual power-down override 

• Prevents start-up damage 

• Noise immunity logic 

• Eliminates excessive "on" time 

• Excellent thermal stability 

• Low power consumption 

• Adaptive startup and shutdown control 

Functional Diagram 

MAXSET/MAX+ 15 

LOGIC 

~--~PHe 

CLOCK 
PHO 

CLK·FR CLK·C CLK·AR 

13 AMPOUT 

11 SHUTDN 

1 Ve<> 

9 PASS-8 
LINEAR 1---~~= 

REG 8 PASS-E 

5 
DR·RTN, GND 

7 DR-SUP 

6 DRIVER 

• 500 kHz clock frequency (adjustable) 

• Powerful FET driver 

• Shutdown lead 

• Double-pulse suppression 

• Maximum duty cycle control 

• Vee temperature coefficient, 200 ppm/°C 

• Quiescent current less than 7.0 mA 

• Single source/sink output: ±200 mA 

• External oscillator synchronization 

Pin Diagram 

Vee 1 16 COMP-

CLK-FR 2 15 MAXSET/MAX+ 

CLK-C 3 14 AMP-

CLK-AR 4 13 AMPOUT 

OR-RTN, GND 5 12 COMP+ 

DRIVER 6 11 SHUTDN 

DR-SUP 7 10 LS EN SE 
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LB1132AC SWITCHED-MODE PULSE-WIDTH MODULATOR 

Maximum Ratings* 

Parameter Rating Unit 

Power Supply Voltage .. v 
Power Dissipation (25'C) 550 mW 

Storage Temperature Range -40 to + 125 'C 

O_e_erati'!9_ Temperature Raf!9_e -25 to +85 'C 

* Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections 

of this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device 
reliability. 

* * A 9 V power supply is generated internally through a pass transistor (Vee at pin 1 ). The requirements on the external pass transisitor 
collector emitter breakdown voltage (BVeEo) range is the line voltage minus 9 V. The line voltage must be greater than 12 V. 

Pin Descriptions 

Pin Symbol Name/Function 

1 Vee Provides a regulated output voltage of 9.0 (± 0.5) V. 

2 CLK-FR Clock connection to an external amplitude-adjusting resistor, and an external 
3 CLK-C frequency-adjusting resistor. The clock provides a triangular waveshape with a 
4 CLK-AR frequency of 1 /2 (RC), and an amplitude of 3 to 6 V. 

5 DR-RTN, Return (common) for the high-current output stage of the driver circuit. Pin 5 
GND should be connected to a low-ohmic ground because of its high noise content. 

6 DRIVER The output of the driver is capable of sourcing or sinking in excess of 200 mA. 
The driver can turn on or turn off a 100 pF gate FET in less than 50 ns. 

7 DR-SUP Provides the current surge needed (as high as 200 mA) to switch the FET. This 
pin must be tied to a capacitor to ground. 

8 PASS-B Connections to the base and emitter, respectively, of an external NPN transistor. 
9 PASS-E Pass-E terminal provides de power for the LB 1132AC. 

10 LSENSE Line sense monitors the line voltage to provide adaptive start-up. 

11 SHUTDN Input pin intended for emergency shutdown of the FET driver and is TTL-
compatible. A logic high shuts off the FET driver. 

12 COMP+ Noninverting and inverting inputs, respectively, to a 3-input comparator. The 
16 COMP- comparator controls the duty cycle of the FET by comparing the operational 

signal to the clock signal. 

14 AMP- Inverting input and output, respectively, to the operational amplifer. Functionally, 
13 AM POUT the operational amplifier provides a de signal for comparison with the clock. 

15 MAXSET/ Limits the duty cycle of the FET driver and is connected to the positive lead of the 
MAX+ operational amplifier. 
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SWITCHED-MODE PULSE-WIDTH MODULATOR LB1132AC 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic and Conditions S...l_mbol Min '!lP Max Unit 

Quiescent de Operating Current loc 4.0 6.5 7.0 mA 

Vee with 3 k!l load Vee 8.5 9.0 9.5 v 
Op-Amp Output Low Op-AmpoL 1.2 1.5 2.0 v 
Op-Amp Output High Op-AmpoH 6.5 8.0 8.5 v 
Op-Amp ac Gain @ 1 O kHz Op-AmpG 37 57 60 dB 

Op-Amp Offset Voltage Op-Ampv -6.0 -1.4 + 1.0 mV 

Clock-C Current Source with 12.5 k @ RFR llCKL SOURCE 80 100 120 µA 

Clock-C Current Sink with 12.5 k @ RFR ICLK SINK 80 100 120 µA 

Source and Sink Current Ratio .96 1.0 1.04 -
Voltage LSENSE High VLSENSE H 4.0 4.5 5.0 v 
Voltage LSENSE Low VLSENSE L -2.0 1.0 2.0 v 
Drive Supply Voltage Vos 10.0 10.7 11.0 v 
Driver Voltage High with 35 a Load Vos H 7.0 8.8 9.4 v 
Driver Current Sink @ 2 V loR SINK 200 235 500 mA 

Test Requirements 
(At 25°C unless otherwise specified) 

Characteristic Conditions Min T_l'P Max Unit 

de Operating Current Figure 1; Measure loc 4.0 6.5 7.0 mA 

Reference Voltage (Vcco) Figure 2; Measure Pin 1 (Vee) 8.5 9.0 9.5 v 

Operational Amplifier, Output 
Figure 3; Measure Pin 13 (AMPOUT~ 

Voltage Swing (High) 
Pin 14 = 1.00 V (AMP- 6.5 8.0 8.5 v 
Pin 15 = 1.25 V (MAXSET /MAX+ 

Operational Amplifier, Output 
Figure 3; Measure Pin 13 (AMPOUT~ 

Voltage Swing (Low) 
Pin 14 = 1.25 V (AMP-) 1.2 1.5 2.0 v 
Pin 15 = 1.00 V (MAXSET /MAX+ j 

Driver Supply Voltage Figure 4; Measure Pin 7 (DR-SUP) 10.0 10.7 11.0 v 
Figure 4; Measure Pin 6 (DRIVER) 

Driver Voltage (High) Pin 11 = 35 !l, 2 W Resistor 7.0 8.8 9.4 v 
to GND. 

Driver Current, Sink Figure 4* 200 235 500 mA 

Clock-C, Source Current Figure 5; Pin 2 = + 7.0 V (CLK-C) 80 100 120 µA 

Clock-C, Sink Current Figure 5; Pin 2 = + 2.0 V (CLK-C) 80 100 120 µA 

Clock-C Ratio (Sink I/Source I F.!g_ure 5 0.96 1.00 1.04 -
* Shutdown must be kept high during this test. 
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LB1132AC SWITCHED-MODE PULSE-WIDTH MODULATOR 

Electrical Requirements 
(At 25°C unless otherwise specified) 

The characteristics shown below are certified through production (ac with feedback loop) op-amp tests. 

Characteristic Test Condition Min Typ Max Unit 

Operational Amplifier, Open-
Figure 6; V1N = 100 mVrms 

Loop Voltage Gain 37 57 65 dB 
@ 10 kHz 

VcM = 1.25 V 

Operational Amplifier, Figure 6; V1N = O + 1.0 
mV 

In put-Offset VCM = 1.25 V 
- - -6.0 

Test Circuits 

Resistor values selected for use in all test circuits are characterized by a nominal ± 1 % tolerance; capacitors, ± 10%. 

1 

2 

3 

4 

5 

6 

7 

8 

12-60 

9.0 v 

0.3 v 

+1.0 v 

Figure 1. de Operating Current 

MEASURE 
IDC 

10 kQ 

J 1.0 µF 

25 v 



SWITCHED-MODE PULSE-WIDTH MODULATOR LB1132AC 

Test Circuits (Continued) 

a kn 

MEASURE >----------< 16 

15 

14 

13 

12 

11 

10 

~------< 25 v 

10 kn 
7.0 v 

8 9 

10 k!l 

r 1.0µF 

Figure 2. Reference Voltage 

16 

+AMP 
2 15 

3 14 

4 13 MEASURE 

5 12 
1.909 k!l 

25 v 6 11 

7 10 
10 kn 

8 9 

10 kn 

l1.0 µF 

Figure 3. Op Amp Output Voltage Swing 
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LB1132AC 

Test Circuits (Continued) 

SWITCHED-MODE PULSE-WIDTH MODULATOR 

TTL 
LOW 

Figure 4A. Driver Output Test 

.---------< 25 v 

10 Id} 

1 1.0l'F 

Note: Shutdown must be kept high during driver current (sink) test. 
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SOURCE --SINK 

CLK 
5.0 v 

0 2.5 v ,.... ...... _____________ _ 

so TTL ON SHUTDN 
1 0 

Figure 4B. Driver "ON" Sequence 

16 

2 15 

3 14 

4 13 

5 12 1 k!l 
1.0 v 

6 11 25 v 
7 10 2.5 v 10 k!l 

8 9 

10 k!l 

I1.0l'F 

Figure 5. Clock-C Test 



SWITCHED-MODE PULSE-WIDTH MODULATOR 

Test Circuits (Continued) 

16 

15 

VCM 
1.25 v 

LB1132AC 

100 {} 

AC VIN 

Characteristic Curve 

14 

13 

12 

11 

10 

9 25 v 

10 k{} 

10 k{} 

r1.0 µF 

Figure 6. Open Loop Voltage Gain @ 10 kHz 

VCLOCK 

VMAXro 
VMIN 

___,.. T ..._ 

t 

Figure 7. Voltage vs. Time 

9V 

100 kn 

MEASURE 
400 {} 

CFR, RFR and RAR accurately set the clock frequently as well as the maximum and minimum voltages. VMAX is set to 6 
volts for normal operation. 

RAR = VBG 
IRAR 

RFR = VMAX RAR 
2 VBG 

Typical Values: IRAR = 100 µA, VBG ::::: 1.25 V 

CFR 
2f RFR 

VMIN 
VMAX 

2 
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LB1132AC SWITCHED-MODE PULSE-WIDTH MODULATOR 

Application 

LOGIC SHUTDOWN 

Vee 

Figure 8. LB1132AC Switched-Mode PWM Application Diagram 

-
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SWITCHED-MODE PULSE-WIDTH MODULATOR 

Outline Drawing 
(Dimensions in Inches) 

~ 9 no D D D D D D l:J 

~5 r 1 MAX 

Uu = = Li = = = d:J JJ l \_LEAD NO. 1 8 

i.--------.810 MAX-------

' _J. 
.090w 
.110 

.023 

.015 

Ordering Information 

.160 
MAX 

I 

Device Comcode 

LB1132AC 104413802 

LB1132AC 

16 16 

n 11 
i.. 

i{ 
I 

I 

ALTERNATE 
INDEX MARKS 

.400 MAX 

~. 
I 

: t: 
I 

! 
I 

~ ~ 
.013_// I I 

.009 t-.!----.290---.i~ 

-

12-65 

-





HIGH-VOLTAGE SOLID-STATE RELAYS LH1056-TYPE 

PRELIMINARY 
Description 

The LH1056-Type Multipurpose Solid-State Relays (MSR) are low-cost, bi-directional, SPST switches which can replace 
mechanical relays in many applications. Output is rated at 350 volts and can handle loads up to 100 mA. The MSR is UL 
approved for 1500 Vrms of input/ output isolation and is available in a 6-pin plastic DIP. The MSR device will switch both 
ac and de loads, but is primarily intended for audio frequency or de applications. 

The circuit consists of one GaAIAs LED to optically couple the control signal to a dielectrically isolated high-voltage 
integrated circuit. The typical ON-Resistance is 30 ohms at 25 mA (LH1056AT), 27 ohms at 25 mA (LH1056CT), and is 
exceptionally linear up to 50 mA. Beyond 50 mA, the incremental resistance becomes even less, thereby minimizing 
internal power dissipation. The MSR also has internal current limiting which clamps the load current to 150 mA to insure 
that the device survives during power surges. The MSR will survive FCC lightning test number 68-302 when it is properly 
protected. 

Features 

• Low On-resistance 

• Clean, bounce-free switching 

• 1500 Vrms input/output isolation (optically coupled) 

• dv I dt typically better than 500 VIµ s 

• High-surge capability 

• Low power consumption 

• Noise-free operation 

• No electromagnetic interference 

• High voltage monolithic IC fabricated in a dielectric 
isolation process 

Functional Diagram 

s 
0 

6 

1 

LED 

0 
5 

2 

T 

S' 
0 

4 

3 

Applications 

• Telephone switchhook 

• High-voltage testers 

• Industrial controls 

• Triac driver 

• Isolation switching 

Pin Diagram 

CONTROL + l ~ 

CONTROL - 2 

BLANK 3 

SPST(NDRMALLY OPEN) 
I 

s~~s· 

""I ....i 
CONTROL LED 

EQUIVALENT RELAY DIAGRAM 

6 s 

.5 NC 

11 s• 
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LH1056-TYPE HIGH-VOLTAGE SOLID-STATE RELAYS 

Maximum Ratings 
(At 25°C unless otherwise specified) 

RatinJl. Value Unit 

Ambient Operating Temperature Range -40 to +85 ·c 
Storage Temperature Range -40 to + 100 ·c 
Pin Soldering Temperature (t = 15 sec max.) 300 ·c 
Input/Output Voltage Isolation 1500 Vrms 

LED Input Ratings 
Continuous Forward Current 20 mA 
Reverse Voltage 10 v 

Output Operation 
Operating Voltage 350 v 
DC or Peak Load Current 100 mA 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Descriptions 
(Also see Functional and Pin Diagrams) 

Pin Symbol Name/Function 

1 Control + These pins are the positive and negative inputs respectively to the input 
2 Control - control LED. An appropriate amount of current through the LED will close the 

circuit path between S and S'. 

6 s These pins are the outputs. The pin designated as S represents one side of a 
4 S' relay pole. The pin designated as S' (S Prime) is the complementary side of a 

relay pole. This relay pole is normally open unless sufficient control current is 
flowing. 

3 Blank This pin may be used as a tie-point for external components. Voltage on this pin 
should not exceed 300 volts. 

5 NC This pin is connected to internal circuitry. It should not be used as a tie-point for 
external circuitry. 
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HIGH-VOLTAGE SOLID-STATE RELAYS LH1056-TYPE 

Characteristics 

+ 
150 mA - - - - --·----- CURRENT 

LIMITING 

1 
SLOPE= -

30Q 

1 
SLOPE=-

11Q 

-1.5v 

50 mA 

1.5V 

-50mA 

CURRENT----- - - - - - -150 mA 
LIMITING 

-I 

lJ.. SLOPE = - 1-
11 Q 

Figure 1. Typical ON Characteristics 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic and Test Condition Min Typ Max Unit 

*LED Forward Current for Turn-On ILOAD = 100 mA, 25°C - 1.5 2.5 
mA 

(LH1056AT) ILOAD = 80 mA, 70°C - 2.5 5.0 

LED ON Voltage @ 10 mA 1.15 1.30 1.45 v 
ON Resistance @ 25 mA (LH1056AT) 20 30 50 n 

(LH1056CT) 15 27 30 n 
Breakdown Voltage@ 50 µA 350 380 - v 

100 V, !LED = 0 µA - 1.0 200 nA 

Output Off-State Leakage Current 100 V, ILED = 200 µA - 0.1 2.0 µA 

300 V, !LED = 200 µA - 0.1 5.0 µA 

Turn-On Time 
See Figure 6 - 1.0 2.0 

ms 
Turn-Off Time - 0.5 2.0 

Feedthrough Capacitance, Pin 4 to 6 (4 V p-p, 1 kHz) - 24 - pF 

* Supply a minimum of 6 mA LED current to insure proper operation over the full operating temperature range. 
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LH1056-TYPE HIGH-VOLTAGE SOLID-STATE RELAYS 

Test Circuits 

13-4 

8--------------------------------------------------.. 
-ct 5.82 mA 
E @ 85°C -.... 6 
z 
w 
a: 
a: 
:::> 
(.) 4 z 2.6 mA 
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@ 70°C I z 
a: 3.05 mA :::> TYPICAL .... 2 @ 85°C 
c 
w 
..J 

1.3 mA@ 25°C 

0 
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TEMPERATURE (°C) 

Figure 2. LED Turn-On Current vs. Temperature ('C) 
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Figure 3. Output 1/V Characteristics for Various RoN @ 25°C 



HIGH-VOLTAGE SOLID-STATE RELAYS LH1056-TYPE 

Test Circuits 
(Continued) 

200 

-c( 
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50 

0 
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a: 
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0 
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0 .5 1.0 1.5 2.0 2.5 3.0 
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REGION 

4.0 

Figure 4. Output 1/V Characteristics for Various RON @ o·c 
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Figure 5. Output l/V Characteristics for Various RoN@ 70°C 
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LH1056-TYPE 

Test Circuits 
(Continued) 

NC I 

ILED 

5.0 mA 

5.0 mA 

0 

ILED 

200 µA 

0, 200 µA 

5.0 mA 
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HIGH-VOLTAGE SOLID-STATE RELAYS 

t,5 1.l<S 

CONTR~ 
INPUT 

'°" SWITCH -----OUTPUT 

t 
0 

LED CURRENT 

5.0mA 

OUTPUT CURRENT 

40mA 

tf s 11( 

\ 

t 
OFF 

Figure 6. toN/tOFF Test Circuit and Waveform 

ILOAD Measure Parameter 

±25mA ±VM ON Resistance, RON = 
VM 

25 mA 

±100 mA ±VM ON Voltage, VON = VM 

±50 µA ±VM Breakdown Voltage, V(BR) = VM 

Figure 7. Test Circuit for RON, ON Voltage and Breakdown Voltage 

0 
NC 

VLOAD Measure Parameter 

±300 v IL 
Leakage, ILKG = IL 

±100 v IL 

±5.0V IL Limit Current luM = IL 

Figure 8. Test Circuit for Leakage and Limit Current 



HIGH-VOLTAGE SOLID-STATE RELAYS 

Applications 

Figure 9. Triac Predriver 

Outline Drawings 
6-Pin Plastic DIP 
(Dimensions in Inches) 

EMBOSSMENT 
IDENTIFYING 
TERMINAL 1 

L: .335 (8.51) L...J I 
.325 (8.25) ----l 

L13) APPROX. 

.-----
.021 (.53) TYP 

L___J...--._~"L__r-"L_I _I .029 (.74) 

.023 (.58) TYP 
.017 (.43) j 

.070~TYP 

.060 (1.52) 

t .160 ~4.06) 
.140 (3.56) 

' f-- --...!11..-.013 (.33) MAX TYP 

1..---.J-2 SPCS. @ .100 (2.54) 
= .200 (5.08) 

TIP 

RING 

3 

4 

LH1056-TYPE 
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+ 

TELEPHONE 
ELECTRONICS 

Figure 10. Telephone Switchhook 
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LH1056-TYPE HIGH-VOLTAGE SOLID-STATE RELAYS 

Ordering Information 

Device Comcode 

LH1056AT 104375217 

LH1056CT 104437561 

-
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HIGH-VOLTAGE SOLID-STATE RELAY LH1061AB 

PRELIMINARY 
Descripton 

The LH1061AB Multi-Purpose Solid-State Relay (MSR) is a low-cost, bi-directional, double-pole, single-throw (DPST) 
switch which can replace mechanical relays in many applications. Its output is rated at 200 volts per pole and can handle 
loads up to 200 mA. The LH1061 AB MSR is packaged in an 8-pin plastic DIP. It provides up to 1500 Vrms of input/ output 
isolation. The device will switch both ac and de loads, but is primarily intended for audio frequency or de applications. 
This device consists of a single LED to optically couple the control signal to a dielectrically isolated high-voltage 
integrated circuit. The typical ON-Resistance is 12 ohms per pole at 50 mA, and is exceptionally linear to 100 mA. 
Beyond 100 mA, the incremental ON-resistance becomes even less, thereby minimizing internal power dissipation. The 
LH1061AB MSR also has internal current limiting which clamps the load current to 250 mA to insure that the device 
survives during power surges. 

Features 

• Low ON-Resistance 

• Clean, bounce-free switching 

• 1500 V input/output isolation (optically coupled) 

• dv I dt typically better than 500 VIµ s 

• High-surge capability 

• Low power consumption 

• Noise-free operation 

• No electromagnetic interference 

• High-voltage monolithic IC fabricated in a dielectric 
isolation process 

Functional Diagram 

POLE 2 POLE 1 

1 2 3 

Pin Diagram 

CONTROL+ 0 
CONTROL+ 

CONTROL-

BLANK 

OPST {NORMALLY OPEN) 

52' 

52 

51' 

Sl 

s1~•--..... o s1• s211•--..... o s2• 

CONTROL 
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LH1061AB HIGH-VOLTAGE SOLID-STATE RELAY 

Maximum Ratings 
(At 25°C unless otherwise specified) 

Rating Value Unit 

Ambient Operating Temperature Range -40to +85 ·c 
Storage Temperature Range -40 to 100 ·c 
Pin Temperature (Soldering Time =. 15 s) 300 ·c 
Input/Output Voltage Isolation 1500 Vrms 

LED Input Ratings 
Continuous Forward Current 20 mA 
Reverse Voltage 10 v 

Output Operation 
Operating Volta9e 200 v 
DC or Peak Load Current (Each pole, two poles operating 200 mA 

simultaneously) 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Descriptions 
(Also See Functional and Pin Diagrams) 

Pin 

1 
2 
3 

5,6 
7,8 

4 

13-10 

Symbol 

Control + 
Control + 
Control -

S1, S1' 
S2, S2' 

Blank 

Name/Function 

These pins are the positive and negative inputs respectively to the input control 
LED. An appropriate amount of current through the LED will close the circuit path 
between S and S'. 

These pins are the outputs. The pin designated as S represents one side of a 
relay pole. The pin designated as S' (S Prime) is the complementary side of a 
relay pole. S2 is electrically connected to the device substrate. To achieve 
maximum dv/dt sensitivity, connect S2 to the lowest circuit potential. 

This pin may be used as a tie-point for external components. Voltage on this pin 
should not exceed 300 volts. 

+I 

2SO mA _____ -·--- CURRENT 

100 mA 

-1.S V 

lj..._ SLOPE 

LIMITING 

l . --
8 0 

SLOPE • 

SLOPE ,. 

CURRENT 
LIMITING ---.J·- - - - - - 2SO mA 

-I 

Figure 1. LH1061AB Typical ON Characteristics 



HIGH-VOLTAGE SOLID-STATE RELAY LH1061AB 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic and Test Condition Min. Typ. 

LED Forward Current for Turn-On* I;~;::: 200 mA, 25°C - 1.5 
--·--- - -·-- ~ - -----~- - --1 
160 mA, 70°C - 2.5 

LED ON Voltage @ 10 mA 1.15 1.30 

ON Resistance @ 50 mA (Figure 2) 8 12 

ON Voltage @ 200 mA (Figure 2) - 2.0 

Output Off-State Leakage Current 1100 V, ILED = 0 µA - 1.0 
(Figure 3) l 100 V, ILED = 200 µA - 0.1 

Breakdown Voltage @ 50 µA (Figure 2) 200 230 

Turn-On Time J ILED = 5 mA - 2.0 
} ILOAD = 40 mA/Pole Turn-Off Time - 1.0 

Feedthrough Capacitance, Pin 4 to 6 (4 V p-p, 1 kHz) - 35 

Pole to Pole Capacitance (4 V p-p, 1 kHz) - 20 

• Supply a minimum of 6 mA LED current to insure proper operation over the full operating temperature range. 

Test Circuits 

Figure 2. Test Circuit for RoN, ON Voltage and Breakdown Voltage 

~ VLOAO 
f-----' 

Figure 3. Test Circuit for Leakage and Limit Current 

Max. Unit 

2.5 mA 
-----1 ----·--·-

5.0 mA 

1.45 v 
15 n 

2.5 v 
- nA 

2.0 µA 

- v 
-

ms 
-

- pF 

- pF 
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LH1061AB 

Test Circuits 
(Continued) 

R LOAD • 4.0 kSI 

Applications 

CONTROL +L>-..-2_ .. 

3 

• 
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HIGH-VOLTAGE SOLID-STATE RELAY 

CONTROL 
INPUT 

SWITCH 
OUTPUT 

tr 5 1 115 

Figure 4. toN/toFF Test Circuit and Waveform 

TELEPHONE 
ELECTRONICS 

HOV 

t t 5 l 115 

\ ___ _ 
I 

j ~ 
toFF[ 

FUSE 
.r---0 TIP 

---...---------------~1 RING 

Figure 5. Balanced Switchhook Application 



HIGH-VOLTAGE SOLID-STATE RELAY 

Outline Drawings 
8-Pin Plastic DIP 
(Dimensions in Inches) 

EllBOSSllENT 
IDENTIFYING 
TERMINAL 1 

[005 (.13) APPROX. 

.-

.020 (.51) TYP 

.021 (.53) TYP 
_[ .029 (.74) 

t 4 
.160 (4.06) TYP 
.140 (3.56) 

t ... , .... J 
.040 (1.02) Ll' jL.013(.33)MAXTYP 

3 SPCS. @ .100 (2.54) 
= .300 (7.62) 

.175 (4.44) 

.165 (4.19) 

.255 (6.48) 

.245 (6.22) 

LH1061AB 

Lr ___ , 

.046 (1.17) 

.()36 (.91) 

I I 
I \ 
I 1 I\ 
,, ,1 
I./ i..I 

--..!·~,010 (.254) 

I .305 ~-:J TYP I--- .295 (7A9) 

.375 (9.52) MAX 
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LH1061AB HIGH-VOLTAGE SOLID-STATE RELAY 

Ordering Information 

Device Com code 

LH1061AB 104384482 

-
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HIGH-VOLTAGE SOLID-STATE RELAY LH1085AT 

Description 

The LH1085AT Multipurpose Solid-State Relay (MSR) is a low-cost, bidirectional, SPST switch which can replace 
mechanical relays in many applications. The output is'rated for 350 volts and is similar to the LH1056-Type MSR except 
that the typical value of the internal current limiting has been increased from 150 to 300 mA. The LH1085AT MSR 
provides 1500 Vrms of input-to-output isolation and is available in a 6-pin plastic DIP. It can switch both ac and de loads 
but is primarily intended for audio frequency applications. 

This device uses a GaAIAs LED to optically couple the control signal to a dielectrically isolated high-voltage integrated 
circuit. The typical ON-Resistance is 30 ohms at 25 mA and is extremely linear up to 50 mA. Beyond 50 mA the 
incremental resistance becomes even less, thereby minimizing internal power dissipation. The LH1085AT MSR is rated 
for de load (operating) currents up to 150 mA and peak currents up to 225 mA. Internal current limiting protects the 
device in many applications; however the LH1056-Type MSR is recommended for applications where operating currents 
are below 100 mA. 

Features 

• Low ON-Resistance 

• Clean, bounce-free switching 

• 1500 Vrms input/output isolation (optically coupled) 

• dv I dt typically better than 500 VIµ s 

• High-surge capability 

• Low power consumption 

• Noise-free operation 

• No electromagnetic interference 

• High-voltage monolithic IC fabricated in a dielectric 
isolation process 

Functional Diagram 

s 
0 0 

6 5 

LED 

2 

T 

S' 
0 

4 

3 

Applications 

• Telephone switchhook 

• High-vo.ltage testers 

• Industrial controls 

• Triac driver 

• Isolation switching 

Pin Diagram 

CONTROL + l ~ 6 s 

CONTROL - 2 5 NC 

BLANK 3 4 S' 

SPST(NORMALLY OPEN) 
I 

s~• OS' 

""I ~ 
CONTROL LED 
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LH1085AT HIGH-VOLTAGE SOLID-STATE RELAY 

Maximum Ratings 
(At 25'C unless otherwise specified) 

Rating Value Unit 

Ambient Operating Temperature Range -40 to +85 'C 

Storage Temperature Range -40 to 100 'C 

Pin Soldering Temperature (t = 15 sec max.) 300 'C 

Input/Output Voltage Isolation 1500 Vrms 

LED Input Ratings 
Continuous Forward Current 20 mA 
Reverse Voltage 10 v 

Output Operation 
Operating Voltage 350 v 
Peak Load Current (t ~ 1 o milliseconds) 225 mA 
DC or RMS Load Current 150 mA 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Descriptions 
(Also See Functional and Pin Diagrams) 

Pin Name Description 

1 Control + These pins are the positive and negative inputs to the input control LED. An 
2 Control - appropriate amount of current through the LED will close the circuit path 

between Sand S'. 

6 s These pins are the outputs. The pin designated as S represents one side of a 
4 S' relay pole. The pin designated as S' (S Prime) is the complementary side of a 

relay pole. This relay pole is normally open unless sufficient control current is 
flowing. 

3 Blank This pin may be used as a tie-point for external components. Voltage on this pin 
should not exceed 300 volts. 

5 NC This pin is connected to internal circuitry. It should not be used as a tie-point for 
external circuitry. 
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HIGH-VOLTAGE SOLID-STATE RELAY 

Characteristics 

+ 
300 mA - - - - --·-----

5omA 

-1.SV 

1 
SLOPE= -

30Q 

1 
SLOPE=- ........ .Jj 

isQ -v 

1.SV 

50 mA 

CURRENT ______ - - -- - 300 mA 
LIMITING 

-· 
Figure 1. Typical ON Characteristics 

Electrical Characteristics 
{TA = 25°C, unless otherwise specified) 

Characteristics 

LED Forward Current for Turn-On * 
ILoAo = 150 mA, 25°C 

ILOAD = 120 mA, 70°C 

LED ON Voltage @ 10 mA 

ON Resistance @ 25 mA 

Breakdown Voltage@ 50 µA 

100 V, ILED = O mA 

Output Off-State Leakage Current 100 V, ILED = 200 mA 

300 V, ILED = 200 mA 

Turn-On Time 
See Figure 2 

Turn-Off Time 

Feedthrol!.9._h Capacitance, Pin 4 to 6 (4 V p-p, 1 kHz) 

Min Typ 

- 1.5 

- 2.5 

1.15 1.30 

20 30 

350 380 

- 1.0 

- 0.1 

- 0.1 

- 1.0 

- 0.5 

- 30 

LH1085AT 

CURRENT 
LIMITING 

Max Unit 

2.5 
mA 

5.0 

1.45 v 
50 {l 

- v 
- nA 

2.0 µA 

5.0 µA 

-
ms 

-
- pf 

• Supply a minimum of 6 mA LED current to insure proper operation over the fully operating temperature range. 
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LH1085AT 

Test Circuits 

ILED - 5.0 mA 

5.0 mA 

0 

ILED 

200 µA 

0, 200 µA 

5.0 mA 
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HIGH-VOLTAGE SOLID-STATE RELAY 

1LOAD .,..__ 
1,~ 1.1.1.s LED CURRENT 

RLOAD 

CONTR~ S.OmA • 
5 NC 1.IOV 

INPUT 
OUTPUT CURRENT 

4 SWITCH 
40mA 

OUTPUT 

Figure 2. toN/toFF Test Circuit and Waveform 

0 It------.. 

NC 3 
4 .._ _____ .. 

ILOAD Measure Parameter 

±25 mA ±VM ON Resistance, RoN = 

±100 mA ±VM ON Voltage, VON = VM 

1, s 1.1( s 

\ 

t 
OFF 

VM 

25 mA 

±so µA ±VM Breakdown Voltage, V(BR) = VM 

Figure 3. Test Circuit for RoN, ON Voltage and Breakdown Voltage 

VLOAD Measure Parameter 

±soo v IL Leakage, ILKG = IL 
±100 v IL 

±s.ov IL Limit Current luM = IL 

Figure 4. Test Circuit for Leakage and Limit Current 



HIGH-VOLTAGE SOLID-STATE RELAY LH1085AT 

Applications 

LOAD 

Figure 5. Triac Predriver 

CONTROL 

+ 

3 -
::L 

TIP 4 

TELEPHONE 
RING ELECTRONICS 

Figure 6. Telephone Switchhook 
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LH1085AT 

Outline Drawing 
Dimensions in Inches 
(mm) 

EMBOSSMENT 
IDENTIFYING 
TERMINAL 1 

L.: .335 (8.51) L....J I 
.325 (8.25) --l 

L13) APPROX. 

.-

t .160·~ 
.140 (3.56) 

' ~ ~!1.-.013 (.33) MAX TYP 

~2 SPCS.@ .100 (2.54) 
= .200 (5.08) 

Ordering Information 

Device 

LH1085AT 
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60-VOLT DUAL RELAY DRIVER LS1014AB 

Description 

The LS1014AB integrated circuit consists of two independent relay drivers and is intended for use in high-voltage relay 
applications. Each driver is controlled by TTL logic. A logic 1 on the input activates a relay. The device is available in an 
8-pin plastic DIP. 

Features 

• Flyback protection diode at each output for optional 
connection 

• Each output can handle any load from 2 to 30 mA 

Functional Diagram 

R2 
V+ 

500 !} 
R1 

50 k!l 

INPUT 

THIS DEVICE CONSISTS OF TWO IDENTICAL 
DRIVERS. ONLY ONE DRIVER SCHEMATIC 
IS SHOWN. 

RS 

R& 

• 60-volt operation (nominal - 48 volt with + 5 volt 
logic) 

• Input logic levels TTL-compatible 

Pin Diagram 

GND 

GND V+ 

D2 
AOUT AIN 

D2 

02 V-
OUTPUT 

D1 BOUT BIN 
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LS1014AB 60-VOL T DUAL RELAY DRIVER 

Maximum Ratings 
(TA= 25'C unless otherwise specified) 

Parameter Value Unit 

Ambient Operating Temperature Range 0 to 70 'C 

Storage Temperature Range -40 to + 125 'C 

Pin Temperature (Soldering, 15 sec) 300 'C 

Voltage (V + to V - 70 v 
Voltage (V + to GND) 6.25 v 
Current (Each Driver Output) -30 mA 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Description Key 

Pin Symbol Name/Function 

1 GND Circuit common (not necessarily system or physical ground). 

2 AouT Output for section A of this dual device. 

3 D2 Cathode side of an internal surge protection diode (Functional Diagram). 
See the Applications section for further information. 

4 BOUT Output for section B of this dual device 

5 BIN TIL-compatible input for section B of this dual device. 

6 v- This pin connects to the most negative external power supply. 

7 AIN TIL-compatible input for section A of this dual device. 

8 v+ This pin connects to a + 5 volt external power supply. The logic portion 
of this device operates from the + 5 volt supply. 

Characteristics 

Electrical Characteristics 
(TA = 25'C unless otherwise specified) 

Characteristic/Test Condition Min Max Unit 

Power Supply, Current On (Figure 1) 0.1 2.4 mA 

Power Supply, Current Off (Figure 2) 0.1 1.6 mA 

Output Leakage Current (Figure 3) - 1.0 µA 
Logic Supply, Current On (Figure 4) 100 1000 µA 
Logic Supply, Current Off (Figure 5) 10 500 µA 
Logic Input, Current On (Figure 6) -4.0 -75 µA 
Logic Input, Current Off (Figure 7) -5.0 -250 µA 
Output Voltage, High (Figure 8) 0.6 1.6 v 
Output Voltage, Low (Figure 9) - 10 mV 

Input Switching Voltage, On - 1.8 - v 
Input Switching Voltage, Off - - 0.8 v 
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60-VOLT DUAL RELAY DRIVER 

Test Circuits 

(DRIVER A ON) 

_L 
1.8 v-=-

I 

(DRIVER B ON) 

(DRIVER B OFF) 

IPS + (MEASURE) 

+6.25 v 

IPs + (MEASURE) 

+6.25 v 

-55 v 

Figure 1. Power Supply, Current On. 

IPS + (MEASURE) 

+6.25 v 

-55 v 

IPS + (MEASURE) 

+6.25 v 

-55 v 

Figure 2. Power Supply, Current Off 

LS1014AB 

4 1.5 kl! 

-
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LS1014AB 

Test Circuits 
(Continued) 

14-4 

7 

OPEN 

OPEN 

60-VOLT DUAL RELAY DRIVER 

IL (MEASURE) 

OPEN 

5 

OPEN 

Figure 3. Output Leakage Current 

IPSt.. (MEASURE) 

+6.25 v 

-55 v 

IPSL (MEASURE) 

-55 v 

OPEN 

Figure 4. Logic Supply, Current On 



60-VOLT DUAL RELAY DRIVER 

Test Circuits 
(Continued) 

...L 
0.1 v -=-

l 

"" (MEASURE} 

IPSL (MEASURE) 

+6.25 v 

IPSL (MEASURE) 

+6.25 v 

-55 v 

...L 

Figure 5. Logic Supply, Current Off 

+4.5V 

-55 v 

+4.5 v 

-55 v 

Figure 6. Logic Input Current, On 

LS1014AB 

4 4.7 kn 

-

4 4.7 k!l 
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LS1014AB 

Test Circuits 
{Continued) 

14-6 

60-VOLT DUAL RELAY DRIVER 

+5.S v 

+S.5 v 

-55 v 

Figure 7. Logic Input Current, Off 

+8.25 y 

-55 v 

+6.25 v 

-55 v 

Figure 8. Output Voltage, High 

YOH 
(MEASURE) 



60-VOLT DUAL RELAY DRIVER 

Test Circuits 
(Continued) 

+l.25 v 

+6.25 v 

-SS V 

LS1014AB 

Figure 9. Output Voltage, Low 

Characteristic Curves 

1.6 ...---------------. 
v 

1.5 

1.4 .....__ __ ..___ __ _.__ __ _.__ __ __. 

-50 0 50 100 oc 
Figure 10. Output Voltage vs. Temperature 

15.-------------~ 

µA 

10 

5 

o.__ __ ....._ __ _._ __ __..o::;_ _ ___. 

-50 0 50 100 oc 
Figure 11. Output Leakage Current vs. Temperature 
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LS1014AB 60-VOLT DUAL RELAY DRIVER 

Characteristic Curves (Continued) 

1.5 
mA 

1.3 

1.1 

0.6 .--~~~~~~~~~~~~---. 
mA 

0.5 

0.4 

0.9 ...__ __ ..___ __ ......_ __ _._ __ __, 0.3 .___ __ .....__ __ ..___ __ ...___ _ ___, 

-50 0 50 100 oc -50 0 50 100 oc 
Figure 12. Supply Current vs. Temperature Figure 13. Logic Supply Current vs. Temperature 

Applications 

Figure 14 illustrates the relay-to-ground method of driving a relay using the LS1014AB device. A surge protection diode 
can be placed across the relay coils by connecting pin 3 to ground. (See Functional Diagram for the internal surge 
protection diode connections.) 
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Note 1: Flyback protection can be obtained by connecting pin # 3 to ground. 

Figure 14. LS1014AB Relay-to-Ground Application Diagram 
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QUAD NEGATIVE-VOLTAGE RELAY DRIVER LS1098AAF 

PRELIMINARY 
Description 

THE LS1098AAF integrated circuit consists of four independent 60-volt relay drivers designed to operate over wide 
ranges of supply voltage, common-mode voltage, and ambient temperature, with 50 mA source capability. These drivers 
are intended for switching the ground side of loads which are directly connected to a negative supply, such as in 
telephone relay systems. 

Noise and IR drop between logic ground and negative supply ground are problems which must always be considered in 
telephone relay systems. Therefore, these relay drivers are designed to operate with a high common-mode range. 

These drivers are compatible with TTL, LS, and CMOS logic, since the differential input current requirements are low. 
Differential inputs permit either inverting or noninverting operation. The driver outputs incorporate transient suppression 
clamp networks which eliminate the need for external suppression circuitry when used in applications for switching 
inductive loads. A fail-safe feature is incorporated to insure that, if the VON input or both inputs (VON and VOFF) are 
open, the driver will be off. The LS1098AAF Quad Negative-Voltage Relay driver is available in a 14-pin SONB package. 

Features 

• 50 mA source capability (each driver) 

• Low propagation delays ( ~ 10 µs) 

• TTL, LS or CMOS compatible Inputs 

• Fail-safe disconnect protection 

Functional Diagram 

GNDQ 

VoN(A) OUTPUT-A 

VOFF(A) 

VoN(B) OUTPUT-B 

VOFF(B) 

VoN(C) OUTPUT-C 
VoFF(C) 

VON(D) OUTPUT-D 

VOFF(D) 

VsNO 

• High input common-mode 
voltage range ( ± 20 V) 

• Negative supply operating 
voltage (-10 V to -60 V) 

• Built-in output clamp diodes 

Pin Diagram 

VoN(A) 

VoFF(A) 

VoFF(B) 

VON(B) 

VoN(C) 

VoFF(C) 

VOFF(D) 

(Surface Mount) 

GND 

OUTPUT-A -

OUTPUT-B 

OUTPUT-C 

OUTPUT-D 

VsN 

VoN(D) 
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LS1098AAF QUAD RELAY DRIVER 

Maximum Ratings 
(TA = 25°C unless otherwise specified) 

Storage Temperature Range ......................................................... - 40 to + 125°C 
Pin Soldering Temperature (t = 15 sec max.) .................................................... 300°C 
Supply Voltage VsN tp GND, and Any Pin) ...................................................... - 70 V 
Positive Input Voltage (Input to GND) ............................................................ 20 V 
Differential Input (VON to VoFF) ................................................................ ±20 V 
Output Current (Each Driver) ................................................................... 50mA 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress I 

rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Description 

Pin Symbol Name/Function 

1 VoN(A) Driver logic ON inputs for sections A, 8, C and D respectively. These inputs are 
4 VoN(B) TTL, LS and CMOS compatible. Figure 1 shows a simplified diagram 
5 VoN(c) of the input circuit. 
8 VoN(o) 

2 VOFF(A) Driver logic OFF inputs for sections A, 8, C and D respectively. These inputs are 
3 VOFF(B) TTL, LS and CMOS compatible. Figure 1 shows a simplified diagram 
6 VOFF(C) of the input circuit. 
7 VOFF(D) 

9 VsN Connection for "most negative" external power supply. 

10 OUTPUT-D 
11 OUTPUT-C Driver outputs for sections D,C, 8 and A respectively. 
12 OUTPUT-8 Figure 2 shows a simplified diagram of the output circuit. 
13 OUTPUT-A 

14 GND Ground or circuit common (not necessarily physical or system ground). 

Table 1. Recommended Operating Condition 
Pin 14 is connected to system ground. The supply voltage (Pin 9) is negative with respect to Pin 14. 

Conditions Min Max Units 

VsN Supply Voltage -10 -60 v 
Input Voltage (Input to GND) -20 20 v 
Logic ON voltage (VoN referenced to VoFF) 2 20 v 
Logic OFF Voltage (VoN referenced to VoFF) -20 0.8 v 
Temperature Range 0 85 ·c 
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QUAD RELAY DRIVER 

Simplified Input/Output Diagrams 

R1 
15 kn 

R2 

GND 

R3 

VsN 

Figure 1. LS1098AAF Simplified Input Diagram 

From 
Internal 
Circuitry 01 

02 

GND 

OUT 

VsN .____o 
Figure 2. LS1098AAF Simplified Output Diagram 

LS1098AAF 

-
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LS1098AAF QUAD RELAY DRIVER 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. Also see Note 1. 

Characteristic Test Condition Min Typ Max Unit 

Supply Current Figure 3; 
Drivers ON VON= 2.0 V - 1.4 4.4 mA 
Drivers OFF VON = 0.8 v - O.Q1 100 µA 

Fail-Safe Output Leakage Current Figure 4 - 0.01 100 µA 

Output-Off Leakge Current Figure 5; VoN = 0.8 V - 0.01 100 µA 

Output-On Voltage Figure 6; VoN = 2.0 V 0.6 1.5 2.1 v 
VoN Input Current Figure 7; 

VoN = 0.4 V, VoFF = 0 - 0.01 50 µA 
VON = 2.0 V, VOFF = 0 - 57 100 µA 
VoN = 7.0 V, VoFF = 0 - 436 1000 µA 
VON = 22 V, VOFF = 0 - 0.01 100 µA 

VoFF Input Current Figure 8; 
VoFF = 0 V; VoN = 7V - 10.5 100 µA 

Forward Voltage, 
Output Diode D1 Figure 9 0.40 0.66 1.20 v 
Output Diode D2 Figure 10 0.40 0.57 1.20 v 
Reverse Leakage Current, 
Output Diode D1 Figure 11 - 1.80 10 µA 
Output Diode D2 Figure 12 - 0.11 10 µA 

Propagation Delay, Driver On - - 1.0 - µs 
Driver Off - - 1.0 - _JJ,__S 

Note 1: The test circuit and the testing requirements are shown only for Driver number 1 (except supply current). The test circuits 
(appropriately modified) and testing requirements apply to each individual Driver. 

Test Circuits 

VoN 

55 Volts 

~,,-

14-14 

14 

VOFF VoN \loFF \bN 
5 6 

Figure 3. Supply Current Test Circuit 

VoFF \bN 
7 8 



QUAD RELAY DRIVER 

Test Circuits 
(Continued) 

VoN 
VoFF 

55 Volts 

VoFF \bN 
3 4 

VoFF VoN 
5 6 

LS1098AAF 

VoFF VoN 
7 8 

~lji------------------11-------' 

55 Volts 

~11-

55 Volts 

~11-

Figure 4. Fail-Safe Output Leakage Current Test Circuit 

VoFF VoN 
3 4 

VoFF VoN 
5 6 

Figure 5. Fail-Safe Output Leakage Current Test Circuit 

VoFF \bN 
3 4 

VoFF VoN 
5 6 

Figure 6. Output-On Voltage Test Circuit 

VoFF VoN 
7 8 

VoFF VoN 
7 8 
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LS1098AAF 

Test Circuits 
(Continued) 

• VON • Negative 

VON • Positive. 

Measure I 
1 

55 Volts 

14-16 

14 

VoFF 

QUAD RELAY DRIVER 

VOFF VoN 
5 6 

Figure 7. VoN Input Current Test Circuit 

\foFF VoFF VoN 
5 6 

Figure 8. VoFF Input Current Test Circuit 

Figure 9. Forward Voltage, Output Diode 01 Test Circuit 



QUAD RELAY DRIVER 

Test Circuits 
(Continued) 

LS1098AAF 

Measure 

Figure 10. Forward Voltage, Output Diode D2 Test Circuit 

-
J; 

Figure 11. Reverse Leakage Current, 
Output Diode D1 Test Circuit 

60V 

14 

13 

+Measure I 

;J, eov 

Figure 12. Reverse Leakage Current, 
Output Diode D2 Test Circuit 
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LS1098AAF QUAD RELAY DRIVER 

Electrical Characteristics 
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Figure 13. Typical Supply Current (lvsN(oN)) vs Temperature 
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Figure 14. Typical Supply Current (lvsN(oFF)) vs Temperature 
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Figure 15. Typical Driver VoN Input Current (lvoN(H)) vs Temperature 



QUAD RELAY DRIVER 

Electrical Characteristics (Continued) 
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Figure 16. Typical Driver VoN Input Current (lvoN(H» vs Temperature 
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Figure 17. Typical Driver VoN Input Current (lvoN(L» vs Temperature 
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LS1098AAF QUAD RELAY DRIVER 

Electrical Characteristics (Continued) 
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Figure 19. Typical Driver Input Current (lvoFF) vs Temperature 
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Figure 20. Typical Driver Output-Off Current (l(OFF)) vs Temperature 
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QUAD RELAY DRIVER LS1098AAF 

Applications 

The LS1098AAF quad relay drivers are designed to operate with a high common-mode range ( ± 20 volts referenced to 
negative supply ground). Each driver has a common-mode range separate from the other drivers in the package, which 
permits input signals from more than one source in the system. 

These drivers are intended for switching the ground side of loads which are directly connected to a negative supply, such 
as in a telephone relay system (Figure 22 illustrates a typical application). 

VON(A) GND 14 

2 VoFF(A) OUTPUT-A 13 

3 VoFF(B) OUTPUT-B 12 

VON(B) 4 OUTPUT-C 11 
DRIVER 
INPUTS 

5 VON(C) OUTPUT-D 10 

6 VOFF(C) VsN 9 

VOFF(D) VON(D) 8 
(-1 Oto -60) Volts 

7 

Figure 22. 

14-21 

-



-

LS1098AAF 

Outline Drawing 
(Dimensions in Inches) 

14 

0 

8 

r- .)48 MAXI .068 7 
u u-----·ooi -

j l .020 MAX f 

.oso 
TYP 

Ordering Information 

14·22 

Device 

LS1098AAF 

QUAD RELAY DRIVER 

DETAIL A 

---- .240 ± .003 • 

SEE OETAIL A -.I I.-

Com code 

104405964 

.026 
TYP. 



OCTAL LINE PROTECTOR LB1010AD 

Description 

The LB1010AD integrated circuit is a bidirectional over-voltage/over-current limiting device that protects up to eight 
digital lines. This circuit contains 16 on-chip fuses, 8 bidirectional voltage clamps, and a clamp threshold reference that 
tracks the power supply. During operation, transient on-line surges (within specified limits) are clamped to a safe level. 
However, if an extraordinarily high-current fault is present on an input (on the order of 1 amp), an on-chip fusing 
component will open, protecting the electronic circuits that are connected to the complementary output. 

Features 

• Bidirectional clamping 

• Clamp threshold tracks supply voltage to 7.0 volts 

• Protects 8 lines 

• Input standoff voltage up to 65 volts (after on-chip fuse 
opens) 

• Available in an 18-pin plastic DIP 

Functional Diagram 

V+ 

,- - - ---1-----,-- - -----, 
I NEGATIVE 
I CLAMP 

INPUT/OUTPUT A i D 
11 ~ 

FUSE ~ V+ 
'? 

INTERNAL 11; '. 
I i I 

··~"""~ ...--r:--~--
1 
I 
I 
I 
I 
I 
I 

POSITIVE 
CLAMP 

I THIS SECTION IS I 
I ONLY ONE OF EIGHT IDENTICAL j 
I CIRCUITS SHOWN. i : 

L---------[-L 
~ 

CLAMP 
THRESHOLO 
REFERENCE 

COMMON 
CIRCUITRY 

I 
I 
I 
I 
I 
I 
I 
I 

--- ____ _J 

Pin Diagram 

INPUT/OUTPUT 
PINS 

14 

13 

12 

11 

10 

OUTPUT/INPUT 
PINS 

COMPLEMENTARY INPUT/OUTPUT LEADS MAY BE 
INTERCHANGED FOR BIDIRECTIONAL OPERATION. 
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LB1010AD OCTAL LINE PROTECTOR 

Maximum Ratings (TA = 25'C unless otherwise specified) 

Rati'!9_ Value Unit 

Ambient Operating Temperature Range Oto 70 'C 

Storage Temperature Range -40 to + 125 'C 

Pin Temperature (soldering, 15 sec) 300 'C 

Input Standoff Voltage (after on-chip fuse opens)* 65 v 
Input Current Continuous, (each 1/0 and 0/1 pin) ±15 mA 

Input Current 50% duty cycle (each 1/0 and 0/1 pin) ±so mA 

Voltage (V + to GND) 7.0 v 
• Rating applies from each 1/0 pin to its complementary 0/1 pin and vice versa. 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this data sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Pin Descriptions (see Pin Diagram) 

Pin Symbol 

Input/Output 
1 - 8 (A-H) 

9 GND 

10-17 
Output/Input 

(H -A) 

18 v+ 

15-2 

Name/Function 

Input/Output (1/0) pins A through H, respectively. The LB1010AD device 
consists of eight independent protector sections (Functional Diagram) 
designated by the letters A through H. Each protector section has two leads tha 
may be used either as an input terminal or as an output terminal. 

Circuit common. This pin should be connected to system ground. 

Input/Output (0/1) pins H through A, respectively. For reference purposes, pins 
1 through 8 are designated as 1/0 pins, while complementary pins 
10 through 17 are designated as 0/1 pins. Unused 1/0 and 0/1 pins 
may float when not being used. 

External positive supply voltage pin range is 2.5 to 7.0 volts. 

IBO-

1~ 

(APPLIED BIAS) 

l} ON-STATE 
REGION 

-(P~SITIVE) 

,"/ ON-STATE 
REGION } '"~'"" 

,_ 
(APPLIED BIAS) 

Figure 1. Symbology For Test Characteristics 



OCTAL LINE PROTECTOR LB1010AD 

Electrical Characteristics 
(TA = 25"C unless otherwise specified) 

Characteristics Min T_n> Max Unit 

Power Supply Current 
6.0 - 22 mA 

v+ = 7.0 v 

Leakage Current (Note 1) 
v+ = 3.0 V, Pin Voltage = O V - - ±1.0 mA 
v+ = 3.0 V, Pin Voltage = 2.7 V - - ±10 µA 

Through Package Resistance (Each 1/0 pin to complementary 0/1 pin) 
1.0 2.5 5.0 n 

1/0 pin = 10 mA, 0/1 pin = GND 

Positive Breakover Voltage (Vso +)(Note 1) 
Bias Current Ramp (1 % duty cycle)(Note 2) 
Measure voltage on pin complementary to the applied bias pin 
v+ = 3.o v 3.2 - 4.8 v 
v+ = 5.o v 5.3 - 6.6 v 

Negative Breakover Voltage (Vso - ) (Note 1) 
v+ = 3.0 V-0.3 -0.3 - -2.5 v 

Positive On-State Voltage (VoN +) (Note 1) 1.0 - 2.0 v 
Bias current (1 % duty cycle) = 500 mA, V + = 3.0V 
Measure voltage on pin complementary to applied bias pin 

Negative On-State Voltage (VoN - ) (Note 2) 0.5 - 2.0 v 
Bias current (1 % duty cycle) = -500 mA, v+ = 3.0 v 

Positive Breakover Current (lso +) (Note 1) 100 - 200 mA 
Bias current (1 % duty cycle) (Note 3) 
Measurements on pin to which bias is applied, V + = 3.0 v 

Negative Breakover Current (lso - ) (Note 1) -100 - -250 mA 

Positive Release Current (IREL +)(Note 1) 100 - 350 mA 
Bias current (1 % duty cycle) (Note 4) 
Measure voltage on pin to which bias is applied, V + = 3.0 v 

Negative Release Current (IREL - ) (Note 1) -75 - -300 mA 

Notes: 
1. This test applies to each 1/0 and 0/1 pin. 

2. A ramped bias current (1 % duty cycle) is applied to the appropriate 1/0 or 0/1 pin. Breakover voltage is measured as the peak 
magnitude of voltage which occurs as the bias current is increased in magnitude from zero to a value which forces the device into the 
low impedance on-state region of its characteristic (Figure 1). Polarity designations should be observed with respect to GND. 

3. Breakover current is that value of current applied to the specified pin at which the breakover voltage peak occurs (Figure 1). 

4. Force the device into a low impedance on-state condition. Reduce the current (as specified in the following sentences) and measure 
the voltage on the pin to which the bias is applied (Figure 2). 

The Positive Release Current is recorded when the voltage on the specified pin equals V + . 
The Negative Release Current is recorded when the voltage on the specified pin equals zero. 
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LB1010AD 

Characteristics 

-V 
(MEASURED) 

IT 
(APPLIED BIAS) 

J 
DECREASING 

CURRENT 

1-
(APPLIED BIAS) 

OCTAL LINE PROTECTOR 

TV 
(MEASURED) 

Figure 2. Release Current Characteristics 

Characteristics and Conditions Tpical Unit 

Line Capacitance (V + = 5.0 V, V1N = 0.3 to 4.7 V) 12.0 pF 

Positive ON-State Resistance (Figure 1) 0.7 n 
Negative ON-State Resistance (Figure 1) 0.8 

Fusing Time (lsurge = 1.0A) 6.0 µs 

15-4 



OCTAL LINE PROTECTOR 

Characteristics 
(Continued) 
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Figure 3. Typical Fusing Characteristics 
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LB1010AD OCTAL LINE PROTECTOR 

Applications 

Figure 6 illustrates connections for line protection applications. No additional circuitry is needed with the LB1010AD 
device other than a 0.1 µ F by-pass capacitor as close as possible between V + and GND. 

The clamp threshold reference circuit (Functional Diagram) tracks the external V + supply. The positive/negative 
clamps will begin to clamp the digital data lines at a voltage which will be only slightly above the voltage of the external 
V + power supply (Figure 5). Since the threshold voltage is a function of the external V + power supply, the LB1010AD 
Octal Line Protector can be used with a variety of logic families up to 7 volts. 

If the resulting current exceeds the conditions shown under Fusing Characteristics in Figure 3, the associated on-chip 
fuse will open permanently, disconnecting the affected Digital Data Line until a new LB1010AD device is installed. The 
maximum voltage which may be applied to an open input line is 65 volts. 
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OCTAL LINE PROTECTOR 
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INTEGRATED SECONDARY PROTECTORS LH1150-TYPE 

PRELIMINARY 
Description 

The LH1150-Type Integrated Secondary Protectors (ISP) are a family of two-wire bidirectional overvoltage protection 
devices used for secondary protection of electronic switch line units. Each circuit contains four thyristor devices with 
associated threshold sensing. The device is fabricated in a high-voltage dielectrically isolated BCDMOS process and is 
packaged in a three lead ruggedized plastic package. In many applications the LH1150-Type ISP devices are 
interchangeable with Texas Instruments voltage suppressor part TISP229A and TECCOR Electronics surge protector 
part P101. 

Features 

• Bidirectional overvoltage protection 

• Crowbars surge waves and power cross faults 

• Internal voltage trim capability to meet threshold volt­
age requirements 

Functional Diagram 

HV 

dv 
dt 

• Symmetrical pinout 

• No Heat sink required 

HV 

HV 

HV 

15-9 

-



-

LH1150-TVPE INTEGRATED SECONDARY PROTECTORS 

Electrical Characteristics 

Characteristic/Conditions Min ~ 
Offstate Current (lo) 

Vo = + /- 160 V - -
Vo = + /- 210 V - -
Vo = +I - 224 V * - -

Breakover Voltage (Vso) @ lso - 230 

Breakover Current (lso) 20 Hz Sine Wave - 50 

Holding Current (IN) Rs = 300 0 
(T-R, R-T) 

LH1150AAM 110 150 
LH1150BAM 155 220 
LH1150CAM 165 220 

Peak Voltage (power cross) - -
(T-G, R-G) 

Vs= 600 Vrms 
Rs= 700 n 

t = 1.0 s 

Peak Voltage (lightning strike) - -
(T-G, R-G) 

Vsurge = 1000 Vpeak 
10/1000 µs 
Rs = 110 n 

* This parameter is guaranteed only for the LH1150CAM device. 

•• Peak voltage will increase by a factor of approximately 0.2 V /°C as ambient temperature rises. 

Rs is the resistance in series with the ISP device during characteristics specified. 

VBO 
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INTEGRATED SECONDARY PROTECTORS 

Applications 
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Figure 2. Application Diagram 
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LH1150-TYPE INTEGRATED SECONDARY PROTECTORS 

Outline Drawing 
(Dimensions in Inches) 
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OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY AN0130NA 

PRELIMINARY 
Monolithic N-Channel Enhancement-Mode 

Description 

The AN0130NA Octal High-Voltage N-Channel MOSFET Array contains eight N-Channel DMOS drivers configured 
common-source, open drains, and ESD protected gates. The device interfaces MOS logic level inputs to outputs 
capable of withstanding 300 volts and sinking 30 mA. The devices are fabricated in AT&T's proprietary BCDMOS 
technology with dielectric isolation. This process offers unprecedented freedom from latchup and parasitic device 
interaction. 

Features 

• On-chip ESD protection • Processed with BCDMOS technology 

• Operating voltage up to 300 volts • Gate CMOS Logic compatible 

Applications Functional and Pin Diagram 

• Test systems 

• Industrial controls 

• Telecommunications 

• Electrostatic array drivers 

• Electroluminescent panel drivers 

• General multi-channel driver array 

BVos Ros( ON) lo( ON) 

300 v 300!! 25 mA 
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AN0130NA OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY 

Maximum Ratings 
(At 25'C unless otherwise specified) 

Ambient Operating Temperature Range ................................................. -40 to + 85'C 

Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 to + 150'C 

Pin Soldering Temperature (t = 15 sec max.) .................................................... 300'C 

Drain Current, DC ............................................................................. 30 mA 

Drain Current, Pulsed (tp = 200 µs; duty cycle = 2%) ........................................... 75 mA 

Gate-to-Source Voltage ....................................................................... ±15 V 

Drain-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 V 

Power Dissipation .......................................................................... 1500 mW 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Electrical Characteristics 
(TA = 25'C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic Test Condition Min Typ Max Unit 

Drain-to-Source lo= 1 µA; VGS = 0 300 350 - v 
Breakdown Voltage, BVos 

Gate Threshold Voltage, VGS(th) VGS = Vos; ID = 1.0 mA 1.5 3.0 4.0 v 
Gate Leakage Current, IG VGS = ± 15 V; Vos = 0 - eox10- 12 10x10- 9 A 

Drain Current, lo VGS = O; Vos = 300 v - 250 x 10- 12 3x10- 9 A 

Saturation Current Vos = 25 V; VGS = 10 v 25 57 - mA 

Static Drain-to-Source 
VGS = 10 V; lo = 10 mA 175 300 n 

ON-State resistance Ros(ON) -

Characteristic Test Condition Typ Unit 

Change in Gate Threshold Voltage VGs = Vos; ID = 1.0 mA -1.1 mV/'C 
With Temperature TA = ( - 25 to + 85)'C 

TREF = 25'C 

Change in Ros(ON) VGS = 10 V; lo = 10 mA 0.8 %/'C 
With Temperature TA = ( - 25 to + 85)'C 

TREF = 25'C 

Switching Times Functional Diagram; 
VGs(ON) = 10 V 
Vos = 25 V; ID = 10 mA 

Turn-ON Delay Time; td(ON) 28 ns 
Rise Time; tr 80 ns 
Turn-OFF Delay Time; td(OFF) 70 ns 
Fall Time; tf 300 ns 
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OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY AN0130NA 

Test Circuits 

Figure 1. Switching Waveforms and Simplified Test Circuit 

Outline Drawing (Dimensions in inches) 
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OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY AN0132NAR 

ADVANCE 
Monolithic N-Channel Enhancement-Mode 

Description 

The AN0132NAR Octal High-Voltage N-Channel MOSFET Array contains eight independent N-Channel DMOS drivers 
configured with common-sources, open drains and ESD protected gates. The AN0132NAR, because of its robust design 
and construction, is capable of discharging capacitive loads up to 1 µF. The device interfaces MOS logic level inputs to 
outputs capable of withstanding 320 volts and sinking 30 mA. The devices are fabricated in AT&T's proprietary 
BCDMOS technology with dielectric isolation. This process offers unprecedented freedom from latchup and parasitic 
device interaction. 

Features 

• On-chip ESD protection • Processed with BCDMOS technology 

• Operating voltage up to 320 volts • Gate CMOS Logic Compatible 

Applications Functional and Pin Diagram 

• Test systems 

• Industrial controls 

• Telecommunications 

• Electrostatic array drivers 

• Electroluminescent panel drivers 

• General multi-channel driver array 

BVos Ros( ON) lo( ON) 

320 v 3000 25 mA 
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AN0132NAR OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY 

Maximum Ratings 
(At 25°C unless otherwise specified) 

Ambient Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 40 to + 85°C 

Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 to + 150°C 

Pin Soldering Temperature (t = 15 sec max.) .................................................... 300°C 

Drain Current, DC ............................................................................. 30 mA 

Drain Current, Pulsed (tp = 200 µs; duty cycle = 2%) ........................................... 75 mA 

Gate-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 15 V 

Drain-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 V 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1500 mW 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic Test Condition Min Typ Max Unit 

Drain-to-Source lo= 1 µA; VGS = 0 320 380 - v 
Breakdown Voltage, BVos 

Gate Threshold Voltage, VGS(th) VGS = Vos; ID = 1.0 mA 1.5 3.0 4.0 v 
Gate Leakage Current, IG VGS = ± 15 V; Vos = 0 - 60 x 10- 12 1ox10-0 A 

Drain Current, lo VGS = O; Vos = 320 v - 250 x 10- 12 1 x 10- 9 A 

Saturation Current Vos = 25 V; VGS = 10 v 25 57 - mA 

Static Drain-to-Source 
VGS = 10 V; lo = 10 mA 175 300 n ON-State resistance Ros(ON) 

-

Characteristic Test Condition T}'p Unit 

Change in Gate Threshold Voltage VGS = Vos; ID = 1.0 mA -1.1 mV/°C 
With Temperature TA = (- 25 to + 85)°C 

TREF = 25°C 

Change in Ros(ON) VGS = 10 V; ID = 10 mA 0.8 %/°C 
With Temperature TA= (-25 to +85)°C 

TREF = 25°C 

Switching Times Functional Diagram; 
VGs(ON) = 10 V 
Vos = 25 V; lo = 10 mA 

Turn-ON Delay Time; td(ON) 28 ns 
Rise Time; tr 80 ns 
Turn-OFF Delay Time; td(OFF) 70 ns 
Fall Time; tf 300 ns 
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OCTAL HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY 

Test Circuits 

Figure 1. Switching Waveforms and Simplified Test Circuit 

Outline Drawing (Dimensions in inches) 
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OCTAL HIGH-VOLTAGE P-CHANNEL MOSFET ARRAY AP0130NA 

PRELIMINARY 
Monolithic P-Channel Enhancement-Mode 

Description 

The AP0130NA Octal High-Voltage P-Channel MOSFET Array contains eight P-Channel DMOS drivers configured 
common-source, open drains, and ESD protected gates. The device ·interfaces MOS logic level inputs to outputs 
capable of withstanding 300 volts and sinking 15 mA. The devices are fabricated in AT&T's proprietary BCDMOS 
technology with dielectric isolation. This process offers unprecedented freedom from latchup and parasitic device 
interaction. 

Features 

• On-chip ESD protection • Processed with BCDMOS technology 

• Operating voltage up to 300 volts • Gate CMOS Logic compatible 

Applications 
Functional and Pin Diagram 

• Test systems 

• Industrial controls 

• Telecommunications 

• Electrostatic array drivers 

• Electroluminescent panel drivers 

• General multi-channel driver array 

BVos Ros(ON) lo(ON) 

-300 600 .n -15 mA 
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AP0130NA OCTAL HIGH-VOLTAGE P-CHANNEL MOSFET ARRAY 

Maximum Ratings 
(At 25°C unless otherwise specified) 

Ambient Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 40 to + 85°C 

Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 to + t50°C 

Pin Soldering Temperature (t = 15 sec max.) .................................................... 300°C 

Drain Current, de ........................................................................... -15 mA 

Drain Current, Pulsed (tP = 200 µs; duty cycle = 2%) ......................................... - 40 mA 

Gate-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 20 V 

Drain-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 300 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1500 mW 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic Test Condition Min Typ Max Unit 

Drain-to-Source ID -1 µA; VGS = 0 -300 -380 - v 
Breakdown Voltage, BVos 

Gate Threshold Voltage, VGS(th) VGS = Vos; ID = 1.0 mA -0.75 -2.10 -3.0 v 
Gate Leakage Current, IG VGS = 15 V; Vos = 0 - -4ox10- 12 -1ox10- 9 A 

Drain Current, lo VGS = O; Vos = 300 v - -.5X10- 9 -3x10- 9 A 

Saturation Current Vos = -25 V; VGS = -10 v -15 -40 - mA 

Static Drain-to-Source 
VGS = -10 V; ID = -10 mA 450 600 n ON-State Resistance, Ros(ON) -

Characteristic Test Condition "!}'!> Unit 

Change in Gate Threshold Voltage VGS = Vos; ID = 1.0 mA -1.4 mV/°C 
With Temperature TA= -25 to +85°C 

TREF = 25°C 

Change in Ros(ON) VGs = 10 V; ID = 10 mA 0.8 %/°C 
With Temperature TA= -25to +85°C 

TREF = 25°C 

Switching Times Functional Diagram; 
VGs(ON) = 10 V 
Vos = 25 V; ID = 10 mA 

Turn-ON Delay Time; td(ON) 60 ns 
Rise Time; tr 240 ns 
Turn-OFF Delay Time; td(OFF) 140 ns 
Fall Time; tf 900 ns 
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OCTAL HIGH-VOLTAGE P-CHANNEL MOSFET ARRAY AP0130NA 

Test Circuit 

OUTPUT 

ti 

Figure 1. Switching Waveforms and Simplified Test Circuit 

Outline Drawing (Dimensions in inches) 
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QUAD HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY LH1162AAP 

ADVANCE 
Monolithic N-Channel Enhancement-Mode 

Description 

The LH1162AAP Quad High-Voltage N-Channel MOSFET Array contains four independent N-Channel DMOS drivers 
with ESD protected gates. The device interfaces MOS logic level inputs to outputs capable of withstanding 350 volts and 
sinking 30 mA. 

The devices are fabricated in AT&T's proprietary BCDMOS technoiogy with dieiectric isolation. This process offers 
unprecedented freedom from latchup and parasitic device interaction. 

Features 

• On-chip ESD protection • Processed with BCDMOS technology 

• Operating voltage up to 350 volts • Gate CMOS Logic Compatible 

Applications BVos Ros( ON) lo(ON) 

350 v 3800 25 mA 
• Test systems 

• Industrial controls 

• Telecommunications 

• Electrostatic array drivers 

• Electroluminescent panel drivers 

• General multi-channel driver array 

Functional Diagram 

14 

5 
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LH1162AAP QUAD HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY 

Maximum Ratings 
(At 25°C unless otherwise specified) 

Ambient Operating Temperature Range ................................................. -40 to + 85°C 

Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 55 to + 150°C 

Pin Soldering Temperature (t = 15 sec max.) .................................................... 300°C 

Drain Current, DC ............................................................................. 30 mA 

Drain Current, Pulsed (tp = 200 µs; duty cycle = 2%) ........................................... 75 mA 

Gate-to-Source Voltage ....................................................................... ±15 V 

Drain-to-Source Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 V 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750 mW 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Electrical Characteristics 
(TA = 25°C unless otherwise specified) 

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the 
result of engineering evaluations. Typical values are for information purposes only and are not part of the testing 
requirements. 

Characteristic Test Condition Min Typ Max Unit 

Drain-to-Source ID= 1 µA; VGS = 0 350 380 - v 
Breakdown Voltage, BVos 

Gate Threshold Voltage, VGS(th) VGS = Vos; lo = 1.0 mA 1.5 3.0 4.0 v 
Gate Leakage Current, IG VGS = ± 15 V; Vos = 0 - 60 x 10- 12 10 x 10- 9 A 

Drain Current, lo VGS = 0 - 25ox10- 12 1x10-9 A 

Saturation Current Vos = 25 V; VGS = 10 v 25 57 - mA 

Static Drain-to-Source 
VGS = 12 V; ID = 1.0 mA 175 380 n 

ON-State resistance Ros(ON) -

Characteristic Test Condition Typ Unit 

Change in Gate Threshold Voltage VGS = Vos; lo = 1.0 mA -1.1 mV/°C 
With Temperature TA = (- 25 to + 85)°C 

TREF = 25°C 

Change in Ros(ON) VGS = 10 V; lo = 10 mA 0.8 %/°C 
With Temperature TA = (- 25 to + 85)°C 

TREF = 25°C 

Switching Times Functional Diagram; 
VGs(ON) = 1 o V 
Vos = 25 V; ID = 10 mA 

Turn-ON Delay Time; td(ON) 28 ns 
Rise Time; tr 80 ns 
Turn-OFF Delay Time; td(OFF) 70 ns 
Fall Time; tf 300 ns 
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QUAD HIGH-VOLTAGE N-CHANNEL MOSFET ARRAY LH1162AAP 

Test Circuits 

Figure 1. Switching Waveforms and Simplified Test Circuit 

Ordering Information 

Device Comcode 

LH1162AAP 105461677 

• 
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8-CHANNEL LOGIC TO 
HIGH-VOLTAGE LEVEL TRANSLATOR 

Description 

HT0130P 

PRELIMINARY 

The HT0130P Level Translator converts Voo referenced logic inputs to VPP referenced outputs ranging from - 3 to 
+300 volts. The HT0130P device can be used to drive the AT&T AP0130NA P-Channel MOSFET array. The device 
features low power supply drain current under quiescent conditions and provides on-chip ESD protection of inputs. 
These are features not always present in similar types of arrays currently available from the commercial industry. 

Features 

• On-chip ESD protection 

• Operating voltage up to 300 V 

• Processed with BCDMOS Technology 

• Provides logic to high-voltage translation for control­
ling P-Channel MOS gates 

Applications 

• Test Systems 

• P-Channel MOSFET Control 

Functional Diagram 

(One of eight identicals channels shown) V PP 

LOGIC 
LEVEL 
INPUT 

Voo 

INPUT 
LOGIC 

SOURCE 
CONTROL 

SINK 
CONTROL 

• Accommodates 5 to 5 volts logic inputs 

• Accommodates output voltage swings below ground 

• Eliminates need for floating logic 

• Industrial Controls 

• Printers/Plotters 

Pin Diagram 

VNN Voo 
IN1 OUT1 

IN2 OUT2 

IN3 OUT3 

OUTPUT IN4 OUT4 

INS OUTS 

INS OUTS 

IN7 NC 

INS OUT7 

VPP OUTS 
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HT0130P HIGH-VOLTAGE LEVEL TRANSLATOR 

Maximum Ratings 
(TA = 25"C unless otherwise specified) 

Ambient Operating Temperature Range ................................................ -40 to + 85"C 
Storage Temperature Range ......................................................... - 55 to + 150"C 
Pin Soldering Temperature (t = 15 s max.) ..................................................... 300 ·c 
Output Current per Channel, DC ................................................................ 10 mA 
Logic Supply Voltage; (Voo) .................................................................... 16 V 
Supply Voltage; (VPP) ......................................................................... 300 V 
Negative Supply Voltage (VNN) ................................................................ -16 V 

Stresses in excess of those listed under "Maximum Ratings" may cause permanent damage to the device. This is an absolute stress 
rating only. Functional operation of the device at these or any other conditions in excess of those indicated in the operational sections of 
this Data Sheet is not implied. Exposure to maximum rating conditions for extended periods of time may adversely affect device reliability. 

Recommended Operating Conditions 
(TA = 25"C unless otherwise specified) 

Characteristic 

Logic Supply Voltage, Voo 

Min 

4.5 

Positive High.Voltage Supply, VPP (VNN + 12) 

Negative Supply Voltage, VNN -15 

High-Level Input Voltage (Voo - 1.2) 

Low-Level Input Voltage 0 

Voo to VNN Voltage 4.5 

Electrical Characteristics 
(TA = 25"C unless otherwise specified) 

Characteristic Test Condition Min 

Voo Supply Current 
All Channels Off -
One Channel On, No Load -

VPP Supply Current 
All Channels Off -
One Channel On, No Load -

VNN Supply Current 
All Channels Off -
One Channel On, No Load -

lsouACE 
Voo = 10 V, VNN = 0 V, -
V1N = 0 V, Capacitive Load 

ISINK 
Voo = 1 O V, VNN = O V, -
V1N = 1 O V, Capacitive Load 

VON VPP -17 

VoFF VPP -0.5 

Turn-On Time, Each Channel Figure 1; Voo = 10 V, -
VNN = 0 

Turn-off Time, Each Channel Figure 1; Voo = 10 V, -
VNN = 0 

17-2 

Max Unit 

15 v 
300 v 

0 v 
Voo v 

(Voo - 4.2) v 
25 v 

Typ Max Unit 

- 1.0 µA 
- 1.0 mA 

- 1.0 µA 
- 0.5 mA 

- 1.0 µA 
- 1.0 mA 

75 - µA 

50 - µA 

VPP -14 VPP -12.5 v 
- - v 

5.0 - µs 

3.0 - µs 



HIGH-VOLTAGE LEVEL TRANSLATOR HT0130P 

v - - - -----------...• DD 
INPUT 

0 VOLTS---• 

--- toff 
v - - - -,--~~~~~~~~ ........ 

pp 90% OUTPUT 
10% 

Vpp -14 

Figure 1. Switching Waveforms 

Functional Operation 

The output will switch from VPP to VoN when the appropriate input is switched from a high-to-low level. The output can 
swing below ground by connecting the VNN supply to a negative voltage as low as -15 V and using the appropriate VPP 
supply voltage. In this situation the logic inputs are still referenced to Voo. 
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HT0130P HIGH-VOLTAGE LEVEL TRANSLATOR 

Outline Drawing 
(Dimensions in Inches) 
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UHF LINEAR ARRAYS ALA201/202 

Description 

The ALA201 /202 UHF Linear Arrays are semi-custom integrated circuits consisting of vertical NPN and PNP transistors, 
capacitors, and ion-implanted resistors. Designed on a regular grid system, the array provides easy interconnector for 
the designer. The ALA201/202 UHF Linear Arrays are fabricated in a complementary bipolar integrated circuit (CBIC) 
process that offers the advantages of similar NPN and PNP transistor characteristics at very high speeds. Typical h of 
4.5 GHz for the NPN and 3.75 GHz for the PNP transistors (VcE = 6 volts and le = 3 mA) with high current drive 
capability (9 mA for the NPN and PNP 1X transistors) is unique to these linear arrays. 

Dual-layer metal and thick metal are typically used for most applications; however, singie-layer metai may be used upon 
special request. The bottom and top metal layers have a low sheet resistance of about 0.03 ohm/sq. and a current 
capacity of 2 mA/micron of metal width. The standard 6 µm bottom and 10 µm top metal linewidths are capable of 
carrying a maximum of 12 mA and 20 mA de current, respectively. For cases where high-current must be carried, a 
thicker gold layer called "thick metal" is available with a sheet resistance of about 0.004 ohms/sq. and a current 
capacity of 14 mA/micron of metal width. The ALA201 device is divided into 6 modules consisting of 5 standard and 1 
power module. The ALA202 device is divided into 12 modules consisting of 9 standard, 2 power, and 1 input module. All 
modules are symmetrically located within the array for ease of layout. Because the modules are on a regular grid system, 
the user interconnects components by drawing lines on a clearly defined grid marked on a layout sheet. 

For more detailed information regarding ordering procedures, design kits, and packaging for the ALA201/202 UHF 
Linear Arrays, refer to the Semi-Custom Linear Array brochure. 

Features 

• Quick design turnaround 

• Custom circuitry at low cost 

• High performance 

• High probability of success 

• High reliability 
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ALA201/202 UHF LINEAR ARRAYS 

Figure 1. ALA201 UHF Linear Array 

I I ·•·•I•· •I I•· •I I•· •I I•· •I•·•· 
(a) Module Layout 

-

(b) Location of Tiles on ~hip 
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UHF LINEAR ARRAYS ALA201/202 

Figure 2. ALA202 UHF Linear Array 

(a) Module Layout 

-

(b) Location of Tiles on Chip 
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ALA201/202 UHF LINEAR ARRAYS 

Electrical Characteristics 
(TA = 250'c unless otherwise specified) 

NPN de Parameters 

Symbol Measurement/Condition Min Typ Max Unit 

hFE* le= 1 mA, VcE = 2 v 80 110 - -
fr le = 1 mA, VcE = 2 V - 3.5 - GHz 

VA (early voltage) le = 1 mA, VcE = 2, 4 V 20 40 - v 
VcE (sat) le = 1 mA, Is = 100 µA - .13 .35 v 
VsE** IE = 1 mA, VcE = 2 V .700 .775 .900 v 
BVcEx le = 100 µA, Is = .1 nA 12 18 - v 
IESO VEs = 2 v - .02 1 µA 

BVcso (collector le= 1 µA 20 60 - v 
substrate breakdown) 

ICES VcE = 5 V - 1 - nA 

lcso Vcs = 10 V, IE = 0 - 1 - nA 

BVESO IE= 10EA 4.7 5.3 5.9 v 

PNP de Parameters 

~mbol Measurement/Condition Min Typ Max Unit 

hFE* le = 1 mA, VcE = 2 V 25 40 - -
fr le= 1 mA, VcE = 2 v - 2.5 - GHz 

VA (early voltage) le= 1 mA, VcE = 2, 4 v 8 11 - v 
VcE (sat) le= 1 mA, Is = 100 µA - .13 .35 v 
VsE** IE = 1 mA, VcE = 2 V .700 .780 .900 v 
BVCEX le = 100 µA, Is = .1 nA 11 14 - v 
IEBO VES = 2 v - .01 1 µA 

BVcso (collector le= 1 µA 20 40 - v 
substrate breakdown - ICES VcE = 5 V - 1 - nA 

lcso Vcs = 10 V, IE = 0 - 1 - nA 

BVEBO IE = 10.J!:....A 5.0 5.4 6.7 v 
* hFE matching of adjacent transistors of the same type is within ± 5%. 

* * VBE matching of adjacent transistors of the same type is within ± 1.5 mV. 
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UHF LINEAR ARRAYS 

Resistor Data {ALA201) 
(TA = 25°C) 

Value (!l) 

50 

100 

200 

1000 

2000 

4000 

Capacitor Data {ALA201) 

Toi (%) 

±20 

±20 

±20 

±20 

±20 

±20 

l}'.pe 

Bl* 

Bl* 

Bl* 

Bl** 

Bl** 

Bl** 

Type Cap (pf) 

Programmable 0.75 to 3.35 

Fixed 1.0 

Programmable 1.0 to 32 

Component Totals {ALA201) 

Component Type 

Transistors 
NPN 1X 
NPN 2X 
NPN 5X 
NPN 15X 
PNP 1X 
PNP 2X 
PNP 5X 
PNP 15X 

Resistors* 50 n 
100 n 
200 n 

Resistors*• 1000 n 
2000 n 
4000 n 

Capacitors 0.75 to 3.35 pF 
1.0 pF 

1.0to32pFt 

Bondir:!£l Pads -
• Denotes a 50 ohm/sq. implanted boron resistor. 

* • Denotes a 1080 ohm/sq. implanted boron resistor. 
t These capacitors are located on the border of the overall die. 

Note: Matching of adjacent resistors of similar type is within ± 1 %. 

ALA201/202 

TCR PPM/°C Total 

+ 1300 40 

+ 1300 240 

+ 1300 40 

+ 1100 20 

+ 1100 120 

+ 1100 20 

Toi(%) Total 

±20 5 

±20 10 

±20 6 

Total Standard Power 

47 9 2 
12 2 2 
7 1 2 
2 - 2 

27 5 2 
12 2 2 
2 - 2 
2 - 2 

40 8 -
240 40 40 

40 8 -
20 4 - -120 20 20 
20 4 -

5 1 -
10 2 -
6 - -

36 - -
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ALA201/202 

Resistor Data (ALA202) 
(TA = 25'C} 

Value (O) Toi(%) T}tpe 

50 ±20 Bl* 

100 ±20 Bl* 

200 ±20 Bl* 

1000 ±20 Bl** 

2000 ±20 Bl** 

4000 ±20 Bl** 

Capacitor Data (ALA202) 

Type Cap (pf) 

Programmable 0.75 to 3.35 

Fixed 1.0 

ProJl!ammable 1.0 to 32 

Component Totals (ALA202) 

Component Type Total 

Transistors 
NPN 1/3X 
NPN 1X 
NPN 2X 
NPN 5X 
NPN 15X 
PNP 1/3X 
PNP 1X 
PNP 2X 
PNP 5X 
PNP 15X 

Resistors* 50 n 
100 n 
200 n 

Resistors* • 1000 n 
2000 n 
4000 n 

Capacitors 0.75 to 3.35 pF 
1.0 pF 

1.0to32pFt 

Bondil]!_Pads -
• Denotes a 50 ohm/sq. implanted boron resistor. 

••Denotes a 1080 ohm/sq. implanted boron resistor. 
t These capacitors are located on the border of the overall die. 

Note: Matching of adjacent resistors of similar type is within ± 1 %. 
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92 
24 
14 
4 
2 

52 
24 
4 
4 

80 
480 

80 

40 
240 
40 

10 
20 
8 

48 

UHF LINEAR ARRAYS 

TCR PPM/'C Total 

+ 1300 80 

+ 1300 480 

+ 1300 80 

+ 1100 40 

+1100 240 

+ 1100 40 

Toi(%) Total 

±20 10 

±20 20 

±20 8 

Standard Input Power 

- 2 -
9 7 2 
2 2 2 
1 1 2 

- - 2 
- 2 -
5 3 2 
2 2 2 

- - 2 
- - 2 

8 8 -
40 40 40 

8 8 -
4 4 -

20 20 20 
4 4 -
1 1 -
2 2 -

- - -
- - -



UHF LINEAR ARRAYS ALA201/202 

Frequency vs. Current (Typical NPN 1X) 
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ALA201/202 UHF LINEAR ARRAYS 

Current vs. Breakdown Voltage (NPN 1X) 
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UHF LINEAR ARRAYS 

Current vs. Saturation Voltage (NPN) 
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ALA201/202 

Current vs. Voltage Characteristics (NPN 1X) 

VBE (V) 

Current vs. Voltage Characteristics (PNP 1X) 
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UFH LINEAR ARRAYS 
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UHF LINEAR ARRAYS ALA201/202 

Output Voltage Characteristics (NPN 1X) 
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ALA201/202 

Current Gain Characteristics (NPN 1X) 
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90-VOLT LINEAR ARRAYS ALA300/301 

Description 

The ALA300/301 Linear Arrays provide design engineers the means to obtain 90 volt semi-custom integrated circuits. 
The single-module array (ALA300) consists of 13 vertical NPN and 15 vertical PNP transistors, three 6 pF capacitors, 
and 1 k diffused and 1 Ok ion-implanted resistor banks. The quad-module array (ALA301) is identical to the single-module 
array (ALA300), but has four times the number of components. 

These linear arrays are fabricated using the complementary bipolar integrated circuit (CBIC) process that offers the 
advantages of vertical NPN and PNP transistors. CBIC technology offers the advantage of designing high-performance 
circuits with less design complexity. A minimum collector-to-emitter reverse breakdown voltage of 90 volts is guaranteed 
for both transistors. Typical peak fr of 350 MHz for NPN and 300 MHz for PNP transistors and 5 mA current drive 
capability for the minimum area transistors are unique for these linear arrays. 

Two-level metal is used for interconnections. Upon request, a thick-metal interconnect is also available to provide higher 
current capacity. The top and bottom metal layers have a low sheet resistance of < 0.03 ohms/sq. and < 1.0 ohms/sq. 
with a current capacity of 2.0 mA/micron and 60 µA/micron of metal width, respectively. The thicker metal interconnect 
has a sheet resistance of < 0.003 ohms/sq. and a current capacity of 20 mA/micron of metal width. 

For more detailed information regarding ordering procedures, design kits, and packaging of the ALA300/301 devices, 
refer to the Semi-Custom Linear Array brochure. 

Features 

• High-frequency performance, typical fr of 350 MHz for 
NPN and 300 MHz for PNP transistors 

• 90 volt capability 

• Low development costs 

• Quick design turn-around, typically six to eight weeks 
from design approval 

• Complementary vertical NPN and PNP transistors 

• 2-level metal interconnect 

• 1k and 10k resistor banks 

• All 110 ESD protected 

• Available in chip form and a variety of standard 
packages 
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ALA300/301 90-VOLT LINEAR ARRAYS 

Figure 1. ALA300 High-Voltage Linear Array 
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90-VOLT LINEAR ARRAYS 

Figure 2. ALA301 High-Voltage Linear Array 

!fc ,-. -I 
I I 1 ' 
L__J ;_· _! 

,-----..,, I! l~i 
!~i ! 

_!!_!~~ 

.-, -i r---1 ~I r--1 DI 
; i I I I i [ i i 
~ o_· ~ _! ~I cL____j ! 

r---) D !f 
I i I J 
·_: ~; !_, 

r-'1· an 
L LJ 

,~!i 

U1 

ALA300/301 

-

18-15 



-

ALA300/301 90-VOLT LINEAR ARRAYS 

Figure 3. Schematic of ALA300 Components 

BOBO o~o 
0 Q-"Mr -"Mr 

m 
g-"Mr J\/11\r 

0 ~J\/11\r J\/11\r 

~ ~ 

-"Mr ~ 

D Q~ ~ m 
~~ -"Mr .... 

B ~ 

D J\/11\r ~ .... 
3: J\/11\r ~ 

sJ\/11\r ~ 

D .... 
J\/11\r J\/11\r 

-"Mr -'Vllv-

~ ~ 

D ~ -'Vllv-

J\/lllr ~ 

8 ~J\/lllr ~ 
~J\/lllr ~ 

D J\/lllr ~ 

-"Mr ~ 

~ ~ 

Li 
0 ~ 

I~~ 
~ ~E- 'a D co 

18-16 

~ 

~ 

~E-'a co 

,~, 

v 
v \_J 
~ 

~ u 
vu 
v \_J 

vu 
~ 

JVl/lr ~ .... 
;:~ JVl/lr 

5....,.,.,.. JVl/lr .... 
J\/11\r JVl/lr 

JVl/lr JVl/lr 

~~ 

JVl/lr .....,,,,.,.. 

.....,.,.,_ JVl/lr 

~.....,.,.,_ -l\Nlr 

~ -'l/\l'r JVl/lr 

-'l/\l'r ~ 

JVl/lr .....,,,,.,.. 

J\/11\r . .....,,,,.,.. 

JVl/lr ~ 

~E-'a co 
I 

> 

D 
0 
D 
B 
D 
D 
D 
~ 

D 
D 
D 



90-VOLT LINEAR ARRAYS ALA300/301 

Electrical Characteristics 

NPN 
(TA = 25°C unless otherwise specified) 

Symbol Measurement Condition Min Typ Max Unit 

hFE le = 1 mA, VcE = 3 V 50 110 - -

h le = 500 µA, VcE = 10 v - 350 - MHz 

VA (early voltage) le = 100 µA, VcE = +5V 40 100 - v 
VcE (sat) le = 1 mA, Is = 500 µA - 100 150 mV 

VsE IE = 1 mA, VcE = 3 V 750 830 900 mV 

BVcrn le = 1 mA 90 110 - v 
BVEBO IE = 10 µA 7.5 8.0 9.5 v 
BV (collector substrate breakdown) le = 1 mA 190 200 - v 
fCEO VcE = 80 V, Is = 0 - 50 150 nA 

lcso Vcs = 80 V, IE = 0 - 2 3 nA 

PNP 
(TA = 25°C unless otherwise specified) 

Symbol Measurement Condition Min ljp Max Unit 

hFE le = 1 mA, VcE = 3 V 40 80 - -

h le = 500 µA, VcE = 10 v - 300 - MHz 

VA (early voltage) lcs = 100 µA, VcE = -5V 40 125 - v 
VcE (sat) le= -1 mA, Is= -500 µA - 200 300 mV 

VBE IE = 1 mA, VcE = -3V 750 830 900 mV 

BVcrn le= -1 mA 90 115 - v 
BVESO IE= -10 µA 8.0 8.5 9.2 v 
BV (collector substrate breakdown) le= -1 mA 90 100 250 v 
fCEO VcE = -80 V, Is = 0 - 100 250 nA -lcso Vcs = -80V, IE= 0 - 2 4 nA 
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ALA300/301 

Resistor Data 
(TA = 25°C unless otherwise specified) 

Value (n) TOL (%) T_IPe * 
100 ±20 BO 

1k ±20 BO 

10k ±20 W1 

50k ±20 W1 

• BD denotes a 200 n /sq. diffused boron resistor 
W1 denotes a 2000 n /sq. implanted boron resistor 

Capacitor Data 

Value ( F) TOL (%) 

6 ±30 

Component Totals 

Component "!)pe 

NPN 

PNP 

Resistors 

Capacitors 

Diodes 

Bonding Pads 
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90-VOLT LINEAR ARRAYS 

TCR PPM/°C ALA300 ALA301 

1670 8 32 

1670 76 304 

1610 20 80 

1610 4 16 

T e ALA300 ALA301 

Fixed MOS 3 12 

ALA300 ALA301 

13 52 

15 60 

108 432 

3 12 

1 4 

30 32 



90-VOLT LINEAR ARRAYS 

Base-Emitter Capacitance (NPN) 
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ALA300/301 

Collector-Base Capacitance (NPN) 
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90-VOLT LINEAR ARRAYS 

Current-Voltage Characteristics (NPN) 
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ALA300/301 90-VOLT LINEAR ARRAYS 

Current Gain (NPN) 

CURRENT (A) 

Current Gain (PNP) 
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90-VOLT LINEAR ARRAYS ALA300/301 

Unity Gain Frequency (NPN) 

10-1 

'N e, 
.l: 

10-• 

CURRENT (A) 

Unity Gain Frequency (PNP) 

107 

'N -e, 
.l: 

106 

CURRENT (A) 

18-23 





LINEAR ARRAY ALA400/401 

Description 

The ALA400/401 Linear Array Family is fabricated using the complementary bipolar integrated circuit (CBIC} process 
that offers the advantages of vertical NPN and vertical PNP transistors. CBIC technology offers the advantage of 
designing high-performance circuits with less design complexity. A minimum collector-to-emitter reverse break-down 
voltage of 33 volts is guaranteed for both transistors. 

Typical peak fr of 350 MHz for NPN and 300 MHz for PNP transistors and 2 mA current drive capability for the 1 X 
transistors are unique for these linear arrays. Current drive capability for the other on-chip transistors is linear, e.g., 
2 X = 4 mA, 3 X = 6 mA, etc. Pinch-off voltage for JFETs is 1 to 2 volts. loss is about 1.0 mA. 

The ALA400 Linear Array is divided into 16 modules, consisting of 12 standard, 2 power, and 2 JFET modules. The 
ALA401 Linear Array is divided into 9 modules, consisting of 7 standard and 2 power modules. All modules are 
symmetrically located within the array for ease of design layout. Because the modules are on a regular grid system, the 
user interconnects components by drawing lines on a clearly defined grid, marked on a layout sheet. 

Two-level metal is used for interconnections. Upon request, a thick-metal interconnect is also available to provide higher 
current capacity. The top metal layer has a low sheet resistance of < 0.03 f!/sq. and a current capacity of 2.0 
mA/micron metal width. The bottom metal layer has a sheet resistance of < 1.0 f!/sq. and a current capacity of 200 
µA/micron of metal width. The thicker metal interconnect has a sheet resistance of < 0.003 f!/sq. and a current 
capacity of 20 mA/micron of metal width. 

For more detailed information regarding ordering procedures, design kits, and packaging of the ALA400/401 devices, 
refer to the Semi-Custom Linear Array brochure. 

Benefits 

• High-frequency performance, typical fr of 350 MHz for 
NPN and 300 MHz for PNP transistors 

• 33 volt capability 

• Low development costs 

• Quick design turnaround, typically six to eight weeks 
from design approval 

Features 

• Complementary vertical NPN and PNP transistors 

• Two-level metal interconnect 

• All 1/0 ESD protected 
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ALA400/401 LINEAR ARRAY 

Figure 1. ALA400 Module Layout 

Figure 2. ALA401 Module Layout 
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LINEAR ARRAY 

Electrical Characteristics 
TA= 25'C 

NPN1X Transistor 

Symbol 

hFE* 

le 

BVeEo 

BVeso 

BVEBO 

VsE** 

Rsat 

VeE {sat) 

VA (early voltage) 

fr 

PNP1X Transistor 

Symbol 

hFE* 

le 

BVern 

BVeso 

BVEBO 

VsE** 

Rsat 

VeE (sat) 

VA (early voltage) 

fr 

Measurement Condition 

le= 1 mA, VeE = 2.5 v 
80% of peak hFE 

le = 1 mA 

le = 10 µA 

le = 10 µA 

IE = 100 µA 

hFE = 2 

le = 1 mA, hFE = 2 

le = 500 µA 

VeE = 10 V 

' Measurement Condition 

le= 1 mA, VeE = 2.5 v 
80% of peak hFE 

le= 1 mA 

le= 10 µA 

le= 10 µA 

IE = 100 µA 

hFE = 2 

le = 1 mA, hFE = 2 

le= 500 µA 

VeE=10V 

• hFE match of same type adjacent transistors is within 5%. 

•• VsE match of same type adjacent NPN transistor is within +I - 1.0 mV. 

•• VsE match of same type adjacent PNP transistor is within 1.2 mV. 

ALA400/401 

Min Typ Max Unit 

40 85 250 -
- 2 - mA 

33 38 - v 
33 50 - v 
7.7 8.2 8.7 v 
- 743 - mV 

- 37 - n 
- 70 150 mV 

60 225 - v 
- 350 - MHz 

Min Typ Max Unit 

40 110 250 -

- .800 - mA 

33 47 - v 
33 48 - v 
7.7 8.2 8.7 v 
- 748 - mV 

- 127 - n 
- 140 250 mV 

45 60 - v 
- 300 - MHz -
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ALA400/401 

Resistor Data (ALA400) 
(TA = 25°C) 

Value (ll) Toi (o/o) 

500 20 

1k 20 

5k 20 

10k 20 

Capacitor Data (ALA400) 

Type Cap {pf) 

Programmable 1.0 to 5.0 

Component Totals (ALA400) 

Component "ljpe 
NPN 1 x 
NPN 2X 

NPN 3X 

NPN 38 x 
PNP 1 x 
PNP 2X 

PNP 3X 

PNP 63 x 
Resistors* 500 n 

1 kll 

Resistors** 5kll 
10 kll 

Capacitors -
JFETs -
Bonding Pads -

• Denotes a 200 ohm/sq. implanted boron resistor. 
• • Denotes a 2000 ohm/sq. implanted boron resistor. 

18-28 

Type 

Bl* 

Bl* 

Bl** 

Bl** 

Total 

70 

12 

14 

4 

70 

12 

14 

4 

104 
168 

216 
168 

14 

4 

44 

LINEAR ARRAY 

TCR PPM/°C Total 

1900 104 

1900 168 

3000 216 

3000 168 

Toi (o/o) Total 

±30 14 

Standard JFET Power 

5 5 -

1 - -
1 - 2 

- - 2 

5 5 -
1 - -
1 - 2 

- - 2 

8 4 -
12 12 -
16 8 4 
12 12 -

1 1 -
- 2 -
- - -



LINEAR ARRAY 

Resistor Data (ALA401) 
(TA = 25°C) 

Value (n) 

100 

500 

1k 

5k 

10k 

Toi(%) 

20 

20 

20 

20 

20 

Capacitor Data (ALA401) 

Type 

Programmable 

Component Totals (ALA401) 

Component 

NPN 

NPN 

NPN 

PNP 

PNP 

PNP 

Resistors* 

Resistors•* 

Capacitors 

Bonding Pads 

Cap (pf) 

1.0 to 7.0 

Type 

1 x 

3X 

38 x 

1 x 

3X 

63 x 

100 n 
500 n 

1 kn 

5 kn 
10 kn 

-
-

• Denotes a 200 ohm/sq. implanted boron resistor. 

•• Denotes a 2000 ohm/sq. implanted boron resistor. 

Type 

Bl* 

Bl* 

Bl** 

Bl** 

Bl** 

ALA400/401 

TCR PPM/°C Total 

1900 42 

1900 72 

1900 64 

3000 132 

3000 100 

Toi(%) Total 

±30 7 

Total Standard Power 

50 5 4 

16 2 1 

2 - 1 

50 5 4 

16 2 1 

2 - 1 

42 6 -
72 8 8 
64 8 4 

132 16 10 
100 12 8 

7 1 - -38 - -
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ALA400/401 LINEAR ARRAY 

Output Characteristics {NPN) 
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LINEAR ARRAY ALA400/401 

Common-Emitter Cutoff Frequency Characteristics (NPN) 
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ALA400/401 LINEAR ARRAY 

Common-Emitter Current Gain (NPN) 
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LINEAR ARRAY ALA400/401 

VcE Saturation Characteristic (NPN) 
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ALA400/401 LINEAR ARRAY 

Current-Voltage Characteristic (NPN) 
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AT&T'S CUSTOM DESIGN CAPABILITIES: BCDMOS AND CBIC 

Using our latest technologies, custom designed integrated circuits can be created to meet the criteria of your most 
complex applications. As opposed to off-the-shelf devices, AT&T custom circuits offer several inherent advantages, 
including cost efficiency, higher levels of functionality, reduced circuit board requirements, simplicity of functional 
implementation, protection of proprietary circuits, and improved reliability. Moreover, in many cases, custom devices can 
provide unique capabilities that are not possible with general trade components. 

The custom development methodology, as orchestrated by our design engineers, is a structured series of steps aimed 
at producing the best device within the expected time frame. Of course, there are a number of practical factors to be 
considered from the standpoint of function, complexity, production, cost, and application. But once custom design is 
imminent, selecting the most suitable technology becomes a critical decision. 

BCDMOS {bipolar, CMOS, DMOS and IGBT combined), and CBIC-R, S, U (complementary bipolar) technologies, 
developed by Bell Laboratories at Reading, are available for a wide variety of custom-designed devices. Typical 
development time depends on complexity and performance requirements. But by using an extensive arsenal of 
computer-aided design tools for design capture, simulation, analysis and testing, there is a very high probability the 
circuitry will meet your specifications on the first design iteration. 

A limited description of the technologies, including common characteristics and typical applications, is contained in the 
following overview. 

BCDMOS 

Although it's a relatively new technology, BCDMOS is considered versatile, affordable, and practical. It is distinguished 
by 400 volt switching devices and full analog/digital circuit capabilities. Additionally, using a dielectric isolation process 
allows complex functions to be fabricated on the same chip without the problems of parasitic device interaction and 
latch-up. The growing market for power and high-voltage !Cs has already accelerated the popularity of BCDMOS 
processing, particularly since it supports the integration of a wide variety of silicon devices in a cost-effective, producible 
fashion. 

Features 

• NPN, PNP, DMOS, IGBT, and CMOS transistors on the same chip 

• Free from latch-up and active parasitic elements 

• Breakdown voltage of 400 volts with a 1000 volt maximum isolation between components 

BCDMOS device structures including DMOS, IGBT, NPN, PNP and CMOS transistors, and a blocking diode are 
illustrated in Figure 1, with parametric data listed in Table 1. The DMOS device is fabricated in a standard, 
double-diffused process with a deep P + plug to prevent secondary breakdown. To create CMOS transistors, a special 
two-poly process was developed, offering 20 k!l/sq. poly resistors. HVPMOS uses a simple, lightly-doped extended 
drain structure to support high voltage. BCDMOS also may be used in the fabrication of JFETs and photodiodes. 
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CUSTOM DESIGN CAPABILITIES 

Table 1. Typical Parameters and Applications for BCDMOS 250 Volt Process 

Field-Effect Devices 

Device BVTYP VTH Applications 

HVDMOS 290 v 2.4 v Switching 
HVPMOS 300 v -1.25 v Driver 

LVNMOS 28 v 1.25 v 
LVPMOS 32V -1.25 v 

Logic, Analog 

PJFET 60 v 1.6 v Analog 

D2MOS 290 v 2.4 v Switching 
Protection 

Bipolar Junction Devices 

Device BVTYP /3 Applications 

NPN 50 Vern 100 
210 Veso Analog, Level 

PNP 190 Vern 70 Shift, Pre-Drive 

280 Veso 

SCR 275 v Crowbar -
Switching 

GTO 275 v de -
Current Break 

Resistors 

Type Sheet RHO TC 

Poly 20 kll/sq. -4800 ppm 

PBODY 470 ll/sq. 4800 ppm 

NSOUReE 27 ll/sq. 1500 ppm 

Miscellaneous 

• 350 V blocking diodes 

- • 26 V, 13 V, and 7 V Zeners 

• Photodiodes 

• Dielectric capacitors, BV > 500 V 

• Thinox capacitors, 35 nF/cm2 
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CUSTOM DESIGN CAPABILITIES 

CBIC 

CBIC technology is a continuously evolving bipolar process used in analog devices. Developed by Reading Bell 
Laboratories in the early 1970s, it has allowed AT&T to forge the leading edge in IC design. The technology includes 
CBIC-U (12 volt), CBIC-R (33 volt), and CBIC-S (90 volt). 

Features 

• High-frequency output stage with high-swing tracking 

• Symmetric current sources 

• Precision, low-power level shifting 

• High slew rate with low quiescent power 

• High-speed PNPN latch circuits 
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Table 2. Transistor Characteristics 
(At 25°C) 

NPN 
fT (MHz) 350 

hFE 95 

VA 180 

VcE (mV) 100 

VBE (mV) 745 

BVcEO (V) 38 

BVEBo (V) 8.2 

lcrn (nA) 1 

lcso (nA) 2 

Typical Custom Applications 

• CBIC-U, 12 V, 2.5 to 4 GHz 

• Broadband amplifiers 

• Phase-locked loops 

• Clock recovery circuits 

• Transceivers 

• CBIC-R, 33 V, 350/300 MHz 

• High-frequency op amps 

• General-purpose data converters 

• Sample and hold circuits 

• Referencers 

• Ringers 

• Touch-tone generators 

• Adaptive filters (speakerphones) 

• CBIC-S, 90 V, 350/300 MHz 

•Op amps 

CBIC·R 

PNP 
300 

110 

50 

175 

750 

47 

8.2 

5 

3 

• Thermal shutdown controllers (smart power) 

• Loop interfaces 

• Battery feeds 
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CUSTOM DESIGN CAPABILITIES 

CBIC·U CBIC-S 

NPN PNP NPN PNP 
4000 2500 350 300 

150 55 110 80 

30 14 150 125 

165 350 100 175 

775 780 750 750 

20 13 110 115 

5.0 5.5 8.00 8.85 

1.0 1.0 250 70 

1.0 1.0 2 3 



PACKAGING INFORMATION 

The packaging technologies represented here are supported by sophisticated CAD and CAM systems and the latest 
assembly and testing procedures, resulting in an extremely reliable yet cost-effective package. Since electrical 
characteristics of packages affect device performance, AT & T packages are designed for reduced parasitics and 
minimal losses. 

For convenient reference, all packages used in the catalog devices are illustrated below in the form of outline drawings. 
Included are the handling and installation criteria necessary to use the device properly while avoiding damage or 
compromising component life expectancy. 

Three styles of packages are used for the catalog devices: the traditional through-hole, dual in-line package (DIP); the 
plastic leaded chip carrier (PLCC), and the surface-mount, small-outline (SO) package. (Inquiries concerning optional or 
custom packaging may be directed to your AT&T Account Manager.) 

DIPS 

Of all the through-hole packages, DIPs are the most commonly used. They feature two rows of in-line leads with a 
standard 100-mil pitch. Automated wire-bonding, postmolded plastic construction and high degree of thermal resistance 
are inherent in the design. (See packages B, C, D, E, F, and T.) 

PLCCs 

Chip carriers provide an effective method for surface mounting electronic components. The PLCC uses a "J-bent" lead 
design and features leads on all four sides of the package to improve space efficiency over DIPs. (See package P.) 

SO-Type Packages 

The SO is essentially a miniaturized surface-mount plastic DIP. They incorporate all the features of a standard plastic 
DIP, but with additional size reduction benefits for high-density circuit packs. Four different SO packages are available: 

• SOJ-small outline with J-bent leads (package K) 

• SOG-small outline "gull-wing" (package AB) 

• SONS-small outline narrow body; a smaller version of the surface mount gull-wing (package AF, W, S) 

• SOTS-small outline terminal butt-weld; short, conventional leads (package AH) 
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PACKING INFORMATION 

Handling and Installation Considerations 

All devices are subject to damage as the result of electrostatic discharge. Proper precautions should be taken to 
eliminate exposure to electrostatic charge during handling and installation. 

• DO NOT BEND THE LEADS ON SURFACE-MOUNT PACKAGES. One notable physical difference between DIPs and 
SO/PLCCs becomes apparent during installation. Because of the copper mainframe construction used in surface­
mount styles, these packages should be board-mounted using solder or conductive adhesives. The leads are both 
softer and smaller than DIP leads and therefore are mot susceptible to damage when handling and mounting. 

• Leads may be subjected to a maximum tensile force of one pound in any direction during mounting. 

• DIP leads only may be bent to facilitate mounting or connecting the device into equipment. When inserted into circuit 
boards, the leads may be bent manually on the opposite side of the board using a crimping tool. 

• For all packages, certain precautions should be taken when using solder during installation. When soldering from a 
constant temperature solder bath, temperatures as high as 300°C may be employed for a maximum of 15 seconds. 
For installation with a soldering iron, the temperature of the tip of the soldering iron should not be hotter than 500°C, 
and soldering time for each lead should not exceed 5 seconds. If soldering temperatures and/or soldering times 
exceed the recommended maxima, a suitable heat sink should be used to protect the device from thermal damage. 

Package styles illustrated in the following outline drawings include: 

- DIPs: B, C, D, E, F, T 
-PLCC: P 
-SOJ: K 
-SOG: AB 
- SONS: AF, W, S 
-SOTS: AH 

Outline Drawings 
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INFORMATION PACKAGING 
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Outline Drawings 
(Continued) 

Package E-Standard 20-pln DIP (Dimensions in Inches) 
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PACKAGING INFORMATION 

Outline Drawings 
(Continued) 

Package K-16-pin SOJ 
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Outline Drawings (Continued) 

Package S-S·pin SONB (Dimensions in Inches) 
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PACKAGING INFORMATION 

Outline Drawings (Continued) 

Package W-16-pin SONB (Dimensions in Inches) 
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Outline Drawings (Continued) 

Package AF-14-pin SONB (Dimensions in Inches) 
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Package AH-28-pin SOTB (Dimensions in Inches) 
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