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Harris Semiconductor Analog Products represent the
state of the art in precision and high speed performance.
Capitalizing on the advanced linear processing technologies
developed over the past 15 years, Harris Semiconductor
Analog Products offer high quality and unmatched per-
formance.

This data book describes Harris Semiconductor’s complete
line of Linear and Data Acquisition products, and includes
a complete set of product specifications and data sheets,
application notes and a separate section describing our
quality and high reliability program.

All specifications in this data book are applicable only to
packaged products. Specifications for dice are obtainable
in Harris Semiconductor’s Chip Data Book.

Please fill out the registration card at the back of this data
book and return it to us so we may keep you informed
of our latest new product developments over the next
year.

If you need more information on these and other Harris
products, please contact the nearest Harris sales office
listed in the back of this data book.

Harris Semiconductor’s products are sold by description only.
Harris reserves the right to make changes in circuit design,speci-
fications and other information at any time without prior notice.
Accordingly, the reader is cautioned to verify that data sheets and
other information in this publication are current before placing
orders. Information contained in application notes is intended
solely for general guidance,; use of the information for user’s specific
application is at user’s risk. Reference to products of other manu-
facturers are solely for convenience of comparison and do not
imply total equivalency of design, performance, or otherwise.
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Alpha-Numeric Product Index

Advance Product Information

HA-909/911
HA-1600/02/05
HA-1610/1615
HA-2400/04/05
HA-2420/2425
HA-2500/02/05
HA-2507/17/27
HA-2510/12/15
HA-2520/22/25
HA-2530/2535
HA-2600/02/05
HA-2607/2627
HA-2620/22/25
HA-2630/2635
HA-2640/2645
HA-2650/2655
HA-2700/04/05
HA-2720/2725
HA-2730/2735
HA-2900/04/05
HA-4602/4605
HA-4622/4625
HA-4741
HA-4900/4905
HA-4920/4925
HA-4950
HA-5100/5105
HA-5110/5115
HA-5190/5195
HC-55516/55532
HD-0165
H1-200

HI1-201
HI-506/507
HI-506A/507A
H1-508A/509A
HI-516

HI1-518

H1-562
H1-1080/1085
HI1-1800A
HI-1818A/1828A
HI1-1840
H1-5040

Low Noise Operational Amplifiers

Precision Voltage Reference

+10V Precision Voltage Reference

PRAM, Four Channel Operational Amplifiers

Fast Sample and Hold Gated Operational Amplifiers
Precision High Slew Rate Operational Amplifiers

Epoxy Packaged, High Slew Rate Operational Amplifier Series
High Slew Rate Operational Amplifiers

High Slew Rate Uncompensated Operational Amplifiers
Wide Band High Slew Inverting Amplifiers

High Performance Operational Amplifiers

Epoxy Packaged, Wide Band Operational Amplifiers

Very Wide Band, Uncompensated Operational Amplifiers
High Performance Current Booster

High Voltage Operational Amplifiers

Dual High Performance Operational Amplifiers

Low Power, High Performance Operational Amplifiers
Low Power, Current Programmable Operational Amplifiers
Dual Low Power, Current Programmable Operational Amplifiers
Chopper Stabilized Operational Amplifers

Quad High Performance Operational Amplifiers

Wide Band High Performance Quad Operational Amplifiers
Quad Operational Amplifier

Quad Precision Comparator

High Speed Quad Comparator

Precision High Speed Comparator

Wide Band, JFET Input, Operational Amplifiers

Wide Band, JFET Input, Uncompensated Operational Amplifiers
Wide Band, Fast Settling Operational Amplifiers

Delta Modulator (CVSD)

Keyboard Encoder

Dual SPST Switch

Quad SPST Switch

16/Dual 8 Channel Multiplexers

Overvoltage Protected 16/Dual 8 Channel Multiplexers
Overvoltage Protected 8/Dual 4 Channel Multiplexers

16 Channel/Dual 8 Channel CMOS High Speed Multiplexer
8 Channel/Dual 4 Channel CMOS High Speed Multiplexer
12 Bit, High Speed, Precision D to A Converter

8 Bit Precision D to A Converter

Dual DPST Low Leakage Switch

8/Dual 4 Channel Multiplexers

Fail-Safe 16 Channel Multiplexer

Low Resistance SPST Switch
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HI-5041
HI1-5042
HI-5043
HI1-5044
HI1-5045
HI1-5046
HI-5046A
HI1-5047
HI-5047A
HI1-5048
HI1-5049
HI-5050
H1-5051
HI-5610
HI1-5618A/5618B
H1-5900

Low Resistance Dual SPST Switch

Low Resistance SPDT Switch

Low Resistance Dual SPDT Switch

Low Resistance DPST Switch

Low Resistance Dual DPST Switch

Low Resistance DPDT Switch

Low Resistance DPDT Switch

Low Resistance 4 PST Switch

Low Resistance 4 PST Switch

Low Resistance Dual SPST Switch

Low Resistance Dual DPST Switch

Low Resistance SPDT Switch

Low Resistance Dual SPDT Switch

10 Bit High Speed Monolithic D to A Converter
8 Bit High Speed Monolithic D to A Converter
Analog Data Acquisition Signal Processor
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Ordering Information

Harris Products are designated by ""Product Code”.
When ordering please refer to products by the full
code. Harris products will always begin with H.

Specific device numbers will always be isolated
by hyphens.

PRODUCT CODE EXAMPLE

HAT-

PREFIX: —-!—
H (Harris)
FAMILY:
A — Analog
C — Communications
D - Digital
| — Interface
M — Memory
PACKAGE:
1— Dual-In-Line
2—TO-5 Type

3— Epoxy Package
4— Leadless Carriers
7— Mini DIP

9— Flat Pack

0— Chip Form

HARRIS DASH 8 PROGRAM

As a service to users of High Rel products Harris
makes readily available via the high reliability
DASH 8 program many products from our product
lines. Parts screened to MIL-STD-883 Method
5004 Class B are simply branded with the post-
script -8 to the appropriate Harris part numbers,
in effect, offering ""off the shelf”” delivery. For
details concerning this special Harris program for
High Rel users, see the Dash 8 section of this
Data Book.

HARRIS DASH 7 PROGRAM

The Harris DASH 7 High Reliability Commercial
Products program extends HARRIS processing
for Hi-Rel military components to standard
commercial products to provide improved levels
of quality and reliability. Details on DASH 7
are included in Section 8 of this Data Book.

SPECIAL ORDERS

For best availability and price, it is urged that
standard “'Product Code’’ devices be specified,
which are available worldwide from authorized dis-
tributors. Where enhanced reliability is needed,

2425 - 5

ST

PART NUMBER

TEMPERATURE:
1 00C to +2000C*
-550C to +1250C
-250C to +850C
00C to +750C
100% 25°C Probe (Dice Only)
Dash-7 High Reliability Commercial
Product. 00C to +750C.
8 Dash-8 Program MIL-STD-883 Class B
HA2-2700-8 (Example Only)
9 -400C to +850C

NoO oSN

* Special high temperature testing available
on certain product types. Consult
factory for availability.

note standard ‘‘Dash 8'' screening described in
this Data Book. Harris application engineers may
be consulted for advice about suitability of a part
for a given application.

If additional electrical parameter guarantees or
reliability screening are absolutely required, a
Request for Quotation and Source Control Draw-
ing should be submitted through the local Harris
Sales Office or Sales Representative. Since, many

electrical parameters may be economically assured

through design analysis, characterization, or
correlation with other parameters, additionally
desired parameters should be labeled, "Vendor
will guarantee, but not necessarily test”.

Harris reserves the right to decline to quote, or
to request modification to special screening re-
quirements.



. C. Handling Procedures

Harris Analog |.C. processes produce circuits more
rugged than similar ones. However, no semi-
conductor is immune from damage resulting from
the sudden application of many thousands of volts
of static electricity. Whkile the phenomenon of
catastrophic failure of devices containing MOS
transistors or capacitors is well known, even bi-
polar circuits can be damaged by static discharge,
with altered electrical properties and diminished
reliability. None of the common I.C. internal
protection networks operate quickly enough to
positively prevent damage.

It is suggested that all semiconductors be handled,
tested, and installed using standard “MOS handling
techniques” of proper grounding of personnel and
equipment. Parts and subassemblies should not be
in contact with untreated plastic bags or wrapping
material. High impedance I.C. inputs wired to a
P.C. connector should have a path to ground
on the card.

HANDLING RULES

Since the introduction of integrated circuits with
MOS structures and high quality junctions, a safe
and effective means of handling these devices has
been of primary importance. One method em-
ployed to protect gate oxide structures is to in-
corporate input protection diodes directly on the
monolithic chip. However, there is no completely
foolproof system of chip input protection in exist-
ance in the industry. In addition most compensa-
tion networks in linear circuits are located at
high impedance nodes, where protection networks
would disturb normal circuit operation. |f static
discharge occurs at sufficient magnitude (2KV or
more), some damage or degradation will usually
occur. It has been found that handling equipment
and personnel can generate static potentials in
excess of 10KV in a low humidity environment;
thus it becomes necessary for additional measures
to be implemented to eliminate or reduce static

charge. It is evident, therefore, that proper hand-
ling procedures or rules should be adopted.

Elimination or reduction of static charge can be
accomplished as follows:

e Use conductive work stations. Metallic or
conductive plastic* tops on work benches
connected to ground help eliminate static
build-up.

e Ground all handling equipment. -

e Ground all handling personnel with a conduc-
tive bracelet through 1-M ohm to ground.
The 1-M ohm resistor will prevent electroshock
injury to personnel.

e Smocks, clothing, and especially shoes of
certain insulating materials (notably nylon)
should not be worn in areas where devices are
handled. These materials, highly dielectric in
nature, will hold, or aid, in the generation of
a static change. Where they cannot be elimin-
ated natural materials such as cotton etc.
should be used to minimize charge generation
capacity.

e Control relative humidity to as high as a
level as practical. (RH 50%).

e |onized air blowers reduce charge build-up
in areas where grounding is not possible or
desirable.

e Devices should be in conductive carriers during
all phases of transport. Leads may be shorted
by tubular metallic carriers, conductive foam
or foil.

e In automated handling equipment, the belts,
chutes, or other surfaces should be of con-
ducting material. If this is not possible, ionized
air blowers may be a good alternative.

* Supplier 3M Company ""Velostat”

Harris Analog I. C. Technologies

JUNCTION ISOLATION (J.1.)

This is the most common integrated circuit proc-
cess. Bipolar I.C.’s generally begin with a p-type
wafer into which a buried layer pattern, if used, is
first diffused. Then the n-type epitaxial layer is
grown, and p-type isolation walls are diffused
around each area which is to be electrically isolated
from the other circuitry. These isolation walls
must be diffused deeply into the wafer in order to

contact the original p-substrate. In operation, the
p-substrate and isolation walls are connected to
the most negative circuit potential, so that each
active area is surrounded on the sides and bottom
by a reverse biased junction through which neg-
ligible current flows (Figure 1).

To complete the I.C., base and emitter diffusions
are performed, the wafer is coated with aluminum
and the conductor pattern is etched.



Representative Harris devices using this process are
HA-2820, HA-4741 and HD-0165.

DIELECTRIC ISOLATION (D.l.)

A somewhat different process has been proven
particularly advantageous for fabricating high per-
formance analog I.C.’s. This is dielectric isolation
(D.l.), where each active area is surrounded on the
sides and bottom by an insulating layer of silicon
dioxide, and for mechanical strength imbedded
in polycrystalline silicon. This process for bipolar
1.C.’s begins with a wafer of n-type silicon. The
side of the wafer which will eventually be the
bottom is deeply etched to form the sidewall
pattern, then silicon dioxide and polycrystalline
silicon are grown to fill the etched “moats’’. The
opposite side of the wafer is then polished until
the insulating sidewalls appear at the wafer surface
(Figure 2). Conventional diffusion and metalliza-
tion processes follow to complete the 1.C. D.I. for
analog 1.C.’s has a number of advantages:

1. Almost all op amp designs require at least
one PNP transistor in the signal path. Typ-
ical J.I. op amps must use a lateral PNP
which inherently has very low frequency
response, limiting typical compensated band-
width to TMHz. The D.Il. process makes it
practical to build a vertical PNP with much
higher bandwidth making possible compen-
sated op amp bandwidths of 12MHz or
higher (Figure 3). Also, transistor collector
to substrate capacitance is 2/3 less using

2. Other devices such as optimally specified
MOS or JFET transistors may be fabricated
on the same chip. Isolated diffused and thin
film resistors are also practical.

3. The isolation removes the possibility of par-
asitic SCR’s which might create latchup
under certain sequences of power and signal
application.

4. Leakage currents to the substrate under high

temperature conditions are greatly reduced.
While the circuits in this data book were
not specifically designed for operating
temperatures greater than +1250C, many
have shown superior performance. For
I1.C.'s requiring the ultimate in radiation
resistance, Harris Semiconductor Programs
Division should be consulted.

DIELECTRIC ISOLATED CMOS

J.I. processed CMOS Analog 1.C.’s, which are
generally used in conjunction with several power
supplies, are particularly prone to parasitic SCR
latchup failures and failures due to input voltage
spikes. The D.l. CMOS process, which is compared
in detail in Harris Application Note 521, has
proved to be the best solution.

Since analog multiplexers are often used at the
input of a data acquisition system, particular
attention must be paid to the possibility of dam-
aging input overvoltage conditions. Harris has
provided an effective answer in the HI-506A
through HI-509A multiplexers with built-in

Dark areas denote contact aperatures
for aluminum metallization

BURIED LAYER

D.l., further enhancing high frequency
performance. overvoltage protection.
(a) BURIED LAYER
COLLECTOR EMITTER
COLLECTOR rEMITTER rISOLATION rPLATE 1
CONTACT K rBASE ~BASE [ PLATE 2 (A1)
BURIED LAYER e 3
BASE - to-{ \ -

EMITTER

]l

I

(=] o

I

@]

P SUBSTRATE

NPN
TRANSISTOR

(b)

LATERAL PNP
TRANSISTOR

COLLECTOR
EMITTER

COLLECTOR
EMITTER
BASE

siog

A

N+ P

EPITAXIAL
LAYER

N+

P P N+

SUBSTRATE PNP
TRANSISTOR

MOs
CAPACITOR

DIFFUSED
RESISTOR

COLLECTOR
EMITTER
BASE

PLATE 1

PLATE 2 RESISTOR

ISOLATION DIFFUSION
P SUBSTRATE

BB N+ BURIED LAYER

Figure 1 — Structures of various components formed in the junction-isolation process. (a) Topological view.

(b) Cross-sectional view.
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Figure 2 — Process steps for dielectric isolation. (a) Surface preparation, (b) N- buried layer diffusion, (c) masking oxide, (d) isolation
pattern, (e) silicon etch, (f) dielectric oxide, (g) polycrystalline deposition, (h) backlap and polish, (i) finished slice.
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Figure 3 — The high-frequency process. (a) Cross-sectional view of P and N islands for PNP and NPN transistors. (b) Topological view
showing relative pl. of transi regi (c) Cross: ional view of high-freq y PNP device formation in the
D.l. process.



USER’'S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
AMD AM118/318 HA-2510/15

AM715 HA-2520/25

AM1660 HA-2500/05

HA-2600/05
HA-2700/05

ANALOG AD505 HA-2530/35
DEVICES AD507JH* HA2-2625-5

ADB07SH HA2-2620-2

AD509JH* HA2-2525-5

ADB09SH HA2-2520-2

AD518 HA-2510/15

ADb562 HI-5662

AD582 HA-2420/25

ADb583KS HA1-2425-5

AD7501 HI-1818A

AD7502 H1-1828A

AD7503 HI-1818A

AD7506TD* H11-506-2

AD7507TD* H11-507-2

AD7510 HI-201

AD7511 Hi-201

AD7512 HI-5043

AD7513TH* H12-200-2

AD2700U HA-1600-2

AD2700L HA-1600-5
BURR 3500/3510A HA-2605
BROWN 3500/3501R HA-2600

3503J HA2-2505-5

3506J HA2-2605-5

3507J HA2-2525-2

3508J HA2-2625-5

3563AM HA-2630/35

MPC4D HI1-5609A-5

MPC8S H11-508A-5

MPC8D HI1-5607A-5

MPC16S HI1-506A-5
DATEL AM-450-2 HA2-2505-5

AM-452-2 HA2-2525-5

AM-460-2 HA2-2605-5

AM-462-1 HA1-2625-5

AM-462-2 HA2-2625-5

AM-464-2 HA2-2645-5

AM-490-2A HA2-2905-5

MX-808 HI-508A-5

MX-1606 HI-606A-5

MXD-409 HI-509A-5

MXD-807 HI-607A-5

SHM-1C-1 HA1-2425-5

DAC-681 Hi-562

* K" equivalent is either military or selected commercial
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USER’S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS (Continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
EXAR XR4212 HA-4741
FAIRCHILD uA702 HA-2620/25

MAT709 HA-909/911

nA715 HA-2520/25

MA725 HA-2700/05

HA727 HA-2900/05

uA740 HA-5100/5110

uA741 HA-909/911
HA-2600/05
HA-2700/05

uA747 HA-2640/45 HA-2650/55

MAT748 HA-2620/25

MATT2 HA-2510/15

HAT76 HA-2720/25

uA791 HA-2630/35

SH3002 Hi-1800A

1558/1458 HA-2650/55

INTERSIL 1H201 HI1-201

IH200 HI-201

4250 HA-2720

4250C HA-2725

IH5040MDE HI11-5040-2

IH5040CDE HI11-5040-5

IH5041MDE H11-5041-2

IH5041CDE HI1-5041-5

IH5042MDE H11-5042-2

IH5042CDE HI11-5042-5

IH5043MDE HI11-5043-2

IH5043CDE HI11-5043-5

IH5044MDE H11-5044-2

IH5044CDE HI11-5044-5

IH5045MDE H11-5045-2

IH5045CDE H11-5045-5

IH5046MDE H11-5046-2

IH5046CDE H11-5046-5

IH6047MDE H11-5047-2

IH5047CDE H11-5047-5

IH5048MDE H11-5049-2/H11-5051-2

IH5048CDE H11-5049-5/H11-5051-5

IH5049MDE H11-5049-2

IH5049CDE H11-5049-5

IH5050MDE H11-5050-2

IH5050CDE H11-5050-5

IH5051MDE HI1-5051-2

IH5051CDE HI1-56051-5

8017 ' HA-2520/25

8021M HA-2720

8021C HA-2725

8022M HA-2730

8022C HA-2735

IH5110/5111 HA-2420/25




USER'’S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS (Continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
IH5060 HI-506A
IH5070 HI-507A
HA-2500/02/05 HA-2500/02/05
HA-2510/12/15 HA-2510/12/15
HA-2520/22/25 HA-2520/22/25
HA-2600/02/05 HA-2600/02/05
HA-2620/22/25 HA-2620/22/25
INTRONICS A-560 HA2-2525-5
A-561 HA2-2625-5
A-570 HA2-2535-5
CA-580 HA2-2905-5
MOTOROLA MC1520/1420 HA-2600/05
MC1530/1531
1430/31 HA-2600/05
MC1533/1433 HA-2700/05
MC1536/1436 HA-2640/45
MC1538/1438 HA-2620/2635
MC1539/1439 HA-2620/25
MC1545/1445 HA-2400/2505
MC1554/1454 HA-2620/2635
MC1556/1456 HA-2600/05
MC1558/1458 HA-2650/55
MC3301/3401 HA-4741
MC3302 HA-4900
MC3403/3505 HA-4741
MX4741 HA-4741
NATIONAL LF11508/13508 HI-508A
LF11509/13509 HI-509A
LF11201/12201/13201 HI1-201
LF155A/156A/157A HA-5100-2
LF355A/356A/357A HA-5105-5
LF198/398 HA-2420/25
LHO0001 HA-2700
LH0002 HA-2630
LHO003 HA-2520
LH0004 HA-2640
LHO0005 HA-2620
LH0022/42/52 HA-5100/5105
LH0023/43 HA-2420/25
LH0024 HA-2530/35
LH0032 HA-5190/95
LH0033/63 HA-2630/35
LH0062 HA-5190/95
LHO0070-2 HA-1600-5
LM101/301/ HA-909/911/
107/307 2600/05/
2700/05
LM102/302 HA-2600/05
LM108/208/308 HA-2700/04/05
LM110/310 HA-2500/05




USER’'S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS (Continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
NATIONAL LM112/212/312 HA-2700/04/05
(Continued) LM118/318 HA-2510/15

LM124/324 HA-4741
LM139/339 HA-4900/05
LM143/343
LM144/344 HA-2640/45
LM148/348 HA-2640/45
LM149/349 HA-4741
LM199 HA-4602/05 HA-1600-2
HA-1610-2
LM199A HA-1600-2
HA-1610-2
LM399A HA-1610-5
PRECISION MUX-08 HI-508A
MONO. MUX-09 HI-609A
OP-01 HA-2600/05
2500/05
SMP81 HA-2420/25
MUX-88 HI-508A
OP-15A HA-5100-2
OP-15E HA-5100-5
OP-15F HA-5105-5
OP-17A HA-5110-2
OP-17E HA-5110-5
OP-17F HA-5115-5
REF-01A HA-1610-2
REF-01E HA-1610-5
OP-05/07 HA-2900/05
$SS1558/1458 HA-2650/55
DAC-12 HI1-562
555562 H11-562-5
RCA CA3020 HA-2630/35
CA3078 HA-2720/2730
CA3100 HA-2520/25
CA6078 HA-2720/2730
CD4016 HI1-201
RAYTHEON RM/RC1556A HA-2600/05
RM/RC4131 HA-2600/05
RM/RC4132 HA-2700/05
RM/RC4136 HA-4741
RM4156 HA1-4741-2
RC4156 HA1-4741-5
HA1-4741-2 HA1-4741-2
HA1-4741-5 HA1-4741-5
RM/RC4531 HA-2500/05
RM/RC4558 HA-2650/55
SIGNETICS 5537 HA-2420/25
531 HA-2510/15
5556 HA-2600/05
5558 HA-2650/55




USER’S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS (Continued)

MANU- HARRIS PIN-FOR-PIN HARRIS CLOSEST SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
SILICON SG741S HA-2500
GENERAL SG741SG HA-2505
SILICONIX DG181”" H1-5048
DG184 H1-5049
DG185 Hi-5045
DG187 H1-5050
DG188 HI1-5042
DG190 HI1-5051
DG191 H1-5043
DG200AA H12-200-2
DG200BA HI2-200-5
DG200AK H11-200-2
DG200BK H11-200-5
DG200CJ H13-200-5
DG201AK H11-201-2
DG201BK H11-201-5
DG201CJ HI3-201-5
DG506AR H11-506-2
DG506BR H11-506-5
DG506CJ H11-506-5
DG507AR H11-507-2
DG507BR H11-507-5
DG507CJ H13-507-5
DG508 HI1-508A
DG509 HI-509A
L140 HA-2720/25
SOLITRON CM4016A HI-201
JMc4000/4001C/
4002C HA-2605
ucd250 HA-2720
ucd250c HA-2725
SPRAQUE MLS/ LN2139 HA-2600/05
MLS/ LN2151 HA-2600/05
MLS/ LN2156 HA-2600/05
uLS/ LN2157 HA-2650/55
uLS/ LN2158 HA-2650/55
uLS/ LN2171 HA-2600/05
MLS/ LN2172 HA-2620/25
MLS/ LN2173 HA-2600/05
uLS/ LN2174 HA-2620/25
MLS/ LN2175 HA-2600/05
MLS/ LN2176 HA-2600/05
TELEDYNE 1321 HA2-2625-5
PHILBRICK 1321-01 HA2-2620-2
1322 HA2-2525-5
1322-01 HA2-2520-2
1323 HA2-2705-5
1323-01 HA2-2700-2
1323-02 HA2-2704-4




USER'’S GUIDE TO LINEAR & DATA ACQUISITION PRODUCTS (Continued)

MANU- : HARRIS PIN-FOR-PIN | HARRIS CLOSEST | SUGGESTED FOR
FACTURER PART NUMBER REPLACEMENT REPLACEMENT NEW DESIGN
TELEDYNE 1332 HA2-2645-5 ,
PHILBRICK 1339 HA-2625
(Continued) 1340 HA2-2905-5
4551 H11-507A-5
4552 HI1-506A-5
4856 HA1-2425-5 |
1430 HA-5195 |
TI TLO22M/C HA-2730/35
TLO44 HA-4741
TLOS4 HA-4602
TL0891/089C HA-2904/05
MC1558/1458 HA-2650/55
TRANSITRON | TOA7709 HA-2600
TOA8709 HA-2605
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SEMICONDUCTOR
PRODUCTS DIVISION H A 16 2 0
A DIVISION OF HARRIS CORPORATION -

Precision +5 Volt Reference

FEATURES DESCRIPTION

The Harris HA-1620 is a monolithic, temperature regulated
MONOLITHIC CONSTRUCTION +5V Precision Voltage Reference.

EXCELLENT TEMPERATURE STABILITY 0.3ppm/0C
LOW NOISE 100 uVrms An on-chip heating element heats the chip to a predeter-

WIDE INPUT RANGE 114-35 mined point. Once this temperature is reached it is sensed

d regulated.
ADJUSTABLE OUTPUT 05V and reguiate

Extremely low output temperature coefficients can be
achieved by this method.  Less than 1ppm/0C is typical
for the HA-1620.

APPLICATIONS The HA-1620 will accept an input voltage of between

11.4 and 35 volts and provide a very stable +5V output,

capable of delivering 10mA output current.

Nominally +5Volts, (- 5mV) the output can be adjusted

® EXTERNAL VOLTAGE REFERENCE FOR DATA £0.5V by external resistors

CONVERTERS
® COMPARATOR REFERENCE This reference is ideal for applications requiring precision

® REGULATOR REFERENCE and stability such as instrumentation and high resolution
D/A converters.

PINOUT FUNCTIONAL DIAGRAM

TOP VIEW

HEATER SOPoSITIVE
COMPENSATION SUPPLY

O PRECISION
4 HIGH

PRECISION

HE R
GROUND () outeut ADuUST ATE

PRECISION OUTPUT ADJUST/
GROUND NOISE COMP.

MEATER610 o8 1~ GROUND
COMPENSATION 2 output |7

3 ADJUST OOUTPUT ADJUST/
o BANDWIDTH EC| NOISE COMPENSATION

PRECISION
CONTROL GROUNDS

OUTPUT




HA-5130
N Precision
Operational Amplifier

SEMICONDUCTOR
PRODUCTS DIVISION

A OF HARRIS 1ON

FEATURES DESCRIPTION

ULTRA LOW OFFSET VOLTAGE < 100uv
ULTRA LOW OFFSET VOLTAGE DRIFT 1uv/oC The HA-5130 Precision Operational Amplifier offers an economical

Iternative to modula d lithic chopper stabilized amplifiers. -
EXCELLENT STABILITY alternative fo- modular and. monot e P

LOW NOISE 10nV/,/ Hz It presents an excellent combination of low offset voltage, low offset

voltage drift and low noise.

These characteristics coupled with its dynamic performance make this

APPLICATIONS amplifier suitable for a wide range of applications in low level signal
processing.

® REPLACEMENT FOR CHOPPER AMPLIFIERS The HA-5130 is internally compensated for unity gain configurations
® LOW LEVEL SIGNAL APPLICATION and in addition should reduced offset voltage be required the trimpot
® PRECISION SUMMING AMPLIFIERS can be connected to pins 1 and 5 or 1 and 8 for added versatility.

PINOUT FUNCTIONAL DIAGRAM

Package Code TO-99 grocsoner 9

TOP VIEW

VOS ADJ.
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FEATURES

HA-5160

Wideband, High Slew Rate
JFET Operational Amplifier

DESCRIPTION

HIGH SLEW RATE 140V Jusec.
UNITY GAIN BANDWIDTH 120MHz
LARGE VOLTAGE GAIN

LOW OFFSET VOLTAGE 2mV
FAST SETTING TIME < 500nsecs.

The HA-5160 is a monolithic wideband, high slew rate
operational amplifier manufactured using JFET input and
dielectric isolation,

Precision laser trimming of the input stage complements
the amplifiers’ dynamic capabilities with excellent input
characteristics.

Outstanding features of this device are very high slew rate
and wide bandwidth which make it suitable for a wide

APPLICATIONS

range of signal conditioning applications.

e HIGH SPEED DATA ACQUISITION SYSTEMS
® PULSE AMPLIFICATION
® VIDEO FREQUENCY APPLICATIONS

PINOUT

TOP VIEW

BANDWIDTH
CONTROL




HARRIS

SEMICONDUCTOR
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FEATURES

e

HA-5310/5315

Precision Sample and Hold
Amplifier

DESCRIPTION

ACCURACY (FULL TEMP) 0.01%
ACQUISITION TIME (.005%) Bus
APERTURE TIME 2ns
FEEDTHROUGH ERROR Less than 0.005%
FULLY DIFFERENTIAL INPUT

INTERNAL HOLD CAPACITORS

TTL/CMOS COMPATIBLE

APPLICATIONS

® PRECISION DATA ACQUISITION SYSTEMS
e A/DCONVERTER FRONT END

The HA-5310 is a high precision sample and hold, which is ca-
pable of tracking the signal appearing at its inputs while pre-
senting the result of the previous hold operation at its output,
making the circuit ideally suited to use in time multiplexed sys-
tems. The circuit contains a high impedance, fully differential
input of the type traditionally employed in instrumentation
“amplifiers, which affords high common mode rejection , high
noise insensitivity, and compatibility with optimized grounding
schemes. External feedback networks allow the acquired signal
to be amplified by a user-determined factor.

The acquisition process employs a technique which provides
auto zeroed input operation. The sample/hold capacitor switch-
ing is accomplished with a novel bipolar switching technique
which results in extremely low charge transfer errors.  These
provide the ability to hold total error to less than .01% over
the military temp range.

The device is composed of two monolithic bipolar chips, each
featuring dielectric isolation. Package is a plastic or ceramic
14 pin DIP,

PINOUT

FUNCTIONAL DIAGRAM

TOP VIEW

LOGIC LEVEL S
(TTL CMOS) |

Vee —

-INPUT
L+ INPUT
S/H CONTROL — — FEEDBACK
ANALOG GND L+ v

INPUT CH — OUTPUT Cy
DIGITAL GND — BW CONTROL

-V —] — Vo

12) FEEDBACK

TTL/CMOS  Viogic — DIGITAL
LOGIC LEVEL GND

HOLDCAP. | ANALOG
SELECT GND

LOGIC LEVEL SELECT

TTLPINT TOPIN 7

CMOS PIN 1 TO PIN 11




H1-300/301/

SEMICONDUCTOR

PRODUCTS DIVISION 3 0 2/3 0 3
A DIVISION OF HARRIS CORPORATION

CMOS Analog Switches

FEATURES DESCRIPTION

WIDE ANALOG SIGNAL RANGE . -
FAST SWITCHING SPEED (TYP) The HI-300 through HI-303 family of monolithic CMOS

analog switches offers low power operation combined with
tgw gpﬂ&%?ﬁ%ﬁgﬂgﬁ% fast switching speeds and low ON resistance. These switches
BREAK-BEFORE-MAKE SWITCHING typically consume only 0.06 LW in a standby mode and only
TTL COMPATIBLE 7.5mW while operating. ) Switching speeds are typiqally
NO LATCH UP IOQ ns and the low ON reslstﬁl[\rfe of SOQfmaximum I}(as Irl]ttle
variation over temperature. eir specifications make these
DIGITAL INPUT OVERVOLTAGE PROTECTION switches ideal for use where high performance switching is
required over a wide analog signal range. These switches
are fabricated with dielectric isolation processing, thereby
APPLICATIONS eliminating latch-ups and reducing leakage currents. Break-
before-make switching is insured and these devices are TTL
HIGH FREQUENCY SWITCHING compatible.  The HI-300 through HI-303 are direct re-
SAMPLE AND HOLD placements for the DG 300 through DG 303. Duplications
BATTERY OPERATED SYSTEMS for these switches include signal path switching, sample and
DIGITAL FILTERS hold circuits, op amp gain switching, and battery powered
OP AMP GAIN SWITCHING circuits.

PINOUTS

HI-300 DUAL SPST HI-301 SPDT

TOP VIEW

1— —14 V+
2 13Dy

3 — —12 NC
4 —] —11 87
5 —] F—10 NC
6 — — 9 1IN
7 — | — 8 v-

oo

.

Y

1-302 DUAL DPST H1-303 DUAL SPDT
~ |14 v+ NC 1— 14 V+
1354 3 2— —13 84
—12 Dg D3 3— —12 Dg
— 1102 D1 4o+ Fod—11D7
10 S $16 : ; 1082
— 91Nz INy 6 —] j <H— 91Ny
— 8 V- GND 7— 8V-
LOGIC
0 OFF | OFF 0 |oFF | on
1 ON | ON 1 oN OFF
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HI-304/305/
306/307

CMOS Analog Switches

DESCRIPTION

LOW OPERATING POWER (TYP)

WIDE ANALOG SIGNAL RANGE

LOW ON RESISTANCE (MAX)

FAST SWITCHING SPEED (TYP)
BREAK-BEFORE-MAKE SWITCHING

NO LATCH UP

CMOS COMPATIBLE

DIGITAL INPUT OVERVOLTAGE PROTECTION

The HI-304 through HI-307 family of monolithic CMOS
analog switches offers low power operation combined with
fast switching speeds and low ON resistance. These switches
typically consume only 0.06mW in both standby and op-
erating modes.  Switching speeds are typically 100 ns and
the low ON resistance of 502 maximum varies little over
temperature. These specifications make these switches

APPLICATIONS

ideal for use where high performance switching is required
over a wide analog signal range. These switches are fab-
ricated with dielectric isolated processing, thereby elimina-

BATTERY OPERATED SYSTEMS
COMMUNICATION SYSTEMS
HIGH FREQUENCY SWITCHING
SAMPLE AND HOLD

LOW LEVEL SWITCHING

ting latch-ups and reducing leakage currents. Break-hefore-
make switching is insured and these devices are CMOS com-
patible.  The HI-304 through HI-307 are direct replace-
ments for the DG 304 through DG 307 switches. Applica-
tions for these circuits include battery powered circuits,
signal path switching, communication systems, and low
level switching.

PINQUTS

HI-304 DUAL SPST
—J

NC 1 —14 v+

Dy 2
NC 3
S1 4
NC 5 —
IN7 6—
GND 7 — 8 V-

13Dy
—12 NC

182
—10 NC

— 9 IN2

o0

I

g

HI1-306 DUAL DPST
\J

14 v+

1384
c~v1>-| lo—(OJ——IZ Da

o—‘-o—l [oko—noz
; i 10s

H>’ — 9Ny

L g v-

HI-305 SPOT TOP VIEW

HI-307 DUAL SPDT

\
NC 1— —14 V+

S3 2 13 S4
D3 3—To/c\J E’QJ—U Da

D1 4o —1102

$15 ! ; 1082
INy 6D <H— 9INg

GND7 — 8 V-
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FEATURES

O

HI-381/384 1
3871390

CMOS Analog Switches

DESCRIPTION

WIDE ANALOG SIGNAL RANGE

FAST SWITCHING SPEED (TYP)

LOW ON RESISTANCE (MAX)

LOW STANDBY POWER (TYP)

NO LATCH UP

BREAK-BEFORE-MAKE SWITCHING
TTL/CMOS COMPATIBLE .

DIGITAL INPUT OVERVOLTAGE PROTECTION

APPLICATIONS

HIGH FREQUENCY SWITCHING
SAMPLE AND HOLD
COMMUNICATION SYSTEMS
MEMORY BLOCK SWITCHING
BATTERY POWER SYSTEMS

The HI-381 through HI-390 family of monaolithic CMOS
analog switches offers low power operation combined with
fast switching speeds and low ON resistance. These switches
typically consume only 0.06 W in a standby mode and
only 7.5 mW while operating. Switching speeds are typical-
ly 100 ns and the low ON resistance of 502 maximum
varies little over temperature.  These specifications make
these switches ideal for use where high performance
switching is required over a wide analog signal range. The
switches are fabricated with dielectric isolation processing,
thereby eliminating latch-ups and reducing leakage currents.
Break-before-make switching is insured and these devices
are both TTL and CMOS compatible. The H1-381 through
HI-390 are direct replacements for the DG 381 through
DG 390, and are pin compatible with the- DG 180 series
switches.  Applications for these switches include signal
path switching, sample and hold circuits, op amp gain
switching, and battery powered circuits.

PINOUTS

1-20

HI1-381 DUAL SPST

[—14 S
—13 D2
—12 NC
—11 NC
10 IN2

9 V-
| 8 GND

HI-384 DUAL DPST

D1 1
NC 2
D3 3
S3 4
S4 5
D4 6|

NC 7

Dy 8—

HI-387 SPDT TOP VIEW

6

HI-390 DUAL SPDT

-
B
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High Speed Analog Switches

FEATURES DESCRIPTION

VERY FAST SWITCHING SPEED (MAX)
LOW ON RESISTANCE (MAX) The HI-400 and HI-401 are monolithic CMOS analog
WIDE ANALOG SIGNAL RANGE switches featuring very fast switching speed and low ON
BREAK-BEFORE-MAKE SWITCHING resistance.  The HI-400 is a dual SPST switch, and the
NO LATCH UP HI-401 is a quad SPST, with identical pinouts to the Hi-
TRUE TTL COMPATIBILITY 200/201 switches.  Switching speeds of 50ns max make
PIN COMPATIBLE WITH HI-200/201 these devices the fastest manalithic analog switches presently
available.  The HI-400 and HI-401 are ideal replacements
for slower monolithic switches and for discrete devices.
APPLICATIONS These switches also feature a low ON resistance of 5052 and
a wide analog signal range of 15V, providing high perfor-
® HIGH FREQUENCY SWITCHING mance switching at fast speeds. The HI-400 and HI-401 are
VIDEOQ DISPLAY SYSTEMS fabricated with dielectric isolation processing, thereby
® DIGITAL FILTERS eliminating latch-ups and reducing leakage currents.
o SAMPLE AND HOLD
® ECMSYSTEMS

PINOUTS

TOP VIEW TOP VIEW

VA

07 TOP VIEW

— 16 A2

—o\‘T T"/o—— 15 OUT2
1% IN2

— 13 V+

L 12 VREF

11 IN3
— 10 0UT3
— 9 A3

(-~ N -2 P W N =
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HARRIS ,
HI-5712
High Performance
12 Bit A/D Converter

FEATURES DESCRIPTION

The HI-5712 is a high speed 12 bit successive approximation
A to D converter, featuring 8 u s conversion time and 12 bit
8us 12 BIT CONVERSION TIME accuracy. Numerous functions can be software controlled
10ppm/oC GAIN TEMPCO or otherwise configured by the user to meet a variety of A

TRI-STATE, SERIAL AND PARALLEL OUTPUTS to D converter requirements.

Also, Tri-State outputs and necessary signal lines are pro-
INTERNAL CLOCK AND +10V REFERENCE vided for interface with 8, 12, or 16 bit microprocessor sys-
MICROPROCESSOR COMPATIBLE tems.
TTL/CMOS COMPATIBLE External pin connections prepare the analog input for uni-
NO MISSING CODES OVER TEMPERATURE. polar or bipolar range, and 10V or 20V full scale. The in-

QTN ternal 2MHz clock may be over-ridden by an external clock
MIL-STD-883 PROCESSING AVAILABLE signal.  The internal +10V reference offers 10mA output
SHORT CYCLE CAPABILITY FOR 10,8, current and 5ppm/0C tempco. It may be left unconnected,
OR 6 BIT CONVERSIONS jumpered to the internal DAC, or used as a reference else-
where in the system. A remote sense terminal is provided
for this purpose.

Programmable features include: Binary or 2's complement
code select (MSB/MSB); Short Cycle for 10, 8, or 6 bit

conversion; independent control of the Tri-State function
APPLICATION S for bit groups 1-8 and 9-12.

Monalithic chips comprising the converter are mounted in
leadless chip carriers (LCC’s) which are bonded to both
sides of a multi-layer ceramic substrate resulting in a com-
pact 40 pin dual-in-line package. Individual LCC's may be
® MILITARY SYSTEMS screened (to 883/Class B for example) before assembly on
e HIGH PERFORMANCE DATA ACQUISITION the HI-56712 substrate. The finished converter may then

undergo further screening for very high levels of reliability.

TOP VIEW
v ) u w0 — v o _RIENF ______ fsid —sgnsz—— L
Ne — 2 39 [— VREF SENSE r 1
NC — 3 38 f— VRgr OUT BIPOLAR OFFSET —} |
BIPOLAR OFFSET ——{ 4 37 }—— VRgf IN 20vris —4 |
20V F)S — 5 36 f— NC | |
10VF/S — 6 35— ZERO ADJ 10V F/S TI |
PWR GND — 7 34 —— SIGNAL GND | |
TRI-ST,8-12 — 8 33 |— CHIP ENABLE | Lo
TRI-ST, 1-8 — 9 32— sTATUS I i 20
SERIAL OUT —— 10 HI-5712 31 y—sTARIiONV. | [ :
SHORT CYCLE A —] 11 30 }—— MSB/MSB |
SHORT CYCLE B —— 12 29— CLOCK IN se.ono. |
CLOCK OUT — 13 28— ne |
CHIP ENABLE
BIT 12 (LSB) —] 14 27— BIT 1(MSB) Bt =
o s o |
810 —16 25— 8 e
8y —| 17 2|—ss gltat — ‘
BB p— ‘8 23 S 35 SHORTCYCLEE ] I
87 — 19 22— B6 Lse |
DIGITAL GND —] 20 21 }— +V0GIC L ——{‘— —| — -
+5V DIG  EXT +15V PWR -15V
OUTPUT BITS GND  CLK GND
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SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HI-5812

12 BitAto D
Converter System

DESCRIPTION

® 12 BIT ABSOLUTE ACCURACY OVER TEMP.
© 30us CONVERSION TIME

©® ADVANCED INTERFACE FOR uPROCESSORS
® SELF-CONTAINED TRACK/HOLD

® DIFFERENTIAL REFERENCE AND ANALOG
DATA INPUTS

® UNIPOLAR POS/NEG OR BIPOLAR OPERATION
® THREE-STATE BYTE ORIENTED OUTPUTS

® STRAIGHT BINARY, OFFSET BINARY, OR
2's COMPLEMENT OUTPUT

® TTL/CMOS COMPATIBLE
® MIL-STD-883 SCREENING AVAILABLE

APPLICATIONS

® HIGH PERFORMANCE DATA ACQ. SYSTEMS
® MILITARY AND INDUSTRIAL SYSTEMS
® PRECISION INSTRUMENTATION

PINOUT

TOP VIEW

370 BIT 10

(msg) BIT 1 [J6
WSBSELECT [7
TNTERRUPT []8

BYTETEN []9

BYTEZEN [J10

+VpaTa 12
-VpATA [J13
+VRer Y14

P.S. COMMON A
+vps A (+15v) []18
-Vps A (-15V) {19

35[] BIT 12 (LSB)

34 vipgic (5VTO15V)
33[J TTL/cmos SEL

32[] DIGITAL GND

The HI-5812 is a precision 12 bit A to D converter that is based on a conversion
algorithm unigue among integrated circuit converters. It offers an unprecedented 12
hit absolute accuracy over temperature, 30 microsecond conversion time, an advanc-
ed microprocessor interface, and an internal Track/Hold (T/H) amplifier.

Both the reference and analog voltage inputs offer the high impedance, fully differ-
ential configuration found in instrumentation amplifiers. These ““floating”” inputs
allow the user to hookup the converter for optimum interference rejection in a
variety of systems. Also, each input is auto-zeroed, which yields a maximum of %
LSB error from all sources for both the Track/Hold and A/D conversion functions
combined, over the operating temperature range. To realize this performance a
precision 5V reference is required, such as Harris HA-1620.

Two identical analog processors are included in the H1-5812, each with its own
Track/Hold amplifier. These processors alternately compute the relation
Vi =2[Vi-1-Vr Sgn (Vi-1)], where Vi - 1 is the preceding result and Vr equals
one half the (unipolar) input range. The sign of each computation determines one bit
in the output code, beginning with the MSB.

Because a Track/Hold function is inherent in the conversion process, the customary
requirement of a T/H amplifier at the converter's input is eliminated. The START
CONVERT command results in signal to HOLD and simultaneously initiates a
conversion cycle. Before completion of the conversion the T/H has returned to
TRACK and reacquired the analog input. This allows a new cycle to begin immed-
iately, provided the user has selected the continuous conversion mode of operation.

INTERRUPT resets the converter at any point in the conversion cycle, and CHIP
ENABLE disables all the digital control inputs to allow control of multiple converters
by a single processor. Two more pins select positive or negative unipolar input, or
bipolar input with the maximum code corresponding to top or bottom of the input
range. The microprocessor interface circuitry includes a three state 12 bit parallel
output, in which the 8 MSB’s and the 4 LSB's are separately enabled to allow multi-
plexing over an 8 bit data bus.

Finally, the MSB SELECT input permits a choice of Offset Binary or 2's Comple-
ment for the bipolar output code. Any number of the above (8 digital inputs) may
be changed from one conversion to the next when under software control via a
microprocessor. A logic level select input is normally hardwired to accommodate
either TTL or CMOS control signals.

The analog power requirements are = 15V; digital is +5 to +15V. Package is a 40
pin ceramic DIP,

31|J START CONVERT

23[] +Vpg B (+15V, DIG.)
22l ps.common B

FUNCTIONAL DIAGRAM

MooE
sToRAGE

necisvens |
LATCHES

TRISTATE

y 11
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HARRIS Q HC-55536

\
SEMICONDUCTOR N\ )
PRODUCTS DIVISION

\\® All-Digital
\\
»

Continuously Variable Slope
Delta Demodulator (CVSD)

FEATURES DESCRIPTION

The HC-55536 is a CMOS integrated circuit used to convert
serial NRZ digital data to an analog (voice) signal. Conversion is
REQUIRES FEWER EXTERNAL PARTS by delta demodulation, using the continuously variable slope
LOW POWER DRAIN: 6mW FROM SINGLE 5V-7V (CVSD) method.

SUPPLY While signals are compatible with other CVSD circuits, the inter-
TIME CONSTANTS DETERMINED BY CLOCK FRE- nal design is unique. The analog loop filters have been replaced
QUENCY; NO CALIBRATION OR DRIFT PROBLEMS; by digital filters which use very low power and require no exter-

AUTOMATIC OFFSET ADJUSTMENT nal timing components. This digital approach allows inclusion
of many desirable features. which otherwise would be difficult
FILTER RESET BY DIGITAL CONTROL to implement. Internal time constants are optimized for a 16K

AUTOMATIC OVERLOAD RECOVERY bit/sec data rate; the device is usable to 64K bits/sec.

The package is a 14 pin DIP, available in plastic (00C to +700C)
or ceramic (-400C to +850C). Chips are available, probe tested
at +250C.

APPLICATIONS FUNCTIONAL DIAGRAM

(13) 12)
FORCE O DIGITAL
DATA IN

® VOICE OUTPUT FOR DIGITAL SYSTEMS l

3BIT

® AUDIO MANIPULATIONS; DELAY LINES, ECHO e
GENERATION/SUPPRESSION, SPECIAL EFFECTS, ETC. ‘oiGiTaL || oAl

FILTER
4.0 msec TOR 1

SIGNAL
ESTIMATE
DIGITAL
FILTER
1.0 msec

Ovoice 3c|.ucx
out IN
) @)

PINOUT AND PIN DESCRIPTION

TOP VIEW Package Codes: 3R, 4D, 4Y

POSITIVE SUPPLY VOLTAGE ~——— Vpp[_] -/ Jne NO INTERNAL CONNECTION
ne[] JF.z SEE BELOW

OUTPUT CIRCUIT IS A D/A CON- —= AUDIO OUTE :] DIGITAL INPUT—= SERIAL NRZ DATA

VERTER WITH 25 APPROXI-

N N
MATELY 100k OHMS. OUTPUT IS 4 I
BIASED TO Vpp/2, FOR ZERO ne[ [ Ine

SIGNAL INPUT. Ncl: ] cLock ———= SEE BELOW

NCI: GROUND — LOGIC GROUND (NEGATIVE
SUPPLY VOLTAGE)

FORCED ZERO; NORMALLY HIGH. “LOW" FORCES THE AUDIO
OUTPUT AND INTERNAL LOGIC INTO THE “QUIETING" PATTERN.

CLOCK CLOCK IS PHASED WITH DIGITAL INPUT DATA SO THAT LOW-TO-
HiGH TRANSITIONS OCCUR NEAR THE MIDDLE OF EACH RECEIV-
ED DATABIT.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

-3.0V to Vpp +0.3V
+70V
+5.0V to +7.0V

Voltage at Any Pin
Maximum Vpp Voltage
Operating Vpp Range

Operating Temperature (-5)

Storage Temperature Range

00C to 700C
(-8) -400C to +850C
-650C to +1500C

ELECTRICAL CHARACTERISTICS vpp=+6.0V; Bit Rate = 16K Bits/Sec; tp = +250C.

PARAMETER

UNIT

Clock Bit Rate (Note 1)

Clock Duty Cycle

Supply Voltage

Supply Current

Digital ““1"" Input (Note 2)

Digital /0" Input (Note 2)

Audio Output Voltage (Note 3)

Audio Output Impedance (Note 4)
Syllabic Filter Time Constant (Note 5)
L. P. Filter Time Constant (Note 5)
Step Size Ratio (Note 6)

Resolution (Note 7)

Minimum Step Size (Note 8)

Stope Overload (Note 9)

Signal/Noise Ratio (Note 10)
Quieting Pattern Amplitude (Note 11)
Clamping Threshold (Note 12)

K Bits/Sec
%
Vv
mA
Vv
"

39
ms
ms
dB
%
%

Table |

NOTES:

1.

There is one NRZ data bit per clock period. Clock must be
phased with digital data such that a positive clock transition
occurs in the middle of each received data bit.

Logic inputs are CMOS compatible at supply voltage and are
diode protected. Digital data input is NRZ at clock rate.

As mentioned elsewhere, this output includes a DC bias of
VDD/2. Therefore an AC coupling capacitor (min. 4.7 il f)
is required uniess the output filter also includes this bias
(as does the circuit in Fig. 2.)

Presents 100 kilohms in series with recovered audio voltage.
Zero-signal reference is VDD/2.

Note that filter time constants are inversely proportional
to clock rate.

Step size compraession ratio of the syllabic filter is defined as
the ratio of the filter output, with an equal 1-0 bit density
input to the filter, to its minimum output.

Minimum quantization voltage level expressed as a percentage
of supply voltage.

The minimum step size between levels is twice the resolution.

For large signal amplitudes or high frequencies, the encoder
may become slope-overioaded. Figure 1 shows the frequency
response at various signal levels, measured with a 3kHz low-
pass filter having a 130dB/octave roll-off to -50dB. See
Figure 2.

Table | shows the SNR under various conditions, using the
output filter described in Note 9 at a bit rate of 16K bits/sec.
See Figure 2.

The ‘’quieting’’ pattern or idle-channel audio output steps at
1/2 the bit rate, changing state on negative clock transitions.

The recovered signal will be clamped, and the computation
will be inhibited, when the recovered signal reaches three-
quarters of full-scale value, and will unclamp when it falls
below this value (positive or negative).
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SIGNAL LEVEL
dB

0dB IN = 1.40V RMS
Vg = +6V

TABLE |

INPUT OUTPUT
FREQUENCY AMPLITUDE SNR
Hz mV RMS dB MIN.

300 1400
300 45
1000 500
1000 16

500 800 1000
FREQUENCY

Figure 1. Transfer Function for CVSD at 16K Bits/Sec.

R1 ¢t

;g 0.47 uF
10%

AUDIO OUT
FOR SIDETONE

R2
39¢2 R4
Voo 5% 110K
A

D>—AAVAN p
cz I
2.2,,FI R6 0.1 uF
10V 10K ]" 10%

10%

U1, U2 HARRIS HA-4741 QUAD OP AMP
CAPACITORS IN pF UNLESS OTHERWISE

STATED FREQUENCY RELATIVE QUTPUT
RESISTORS 1/20 WATT

100Hz to 1500H2 0+1.5dB
CAP. TOL. 1% UNLESS OTHERWISE 1500Hz2 1o 3000Hz 0+2.508
STATED 3800Hz to 100k Hz Less Than -45dB

RES.TOL. 1% UNLESS OTHERWISE
STATED

FILTER FREQUENCY RESPONSE
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High Temperature Electronics

To serve the growing need for electronics that will
operate in severe high temperature environments,
Harris will offer integrated circuits that have been
characterized over elevated temperatures and that
have electrical characteristics guaranteed at 2000C.

Typical applications include:

® Well Logging

® |ndustrial Process Control

® Engine Control and Testing

® High Temperature Data Acquisition Systems

It is the intention of Harris Semiconductor to
make available in the high temperature series
(identified by the -1 suffix following the device
part number) all the basic elements required for
the designer to build a data acquisition system that
will function to specified limits at 2000C.

The devices to be offered:

Operational Amplifiers
Comparators

Analog Switches

Analog Multiplexers

Precision Voltage Reference

12 Bit Digital to Analog Converter

All parts offered in the -1 series have had their
electrical performance parameters characterized up
to 2500C.

Production flow of -1 parts includes screening to
MIL-STD-883B, 160 hours burn-in and final
electrical test at 2000C.

Devices available Now:

® HA-2600-1 Operational Amplifier
® HA-2620-1 Operational Amplifier
® HA-4920-1 Quad Comparator

® H|-200-1 Analog Switch

® H|-201A-1 Analog Switch

® HI-508A-1 Analog Multiplexer

Devices in Process:

® HA-1610-1
® H|-562-1

Precision 10V Reference
12 Bit Digital to Analog
Converter

Consult factory for price and availability infor-
mation.

Advanced Packaging Techniques

Harris Semiconductor is now offering Leadless Chip
Carriers (LCC) as a packaging option on various
Analog integrated circuits. An LCC is a square or
rectangular package for an Integrated Circuit (IC)
that is manufactured in the same manner as a con-
ventional side-braze dual-in-line package (DIP).
The LCC is essentially comprised of the cavity and
seal ring section of a standard DIP. |t offers the
user a means of achieving high density system
configurations while retaining the reliability bene-
fits of hermetic IC packaging. Figure 1 provides a
comparison of the construction of an LCC and a
conventional side-braze DIP.

The LCC’s two principle advantages over conven-
tional side braze DIPs are packaging density and
electrical performance. Packaging density is the
number one advantage to an LCC over a side braze
DIP. The size of a DIP is governed primarily by

the number of leads required and not by the size
of the IC. As pin count increases, more and
more of the DIP package is used only to provide an
electrical trace path to the external leads. The size
of an LCC is dependant on the size of the die
not on the number of leads. As pin count increas-
es, overall size increases but at a much slower rate.
Table 1 provides a comparison between the areas
of 18, 28, and 48 lead LCCs to 18, 28, and 48 lead
side braze DIPs. The chart indicates a 270%
improvement in packaging area for the 18 lead
LCC, and 542% improvement for the 48 lead LCC.
Obviously, sizable savings in circuit board area can
be achieved with this packaging option. The
second major advantage of the LCC is in electrical
performance. The package size and geometry also
dictates trace length and uniformity. Figure 2
provides a comparison between the trace lengths
for various LCCs and side braze DIPs. As pin
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count goes up, trace lengths get longer, adding
resistance and capacitance unequally around the
package. As ICs get faster and more complex,
these factors start to become a limiting factor on
performance. LCCs minimize this effect by
maintaining, as close as possible, uniform trace
length so that the package is significantly smaller
determinant of system performance.

The LCC also offers environmental advantages over
“’chip-and-wire” manufacturing techniques used in
high density hybrid circuits. An IC can be fully
tested, burned-in and processed to MIL-STD-883B
in an LCC, thereby guaranteeing its performance.

CHIP CARRIER
DIP

0

SEAL RING

DIE CAVITY

\___ BONDING PADS —%

EXTERNAL CONTACTS

)

%
¥

TRACES

The IC is further protected by small hermetic pack-
age in which internal water vapor content can be
carefully controlled during production.

In summary, Harris Semiconductor Leadless
Chip Carriers use a proven technology to provide
a reliable high density, high performance packaging
option for today’s systems.

A list of products available in LCC form is pro-
vided in the Packaging Section on page 9-2.
Consult the factory or your Harris sales represent-
ative for pricing and availability.

DIE PAD
\@ LEAD | LONGEST TRACE DIP | LONGEST TRACE
COUNT | LONGEST TRACE CC | SHORTEST TRACE
EXTERNAL CONTACT PADS _QQ %’
ASSEMBLY 2 18 2:1 1.5:1 6:1
METAL LEADS 24 4:1 1.5:1 3:1
40 5:1 1.5:1 6:1
54 6:1 1.5:1 7:1
FIGURE 1. Exploded view of Chip FIGURE 2. Electrical Performance
Carrier and DIP. (Resistance and Speed)
TABLE |
DIP AREA
LCC DIP LCC AREA
18 Lead 0.10 0.22 270
28 Lead 0.20 0.84 420
48 Lead 0.31 1.68 542

—_
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Operational

Selection Guides
HA-909/911
HA-2400/04/05
HA-2500/02/05
HA-2507/17/27
HA-2510/12/15
HA-2520/22/25
HA-2530/2535
HA-2600/02/05
HA-2607/2627
HA-2620/22/25
HA-2630/2635
HA-2640/2645
HA-2650/2655
HA-2700/04/05
HA-2720/2725
HA-2730/2735
HA-2900/04/05
HA-4602/4605
HA-4622/4625
HA-4741
HA-4900/4905
HA-4920/4925
HA-4950
‘HA-5100/5105
HA-5110/5115
HA-5190/5195

Low Noise Operational Amplifiers

PRAM, Four Channel Operational Amplifiers

Precision High Slew Rate Operational Amplifiers

Epoxy Packaged, High Slew Rate Operational Amplifier Series
High Slew Rate Operational Amplifiers

High Slew Rate Uncompensated Operational Amplifiers

Wide Band High Slew Inverting Amplifiers

High Performance Operational Amplifiers

Epoxy Packaged, Wide Band Operational Amplifiers

Very Wide Band, Uncompensated Operational Amplifiers
High Performance Current Booster

High Voltage Operational Amplifiers

Dual High Performance Operational Amplifiers

Low Power, High Performance Operational Amplifiers

Low Power, Current Programmable Operational Amplifiers
Dual Low Power, Current Programmable Operational Amplifiers
Chopper Stabilized Operational Amplifers

Quad High Performance Operational Amplifiers

Wide Band High Performance Quad Operational Amplifiers
Quad Operational Amplifier

Quad Precision Comparator

High Speed Quad Comparator

Precision High Speed Comparator

Wide Band, JFET Input, Operational Amplifiers

Wide Band, JFET Input, Uncompensated Operational Amplifiers
Wide Band, Fast Settling Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under ““Absolute Maximum Ratings” may
be applied to devices (one at a time) without resulting in permanent damage. This
is a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “Electrical
Characteristics” are the only conditions recommended for satisfactory operation.
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Operational Amplifiers Selection Guide

QUAD OPERATIONAL AMPLIFIERS
PARAMETER [ HA-2400]HA-2404[HA-2405[HA-4602[HA-4605[HA-46 22 HA-4625[HA-4741]HA-4741 | UNITS
INPUT CHARACTERISTICS
Offset Voltage 7 7 11 3.0 4.0 3.0 4.0 5.0 6.5 mvV
Drift (Typ) 20 20 30 2 2 2 2 5 5 uv/°C
Bias Current 400 400 500 325 400 325 400 325 400 nA
Offset Current 100 100 100 125 120 125 120 75 100 nA
Common Mode Range 190 £9.0 9.0 *12 *12 *12 *12 *12 *12 \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 25k 25k 25k 100k 75k 100k 75k 25k 15k VIV
CommonMode Rejection Ratio 80 80 74 86 80 86 80 74 74 dB
Bandwidth (Typ) (1) 40 40 40 8 8 70 70 35 35 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing *10 *10 *10 *10 *10 *10 *10 *+10 *10 \
Output Current (1) +10 *10 *10 +10 +8 +10 +8 +5 *5 mA Note: Parameters are
Full Power Bandwidth (Typ) (1 500 500 500 60 60 150 130 25 25 kHz minimum or maximum
TRANSIENT RESPONSE . over temperature unless
Rise Time (1) (Typ) 20 20 20 50 50 38 38 75 75 ns otherwise noted.
Overshoot (1) (Typ) 25 25 25 30 30 45 45 25 25 %
Slew Rate (1) (Typ) *30 +30 *30 *4 *4 *12 *11 *1.6 *1.6 V/us
Settling Time (Typ) (1) 15 15 15 4.2 4.2 25 25 12 12 us
POWER SUPPLY CHARACTERISTICS
Supply Current (1) 60 | 60 [ 60 [ 55 [ 65 [ 46 | 50 | 5 | 7 JmA
Power Supply RejectionRatio] 74 | 74 | 74 | 8 | 80 | 8 | 8 | 8 | 80 [dB
FUNCTIONAL CHARACTERISTICS
Oftset Adjustment NO NO NO NO NO NO NO NO NO
Compensation Components | 0AV>10 [0AV>10 [OAV>10 0 0 0AV>10 |OAV>10 0 0
Output Protection YES YES YES YES YES YES YES YES YES
Temperature Range* (A) (9] (B) (A) (B) (A) (B) (A) (B)
FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon IggT value.
* Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C

SPECIAL-PURPOSE AMPLIFIERS
PARAMETER [HA-2530[HA-2535 ] HA-2630] HA-2635]HA-2640 [HA-2645] HA-2720 | HA-2725 JHA-2900]HA-2904 [ HA-2905 [UNITS
INPUT CHARACTERISTICS (3) (3)
Offset Voltage 3 5 300 300 6 7 5 7 .06 .05 .08 mV
Drift (Typ) 5 5 (2) (2) 15 15 8to 10 8to 10 0.3 0.2 0.2 uv/°C
Bias Current 100 200 200 200 50 50 10 to 40 10 to 40 1 1 1 nA
Offset Current 20 20 (2) (2) 35 50 7.5t0 20 7.5 to 20 0.5 0.5 0.5 nA
Common Mode Range *0.5 +0.5 (2) (2) *35 *35 =10 *10 |=10 *10 *10 \
TRANSFER CHARACTERISTICS (3) (3)
Large Signal Voitage Gain 100k 100k 0.85 0.85 75k 75k 25k 20k 10° 108 108 VIV
Common Mode Rejection Ratio 86 80 (2) (2) 80 74 80 74 {120 130 120 dB
Bandwidth (Typ) (1) 20 20 8 8 4 4 .01to 10 .01to 10 3 3 3 MHz
OUTPUT CHARACTERISTICS (3) (3)
Output Voltage Swing *10 *10 *10 *10 +35 +35 *13.5 *+135 [*10 *10 *10 \
Qutput Current (1) *25 *25 +400 +300 *12 *10 *0.5t05 *0.5t05 |*10 *10 7 mA
Full Power Bandwidth (Typ) (1) | 5,000 5,000 8,000 8.000 23 23 1.5 to 80 1.5 to 80 40 40 40 kHz
TRANSIENT RESPONSE (3) 3)
Rise Time (1) 40 40 30 30 60 60 200 to 200to 200 200 200 ns
. 2,000 2,000
Overshoot (1) 45 50 25 25 15 15 5to 15 5to 15 20 20 20 %
Slew Rate (1) +280 *250 +200 *200 5 5 0.1t008 [0.1t00.8 2.5 25 25 V/us
Settling Time (Typ) (1) 0.5 0.5 0.5 0.5 15 15 (2) (2) (2) (2) (2) us
POWER SUPPLY CHARACTERISTICS (3) (3)
Supply Current (1) 6 | 6 | 20 [ 23 138 [ 45 [.02t002 Jo02t002 | 56 | 5 | 5 [mA
Power Supply Rejection Ratio 86 | 80 [ 66 | 66 | 80 [ 74 | 80 [ 76 [120 [130 [ 120  [dB
FUNCTIONAL CHARACTERISTICS
Offset Adjustment NO NO NO NO YES YES YES YES NO NO NO
Compensation Components 1 1 0 0 0 0 0 0 3 3 3
Qutput Protection NO NO External [External | YES YES YES YES |YES YES YES
Temperature Range* (A) (B) (A) (B) (A) (B) (A) (B) (A) (C) (B)
FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon Iger value.
* Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C
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Operational Amplifiers Selection Guide

FAST SETTLING|
FET INPUT AMPLIFIERS AMPLIFIER
PARAMETER HA-5100[HA-5105]HA-5110]HA-5115[HA-51501HA-51601] HA-5190]HA-5195] UNITS
INPUT CHARACTERISTICS
Offset Voltage 2.0 3.5 2.0 3.5 2.0 2.0 10 10 | mV
Drift (Typ) 10 15 10 15 10 10 20 20 | puv/°C
Bias Current 10 20 10 20 10 10 20 uA 20 uA | nA
Offset Current 5 10 5 10 5 5 6 uA 6 uA | NA
Common Mode Range *10 *10 +10 *10 *10 *10 =5 *5 |V
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 60k 40k 60k 40k 50k 50k 5k 5k | V/V
CommonModeRejection Ratio 86 80 86 80 86 86 74 74 | dB
Bandwidth (Typ) (1) 18 18 60 50 50 100 150 150 [ MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing *12 *11 *12 *11 *10 *=10 *5 *5 |V
Output Current (1) +10 *8 *10 *8 *10 *10 *25 *25 | mA
Full Power Bandwidth (Typ)(1) 100 80 800 625 750 5,000 6,500 6,500 | kHz
TRANSIENT RESPONSE
Rise Time (1) (Typ) 15 20 20 20 15 15 13 13 | ns
Overshoot (1) (Typ) 8 8 1%
Slew Rate (1) (Typ) *6 *5 *+35 +35 +60 *+120 +200 +200 | v/us
Settling Time (Typ) (1) 1.7 2.0 0.85 1.0 0.7 0.5 0.1 0.1 | us
POWER SUPPLY CHARACTERISTICS
Supply Current (1) I 7 [ 8 7T 871 71 7 ] 28] 28]mA
Power SupplyRejectionRatio| 8 | 80 | 86 | 80 | 8 | 8 | 70| 70 |dB
FUNCTIONAL CHARACTERISTICS
Offset Adjustment YES YES YES YES YES YES
Compensation Components 0 0 O0AV>10{ OAV>10 0 0AV>10 | OAV>5 [ DAV>5
Output Protection YES YES YES YES YES YES NO NO
Temperature Range* (A) (B) (B) (A) (B) (8) (A) (B) (A) (B)
FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon IggT value.
* Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C
1 To be introduced.
LOW POWER DUAL HIGH
AMPLIFIER | PERFORMANCE AMPLIFIERS 1
PARAMETER [HA-2700]HA-2704]HA-2705 | HA-2650 [ HA-2655 | HA-2730 [HA-2735 | UNITS
INPUT CHARACTERISTICS (3) (3)
Offset Voltage 5 6 7 5 7 5 7| mv
Drift (Typ) 5 5 5 8 8 8to 10 81010 | uv/°C
Bias Current 50 50 70 200 300 10t040 | 10to 40 | nA
Offset Current 30 30 40 60 100 75t020 |75t020 | nA
Common Mode Range *11 *11 *11 *13 +13 *+10 *10 | Vv
TRANSFER CHARACTERISTICS (3) (3)
Large Signal Voltage Gain 100k 100k 100k 20k 15k 25k 20k | v/v
Common Mode Rejection Ratiol 86 86 80 80 74 80 74 | dB
Bandwidth (Typ) (1) 1 1 1 8 8 011010 |.01t0 10 | MHz
OUTPUT CHARACTERISTICS (3) (3)
Qutput Voltage Swing =11 =11 =11 *13 *13 *135 *135 | v
Output Current (1) +15 +15 +15 +20 *18 *05t05 [*0.5t05 [ mA
Full Power Bandwidth(Typ)(1) 50 50 50 30 30 15t080 [15t080 | kHz
TRANSIENT RESPONSE
Rise Time (1) (2) 2) (2) 40 40 200 to 200 to
2,000 2,000 | ns
Overshoot (1) (2) (2) (2) 15 15 5to0 15 5to0 15 %
Slew Rate (1) *10 *10 *10 *2 *2 0.1t008 [0.1t00.8 | v/us
Settling Time (Typ) (1) 5.0 5.0 5.0 15 15 (2) (2) | us
POWER SUPPLY CHARACTERISTICS [€)] [€)]
Supply Current (1) 0.15 0.15 0.15 3 4 0.02 to 0.02to | mA
0.2 0.2
Power Supply Rejection Ratio 86 86 80 80 74 80 76 | dB
FUNCTIONAL CHARACTERISTICS
Offset Adjustment YES YES YES DIP Only [DIP Only YES YES
Compensation Components 0 0 0 0 0 0 0
Output Protection YES YES YES YES YES YES YES
Temperature Range* (A) ©) (B) (A) (B) (A) (B)
FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon Iggt value.

* Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C

Note: Parameters are
minimum or maximum
over temperature unless
otherwise noted.



Operational Amplifiers Selection Guide

HIGH SLEW RATE AMPLIFIERS

PARAMETER [ HA-2500 [HA-2502]HA-2505[HA-2507] HA-2510[HA-2512] HA-2515[HA-25 17| HA-2520[HA-2522] HA-2525]HA-2527] UNITS
INPUT CHARACTERISTICS
Offset Voltage 8 10 10 10 1 14 14 14 11 14 14 14 [mv
Drift (Typ) 20 20 20 25 20 25 30 30 20 25 20 30 |uv/°C
Bias Current 400 500 500 500 400 500 500 500 400 500 500 500 | nA
Offset Current 50 100 100 100 50 100 100 100 50 100 100 100 | nA
Common Mode Range =10 =10 | =10 | =10 | =10 | *10 | *10 | =10 | =10 | *10 | =10 | =10 |V
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 15k 10k 10k 10k | 7.5k 5k 5k 5k | 7.5k 5Kk 5k 5k | V/V
Common Mode Rejection Ratio 80 74 74 74 80 74 74 74 80 74 74 74 dB
Bandwidth (Typ) (1) 12 12 12 12 12 12 12 12 25 25 25 20 [ MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing =10 | =10 | =10 | =10 10 | =10 | =10 ]| =10 | =10 | =10 | =10 | *10 |V
Output Current (1) 10 | =10 10 | 10 | =10 | =10 | *10 | =10 | *10 | =10 | =10 | =10 |mA
Full Power Bandwidth (Typ) (1) 500 500 500 500 | 1000 | 1000 | 1000 | 1000 | 1500 | 1200 | 1200 | 1200 |kHz
TRANSIENT RESPONSE
Rise Time (1) 50 50 50 50 50 50 50 50 50 50 50 50 |ns
Gvershoot (1) 40 50 50 50 40 50 50 50 40 50 50 50 | %
Slew Rate (1) 25 20 | =20 | *15 | =50 | =40 | *40 | =30 | =100 | *80 | *80 | *60 | V/us
Settling Time (Typ) (1) 033 | 033 | 033 | 033 | 025 | 025 | 025 | 025 070 | 070 | 070 [ 0.70 |us
POWER SUPPLY CHARACTERISTICS
Supply Current (1) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 60 |mA
Power Supply Rejection Ratio 80 74 74 74 80 74 74 74 80 74 74 74 dB
FUNCTIONAL CHARACTERISTICS
Offset Adjustment vyEs | yes | YyEs | yes | ves [ ves [ ves ] ves [ ves | ves [ ves [ Yes
Compensation Components 0 0 0 0 0 0 0 0 0AV>3 | 0AV>3 | 0AV>3 | DAV>3
Output Protection NO NO NO NO NO NO NO NO NO NO NO NO
Temperature Range* (A) (A) (B) (B) (A) (A) (B) (B) (A) (A) (B) (B)

FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon | ggT value.
*Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C

WIDE BANDWIDTH AMPLIFIERS
PARAMETER [HA-2600[HA-2602]HA-2605]HA-2607[HA-2620[HA-2622]HA-2625[ HA-2627 [ UNITS
INPUT CHARACTERISTICS
Offset Voltage 6 7 7 8 6 7 7 8 mVv
Drift (Typ) 5 5 5 5 5 5 5 5 uv/ec
Bias Current 30 60 40 50 35 60 40 50 nA
Offset Current 30 60 40 50 35 60 40 50 nA
Common Mode Range =11 =11 =11 *10 =11 =11 =11 *10 Vv
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 70k 60k 70k 60k 70k 60k 70k 60k VIV
Common Mode Rejection Ratio[ 80 74 74 74 80 74 74 74 dB
Bandwidth (Typ) (1) 12 12 12 12 100 100 100 100 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing *10 *10 10 10 10 10 10 *10 \
Output Current (1) *15 =10 =10 *10 *10 *10 *10 *10 mA
Full Power Bandwidth (Typ) (1) 75 75 75 75 600 600 600 600 kHz
TRANSIENT RESPONSE
Rise Time (1) 60 60 60 60 45 45 45 45 ns
Overshoot (1) 40 40 40 40 40 40 40 40 %
Slew Rate (1) *4 *4 *4 *4 *25 *20 *20 17 V/us
Setting Time (Typ) (1) 15 15 15 15 0.30 0.30 0.30 0.30 us
POWER SUPPLY CHARACTERISTICS
Supply Current (1) 37 40 T40 40 TJ37 TJT40 T40 T4a0 [mA
Power Supply Rejection Ratio 80 74 [ 74 [74 18 [ 74 74 |74 [d8
FUNCTIONAL CHARACTERISTICS
Oftset Adjustment YES YES YES YES YES YES YES YES
Compensation Components 0 0 0 0 0AV>5 [ OAV>5 | OAV>5 [ OAV>5
Output Protection YES YES YES YES YES YES YES YES
Temperature Range* (A) (A) (B) (8) (A) (A) (B) (B)
FOOTNOTES: (1) At +25°C. (2) Not applicable or not specified. (3) Dependent upon IggT value.
*Temperature Range: (A) —55°C to +125°C (B) 0°C to +75°C (C) —25°C to +85°C
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Comparators Selection Guide

Harris presently manufactures three different comparators:

HA-4900
HA-4920
HA-4950

General Purpose Quad
High Speed Quad
Precision, High Speed Single

The basic characteristics of these devices are shown tabulated below.
For complete details refer to individual device specifications.

_550C to +1250C 00C to +1250C
Parameter HA-4900 | HA-4920 | HA-4950 | HA-4900 | HA-4920 FA—4950 Units
Input Offset Voltage 4.0 4.0 2.8 10.0 8.0 2.8 mV
Input Sensitivity (Note 1) 0.7 06 0.1 0.7 06 0.1 mv
Input Bias Current 150 8 7 75 10 7 uA
Response Time (At T = +250C)
Tpd 0 130 45 40 130 45 40 ns
Tpd 1 180 40 20 180 40 20 ns

Note 1.

Input sensitivity is the differential voltage required at the input to

make the output change state, after the offset has been nulled.

PRAM PROGRAMMABLE AMPLIFIER
HA-2400/2404/2405

One of four op amp input stages may be digitally
selected to be connected to a single output. Re-
places 5 op amps and a four channel multiplexer
to obtain programmable gain, signal selection
or countless other functions.

CURRENT BOOSTER AMPLIFIER
HA-2630/2635

A unity gain amplifier with output current up
to ¥400mA, and 600V/u s slew rate, designed
for use in series with any op amp output. For
Coax line drivers, servo amps, audio amps, clock
drivers etc.
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HARPIS HA-909/911

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION Wideba”dl l ow /Voise’
Operational Amplifiers

FEATURES DESCRIPTION

LOW BROADBAND NOISE 1uV RM.S.
HA-909 and HA-911 are monolithic ampliifers delivering very

LOW NOISE VOLTAGE 7nV/\/I-E

low noise and excellent bandwidth specifications without the
LOW OFFSET VOLTAGE Zmy need for external compensation. Additional features of these
WIDE BANDWIDTH TMHz dielectrically isolated devices include low offset voltage, offset
POWER BANDWIDTH 20kHz trim capabitlity (14-pin flat package only), and high output
SUPPLY RANGE +5V TO 20V current drive capabitlity.

INTERNALLY COMPENSATED With 7MHz bandwidth and internal compensation these ampli-

fiers are extremely useful in many active filter designs. In audio
APPLICATIONS circuitry requiring quiet operation these devices offer 1 u V
typical broadband noise (10Hz to 1kHz) and 20kHz power
bandwidth. 2mV typical offset voltage, offset trim capability,
and 20mA output current drive capability (£10.0V swing)
make these amplifiers useful in signal conditioning circuits.

e HIGH Q, WIDEBAND FILTERS
HA-909 and HA-911 are available in metal can (T0-99) and
14-pin flat packages. HA-909 is specified over the -550C to
e SIGNAL GENERATORS +1250C range. HA-911 is specified from 09C to +750C.

e AUDIO AMPLIFIERS

PINOUT SCHEMATIC

Package Code 2A
TOP VIEW

BANDWIDTH
OCONTRDL

BANDWIDTH CONTROL

INPUT
INVERTING O
o—

INPUT
NON-INVERTING

INVERTING +——O ouTPUT

INPUT

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow 1C Handling Procedures specified on pg. 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V— Terminals 50.0V

Differential Input Voltage +7.0V

Peak Output Current +50mA

Internal Power Dissipation (Note 10) 300mW

Operating Temperature Range — HA-909 —550C < Tp < +125°C
HA-911 0°C < Ta §+75°C

Storage Temperature Range —650C < Tp <+1500C

ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: Vgypply = £15.0V unless otherwise specified.

HA-909 HA-911
-550C to +1250C 00C to +750C

PARAMETER MIN. TYP. MAX. . TYP MAX

INPUT CHARACTERISTICS
* Offset Voltage 2.0 X 2.0 6.0
1.5

Equivalent Input Noise (Note 9) . X 1.0 MV
Input Noise Voltage 7 nVy/Hz

Bias Current nA
300 nA

Offset Current nA
150 nA

Offset Current Average Orift . 1.0 nA/oC

Input Resistance (Note 12) 250 KQ
K2

Common Mode Range \

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain
(Notes 1, 4)

Full Power BW

Common Mode Rejection Ratio
(Note 2)

Unity Gain Bandwidth (Note 3)

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

* Output Current (Note 4)

Output Resistance

TRANSIENT RESPONSE
Rise Time (Notes 1,5,6,8 & 11)

Overshoot(Notes 1, 5,6,8& 11)
* Slew Rate (Notes 1,5 & 8)

POWER SUPPLY
CHARACTERISTICS
* Supply Current +250C . X 18

* Power Supply Rejection Ratio Full 80 74 90
(Note 7)

NOTES: . RL=2KQ 6. Vo =+200mV 10. Derate by 6.6mW/°C
. Vem=X1ov 7. AVgyp = 16V above 1050C
. Vo <90mV 8. See Transient Response test 11, Positive Transitions only.
. Vo =%10.0v circuits and waveforms 12, This parameter based on
. CL =100pF 9. 10 - 1000Hz, Rg = 10K design calculation,

*100% Tested For DASH 8
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GUARANTEED ELECTRICAL CHARACTERISTICS

OPEN LOOP VOLTAGE GAIN VS.

SUPPLY VOLTAGE

~
r=3
X

8
2

R = 2KQ
~55°C < Ty < + 125°C

PEAK TO PEAK OUTPUT VOLTAGE SWING — VOLTS

g
X

FN
t=3
X

VOLTS

OPEN-LOOP VOLTAGE GAIN

OUTPUT VOLTAGE SWING VS.
SUPPLY VOLTAGE
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VS. SUPPLY VOLTAGE
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10 15
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POWER DISSIPATION VS.
SUPPLY VOLTAGE

|
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TYPICAL PERFORMANCE CURVES

INPUT RESISTANCE — K}

INPUT RESISTANCE VS. AMBIENT TEMPERATURE

2200

INPUT OFFSET CURRENT VS. AMBIENT TEMPERATURE

INPUT OFFSET CURRENT —nA

AMBIENT TEMPERATURE — °C

INPUT BIAS CURRENT VS.
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INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE
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TYPICAL PERFORMANCE CURVES(continued)

SLEW RATE TEST CIRCUIT
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DEFINITIONS

INPUT OFFSET VOLTAGE — That voltage which
must be applied between the input terminals through
two equal resistances to force the output voltage
to zero.

INPUT OFFSET CURRENT — The difference in
the currents into the two input terminals when the
output is at zero voltage.

INPUT BIAS CURRENT — The average of the
currents flowing into the input terminals when the
output is at zero voltage.

INPUT COMMON MODE VOLTAGE ~ The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages
which is exceeded at either input terminal will cause
the amplifier to cease operating.

COMMON MODE REJECTION RATIO — The ratio
of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
over this range.

OUTPUT VOLTAGE SWING — The peak symmet-
rical output voltage swing, referred to ground, that
can be obtained without clipping.

INPUT RESISTANCE — The ratio of the change in
input voltage to the change in input current.

OUTPUT RESISTANCE — The ratio of the change
in output voltage to the change in output current.
POSITIVE OUTPUT VOLTAGE SWING — The
peak positive output voltage swing, referred to
ground, that can be obtained without clipping.
NEGATIVE OUTPUT VOLTAGE SWING — The
peak negative output voltage swing, referred to
ground, that can be obtained without clipping.
VOLTAGE GAIN — The ratio of the change in out-
put voltage to the change in input voltage produc-
ing it.

BANDWIDTH — The frequency at which the voltage
gain is 3dB below its low frequency value.

UNITY GAIN BANDWIDTH — The frequency at
which the voltage gain of the amplifier is unity.

POWER SUPPLY REJECTION RATIO — The ratio
of the change in input offset voltage to the change
in power supply voltage producing it.

TRANSIENT RESPONSE — The closed loop step
function response of the amplifier under small signal
conditions.

PHASE MARGIN — (1800 — ( ¢ 1 - ¢2)) where @1
is the phase shift at the frequency where the absolute
magnitude of gain is unity ¢ 2 is the phase shift at a
frequency much lower than the open loop band-
width.
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oty B HA-2400/2404/2405

PRODUCTS DIVISION

™ Nsion 0 s EORPORATION PRAM Four Channel

Programmahble Amplifier

FEATURES DESCRIPTION

PROGRAMMABILITY HA-2400/2404/2405 comprise a series of four-channel
programmable amplifiers providing a level of versatility unsur-
HIGH SLEW RATE 30V/us passed by any other monolithic operational amplifier. Versa-
WIDE GAIN BANDWIDTH 40MHz tility is achieved by employing four input amplifier channels,
any one (or none) of which may be electronically selected and
HIGH GAIN 150,000 connected to a single output stage through DTL/TTL compatible
LOW OFFSET CURRENT 5nA address inputs. The device formed by the output and the
selected pair of inputs is an op amp which delivers excellent
HIGH INPUT IMPEDANCE 3MQ slew rate, gain bandwidth and power bandwidth performance.
Other advantageous features for these dielectrically isolated
SINGLE CAPACITOR COMPENSATION amplifiers include high voltage gain and input impedance cou-
DTL/TTL COMPATIBLE INPUTS pled with low input offset voltage and offset current. External
compensation is not required on this device at closed loop
gains greater than 10.
APPLICATIONS Each channel of the HA-2400/2404/2405 can be con-
trolled and operated with suitable feedback networks in any of
the standard op amp configurations. This specialization makes
. these amplifiers excellent components for multiplexing, signal
* THOUSANDS OF NEW AFPLICATIONS; PROGRAM selection, and mathematical function designs. With 30V/ us
SIGNAL SELECTION/MULTIPLEXING slew rate, 40MHz gain bandwidth, and 30M ohms input imped-
ance these devices are ideal building blocks for signal generators,
OP AMP GAIN active filters, and data acquisition designs. Programmability
OSCILLATOR FREQUENCY coupled with 2mV typical offset voltage and 5nA offset current
makes these amplifiers outstanding components for signal
FILTER CHARACTERISTICS conditioning circuits.

R HA-2400/2404/2405 are available in a 16 pin dual-in-line
ADD-SUBTRACT FUNCTIONS package. HA-2400 is specified from -550C to +1250C. HA-
INTEGRATOR CHARACTERISTICS 2404 is specified over the -250C to +850C range, while HA-
COMPARATOR LEVELS 2405 operates from 00C to +750C.

PINOUT SCHEMATIC

Package Code 5X Condensed circuit diagram for a programmable amplifier
(PRAM HA-2400)

TOP VIEW

D) -

" econe e _m Y e
‘ conTROL|p. ! nj |
E —E L] aat = am
5 - = e 3
E ENABLE[ ; ““vu ) . %
b ennaL 1y gp o o ot A
4
E GND E TRUTH TABLE LD > Li' N
. Np| aio | LSRR
cove 1 K il j
5 Pry SELECTED . it=
L] | a D1 | Do |EN | CHANNEL ;Sﬁj:'; . i
e Y aF 191
[e] vi[n}-4--0 L[ |w 1 "'E . I
v—
L [n|H g ] PR
T m 2 e
} WL [ 3 SRR .
OUTPUT w0 o
E AMP v- _T_l W lH|H 4
x |x|L NONE

Diagram includes: ONE INPUT STAGE, DECODE CONTROL,
BIAS NETWORK AND OUTPUT STAGE

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V— Terminals 45.0V Internal Power Dissipation 300mwW
(Note 13)
Differential Input Voltage £Vsupply Operating Temperature Range  —559C < Tp <+1259C (HA-2400)
Digital Input Voltage —0.76V to +10.0V -250C <Tp <+859C (HA-2404)
Output Current Short Circuit Protected 00C < Tp < +759C (HA-2405)
(Isc < £33mA) Storage Temperature Range —659C < Tp < +1500C

ELECTRICAL CHARACTERISTICS Test Conditions: Vgypply = +15.0V unless otherwise specified.
Digital inputs: Vj =+0.5V, V|4 =+2.4V
Limits apply to each of the HA-2400/HA-2404 HA-2405
four channels, when addressed. LIMITS LIMITS
PARAMETER MIN. TYP. | MAX. R TYP.
INPUT CHARACTERISTICS

* Offset Voltage

*Bias Current (Note 12)

* Offset Current (Note 12)

Input Resistance (Note 12)
Common Mode Range
TRANSFER CHARACTERISTICS

* Large Signal Voltage Gain (Note 1,5)

* Common Mode Rejection Ratio (Note 2)

Gain Bandwidth (Note 3)
(Note 4)

OQUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

Output Current

Full Power Bandwidth (Notes 3, 5)
(Notes 4,5)

TRANSIENT RESPONSE
Rise Time (Notes 4,6)

Overshoot (Notes 4,6)

Slew Rate (Notes 3,7)
(Notes 4,7)

Settling Time (Notes 4, 7, 8)

CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V| = 0V)

Digital Input Current (Vyn = +5.0V)

Output Delay (Note 9)

Crosstalk (Note 10) -110
POWER SUPPLY CHARACTERISTICS
* Supply Current +250C 48 6.0 48 6.0 mA
* Power Supply Rejection Ratio (Note 11) Full 74 90 74 90 dB
NOTES: 1. R =2KQ 8. To 0.1% of final value
2. Vem = *5v.D.C. 9. To 10% of final value; output then slews at normal
3. Ay =+10, Ccomp = 0. R = 2K, C_ = 50pF rate to final value.
4. Ay =+1,Ccomp = 15pF, R = 2K(), C|_ = 50pF 10. Unselected input to output; Vi = +10 V.D.C.
5. VouUT = 20V peak-to-peak 11. Vgypp = £10V.D.C. to +20V.D.C.
6. VouT = 200mV peak-to-peak 12. Unselected channels have approximately the same
7. VouT = 10.0V peak-to-peak Input parameters.

13. Derate by 4.3mW/°C above 105°C
*100% Tested For DASH 8



CHARACTERISTIC CURVES

V+=15VDC, V-=15VDC, TA = 250C UNLESS OTHERWISE STATED.

INPUT BIAS CURRENT AND OFFSET NORMALIZED A.C. PARAMETERS
CURRENT AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
140
T
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BIAS CURRI

Current (nA)
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L 08
B5|-50 —25 0 +25 +50 +75 +100 +125 55150 25 0 +25 +50 +75 +100 +125
Temperature (°C) Temperature (°C)

OFFSET CURRENT

Normalized Value Referred to +25°C

OPEN LOOP FREQUENCY AND PHASE RESPONSE

¥ T T T T T 17
i, o fo fof . . CROSSTALK REJECTION, Ay = +1
— = 3
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POWER SUPPLY CURRENT DRAIN
AS A FUNCTION OF TEMPERATURE
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CHARACTERISTIC CURVES (continued)

OUTPUT VOLTAGE SWING VS. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDWIDTH

T
Ccomp = 0pF
Ccomp = 15pF

Input Noise (LLV)

Output Swing Volts Peak-to-Peak

100K ™M 1kHz 10kHz 100kHz
Frequency (Hz) Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
Broadband Noise Characteristics

TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE

+200mV .
= seLecTep COMP o) 159F
INPUT CHANNEL '
ov y —J—J—oﬂs ov

O out

OVERSHOOT

— ERROR BAND
90% — ] £10mV FROM

OUTPUT

SLEW - .
10% 1
|

FINAL VALUE

i
—={  |=—RISE TIME

NOTE: Measured on both positive and
negative transitions

= 50pF
SETTLING TIME 180082 I 0p

TYPICAL APPLICATIONS

AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD

Og
DECODE/ DECODE/
ConTROL | D, CONTROL

DIGITAL
CONTROL

E B

oND
comp
15pF
v [}—— 0 prsv
OUTPUT
OUTPUT o
AMP v

15V

) P 112 150x 106 A
Sample charging relate =< V/sec. 15 2200 x 1079 A @ +25°C
Hold drift rate = % V/sec. ~600 x 1079 A @ -55°C

a 25100 x 1079 A @ +125°C
Switch pedistal error = < Volts Q~2x 10—1 2 coul.

FOR MORE EXAMPLES, SEE HARRIS APPLICATION NOTE 514




HARRIS HA-2500/02/05

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

Precision High Slew Rate
Operational Amplifiers

FEATURES DESCRIPTION

HIGH SLEW RATE V/us
S0V/u HA-2500/2502/2505 comprise a series of monolithic opera-

FAST SETTLING 330ns tional amplifiers whose designs are optimized to deliver excellent
WIDE POWER BANDWIDTH 500kHz slew rate, bandwidth, and settling time specifications. The
outstanding dynamic features of this internally compensated
HIGH GAIN BANDWIDTH 12MHz device are complemented with low offset voltage and offset

HIGH INPUT IMPEDANCE 100MQ current.

LOW OFFSET CURRENT 10nA These dielectrically isolated amplifiers are ideally suited for
INTERNALLY COMPENSATED applications such as data acquisition, R.F., video, and pulse
conditioning circuits. Slew rate of ¥25V/ s and 330ns (0.1%)
settling time make these devices excellent components in fast,

accurate data acquisition and pulse amplification designs. 12
APPLICATIONS MHz bandwidth and 500kHz power bandwidth make these
devices well suited to R.F. and video applications. With 2mV
typical offset voltage plus offset trim capability and 10nA
offset current, HA-2500/2502/2505 are particularly useful
components in signal conditioning designs.

DATA ACQUISTION SYSTEMS

* R.F.AMPLIFIERS The gain and offset voltage figures of the HA-2500 series are

optimized by internal component value changes while the

VIDEO AMPLIFIERS similar design of the HA-2510 series is maximized for slew rate.

SIGNAL GENERATORS
HA-2500/2502/2505 are available in metal can (T0-99) pack-

ages. HA-2500 and HA-2502 are specified over the -550C to

PULSE AMPLIFICATION
+1250C range. HA-2505 is specified from 00C to +750C.

PINOUT SCHEMATIC

T0-99 BANDWIDTH CONTROL Package Code 2A,
1N, LA

3
OFFSET

3

3

2

BW.
CONTROL

TOP VIEWS

BANDWIDTH
CONTROL

OFFSET ADJ.
N

[] oFrseT any

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V- Terminals 40.0v Operating Temperature Range — HA-2500/HA-2502 -550C <Tp <+125°C
Differential Input Voltage +15.0V HA-2505 00C <Tp <+75°C
Peak Output Current 50mA Storage Temperature Range -659C < Tp < +150°C
Internal Power Dissipation 300mw

ELECTRICAL CHARACTERISTICS

V+=+15V D.C., V-=-15V D.C.
HA-2500 HA-2502 HA-2505
-550C 10 +1259C -550C to +125°C 0°C to +75°C
LIMITS LIMITS LIMITS
PARAMETER MIN. TYP. MAX. MIN. TYP. MAX. . TYP.

INPUT
CHARACTERISTICS

* Offset Voltage

Offset Voltage Average Drift

* Bias Current

* Offset Current

Input Resistance (Note10)

Common Mode Range

TRANSFER
CHARACTERISTICS

* Large Signal Voltage Gain
(Note 1,4)

* Common Mode Rejection
Ratio (Note 2)

Gain Bandwidth Product
(Note 3)

QUTPUT
CHARACTERISTICS
Output Voltage Swing
(Note 1)

* Output Current (Note 4)

Full Power Bandwidth
(Note 4)

TRANSIENT RESPONSE
Rise Time (Notes 1,5,6 & 8)

Overshoot (Notes 1,5,7 & 8)
* Slew Rate (Notes1,5,8&12)

Settling Time to 0.1%
(Notes1,5,8&12)

POWER SUPPLY
CHARACTERISTICS
* Supply Current mA

* Power Supply Rejection
Ratio (Note 9)

Full 80 90 74 90 74 90 dB

NOTES: R = 2K 7. Vo + 200mv 10. This parameter value is based on

1.
2. o design calculations.

3. Ay >10 8. f:,z:::::;tv;e::fzr::stzs;ge four 11. Full power bandwidth guaranteed based

4. Vo =*10.0v 9. Av=tsov ’ on slew rate measurement using

5. Cp = 50pF - FPBW = S.R./2T Vpeak

6. Vo =*200mv 12, VouT =5V

*100% Tested For DASH 8 2-15



PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, Tp = 25°C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE
vs TEMPERATURE vs BANDWIDTH

BIAS CURRENT

——

CE RESISTANCE
RESISTANCE .

Noise LV

Current - nA

Input
Equivalent Input
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— |

>

W

S0 25 25 w0 75 100 ez ke 10k 100kHz

Temperature °C Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
NORMALIZED AC PARAMETERS
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OPEN-LOOP FREQUENCY AND PHASE RESPONSE
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Normalized Parameters
Referred to Values at
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Frequency Hz
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0
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NOTE: External compensation components are not required for
215 _ stability, but may be added to reduce bandwidth if desired.

. Supply Voltage

OUTPUT VOLTAGE SWING
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT
vs TEMPERATURE

5
< /|
R B et —
=] VsuppLY * $10.0V LIS
e
E ==

=
R E— 25 60 475 +00 42
Temperature °C
SLEW RATE AND TRANSIENT RESPONSE

SETTLING TIME

INPUT I |

OQVERSHOOT

ERROR BAND
+10mV FROM
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(O}
——-—-; 'bo—msz TIME
NOTE  Measured on both positive and
negatie transitions

SETTLING TIME

VOLTAGE FOLLOWER PULSE RESPONSE

FTESE NN TN
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L)
T

Vertical = 5V/Div.
Horizontal = 200ns/Div.
Tp= +259C, Vg = £15.0V

R =2KQ ,C = 50pF
Upper Trace: Input
Lower Trace: Output

SUGGESTED
OFFSET ZERO
ADJUST HOOK-UP

SLEW RATE AND
TRANSIENT RESPONSE

DEFINITIONS

INPUT OFFSET VOLTAGE — That voltage which must
be applied between the input terminals through two
equal resistances to force the output voltage to zero.

INPUT OFFSET CURRENT — The difference in the
currents into the two input terminals when the output
is at zero voltage.

INPUT BIAS CURRENT — The average of the currents
flowing into the input terminals when the output is
at zero voltage.

INPUT COMMON MODE VOLTAGE — The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages
which is exceeded at either input terminal will cause
the amplifier to cease operating.

TRANSIENT RESPONSE — The closed loop step
function response of the amplifier under small signal
conditions.

GAIN BANDWIDTH PRODUCT — The product of the
gain and the bandwidth at a given gain.

SLEW RATE (Rating Limiting) — The rate at which the
output will move between full scale stops, measured in
terms of volts per unit time. This limit to an ideal
step function response is due to the non-linear behavior
in an amplifier due to its limited ability to produce
large, rapid changes in output voltage (slewing) . . .
restricting it to rates of change of voltage lower than
might be predicted by observing the small signal fre-
quency response.

SETTLING TIME — Time required for output waveform
to remain within 0.1 percent of final value.
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l'l'. HARRIS
—/1/1/1M SEMICONDUCTOR

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

Preliminary

FEATURES

HA-2507/2517/2521

Epoxy-Packaged, High Slew Rate
Operational Amplifier Series

DESCRIPTION

HA-2507 HA-2517 HA-2527
High Slew Rate 120

Fast Settling
Wide Power Bandwidth
High Gain Bandwidth

High Input Impedance

APPLICATIONS

Pulse Amplification

Video Amplifiers

High Speed Test Equipment
Medical Instrumentation
Data Acquisition Systems

Signal Generators

HA-2507/2517/2527 operational amplifiers are a series of high-
performance, epoxy-packaged monolithic IC’s designed to deliver
excellent slew rate, bandwidth and settling time specifications.
Typical slew rate specifications for HA-2507, HA-2517 and HA-
2527 are 30V/ u sec, 60V/ u sec and 120V/usec respectively. Cor-
responding settling times (10V step to 0.1%) are 330ns, 250ns
and 200ns for HA-2507, HA-2517 and HA-2527 respectively.
Bandwidths range from 12MHz to 20MHz. This level of perfor-
mance is achieved through the use of Harris’s unique Dielectric
Isolation processing techniques. HA-2507/2517/2527 are in-
ternally compensated; HA-2507 and HA-2517 are stable for closed
loop gains (Ay) greater than or equal to unity. HA-2527 is stable
for Ay > 3.

This series of op amps affords an economical means of designing
high performance equipment for industrial and commercial use.
Their slew rate and settling time performance makes them ideally
suited for high speed D/A, A/D and pulse amplification designs.
The wide bandwidth offered by these devices also makes them
valuable components in RF and video applications. HA-2507/
2517/2527 also deliver offset current, bias current and offset
voltage specifications compatible with the requirements of accurate
signal conditioning systems.

The HA-2507/2517/2527 are specified from 00C to +750C and
are available in 8-lead epoxy DIP packages that have been exten-
sively tested and qualified to deliver the high level of performance
and reliability that are expected of Harris Semiconductor’s opera-
tional amplifiers.

PINOUT

SCHEMATIC

Package Code 3A
TOP VIEW

BANDWIDTH
CONTROL

5 Il OFFSET ADJ.

8 LEAD DIP EPOXY

3
o1

Q33

INPUT-

OFFSET

*VALUES OF C1 AND C2 VARY DEPENDING ON DEVICE TYPE,




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage Between V* and V- Terminals ~ 40.0V Operating Temperature Range — HA-2507/HA-2517 00C <Tp <+750C
Differential Input Voltage +£15.0V HA-2527
Peak Output Current 50mA Storage Temperature Range 650 < Ta<+1500C
Internal Power Dissipation 300mwW

ELECTRICAL HA-2507 HA-2517 HA-2527
CHARACTERISTICS 00C to +750C 00C to +750C 00C to +750C
V* = 415V D.C.. V- = -15V D.C LIMITS LIMITS LIMITS

PARAMETER TEMP. MIN. | TYP. .| MIN. [ TYP, .| MINC | TYP.

INPUT CHARACTERISTICS

. +250C
Offset Voltage Full
Offset Voltage Average Full
Drift

+250C
Full

[\
Offset Current +le?1| ¢

Bias Current

Input Resistance (Note 10) | +250C|

Common Mode Range Full

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain | +250C
(Note 1, 4) Ful!

Common Mode Rejection Full
Ratio (Note 2)

Gain Bandwidth Product
(Note 3) +250(|

OUTPUT CHARACTERISTICS

Output Voltage Swing

(Note 1) Full

Output Current (Note 4) +25°Cl

Full Power Bandwidth +250
(Note 4) C{

TRANSIENT RESPONSE

Rise Times
(Notes 1, 5,6 & 8) 2500
Overshoot

(Notes 1,5,7 & 8) +250C
Slew Rate

(Notes 1, 5,8 & 11) 2500
Settling Time to 0.1%

(Notes 1,5,8& 11) +250C

POWER SUPPLY CHARACTERIST

Supply Current +250C

Power Supply Rejection

Ratio {Note 9) Full "

NOTES: 1.RpL=2K 7.Vo=%*200mv

2.vem =t 10v 8. For HA-2507 and HA-2517, Ay = 1
3. Ay > 10 For HA-2527, Ay = 3
4.Vo=+10.0V 9. AV= +50V
5. CL = 50pF 10. Guaranteed by design
6.Vo=1200mVifor HA- 11 v 1 =%5V for 2507, 2517 & 2527

2607 and HA-2517;
Vo = +200mV for
HA-2627



P HA-2510/2512/2515

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION Hiyh Sle w Ba te
Operational Amplifiers

FEATURES DESCRIPTION

HIGH SLEW RATE 60V/ s

FAST SETTLING 250ns The HA-2510/2512/2515 are a series of high performance

WIDE POWER BANDWIDTH 1.000kHz operational amplifiers which set the standards for maximum

! slew rate, highest accuracy and widest bandwidth for internally

HIGH GAIN BANDWIDTH. 12MHz compensated monolithic devices. In addition to excellent

HIGH INPUT IMPEDANCE 100MQ dynamic characteristics, these dielectrically isolated amplifiers
also offer low offset current and high input impedance.

LOW OFFSET CURRENT 10nA

INTERNALLY COMPENSATED The $60V/ us slew rate and 250ns (0.1%) settling time of these
amplifiers is ideally suited for high speed D/A, A/D, and pulse
amplification designs. HA-2510/2512/2515's superior 12MHz
gain bandwidth and 1000kHz power bandwidth is extremely
APPLICATIONS useful in R.F. and video applications. For accurate signal condi-
tioning these amplifiers also provide 10nA offset current, coup-
led with 100M<2 input impedance, and offset trim capability.

o DATAACQUISITION SYSTEMS The HA-2510/2512 are available in metal can (T0-99) and
® R.F. AMPLIFIERS 14-pin flat packages. HA-2510 and HA-2512 are specified from
-550C to +1250C. HA-2515 is specified over the 00C to +750C
VIDEO AMPLIFIERS range, and is available in the T0-99 package.
SIGNAL GENERATORS

PULSE AMPLIFICATION

PiNOUT SCHEMATIC

T0-99 BANDWIDTH CONTROL  Package Code 2A,
1N, LA

OFFSET

3

aw. 4

CONTROL

BANDWIDTH
CONTROL

OFFSET ADJ.

Ny ;| OFFSET AD)

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Voltage Between V' and V™ Terminals 40.0v Peak Output Current 50mA
Differential Input Voltage +15.0V Internal Power Dissipation 300mwW

Operating Temperature Range Storage Temperature Range —650C <Tp < +150°C
HA-2510/HA-2512 —SSOCSTAgHZSoC
HA-2515 UOCSTA<_+75°C

ELECTRICAL CHARACTERISTICS
V+=+15V D.C., V-= 15V D.C.

HA-2510 HA-2512 HA-2515
-569C to +125°C -559C to +1250C 00C to +75°C

LIMITS LIMITS LIMITS
PARAMETER .| MIN. TYP. MAX. MIN. | TYP. | MAX. . TYP.

INPUT CHARACTERISTICS

* Offset Voltage 12

Offset Voltage Average Drift

* Bias Current

* Offset Current

Input Resistance (Note10)

Common Mode Range

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 14)

* Common Mode Rejection Ratio
(Note 2)

Gain Bandwidth Product (Note 3)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

* Output Current (Note 4)

Full Power Bandwidth (Note 4. 11)

TRANSIENT RESPONSE
Rise Time (Notes 1, 5,6 & 8)

Overshoot (Notes 1,5, 7 & 8)
* Slew Rate (Notes 1,5,8 & 12)

Settling Time (Notes 1,5,8 & 12)

POWER SUPPLY CHARACTERISTICS

* Supply Current +250C 4 6 4 6 4 6 mA
* Power Supply Rejection Ratio (Note 9) Full 80 90 74 90 74 90 dB
NOTES: 1 F(L = 2K 7. VO =t 200mv 10. This parameter value is based
2. Vem = *10v 8. See transient response test upon design calculations.
3. AV >10 circuits and waveforms 11. Full power bandwidth guaranteed
4. Vg =110.0v 9. V=150V based upon slew rate measurement
5. C,_ = 50pF FPBW = S.R./2T Vpeak.
6. Vg = 200mv

12, VoyT=1%5Vv
*100% Tested For DASH 8
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PERFORMANCE CURVES

V+ = 15VDC, TA = 250C UNLESS OTHERWISE STATED.

INPUT BIAS AND OFFSET CURRENT

vs. TEMPERATURE " EQUIVALENT INPUT NOISE
+100

vs. BANDWIDTH
+80 N

BIAS CURRENT

+60

3

SOURCE RES!
OURCE RES!!

Current - nA

Equivalent Input
Noise uV

OFFSET CURRENT

\

+25 +50 +75 +100  +125
Temperature 0C

o

1kHz 10kHz 100kHz .
NORMALIZED AC PARAMETERS : ower 348 Freauency = 101z
vs. TEMPERATURE

OPEN LOOP FREQUENCY AND PHASE RESPONSE

w BANDWIDTH

[~ GAIN

SLEW RATE

+250C

Open Loop
Voltage Gain dB
Phase Angle

Normalized Parameters
Referred to Values at

10K 100K
Frequency Hz
|
T
5550 25 W25 50+

Temperature 0C

OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
NORMALIZED AC PARAMETERS VALUES OF CAPACITORS FROM BANDWIDTH
vs. SUPPLY VOLTAGE CONTROL PIN TO GROUND

i

0OpF
30pF
100pF

SLEW RATE
| et

BANDWIDTH ~|

Open Loop
Voltage Gain dB

—BANDWIT
<]

+15v

Normalized Parameters
Referred to Values at

10K 100K
Frequency Hz

NOTE: External compensation components are not required for -
stability, but may be added to reduce bandwidth if desired.
215V
Supply Voltage

OPEN LODP VOLTAGE GAIN ~ oumUTVOLTAGE SWING
vs. TEMPERATURE i ,

SRR
v =x

20V
-
|

T

:\ VsuppLy = £20V
VsuppLy = £15V
V suppLY = £10V

Peak-to-Peak
Voltage Swing

ik

0
10K 100K 1MEG 10MEG
Frequency Hz

N

)
5550 -2 +25 +50 475 4100 +125

2_22 Temperature 0C




PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT VOLTAGE FOLLOWER PULSE RESPONSE

Vs
TEMPERATURE

Current — mA

N

W25 50

Temperature °C

RL=2KQ, CL= 50pF
Upper Trace: Input
Lower Trace: Output

Vertical = 5V/Div.
Horizontal = 100n/Div.
Tp =+250C, Vg = +15.0V

SLEW RATE AND
SETTLING TIME

TRANSIENT RESPONSE SLEW RATE AND

TRANSIENT RESPONSE

SUGGESTED
OFFSET ZERO
ADJUST HOOK-UP

RROR BAND
10mV FROM
INAL VALUE

)
—=t  p—RISE TIME
SETTUNG TIME/” NOTE  Me:
nex

as
gatwe transitions.

sured on both positive and

DEFINITIONS

INPUT OFFSET VOLTAGE — That voltage which
must be applied between the input terminals through
two equal resistances to force the output voltage
to zero.

INPUT OFFSET CURRENT — The difference in
the currents into the two input terminals when the
output is at zero voltage.

INPUT BIAS CURRENT — The average of the
currents flowing into the input terminals when the
output is at zero voltage.

INPUT COMMON MODE VOLTAGE — The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages

which is exceeded at either input terminal will cause
the amplifier to cease operating.

COMMON MODE REJECTION RATIO — The ratio
of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
over this range.

OUTPUT VOLTAGE SWING — The peak symmet-
rical output voltage swing, referred to ground, that
can be obtained without clipping.

INPUT RESISTANCE — The ratio of the change in
input voltage to the change in input current.
OUTPUT RESISTANCE — The ratio of the change
in output voltage to the change in output current.
VOLTAGE GAIN — The ratio of the change in out-
put voltage to the change in input voltage produc-
ing it

UNITY GAIN BANDWIDTH — The frequency at
which the voltage gain of the amplifier is unity.

2-23



HARRIS HA-2520/22/25

SEMICONDUCTOR
PRODUCTS DIVISION

oo r A conronamon Uncompensated High Slew Rate
Operational Amplifiers

FEATURES DESCRIPTION

HIGH SLEW RATE 120V/us

FAST SETTLING 200ns HA-2520/2522/2525 comprise a series of monolithic opera-
tional amplifiers delivering an unsurpassed combination of
WIDE POWER BANDWIDTH 2,000kHz specifications for slew rate, bandwidth and settling time. These
HIGH GAIN BANDWIDTH 20MHz dielectrically isolated amplifiers are controlled at closed loop
gains greater than 3 without external compensation. In additon,
HIGH INPUT IMPEDANCE 1ooms these high performance components also provide low offset
LOW OFFSET CURRENT 18nA current and high input impedance.

120V/ s slew rate and 200ns (0.1%) settling time of these
amplifiers make them ideal components for pulse amplification

APPLICATIONS and data acquisition designs. These devices are valuable com-
ponents for R.F. and video circuitry requiring up to 20MHz
gain bandwidth and 2MHz power bandwidth. For accurate
signal conditioning designs the HA-2520/2522/2525's superior
DATA ACQUISITION SYSTEMS dynamic specifications are complimented by 10nA offset cur-

o R.F.AMPLIFIERS rent, 100MS  input impedance and offset trim capability.

VIDEO AMPLIFIERS The HA-2520/2522 are available in metal can (T0-99) and
14-pin flat packages. HA-2520 and HA-2522 are specified
SIGNAL GENERATORS over -550C to +1250C range. HA-2525 is specified from
00C to +750C, and is available in the TO-99 package.

PULSE AMPLIFICATION

PINOUT SCHEMATIC

T0-99 BANDWIDTH CONTROL Package Code 2A,

h
OFFSET ADJ (7} 5) o
orfieT
! : b
o
O,
V-

b
© (5) OFFSET ADJ. on
CONTROL

BANDWIDTH
OFFSET ADJ. CONTROL

TOP VIEWS

IN+

a3

INPUT -

N

V- j OFFSET ADJ

OFFSET

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V*+and V- Terminals 40.0V Peak Qutput Current 50mA
Differential Input Voltage +15.0V Internal Power Dissipation 300mwW
Operating Temperature Range
HA-2520/2522 -550C< Ty <+125°C Storage Temperature Range -659C< Tp < +1500C
HA-2525 00C < Ty <+750C

ELECTRICAL CHARACTERISTICS

V+=+18V D.C., V-=-15V D.C.

HA-2520 HA-2522 HA-2525
-550C o +125°C -550C to +1259C 0°C to +75°C

LIMITS LIMITS LIMITS
PARAMETER TeEmP. | min. | YR | max. | min | oTve. | max 1 oTve. | max.

INPUT CHARACTERISTICS

+250C 10 10

*
Offset Voltage Full 14 14

Offset Voltage Average Drift Full

+250C

* Bias Current Full

+250C

*
Offset Current Full

Input Resistance (Note 9) +250C

Common Mode Range Full

TRANSFER CHARACTERISTICS

0

* Large Signal Voitage Gain (Note 1,4) +§3"C
* Common Mode Rejection Ratio Full

(Note 2)

Gain Bandwidth Product (Note 3) +2560C

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 1) Full
* Output Current (Note 4) +259C

Full Power Bandwidth (Note 4, 10) +250C

TRANSIENT RESPONSE (Ay =+3)

Rise Time (Notes 1,5, 6 & 8) +250C

Overshoot (Notes 1,5, 6 & 8) +250C
* Slew Rate (Notes 1,5,8& 11) +250C

Settling Time (Notes 1,5,8 & 11) +250C 0.20 0.20

POWER SUPPLY CHARACTERISTICS
* Supply Current +250C 4 4
* Power Supply Rejection Ratio (Note 7 Full 80 90 74 90

NOTES: 1. R =2K 4. Vo =110.0V 7. AV = 45.0V 9. This parameter value is based
2. Vepm =+ 10V 5. C| =50pF 8. See transient response test upon design calculations.
3. Ay >10 6. Vo = +200mV circuits and waveforms 10. Full power bandwidth guaranteed
- v - Y0 = based upon slew rate measurement

FPBW = $.R./2TVpeak.
11. Voyt=+5V

*100% Tested For DASH 8
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PERFORMANCE CURVES
V+=15VDC, V- = 16VDC, Tp = 25°C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE
vs TEMPERATURE vs BANDWIDTH

I I
\ V SUPPLY = +15v
N i
\ BIAS CURRENT

SOURCE RESISTANCE
OURCE RESISTANCI

N

Current - nA

N

N

Equivalent Input
Noise UV

\‘ OFFSET CURRENT

e

. [T

-ss5lsg 25 0 +25 475 4100 125

1kHz 10kHz 100kHz
Temperature °C Upper 3dB Frequency
Lower 3dB Frequency - 10Hz

NORMALIZED AC PARAMETERS
vs TEMPERATURE OPEN-LOOP FREQUENCY AND PHASE RESPONSE

mEl o
VSUPPLY = 21 b,

ATE

\L\

BANDWIDTH

Phase Angle

Open Loop
Voltage Gain dB

10K 100K

-
2 .
3(‘
22
o
E>
S5
o
=3
O =
53
=5
£E<
Sec
4

Frequency Hz

-25 5 +50

Temperature °C OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANDWIDTH CONTROL

NORMALIZED AC PARAMETERS PIN TO GROUND

vs SUPPLY VOLTAGE AT +250C

Open Loop
Voltage Gain dB

Normalized Parameters
Referred to Values at

Frequency Hz

15
Supply Voltage
Y ! OUTPUT VOLTAGE SWING
vs FREQUENCY AT +259C

OPEN LOOP VOLTAGE GAIN
vs TEMPERATURE TTTTIm 7

V SUPPLY = % 20V

[~ VSUPPLY = 220V

I~

»

T T
VSUPPLY = 415V

Peak-To-Peak
Voltage Swing

V SUPPLY = +10V,
" \

-

0.
—{ 0K 100K IMEG 10MEG
8 -551-50 -2 +25 +50 +15 k2l +125

Temperature °C Frequency Hz
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PERFORMANCE CURVES (continued)

VOLTAGE FOLLOWER PULSE RESPONSE
POWER SUPPLY CURRENT

vs TEMPERATURE

V SUPPLY = 22
V SUPPLY = *1
[ vsuppLY = 21

Current - mA

0

Tempersius ¢ Ry = 2K, C| = 50pF Horizontal = 100ns/Div.
Upper Trace: Input; 1.67V/Div. Tp =+250C, Vg =£15V
Lower Trace: Output; 5V/Div.

SUGGESTED
SLEW RATE AND TRANSIENT SLEW RATE AND OFFSET ZERO
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP

16Imv
INPUT 13332 oyt
ov

S0pF
e I
OUTPUT | ERROR BAND - =
! £10mv FROM

- 66702
! 90% —
1 | FINAL VALUE
SLEW |

1:-41.1 RATE | ourvuv
' = Aviar S
SETTLING TIME -

_sy=Z

1
———Il f=—RISE TIME

[ NOTE  Measured
negative

TYPICAL APPLICATIONS

COMPENSATION CIRCUIT FOR INVERTING UNITY GAIN

Slew Rate ~ 120V/us
Bandwidth 10MHz

Settling Time 500ns
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HARRIS HA-2530/2535

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

High Slew Rate, Wideband
Inverting Amplifier

FEATURES DESCRIPTION
+
HIGH SLEW RATE $320V/ps HA-2530 and HA-2535 are monolithic high speed inverting
FAST SETTLING TIME 550ns amplifiers which deliver superior slew rate, bandwidth, and
accuracy specifications compared to any other amplifier in its
WIDE POWER BANDWIDTH 5MHz class. Designs of these dielectrically isolated amplifiers utilize

HIGH GAIN BANDWIDTH PRODUCT 70MHz the feed forward amplifier technique to produce excellent
dynamic and DC specifications coupled with low power con-

sumption. These devices require no external compensation at
LOW POWER SUPPLY CURRENT 3.5mA closed loop gains greater than 10.

LOW OFFSET VOLTAGE 0.8mV

These amplifiers are excellent components for pulse circuits,
APPLICATIONS data acquisition designs, and high speed integrators that can take
advantage of the £320V/u s slew rate and 550ns (0.1%) settling
time. 70MHz gain bandwidth product, 5MHz power bandwidth
coupled with 0.8mV offset voltage and *50mA typical output
current levels make these amplifiers ideally suited for signal

PULSE AMPLIFICATION

SIGNAL CONDITIONING conditioning, signal generation, and coaxial driver applications.

SIGNAL GENERATORS The HA-2530 and HA-2535 are available in metal can (T0-99)

COAXIAL CABLE DRIVERS 'packages. HA-2530 is specified over the -550C to +1250C

range while HA-2535 is specified from 00C to +750C.
INTEGRATORS

PINOUT SCHEMATIC

T0-99 Package Code 2A

TOP VIEW R2 [25KZR3
a7 10|

m
ey
15pF

NOTE: Case tied to V-

CAUTION: These devices are sensitive to electrostatic discharge.

2-28 Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40v Internal Power Dissipation (Note 1) 550mW
Operating Temperature Range -550C<Tp<+125°C  (HA-2530)
Peak Output Current +100mA 0°CSTp<+759€C (HA-2535)
Storage Temperature Range -650C <Tp <+150°C

ELECTRICAL CHARACTERISTICS

Test Conditions: VSuppIy =+15.0V Unless Otherwise Specified.

HA-2530 HA-2535
-550C to +1250C 00C to +75°C
LIMITS LIMITS
PARAMETER TEMP.| MIN. TYP. | MAX. .| TYP.
INPUT CHARACTERISTICS

* Offset Voltage +250C 0.8 0.8
Full

Average Offset Voltage Drift Full

* Bias Current +250C
Full

* Otfset Current +250C
Fult

Input Resistance +250C

Input Capacitance +250C

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Notes 2,5) +250C
* Full

* Common-Mode Rejection
Ratio (Note 3) Full

Gain Bandwidth Product (Note 4) +250C
QUTPUT CHARACTER!STICS
* Output Voltage Swing (Note 2) Full
* Qutput Current (Note 5) +250C
Full Power Bandwidth (Note 5) +250C
TRANSIENT RESPONSE (NOTES 6&7)
* Rise Time +250C 20
* Overshoot +250C 30
*Slew Rate +250C
Settling Time +250C 500
POWER SUPPLY CHARACTERISTICS
* Supply Current +250C 3.5
* Power Supply Rejection Ratio (Note 8) Full 100

NOTES: 1. Derate at 5.5mW/°C for Operation at . Vg =ti0v
Ambient Temperature Above 75°C. . C_=50pF
2. RL =2K . See Transient Response Test Circuit
3. Vem = #5.0v and Wave Forms
4. Ay >10 . AV =15.0V

*100% Tested For DASH 8
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PERFORMANCE CURVES

V+=15VDC, V- = 156VDC, Tp = 25°C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE
vs. TEMPERATURE ] vs. BANDWIDTH

~

\ BIAS CURRENT

OFFSET CURRENT

N

~

Current — nA

Input Equivalent
Input Noise UV

e

e — 1 0.1
-550C |-500C  -26°C 0°¢ 250C 50°C 759 100°C 1259 100Kz TkHz 00kH2

Hz
Temperature °C Upper 3dB Frequency

Lower 3dB Frequency - 10Hz
NORM%’;_’%E%?ECR'E&AR%ETERS OPEN-LOOP FREQUENCY AND PHASE RESPONSE

~ g = T0F
\\
aummy \ ~N

%f* SLEW RATE R

V.
SLEW RATE

=
S

=
3
5
2

N
AN

Open Loop
Voltage Gain dB

g %
Phase Angle

S
z
g

2

-
@
e
=
&

‘s

[£]

%
oSN
-+
D
E ®
g3
]

a 2

-
I

N o

= &
©
€
=
o

=

S

[-s0ec 250 [ +25° +50° +759 +1000 10K 100K ™
Temperature °C Frequency Hz

NORMALIZED AC PARAMETERS POWER SUPPLY CURRENT
vs. SUPPLY VOLTAGE AT +25°C vs. TEMPERATURE
[T
¥ T
snewmry
WIDTH — VsyppLy = $20V /

BANDWIDTH VsupbLy = $15V —

VsuepLy =10V
—
L
—

>

gl

RATE

o

Current - mA

to Values at +15V

Normalized Parameters Referred

0
45 E: -859C §-500c  -25° 0 25° 759 100° 125°

+ 50°
Supply Voltage Temperature °C

OUTPUT VOLTAGE SWING
vs. FREQUENCY AT +250C

== mma
—
VsuppLy = $20V

T T ITIT
7 =415V
suppLY - 15V
VsuppLy = 10V
Suf

Peak-to-Peak
Voltage Swing

0.

1
100K )l 0M oM

™M )l
Frequency Hz
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PERFORMANCE CURVES (continued)

SETTLING TIME MEASUREMENT *1

\

UNITY GAIN PULSE RESPONSE

\

A

VERTICAL =5mV/DIV. UPPER TRACE: INPUT VERTICAL =5V/DIV.

HORIZOGNTAL = 100ns/DIV. LOWER TRACE: OUTPUT HORIZONTAL =50ns/DIV.
Ta= +250C, Vs =415V Ta= +250C, Vg =+15V

SLEW RATE/SETTLING TIME/TRANSIENT RESPONSE TEST CIRCUIT

1 Vg

2K 2K
Sy § 100 Q §S|
3 =

oF o

*1 Settling time (Tg) is measured using a high speed high

62052:> recovery oscilloscope to display the error voltage VE.
i When Vg is within #5mV of final value the output Vg
I ISODF will be within +10mV (0.1%).

—_ Sy closed for settling time.

250pF

SLEW RATE SETTLING TIME
+4.5V. +5V

5MHz VIDEO AMPLIFIER (Ay = 10)
INPUT I I INPUT
-5V 5V

OUTPUT— 5 — V- = *_- ERROR BAND 3pF
Av=svt_ outpuT ¥ +1omv FROM '(
- I SLEW _Av. FINAL VALUE
45V | ! RaTeaT
]

v ——A—1

—
At TRANSIENT RESPONSE
ov

-400mV

OVERSHOOT _ __

* MEASURED ON BOTH POSITIVE
AND NEGATIVE EXCURSIONS.

<— RISE TIME*
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

- HA-2600/2602/2605

Wide Band, High Impedance
Operational Amplifier

FEATURES DESCRIPTION

WIDE BANDWIDTH 12MHz
HIGH INPUT IMPEDANCE 500MS2
LOW INPUT BIAS CURRENT 1nA
LOW INPUT OFFSET CURRENT 1nA
LOW INPUT OFFSET VOLTAGE 0.5mV
HIGH GAIN 150K V/V
HIGH SLEW RATE TV/us
OUTPUT SHORT CIRCUIT PROTECTION

HA-2600/2602/2605 are internally compensated bipolar opera-
tional amplifiers that feature very high input impedance (500
M$2, HA-2600) coupled with wideband AC performance. The
high resistance of the input stage is complemented by low offset
voltage (0.5mV, HA-2600) and low bias and offset current
(1nA, HA-2600) to facilitate accurate signal processing. Input
offset can be reduced further by means of an external nulling
potentiometer. 12MHz unity gain-bandwidth product, 7V/u s
slew rate and 150,000V/V open-loop gain enables HA-2600/
2602/2605 to perform high-gain amplification of fast, wideband
signals.  These dynamic characterisitics, coupled with fast
settling times, make these amplifiers ideally suited to pulse
amplification designs as well as high frequency (e.g. video)
applications. The frequency response of the amplifier can be
tailored to exact design requirements by means of an external
bandwidth control capacitor.

APPLICATIONS

VIDEO AMPLIFIER

PULSE AMPLIFIER In addition to its application in pulse and video amplifier de-

signs, HA-2600/2602/2605 is particularly suited to other high

AUDIO AMPLIFIERS AND FILTERS
HIGH-Q ACTIVE FILTERS
HIGH-SPEED COMPARATORS
LOW DISTORTION OSCILLATORS

performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
comparators.

HA-2600 and HA-2602 are guaranteed over -550C to +1250C.
HA-2605 is specified from 00C to +750C. All devices are
available in T0-99 cans, and HA-2600/2602 are available in
10 lead flat packages.

PINOUT

SCHEMATIC

T0-99

Package Code 2A,
1N, LA

BANDWIDTH CONTROL

TOP VIEWS

BANDWIDTH
CONTROL

] v

OFFSET ADJ. out

OFFSET ADJ

1N V-

SANOWIDTH
CONTROL

I

ca
% |

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V— Terminals
Differential Input Voltage

Peak OQutput Current

Internal Power Dissipation

45,0V

+12.0V

Full Short Circuit Protection
300mW

Operating Temperature Range — HA-2600/HA-2602 —550C < TA<+1259C

HA-2605
Storage Temperature Range

00 <Tp <+759¢C
—650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS

V+ = +15VDC, V- =-15VDC

HA-2600 HA-2602 HA-2605
—550C to +1250C —550C to +1250¢C 00C to +750C

LIMITS LIMITS LIMITS

PARAMETER . MIN. TYP. | MAX. | MIN. TYP. | MAX. . TYP.

INPUT CHARACTERISTICS
* Offset Voltage

. Offset Voltage Average Drift

* Bias Current

* Offset Current

Input Resistance (Note 10)

Common Mode Range

0.5

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Notes 1, 4)

* Common Mode Rejection Ratio
(Note 2)

Unity Gain Bandwidth (Note 3)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1)

* Qutput Current (Note 4)

Full Power Bandwidth (Note 4 &11)

TRANSIENT RESPONSE
Rise Time (Notes 1,5, 6 & 8)

Overshoot (Notes 1, 5,7 & 8)
* Slew Rate (Notes1,5,88& 12)

Settling Time (Notes 1,5, 8 & 12)

POWER SUPPLY CHARACTERISTICS
* Supply Current

* Power Supply Rejection Ratio (Note 9)

TEST CONDITIONS

NOTES: 1. R_=2K

2. Ve =T10v

3. V5<90mVv

4. Vg =Ttiov

5. C_=100pF
=t

6. Vg =*200mv

*100% Tested For DASH 8

7. Vg = +200mv . This parameter value guaranteed
8. See Transient response test circuits by design calculations.
and waveforms . Full power bandwidth guaranteed
9. Avs = 15V by slew rate measurement.
FPBW = 8.R./2T Vpeak.

. VouTt=%s5Vv
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PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, T, =25°C UNLESS OTHERWISE STATED.

15 100 ~ x 12 T
EQUIVALENT INPUT NOISE VS. Vg a5V
BANDWIDTH g N Foo—
10 > / g'® ~ Ty ol @
" / Za %, 2°
5 9 S i New 4 =]
< s S w As¢ 03
£ = £ Vs
& 0 2> b
g _Qﬁﬁ‘_’————% miE g 2 10 2
3 = 5 N &
© 5 g 1 g 2 140°
= z ~
S, > / &
10 P\~ g / S 180°
a

.1 -0
-50 25 0 25 +50 +15 +100+125 100Hz  1kHz 10kHz 100kHz IMHz 10MHz Lron 100Hz 1kHz 10kHz 100kHz IMHz 10MHz 100MHz

TEMPERATURE °C UPPER 3dB FREQUENCY OPEN LOOP FREQUENCY AND PHASE RESPONSE
INPUT BIAS CURRENT AND OFFSET CURRENT LOWER 3dB FREQUENCY - 10Hz
AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS
120 e e T
207 Ve st sV
lov o 10 R TS . : 0. 1
1000 2 120V SUPPLY = OpF | Ty s +5C
5 = A 10pF
. g 15 3 75 o
o < 3 <
800 \ [}
2 \ 2w =
H 5 lv— N s
S 600 & > a0
2 = + 5V o 100pF
= 2 - g 3000F L
400 AN 3o z 1000pF
z &
20 ™ s ©o 1 N
3 0 I
T 5% 2 |
3 s 10Hz  100Hz 1kHz ~ 10kHz 100kHz IMHz 10MHz
B R R Y TR eyt S 100kHz MHz ToMHz 100MHz FREQUENCY Hz ‘
0,
TEMPERATURE "C FREQUENCY Hz OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz OUTPUT VOLTAGE SWING VS. FREQUENCY CAPACITORS FROM BANDWIDTH CONTROL PIN TO GROUND
Note: External Compensation Components are not Required
for Stability, But May be Added to Reduce Bandwidth if Desired
If External Compensation is Used, Also Connect 100pF Capacitor
From Output to Ground.
2 120
) 0,
. 550¢ <+ 125°C 20V SUppLy
+1 15  E—
g ———F—-215 suppry ™
g / S . T 210V suppy, .
210 = 1 R
g = ] 5V SUpPPLy ]
g / — |
£
©
80
5 10 15 20 55 3% 15 5 5 45 6 8 105 125
SUPPLY VOLTAGE - VOLTS TEMPERATURE °C
COMMON MODE VOLTAGE RANGE OPEN-LOOP VOLTAGE GAIN VS. TEMPERATURE
AS A FUNCTION OF SUPPLY VOLTAGE
TRANSIENT SLEW RATE AND SLEW RATE AND SUGGESTED
RESPONSE SETTLING TIME TRANSIENT OFFSET
+ov +5v RESPONSE ZERO ADJUST
INPUT INPUT | ‘ HOOK-UP
0= -5 IN +
- 0 0UT
90% 1 -
5092 =
| ourpuT A‘V | ERROR BAND e 73S 100pF
| _SVLO’- ——= | % lomv FrROM
| - SLEW |FINAL VALUE 1
\ {Layed RATE | © = =
——: F=-RISE TIME i saviaTl
v SETTLING TIME

NOTE: MEASURED ON BOTH POSITIVE
AND NEGATIVE TRANSITIONS.
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TYPICAL APPLICATIONS

PHOTO-CURRENT TO VOLTAGE CONVERTER

P—0 vp: -Rups g

/_f 50pF *

FEATURES:
1. CONSTANT CELL VOLTAGE
2 MINIMUM BIAS CURRENT ERROR

MULTIPLEXER

DIGITAL CONTROL

10000

F
[ 15V
by

- 01V ms MAX

IFC
DRIFTRATE ¢ DRIFT

REFERENCE VOLTAGE AMPLIFIER

—O Vo= 11+ ) Vaer

FEATURES:
1 MINIMUM BIAS CURRENT IN REFERENCE CELL
2 SHORT CIRCUIT PROTECTION

VOLTAGE FOLLOWER

“15V

7

1000 GAIN 09999 SLEW RATE = 4V/ 1is MIN
2,,=-10'2 MiN B.W. = 12MHZ TYP
Zoyt 01 MAX OUTPUT-SWING = + 10V MIN TO S0kHz

*A small load capacitance is recommended in all applications where
practical to prevent possible high frequency oscillations resulting
from external wiring parasitics. Capacitance up to 100pF has
negligible effect on the bandwidth or slew rate.

DEFINITIONS

INPUT OFFSET VOLTAGE - That voltage which
must be applied between the input terminals through
two equal resistances to force the output voltage
to zero.

INPUT OFFSET CURRENT — The difference in
the currents into the two input terminals when the
output is at zero voltage.

INPUT BIAS CURRENT — The average of the
currents flowing into the input terminals when the
output is at zero voltage.

INPUT COMMON MODE VOLTAGE — The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages
which is exceeded at either input terminal will cause
the amplifier to cease operating.

COMMON MODE REJECTION RATIO — The ratio
of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
over this range.

OUTPUT VOLTAGE SWING — The peak symmet-
rical gutput voltage swing, referred to ground, that
can be obtained without clipping.

INPUT RESISTANCE — The ratio of the change in
input voltage to the change in input current.

OUTPUT RESISTANCE — The ratio of the change
in output voltage to the change in output current.

VOLTAGE GAIN — The ratio of the change in out-
put voltage to the change in input voltage produc-
ingit.

BANDWIDTH — The frequency at which the voltage
gain is 3dB below its low frequency value.

UNITY GAIN BANDWIDTH — The frequency at
which the voltage gain of the amplifier is unity.

POWER SUPPLY REJECTION RATIO — The ratio
of the change in input offset voltage to the change
in power supply voltage producing it.

TRANSIENT RESPONSE — The closed loop step
function response of the amplifier under small signal
conditions.

PHASE MARGIN — (1800 — ( ¢ 1 - #2)) where @1
is the phase shift at the frequency where the absolute
magnitude of gain is unity ¢2 is the phase shiftat a
frequency much lower than the open loop band-
width.

SLEW RATE (Rate Limiting) — The rate at which the
output will move between full scale stops, measured
in terms of volts per unit time. This limit to an ideal
step function response is due to the non-linear
behavior in an amplifier due to its limited ability to
produce large, rapid changes in output voltage
(slewing) . . . restricting it to rates of change of
voltage lower than might be predicted by observing
the small signal frequency response.

SETTLING TIME - Time required for output
waveform to remain within 0.1% of final value.
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A OF HARRIS

Preliminary

FEATURES

HA-2607/2627

Epoxy-Packaged, Wide Band
Operational Amplifier Series

DESCRIPTION

HA-2627

Wide Gain-Bandwidth 100

MHz

High Slew Rate 35 Vips

Wide Power Bandwidth 600 kHz

High Gain 150KV/V
High Input Impedance 500M Q

Output Short Circuit Protection

APPLICATIONS

Pulse Amplification

Video Amplifiers

Audio Amplifiers and Filters
High Speed Test Equipment

High Speed Comparators

HA-2607/2627 bipolar operational amplifiers are high performance,
epoxy-packaged monolithic IC’s designed to deliver outstanding
wideband AC performance. HA-2607 has a specified bandwidth of
12MHz while HA-2627 has a typical gain-bandwidth of 100MHz!*
HA-2607 and HA-2627 also offer correspondingly high slew rates
of 7V/ u Sec and 35V/u Sec respectively. These dynamic charac-
teristics, coupled with 150,000V/V open-loop gain enables HA-
2607/2627 to perform high-gain amplification of very fast, wide-
band signals. This fevel of performance is achieved through the use
of Harris’ unique Dielectric Isolation processing techniques.

The HA-2607 and HA-2627 op amps afford an economical means
of designing high performance equipment for industrial and com-
mercial use. These amplifiers are ideally suited to pulse amplifica-
tion designs as well as high frequency (e.g. RF, video) applications.
The frequency response of both amplifiers can be tailored to exact
design requirements by means of an external bandwidth control
capacitor.

HA-2607/2627 are specified from 00C to +750C and are available
in 8-lead epoxy DIP packages that have been extensively tested
and qualified to deliver the high level of performance and reliabil-
ity that are expected of Harris Semiconductor’s operational ampli-
fiers.

*HA-2607/2627 are internally compensated — HA-2607 is stable for
Ay > 1, — HA- 2627 is stable for Ay > 5.

PINOUT

SCHEMATIC
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TOP VIEW
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CONTROL

8 LEAD DIP EPOXY
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V*and V— Terminals 45.0V

Differential Input Voltage +12.0V

Peak Qutput Current Full Short Circuit Protection
Internal Power Dissipation (Note 10) 300mW

Operating Temperature Range — HA-2607/HA-2627 00< TA < +750C

Storage Temperature Range —650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS V+=+15VDC, V-=-15VDC

HA-2607 HA-2627
00C to +750C 00C to +75°C
LIMITS
PARAMETER MIN. | TYP. | MAX.] MIN.| TYP. | MAX.
INPUT CHARACTERISTICS

Offset Voltage

Offset Voltage Average Drift

Bias Current
Offset Current

Input Resistance

Common Mode Range

TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 1)

Common Mode Rejection Ratio
(Note 2)

Gain Bandwidth Product
(Note 3, 11)

OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 1) Full
Output Current (Note 4) +250C

Full Power Bandwidth (Note 4)  [+250C

TRANSIENT RESPONSE
Rise Time (Notes 1,5, 6 & 8) +250C

Overshoot (Notes 1,5,7 & 8) +250C
Slew Rate (Notes 1,5,8& 12) +250C

Settling Time (Notes 1,5,8 & 12) [+250C

POWER SUPPLY CHARACTERISTICS

Supply Current +250C

Power Supply Rejection Ratio
(Note 9) Full

TEST CONDITIONS

NOTES: 1.R =2K 7.V = +400mV
2.Vgm = +5.0V 8. For HA-2607, Av = 1;
3. Vg <90mVv For HA-2627, Ay = 5.
4.Vg =+ 10V 9.Vg=+9.0V to +15V
6.C = 100pF 10. Derate by 6.6mW/OC above 105°C
6. V| =+ 200mV 11 40 dB gain setting used to measure

Gain-Bandwidth for HA-2627
12. VouT = *5V
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HaRRiS  HA-2620/2622/2625

Very Wide Band, Uncompensated
Operational Amplifiers

FEATURES V DESCRIPTION

GAIN BANDWIDTH PRODUCT(Ay = 5) 100MHz HA-2620/2622/2625 are bipolar operational amplifiers that

feature very high input impedance (500M$2, HA-2620) coupled
HIGH INPUT IMPEDANCE 500M< with wideband AC performance. The high resistance of the
LOW INPUT BIAS CURRENT 1A input stage is complemented by low offset voltage (0.5mV,
LOW INPUT OFFSET CURRENT nA HA-2620) and low bias and offset current (1nA, HA-2620) to
facilitate accurate signal processing. Input offset can be reduced
LOW INPUT OFFSET VOLTAGE 0.5mV further by means of an external nulling potentiometer. 100MHz
HIGH GAIN 150K V/V gain-bandwidth product (HA-2620/2622/2625 are stable for
closed loop gains greater than 5), 35V/ u's slew rate and
HIGH SLEW RATE 35V/us 150,000V/V open-loop gain enables HA-2620/2622/2625 to
OUTPUT SHORT CIRCUIT PROTECTION perform high-gain amplification of very fast, wideband signals.
These dynamic characterisitcs, coupled with fast settling times,
make these amplifiers ideally suited to pulse amplification
APPLICATIONS designs as well as high frequiency (e.g. video) applications. The
frequency response of the amplifier can be tailored to exact
VIDEO AND R.F. AMPLIFIERS design requirements by means of an external bandwidth control

PULSE AMPLIFIER capacitor.

AUDIO AMPLIFIERS AND FILTERS - . T ’ .
HIGH-Q ACTIVE FILTERS In addition to its application in pulse and video amplifier de-

HIGH-SPEED COMPARATORS signs HA-2620/2622/2625 is particularly suited to other high

LOW DISTORTION OSCILLATORS performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed

PINOUT comparators.

BANDWIOTH CONTROL Package Code 2A, HA-2620 and HA-2622 are guaranteed over -550C to +1250C.
1N, 4U, LA HA-2625 is specified from 00C to +750C. All devices are
available in T0-99 cans, and 14 lead D.l.P. packages.

T0-99

SCHEMATIC

BANDWIDTH T 1o
CONTROL orsser] N .....§ §-.su ek rser
ay ,J o

wy ®) e % T

TOP VIEWS rs o

as

BANDWIOTH
CONTROL

OFFSET ADJ.

Q0 Qi
v- D OFFSET ADJ weors] | o an
o

028

Y-

1N

¢
TO-116 BANDWIDTH Qoy
NC 1 —14 CONTROL Qujang
NG 2— 13 NC MF | oy

OFFSET NULL 3 — —12 NC

INVERTING INPUT 4— F—11 v+
NON-INVERTING ¢
INPUT * ] 10 OUTPUT
V- 56— 9 OFFSETNULL
4u NC 7T— 8 NC

CAUTION: These devices are sensitive to electrostatic discharge.
2-38 Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V— Terminals 45.0V
Differential input Voltage +12.0V
Peak Qutput Current Full Short Circuit Protection

Internal Power Dissipation 300mwW
Storage Temperature Range —659C < Tp < +1500C

ELECTRICAL CHARACTERISTICS
vt=+15VDC, V—=-15VDC HA-2620 HA-2622 HA-2625
—550C t0 +1259C —559C to +125°C  0OC to +75°C

PARAMETER TEMPERATURE | MIN.{ TYP.|MAX{MIN.[TYP.|MAXIMIN. |TYP. |MAX.

INPUT CHARACTERISTICS
0
* Offset Voltage (Note 1) +§3"0 0.5

)
* Bias Current +l2=?nllc

0
* Offset Current +i5 ¢
ull

Input Resistance (Note.11) +250¢C

Common Mode Range Full

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain +250C
(Notes 2 & 3) Full

* Common Mode Rejection Ratio Full
(Note 4)

Gain Bandwidth Product 0
(Notes 2, 5, 86) +25°C

OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2)

* Qutput Current (Note 3)

Full Power Bandwidth
(Notes 2,3, 7 &12)

TRANSIENT RESPONSE
Rise Time (Notes 2,7 & 8)

* Slew Rate (Notes 2, 7, 8 & 10)

POWER SUPPLY
CHARACTERISTICS

* Supply Current +250C . . 3.0
* Power Supply Rejection Ratio Full 72 | 90 72 | 90
(Note 9)
NOTES: 1. Offset may be externally adjusted to zero. 8. Ay =5 (The HA-2620 family is not stable
2. RL=2KQ, C| =50pF at unity gain without external compensation.)
3. Vo = +10.0V 9. AVgyp= 5v
2 Vem - x1ov 10. Vout = £5V
5. Vo <90mV 11. This parameter value based upon
6. 40dB Gain design calculations.
7. See transient response test circuits and 12. Full power bandwidth guaranteed
waveforms based upon slew rate measurement

FPBW = S.R./2TTV peak.
*100% Tested For DASH 8
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TYPICAL PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, TA = 25°C UNLESS OTHERWISE STATED.

100 120

EQUIVALENT INPUT NOISE VS.

BANDWIDTH | | 4

2

=3

N\

8

CURRENT nA

—

s
S

PHASE ANGLE

\\
N

1
0 +25 +50 75 41004125 100Hz  1kHz 10kHz 100kHz IMHz 10MHz 10Hz 100Hz 1kHz 10kHz 100kHz IMHz 10MHz 100MHz

0
TEMPERATURE "C UPPER 348 FREQUENCY OPEN LOOP FREQUENCY AND PHASE RESPONSE
INPUT BIAS CURRENT AND OFFSET CURRENT- LOWER 3d8 FREQUENCY - 10Hz

AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS

S

=

EQUIVALENT INPUT NOISE #V
OPEN LOOP VOLTAGE GAIN dB

>

120 -
Vg = 215y
100 T, =+25%

N ] 35»;1
;,50[’F

NN
N
\

Q Dioe 100Hz kM2 0 00dH  IMHz  10MAz

T 5% FREQUENCY Hz
0.0V OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF
5 <15 +5  +25 +45 +65 +85 +105 +125 T 10kHz 100kHz 1MHz 10MHz 100MHz CAPACITORS FROM BANDWIDTH CONTROL PIN TO GROUND
0
TEMPERATURE ~C FREQUENCY hz Note: External Compensation is Required For
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz OUTPUT VOLTAGE SWING VS, FREQUENCY Closed Loop Gain <5 . If External Compen-

sation is Used, Also Connect 100 pF Capacitor
From Output to Ground.

=]
<

120V SUPPLY
+l5v

<

OPEN LOOP VOLTAGE GAIN dB

MEGOHMS

o
<

PEAK VOLTAGE SWING + VOLTS

~

T

0 0,
-55°C <+ 125°C £ 20V suppLy

210V suppy,
N

— i
/ L2V suppry

COMMON MODE RANGE +V

10 15 55 -3% <15 5 2% 45 65 8 105 125
SUPPLY VOLTAGE - VOLTS TEMPERATURE °C

COMMON MODE VOLTAGE RANGE OPEN-LOOP VOLTAGE GAIN VS. TEMPERATURE
AS A FUNCTION OF SUPPLY VOLTAGE

TRANSIENT RESPONSE SLEW RATE AND SUGGESTED OFFSET ZERQ

E ADJUST AND BANDWIDTH
SLEW RATE TRANSIENT RESPONSE CONTROL HOOK-UP

+V

ouTPUT

0% - - —

'
|
1
|
|=—RISE TIME
1

-5V
NOTE MEASURED ON BOTH POSITIVE Tl SLEWRATE
AND NEGATIVE TRANSISTIONS a7
L avraT

BANDWIDTH

CONTROL
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TYPICAL APPLICATIONS DEFINITIONS

HIGH IMPEDANCE COMPARATOR
INPUT OFFSET VOLTAGE—That voltage which
must be applied between the input terminals
through two equal resistances to force the output
voltage to zero.

INPUT OFFSET CURRENT—The difference in the
currents into the two input terminals when the
output is at zero voltage.

HA 2620

3
b Y INPUT BIAS CURRENT—The average of the cur-
rents flowing into the nput terminals when the

b 50pF "
v output is at zero voltage.
ING16

INPUT COMMON MODE VOLTAGE—The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE~-The range of voltages
which is exceeded at either input terminal will
cause the amplifier to cease operating.

COMMON MODE REJECTION RATIO—The ratio
FUNCT'ON GENERATOR of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
over this range.

OUTPUT VOLTAGE SWING—The peak symmetri-
cal output voltage swing, referred to ground, that
can be obtained without clipping.

INPUT RESISTANCE-The ratio of the change in

HA A
2600 input voltage to the change in input current.

OUTPUT RESISTANCE—The ratio of the change
in output voltage to the change in output current.

VOLTAGE GAIN-The ratio of the change in out-
put voltage to the change in input voltage pro-
ducing it.

UNITY GAIN BANDWIDTH-The frequency at
which the voltage gain of the amplifier is unity.

POWER SUPPLY REJECTION RATIO-The ratio
of the change in input offset voltage to the change
in power supply voltage producing it.

TRANSIENT RESPONSE-—The closed loop step
function response of the amplifier under small

VIDEO AMPLIFIER signal conditions.

GAIN BANDWIDTH PRODUCT—The product of
the gain and the bandwidth at a given gain.

SLEW RATE (Rate Limiting)—The rate at which
the output will move between full scale stops,
measured in terms of volts per unit time. This limit
to an ideal step function response is due to the
non-linear behavior in an amplifier due to its
limited ability to produce large, rapid changes in
output voltage (slewing)...restricting it to rates of
change of voltage lower than might be predicted
by observing the small signal frequency response.

p————O Vour

“A small load capacitance of ot least 30pF
tincluding stray capacttance is recommended
10 prevent possible Ingh freguency oscillations

BW = 1 MH
GAIN 4048
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HARRIS
semiconoucTon HA-2630/2635

A DIVISION OF HARRIS CORPORATION

High Performance Current Booster

FEATURES DESCRIPTION

e QUTPUT CURRENT *400mA
SLEW RATE 500V/us

BANDWIDTH 8MHz HA-2630 and HA-2635 are monolithic, unity voltage gain

current amplifiers delivering extremely high slew rate, wide
FULL POWER BANDWIDTH 8MH2 bandwidth, and full power bandwidth even under heavy output
INPUT RESISTANCE 2.0x 1068 loading conditions. This dielectrically isolated current booster
OUTPUT RESISTANCE 20Q also 0ffer§ high ipput impedance and.low _outpt_lt resistance.
These devices are intended to be used in series with an opera-
POWER SUPPLY RANGE 15V to 220V tional amplifier and inside the feedback loop whenever addi-

PACKAGE IS ELECTRICALLY ISOLATED tional output current is required. Qutput current levels are
programmable by selecting two optional external resistors.

APPLICATIONS These current amplifiers offer an exceptional 500V/ u s slew
rate and 8MHz bandwidth which allows them to be used with
many high performance op amps in precision data recording
and high speed coaxial cable driver designs. 2.0M ohm input
COAXIAL CABLE DRIVERS resistance and 2 ohm output resistance coupled with 400mA
output current make HA-2630 and HA-2635 ideal components
AUDIO OUTPUT AMPLIFIERS in high fidelity audio output amplifier designs.

SERVO MOTOR DRIVERS HA-2630 and HA-2635 are available in an electrically isolated
TO-8 type can for ease of mounting with or without a heat
POWER SUPPLIES (BIPOLAR) sink. HA-2630 is specified over the -550C to +1250C range.
HA-2635 is specified from 00C to +750C.

PRECISION DATA RECORDING

PINOUT SCHEMATIC

T0-8 Package Code 6G

TOP VIEW

* Optional Current
Limiting Resistor

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40V Operating Temperature Range:
Input Voltage Range +V Supply '55::0 § TAE +123°C (HA-2630)
Output Current (Note 2) +700mA 09CS TAS +75°C  (HA-2635)

Internal Power Dissipation (Note 6) Free Air:
In Heat Sink: 4w

1w Storage Temperature Range:

-659C < Ta < +1500C

ELECTRICAL CHARACTERISTICS
Vsupply = £15 Volts R =50 Ohms R1=R2=00hms Unless otherwise specified.

HA-2630 HA-2635
-550C to +125°C 0°C to +759C

PARAMETER . MIN. | TYP. MAX. .| TYP. MAX.

INPUT CHARACTERISTICS

*Bias Current 30 150 30 150
200 200

Input Resistance 2.0 2.0

Input Capacitance 5.0 5.0

TRANSFER CHARACTERISTICS
Voltage Gain (Note 1) . .95 . .95

*Offset Voltage (VouT - VIN) 70 70

Bandwidth (-3dB) 8.0 8.0

OUTPUT CHARACTERISTICS
*Qutput Voltage Swing

* Output Current (Note 1)

Output Resistance

Full Power Bandwidth (Note 1)

TRANSIENT RESPONSE
Rise Time (Note 3)

Slew Rate (Note 4)

POWER SUPPLY CHARACTERISTICS
*Supply Current

Supply Voltage Range

Power Supply Rejection Ratio (Note 5)

NOTES: 1. Vg = +10V 5. AVgyuppLy = #5V.
2. Heat sink is required for continuous short circuit 6. Without heat sink, derate by 14mW/°C ambient
protection, regardless of current limit setting. temperature above 100°C ambient, with heat
3. Vo =0.4V p-p. sink, derate by 67mW/°C case temperature above
4. Vo =10V p-p. 115°C case.

*100% Tested For DASH 8
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PERFORMANCE CURVES

Output Swing (+ Volts, Peak)

2
2
3
S
g
g
e
2
&
2
3
i
E
H
2

Power Dissipation, (Watts)

V+=15VDC, V-=15VDC, Tp = 259C UNLESS OTHERWISE STATED

OUTPUT SWING
(RuimiT = o)

Z

15
Supply Voltage (s Volts)

NORMALIZED AC PARAMETERS vs.
TEMPERATURE (R =50§2)

/

BANDWI

0 +25 +50 +75 100
Temperature, (9C)

OUTPUT CURRENT LIMITING vs.
LIMITING RESISTANCE

Output Current Limit, (mA}

-LLmr

i

10 00
Limiting Resistance, (§2)

POWER DISSIPATION vs. LIMITING RESISTANCE

WITH OUTPUT SHORTED TO GROUND; Vjy = +10V

2 4 6 8 10 12 14 16 18
Limiting Resistance, (:)

Open Loop Gain, (db)

OPEN LOOP FREQUENCY AND
PHASE RESPONSE (R| =502, C =10pf)

\‘k

>

S

N

G

Power, Watts

~

Normalized Value Referred to +15 Volts

Output Voltage (Voits)

10M
Frequency, Hz

NORMALIZED AC PARAMETERS vs.
SUPPLY VOLTAGE (R =50Q)

BANDWIDTH

=4

y

/SLEW RA’

Supaly Voltage, (Volts)

OQUTPUT CURRENT CHARACTERISTIC

||—1nl/i
[ T

R1=50.

25

0

YA

150 2

15

nz:lq:l R2- 20
T 10,04

Qutput Load Current, (mA)

MAXIMUM ALLOWABLE INTERNAL
POWER DISSIPATION vs. TEMPERATURE

CASE TEMPERATURE

MBIENT TEMPERATURI
{ND HEAT SINK)

—]

~

100 0 120 130
Temperature °C

140

Phase Angle, (Degrees)




TYPICAL APPLICATION

20dB, 5MHz VIDEO COAXIAL LINE DRIVER

HA-2530 HA-2630

5082 COAX

NOTE: R1 and R2 lead length should be minimal.

LINE DRIVER PULSE RESPONSE

Horizontal Scale = 200ns/Div.
Upper Trace:  Input, 200mV/Div.
Lower Trace: Output, 2V/Div.

SOME OTHER APPLICATIONS

® BIPOLAR POWER SUPPLY

® FUNCTION GENERATOR OUTPUT
® DEFLECTION COIL DRIVE

® AUDIO OUTPUT AMPLIFIER
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FEATURES

HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

l

HA-2640/2645 |
High Voltage
Operational Amplifier

DESCRIPTION

OUTPUT VOLTAGE SWING 135V

SUPPLY VOLTAGE 10V TO 240V
OFFSET CURRENT 5nA
BANDWIDTH 4MHz
SLEW RATE 5V/us

COMMON MODE INPUT VOLTAGE SWING 135V
OUTPUT OVERLOAD PROTECTION

APPLICATIONS

INDUSTRIAL CONTROL SYSTEMS
POWER SUPPLIES

HIGH VOLTAGE REGULATORS
RESOLVER EXCITATION

SIGNAL CONDITIONING

HA-2640 and HA-2645 are monolithic operational amplifiers
which are designed to deliver unprecedented dynamic specifica-
tions for a high voltage internally compensated device. These
dielectrically isolated devices offer very low values for offset
voltage and offset current coupled with large output voltage
swing and common mode input voltage.

For maximum reliability, these amplifiers offer unconditional
" output overload protection through current limiting and a chip
temperature sensing circuit.  This sensing device turns the
amplifier “off”, when the chip reaches a certain temperature
level.

These amplifers deliver £35V common mode input voltage
swing, £35V output voltage swing, and up to 40V supply range
for use in such, designs as regulators, power supplies, and indus-
trial control systems. 4MHz gain bandwidth and 5V/ s slew
rate make these devices excellent components for high perfor-
mance signal conditioning applications. Outstanding input and
output voltage swings coupled with a low 5nA offset current
make these amplifiers excellent components for resolver excit-
ation designs.

HA-2640 and HA-2645 are available in metal can (T0-99)
packages and can be used as high performance pin-to-pin
replacements for many general purpose op amps. HA-2640 is
specified from -550C to +1250C and HA-2645 is specified over
the 00C to +750C range.

PINOUT

SCHEMATIC
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Package Code 2A, 1N
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 100V Operating Temperature Range
Input Voltage Range +37V -550C < Tp <+1259C (HA-2640)
Output Current/Full Short Circuit Protection 00C < Tp <+759C  (HA-2645)
Internal Power Dissipation 680mW* Storage Temperature Range
-650C < Tp < +1500C
*Derate by 4.6mW/°C above +25°C

ELECTRICAL CHARACTERISTICS
VSupply = #40V, R = 5K, Unless Otherwise Specified.

HA-2640 HA-2645
-550C to +1259C 09C to +759C

PARAMETER TEMP. MIN. | TYP. MAX. MIN. | TYP. | MAX.
INPUT CHARACTERISTICS

* Offset Voltage

+250C 4 6
Full 6 7

Offset Voltage Average Drift Full

* Bias Current +250C
Full

+250C

*
Offset Current Full

Input Resistance (Note 10) +259C

Common Mode Range Full

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 8)

+250C
Full

* Common Mode Rejection Ratio (Note 1) Full

Unity Gain Bandwidth (Note 2) +259C

OUTPUT CHARACTERISTICS
* Output Voltage Swing Full

* Output Current (Note 9) +250C
Output Resistance +250C
Full Power Bandwidth (Notes 3 &11) +259C
TRANSIENT RESPONSE (Note 7)

Rise Time (Notes 4, 6) +250C
Overshoot (Notes 4, 6) +250C
Slew Rate (Note 6) +250C
POWER SUPPLY CHARACTERISTICS
* Supply Current +250C . . . . mA
Supply Voltage Range Full +10 +40 +10 +40 v
* Power Supply Rejection Ratio (Note 5) Full 80 90 74 90 dB
NOTES: 1. Vepm =%20V 5. Vg = +10V to +40V 10. This parameter based upon
2. Vg =90mv 6. Ay =1 design calculations.
3. Vg = #35V 7 CL = 50pF 11. Full power bandwidth
4. Vo = +200mV 8. Vg =130v guaranteed based upon
N 9. R = 1K slew rate measurement.
*100% Tested For DASH 8 FPBW = S.R./2TVpeak.
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PERFORMANCE CURVES

V+=V-=40VDC, Tp = +250C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT
vs TEMPERATURE

Current, nA

CURHEN‘T

I

ET CURRENT

\

+25 +50 +75 +100

Temperature, °C

NORMALIZED AC PARAMETERS
vs TEMPERATURE

+125

LEW RATE

aAuuwm\TH\
|

I

+25 +50

&)
S
(X2
~
+
o
e
©
[
e
=
sl
=t
Q)
[
i)
=2
©
>
©
I
e
=
€
=
o
=

Temperature, 9C

NORMALIZED AC PARAMETERS
vs SUPPLY VOLTAGE AT +250C

BANOWy

Normalized Value Referred to +30V

A
7

/

0 20 30

Supply Voltage, Volts
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INPUT NOISE CHARACTERISTICS

©

<

\\ VOLTAGE

<\
NN
N\

» —

o

-

w

CURRENT
NOISE

\

~

Input Voltage Noise, (nV/ VHz)
Input Current Noise, (A/ VHz)

1K
Frequency Hz

OPEN LOOP FREQUENCY AND
PHASE RESPONSE

AN
~\\

Phase Angle

Open Loop Voltage Gain, dB

10K 100K
Frequency Hz

OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANDWIDTH
CONTROL PIN TO GROUND

€y = 1000F

N
S

+

Open Loop Gain, dB

10K 100K
Frequency Hz

NOTE: External Compensation Components are not Required for
Stability. But May be Added to Reduce Bandwidth if Desided.
CL = 100pF is Also Required for Stability Only if External
Compensation Capacitor is Used.



PERFORMANCE CURVES (continued)

OUTPUT VOLTAGE SWING
vs FREQUENCY AT +250C

100 £ —— T 0
AV = 1. VgyppLy * +40V
Vi = 435V

. I

+1250C OZSUC/ /
20 [

=1 VsuppLy - £20V I
[ 1]

Vi 15V
/ w0 72

+1250¢ +25°C

o

T +
AV = 1. VgyppLy - 120V
Vi = <15V
20

OUTPUT CURRENT CHARACTERISTIC

+40V N

[ VsuppLy ~

[~ VsuppLy = +20V

N
N\
~\
\

VsuppLy = +10V \\

Output Voltage, Volts

Peak-to-Peak Voltage Swing

+259C /‘

30

I AV = 1. Vgppyy * +40V
Vi ©-35V

a0 It

Qutput Load Current, mA

10K 100K

Frequency, Hz

SWITCHING WAVEFORM AND TEST CIRCUIT

VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT
PULSE RESPONSE RESPONSE TEST CIRCUIT

Ry = 5K, Cy_ = 50pF
Vertical = 10V/Div. Tp =+25°C
Horizontal = 5us/Div. Vg = +40V
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SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-2650/2655
Dual High Performance
Operational Amplifier

DESCRIPTION

SLEW RATE

BANDWIDTH

BIAS CURRENT

AV. OFFSET VOLTAGE DRIFT
POWER CONSUMPTION
SUPPLY VOLTAGE RANGE

5V/us

8MHz

35nA
8uv/oc
75mW

12V TO *20v

APPLICATIONS

VIDEO AMPLIFIERS

HIGH IMPEDANCE, WIDEBAND BUFFERS
INTEGRATORS

AUDIO AMPLIFIERS

ACTIVE FILTERS

HA-2650/2655 contains two internally compensated opera-
tional amplifiers offering high slew rate and high frequency
performance combined with exceptional DC characteristics.
5V/u sec slew rate and 8MHz bandwidth make these amplifiers
suitable for processing fast, wideband signals extending into the
video frequency spectrum. Signal processing accuracy is en-
hanced by front-end performance that includes 1.5mV offset
voltage, 8 u V/OC offset voltage drift and low offset and bias
current (1nA and 35nA respectively). Offset voltage can be
trimmed to zero on the devices offered in dual-in-line packages.
Signal conditioning is further enhanced by 500M&2 input imp-
edance.

Applications for HA-2650/2655 include video circuit designs
such as high impedance buffers, integrators, tone generators
and filters. These amglifiers are also ideal components for
active filtering of audio and voice signals.

HA-2650/2655 are offered in 14 pin D.I.P. and metal T0-99
packages and are also available in dice form. HA-2650 is spec-
ified from -550C to +1250C. HA-2655 operates from 00C
to +750C.

PINOUT SCHEMATIC
TOP VIEW
T0-99 v Package Code :23?, T_l:
Il-—» BIAS NETWORK —t ONE-HALF Il
) ' !
L |
] o 04 | 038
, |
i.,.LT; et o Fjﬁ §
NOTE: Case Connected to V- V- i : Y a Y we |
TOP VIEW i i -
T0-116 ne 1t —] ~ L v ! E
ouT 2 i L——13 NIC : m' 012) {as for
OFFSET { j—— 1 oour | o H K iy _‘nﬁ Fi(l -
; " Voreer ! H—F &
— e 10 ] I 0FF \
w{, ] -
v 1] =3 b

NOTE: Bottom of package s connected to V-

2-50 CAUTION: These devices are sensitive to electrostatic discharge.

Users should follow IC Handling Procedures specified on pg. 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Tp = +25°C Unless Otherwise Stated 300 mwW

300 mW

T0-99
TO-116

Power Dissipation (Note 2)

40.0v
130.0v
+15.0v
Indefinite

Voltage Between V+ and V- Terminals
Differential Input Voltage

Input Voltage (Note 1)

Qutput Short Circuit Duration

Operating Temperature Range:
HA-2650
HA-2655

Storage Temperature Range

-550C <Tp < +1250C
09C <Tp < +75°C
-650C <Tp < +150°C

ELECTRICAL CHARACTERISTICS
V+=15V V-=-15V

HA-2650
-550C to +125°C

MIN. TYP. | MAX.

HA-2655
0°C to +75°C

TYP.

PARAMETER

INPUT CHARACTERISTICS
*0ffset Voltage

TEMP. MIN. MAX.

+250C 1.5
Full
Full
+250C
Full
+250C
Full
Full
+250C
+250C
+250C

Av. Offset Voltage Drift

*Bias Current
* Offset Current

Common Mode Range

Differential Input Resistance (Note 9)

Common Mode Input Resistance

Input Capacitance

TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Note 3ab)

+250C
Full
+250C
Full

*Common Mode Rejection Ratio (Note 4)

OUTPUT CHARACTERISTICS
*Qutput Voltage Swing (Note 3c)

+250C
Full

+250C
+250C
+250C

Full Power Bandwidth (Notes 5 &10)
Output Current (Note 3a)

Output Resistance

TRANSIENT RESPONSE (Note 6)
Rise Time (Note 7)

Overshoot (Note 7)

Slew Rate

+259C 40
+250C 15
+250C ha]

POWER SUPPLY CHARACTERISTICS
*Supply Current

+250C . 3 mA

+250C 80 100 dB
Full 80 dB

*Power Supply Rejection Ratio (Note 8)

NOTES: 1.

2.

3.

For supply voltages less than +15v,
the absolute maximum input voltage
is equal to the supply voltage.
Derate at 4.7mW/°C at ambient tem-
peratures above +110°C.

(a) Vg = 10V (b) RL=2K

(e) R = 10K

*100% Tested For DASH 8

4. Voy = 5.0V
5. Ay =1,R| = 2K,V =20Vpp
6. See transient response/slew rate
circuit.
. Vip = 200mV
A V=150V

This parameter value based upon
design calculations.

. Full power bandwidth guaranteed

based upon slew rate measurement
FPBW = S.R./2TVpeak,
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PERFORMANCE CURVES

V+ =415V, V- = -15V, Tp = +259C Unless Otherwise Stated.

QUTPUT VOLTAGE SWING VS FREQUENCY

Vg =28V
Vo= 18V

LY
Vo -8 \

OPEN LOOP FREQUENCY RESPONSE

- (VOLTS p-p)

OPEN LOOP VOLTAGE GAIN dB
QUTPUT VOLTAGE SWING

age Follower)
=2K
= 50pF

10K 100K
FREQUENCY Hz

10K
FREQUENCY H:z

NORMALIZED AC PARAMETERS VS, SUPPLY VOLTAGE NORMALIZED AC PARAMETERS VS. TEMPERATURE

7

7
v

e

BANDWIDTH

M~
e

Jd
pd N

SLEW RATE BANDWIDTH

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT *15V

NORMALIZED VALUE REFERRED TO +25°C

+10 + -25 +25 +75
SUPPLY VOLTAGE TEMPERATURE (°C)

INPUT NOISE VOLTAGE VS. FREQUENCY
POWER SUPPLY CURRENT VS. TEMPERATURE

1
vg: 120V

T Lo

)

Hz

vg= 110V

10K$2SOURCE RESISTANCE

1

=45V
L~ _—4?:}_—-
A
/

—

CURRENT - mA

\\

02SOURCE RESISTANCE

INPUT NOISE VOLTAGE - {nV/

K - +25
FREQUENCY (Hz) TEMPERATURE (T}
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PERFORMANCE CHARACTERISTICS
TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

BRI EUETI ENEN)

Vin

TR BARYI TN}

3
9
— L

Note: Numbers in parentheses refer to the second half of VERTICAL 5V/D!V. HORIZONTAL 1us/DIV.
TO-116 package.

TYPICAL APPLICATIONS

LOW COST HIGH FREQUENCY GENERATOR
Ry
A VAN
A C

AAMPLITUDE ADJUST

1 Ry
f=3R4C (—)
L 373\R,

- "2
FREQUE (Eolpp 'ZVZ(:1)

ADJUST

ABSOLUTE-VALUE CIRCUIT

HIGH IMPEDANCE
HIGH GAIN BW = 100KHz

HIGH FREQUENCY INVERTING AMP Ay =100
Zip=2x109Q

Eo
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HARRIS  HA-2700/2704/2705

Low Power, High Performance
Operational Amplifiers

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES DESCRIPTION

HA-2700/2704/2705 are internally compensated operational

LOW POWER DISSIPATION 2.24mW AT £15.0V amplifiers which employ dielectric isolation to achieve excellent

HIGH SLEW RATE 20V/us DC and t?ynamic performance with very low quiescent power
consumption.

HIGH OPEN LOOP GAIN 300k(R = 2k§2) U . . .
DC performance of the amplifier input is characterized by high
LOW INPUT BIAS CURRENT 5nA CMRR (106dB), low offset voltage (0.5mV, HA-2700 and
LOW OFFSET VOLTAGE 0.5mV HA-2704; 1mV, HA-2705) along with low bias and offset
current (5.0nA and 2.5nA respectively). These input specifi-
HIGH CMr 106dB cations, in conjunction with offset null capability and open-
WIDE POWER SUPPLY RANGE +5.5V TO $20.0V loop gain of 300,000V/V, enable HA-2700/2704/2705 to
provide accurate, high-gain signal amplification. Gain band-
width 1MHz and slew rate of 20V/u s allow for processing of
fast, wideband signals. Input and output signal amplitudes of
APPLICATIONS at least £11 volts can be accomodated while providing output
drive capability of 10mA. For maximum reliability, the output
is protected in the event of short circuits to ground.

HIGH GAIN AMPLIFIER

These amplifiers operate from a wide range of supplies (£5.5V to
INSTRUMENTATION AMPLIFIERS 120V) with a maximum quiescent supply drain of only 150uA.
ACTIVE FILTERS HA-2700/2704/2705 are, therefore, ideally suited to low-power
TELEMETRY SYSTEMS instrumentation and filtering applications that require fast,
accurate response over a wide range of signal frequency.
BATTERY-POWERED EQUIPMENT
These amplifers are available in three performance grades:
HA-2700 is rated for operation from -550C to +1250C; HA-
2704 is specified over -250C to +850C; HA-2705 is specified
from 00C to +759C. All three devices are available in T0-99
cans or 14 lead D.1.P. packages.

PINOUT SCHEMATIC

Pack:
To’gg OFFSET ADJ. ac age COde 2A' 4U . . os»? ?ox.

OFFSET Amw
- > (e) out

V- CASE

Case Connected to V-

TOP VIEW

TO-116

X CHE [P—
OFFSET ADJ 2 meee NC.
[T p— OFFSET ADJ

~ INPUT 4 v
+ INPUT + ouTPUT
GUARD 6 e

NC.

NOMINAL CURRENTS
[V Jee— NC SHOWN I
WICROAMPERES

TOP VIEW
Case Connected to V- 0

2-54 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V— Terminals 44.0V

Differential Input Voltage +18.0V

Internal Power Dissipation (Note 7) 300mW

Storage Temperature —650C < Tp <+1500C

ELECTRICAL CHARACTERISTICS

V+=+15.0V.D.C. —=-15.0V.D.C.

HA-2700 HA-2704 HA-2705
—559C to +125°C | —259C to +859C 0°C to +75°C

PARAMETER 5 MIN. [TYP.[MAX{MIN. | TYP. |MAX.|MIN.{ TYP.
INPUT CHARACTERISTICS
* Offset Voltage (Note 1)

0.5 . 05 | 3.0 1.0
6.0

* Bias Current 5.0 |20. 5.0 5.0

* Offset Current

Common Mode Range

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain
(Notes 2 & 3)

* Common Mode Rejection Ratio
(Note 4)

Gain Bandwidth Product (Note 2)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2)

Output Current (Note 3)

TRANSIENT RESPONSE
CHARACTERISTICS
* Slew Rate (Notes 2 & 6)

POWER SUPPLY
CHARACTERISTICS
* Supply Current

* Power Supply Rejection Ratio
(Note 5) Full 86 | 100 86 | 100 80 | 100 d8

NOTES: 1. Can be adjusted to zero with 1 megohm pot between Pins 1 and 8 with the tap to Pin 7.
2. R =2K, Cp =100pF
3. Vp = +10.0V
4. Vvem =11ov
5. Vg = £10.0V to +20.0V

6. Ay=5

7. Derate by 6.6 mW/°C above 105°C.

*100% Tested For DASH 8
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TYPICAL PERFORMANCE CURVES

INPUT BIAS CURRENT AND OFFSET CURRENT
OFFSET VOLTAGE AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF TEMPERATURE

5

-

- N~

3

81AS CURRENT
1
OFFSET CURRENT

VOLTAGE (mV)

o

CURRENT (nA)

3

~20
2% 50 -55 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)

BIAS CURRENT AS A FUNCTION OF BIAS CURRENT AS A FUNCTION OF DIFFERENTIAL
COMMON MODE VOLTAGE INPUT VOLTAGE

Vs = £15.0V Vg = 150V,
Th = +259C T = +259C

3

BIAS CURRENT (L A)
w & o @~ o w©

BIAS CURRENT (nA)

s 0 5 10 15
COMMON MODE VOLTAGE (V) DIFFERENTIAL INPUT VOLTAGE (V)

POWER SUPPLY CURRENT AS A FUNCTION OF POWER SUPPLY CURRENT AS A FUNCTION
DIFFERENTIAL INPUT VOLTAGE OF TEMPERATURE

o

vg= 1150v _|
Ta = +25°C

s
S

&

3
3

POWER SUPPLY CURRENT (L A)
POWER SUPPLY CURRENT (LA}

8

0
200 300 2% 50
DIFFERENTIAL INPUT VOLTAGE (mv) TEMPERATURE (°C)

VOLTAGE GAIN AS A FUNCTION OF TEMPERATURE

130

Open loop (comparator) applications are
not recommended, because of the above
characteristic.

GAIN (dB)

25 50
TEMPERATURE (°C)
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TYPICAL PERFORMANCE CURVES (continued)

PHASE-FREQUENCY RESPONSE FOR THE HA-2700

i

GAIN - dB
PHASE ANGLES - DEGREES

!

100Hz TkHz 100kHz
FREQUENCY - Hz

TYPICAL APPLICATIONS
HIGH GAIN AMPLIFIER (100 V/V)

OFFSET
ADJUSTMENT

TPUT
DIFFERENTIAL ouTPY
INPUT

O—

(Ry+ Rz + Ry
LI Gy

THE GAIN IS GIVEN BY
Rz

SCALE:
Horizontal = 20us/dvision
Vertical - 5.0V/dwision

Non-inverting unity gain with a 2K §2and 100pF load
TOP: Vin = 10.0V Peak to Peak
BOTTOM: V)1
SCALE: Horizontal -1 ps/division
Vertical -5.0V/division

NOTE: Faster increase rise and fall time and increase
distortion on output wave form
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RLARFIS - HA-2720/25
Wide Range Programmable
Operational Amplifier

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES ‘ DESCRIPTION

e WIDE PROGRAMMING RANGE HA—2720/27_25_ progr.ammable .amplifigrs are internally compen-
sated monolithic devices offering a wide range of performance,

SLEW RATE 0.06 TO 6V/us that can be controlled by adjusting the circuits’ “set” current
BANDWIDTH SkHz TO 10MHz (ISeT). By means of adjusting an external resistor or current

BIAS CURRENT 0.4T0 50nA source, power dissipation, slew rate, bandwidth, output current
SUPPLY CURRENT 1HATO 1.5mA and input noise can be programmed. to desired levels. This
versatile adjustment capability enables HA-2720/2725 to pro-
vide optimum design solutions by delivering the required level

of performance with minimum possible power dissipation.
¢ CONSTANT AC PERFORMANCE OVER SUPPLY HA-2720 and HA-2725 can, therefore, be utilized as the stand-

RANGE

e WIDE POWER SUPPLY RANGE £1.27T0 %18V

ard amplifier for a variety of designs simply by adjusting their
programming current. '

APPLICATIONS A major advantage of HA-2720/2725 is that operating charac-
teristics remain virtually constant over a wide supply range
ACTIVE FILTERS (£1.2V to x15V), allowing the amplifiers to offer maximum
performance in almost any system including battery-operated
CURRENT CONTROLLED OSCILLATORS equipment. A .primary application for HA-2720/2725 is in
VARIABLE ACTIVE EILTERS active filters for‘a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the "set” current, HA-
MODULATORS 2720/2725 can be used for designs such as current controlled
BATTERY-POWERED EQUIPMENT osciflators modulators, sample and hold circuits and variable
active filters.

HA-2720 is guaranteed over -550C to +1250C. HA-2725 is
specified from 00C to +750C. Both parts are available in T0-99
cans or dice form.

PINOUT SCHEMATIC

T0-99

2A

TOP VIEWS

OFFSET NULL

INVERTING INPUT

NON-INVERTING ] ouTPUT
INPUT

N V- J OFFSET NULL

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 45.0V Power Dissipation (Note 2) 300mwW

Differential Input Voltage +30.0V Operating Temperature Range:
+15.0V HA-2720  -550C < Tp < +125°C

Input Valtage (Note 1)
ISET (Current at ISET) 500LA
VSET (Voltage to Gnd. at ISET) V+-2.0V < VgeT < V+

HA-2725  09C < Tp < +750¢C
Storage Temperature Range -659C < Tp < +1500C

ELECTRICAL CHARACTERISTICS
V+=+43.0V, V-=-3.0V

HA-2720 HA-2725
-550C to +1259C 0°C to +75°C
ISET = 1.54A ISET = 15UA ISET = 1.54A ISET = 15UA
PARAMETER .| MINJTYP.IMAX.| MIN.|TYP.IMAX.| MIN [TYP. JMINJTYP. [MAX.

INPUT CHARACTERISTICS

*0ffset Voltage 20| 3.0 201! 3.0 20| 5. 20| 5.0
5.0 5.0 . 7.0

Offset Current 051} 3.0 1.0 10 0.5 . 1.0 10
1.5 20 . 20

Bias Current 20| 50 . 20 2.0 . 30
10 40 40

Input Resistance (Note 10) 50 50

Input Capacitance 3.0 . 3.0

TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Note 9) 40K

*Common Mode Rejection Ratio (Note 4)

OUTPUT CHARACTERISTICS

*Qutput Voltage Swing (Note 3)
Output Current (Note 5)
Output Resistance

Output Short-Circuit Current

TRANSIENT RESPONSE
Rise Time (Note 6)

Overshoot (Note 6)

~ Slew Rate (Note 7)

POWER SUPPLY CHARACTERISTICS
Supply Current

*Power Supply Rejection Ratio (Note 8)

*100% Tested For DASH 8
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
V+=+15.0V, V-=-15.0V

HA-2720 HA-2725
-550C to +125°C 09C to +759C
ISET = 1.5U4A ISET = 15UA ISET = 1.5UA ISET = 15UA
PARAMETER .| MINJTYP {MAX.] MIN.|TYP.IMAX.] MIN.|TYP.|MAX.J MIN.|TYP.
INPUT CHARACTERISTICS

*Offset Voltage 20 3.0 2.0 . 20| 5.0 2.0
5.0 . 10

*Offset Current 05| 3.0 1.0 05| 5.0 1.0
75 15

*Bias Current 20| 5.0 . 20| 10
10 10

Input Resistance (Note 10) 50 50

Input Capacitance 3.0 R Ii.(]

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Notes 3 & 9)

*Common Mode Rejection Ratio (Note 4)

OUTPUT CHARACTERISTICS

*Output Voltage Swing (Note 3)
Qutput Current (Note 5)
Output Resistance

Output Short-Circuit Current

TRANSIENT RESPONSE
Rise Time (Note 6)

Overshoot (Note 6)

Slew Rate (Note 7)

POWER SUPPLY CHARACTERISTICS
*Supply Current

*Power Supply Rejection Ratio(Note 8)

NOTES: 1. For supply voltages less than 115.0V, the absolute maximum input voltage is equal to supply voitage.
2. Derate at 6.8mW/°C for operation ambient temperatures above 75°C.

VguppLy = 13.0V VsuppLy = $15.0V IseT = 1.5MA IseT = 15MA
3. T =+25°C and Full T = +25°C R, =75KQ2 R =5K§
— T = Full R_=75KQ R =75KQ)
4. Ve =115V Vem = 5.0V
5. Vg =12.0v Vg = 110.0V
6. Ay =+1,V,\ =400mV, R_=5K,C, =100pF
7. Vg = 2.0V Vo = 110.0V AR =20K R, =5K
8. Av =115V Av = 15,0V
9. Vg =t1.0v Vo = $10.0V

10. This parameter based upon design calculations.
*100% Tested For DASH 8
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+250C, Vg =+15VDC

INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT OFFSET CURRENT
vs. SET CURRENT vs. TEMPERATURE vs. TEMPERATURE

FrEes
$3VSVg<t I8V

T T
1V VG2 1BV

18V

I~

3

Input Bias Current - nA

Input Bias Current - nA
input Offser Current 1A

ISET "
~——

N

IsgT 15 A
——

' 0 509C 25%C 0°C +259C +509C +759C +1009C +1 7890 -500C  259C  09C 250V 507  +750C +100°C ~1259C
Set Current (42A) Temperature Temperature

CHANGE IN OFFSET VOLTAGE INPUT NOISE CURRENT INPUT NOISE VOLTAGE
vs. IgeT (UNNULLED) vs. IgeT vs. IgeT

! £3V S Vg < s18v
1t = 1kHz
23V < Vg < 218V
1 1kHz

3

Chenge in Offset Voltage - mV

Muan Square Noise Current-A2/Hz
Mean Square Noise Voltage- 2/ Hz

3

0

10
Set Cumrent - LA Set Current (LA)

Set Current (LA

INPUT NOISE VOLTAGE AND CURRENT OPTIMUM SET CURRENT FOR MINIMUM
vs. FREQUENCY NOISE vs. SOURCE RESISTOR

+3VEVg<egy

H
I

€y 20gET=1.5 L A) 8 EIRTY

€y liggT=15 LA) 1

Optimum Set Current - LA

Mean Square Norse Voltage -V2/H2
E
3

inllisgT = 15 UA)

i
Mean Squars Nome Current - AZ/Hz

in2liggT = 151

5
]

3
Frequency (Hz)

g
=

o
Source Reustor
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+25°C, Vg =+15VDC

MAXIMUM OUTPUT VOLTAGE SWING GAIN BANDWIDTH PRODUCT

OPEN LOOP VOLTAGE GAIN
vs. LOAD RESISTANCE

vs.Igg T vs. TEMPERATURE

TR T
AT
» 4L
y ISET=15 LA

LI

Vg=e 15V

]
=

Output Voltage - PP

Y

Gain Bandwidth Product - Hz

Open Loop Gam

. \ X | N

100K

500 -259C C 259C  50°C  75°C  100°C 125°C

10K 10
Load Resistance Set Current - LA Temperature

OPEN LOOP VOLTAGE GAIN POWER SUPPLY REJECTION STANDBY SUPPLY CURRENT
vs. IgeT vs. IgeT

Open Loop Gain

Power Supply Rejection - d8

Supply Current - LA

1

10
Set Current- LA

10
Set Current (LA) Set Current - LA

SUPPLY CURRENT vs. NORMALIZED BANDWIDTH
TEMPERATURE vs. TEMPERATURE

I
ISeT = 15LA

{lﬁj"
N

iseT=150A

Supply Current - LA

2
g
H
3
2
g
5
2

Vg =15V

N

A Vg =3V

C 2% C  100°C 12! -50°C  -259C  0°C  +25°C  +50°C +75°C +100°C +12!
Temperature Temoerature
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PERFORMANCE CURVES

SLEW RATE vs. Igg T

PHASE MARGIN vs. SET CURRENT

o1 1 10 100
Set Current (Al

SET CURRENT VS. SET RESISTOR

SUGGESTED
OFFSET NULL

100m

IseT h
100K
o0 Vs 15UA 15 LA
TI5V [ 1IM G L} H
3.0V_| 3.20W5) | 320K %] 1
%OV | ToM 5 | 700KQ
10K Cisv w2 |

TRANSIENT RESPONSE/SLEW RATE CIRCUIT

SLEWING WAVEFORM

VERTICAL. SV/DIV
HORIZONTAL 148101V
IsgT = 100KA
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-2730/35

Wide Range Dual Programmabhle
Operational Amplifier

DESCRIPTION

e WIDE PROGRAMMING RANGE

SET CURRENT

SLEW RATE
BANDWIDTH

BIAS CURRENT
SUPPLY CURRENT

e WIDE POWER SUPPLY RANGE

0.1TO 100A
0.06 TO 6V/us
5kHz TO 10MHz
0.4 TO 50nA
1A TO 1.5mA

+1.2T0 *18v

e CONSTANT AC PERFORMANCE OVER SUPPLY

RANGE

APPLICATIONS

ACTIVE FILTERS

CURRENT CONTROLLED OSCILLATORS

VARIABLE ACTIVE FILTERS

MODULATORS

BATTERY-POWERED EQUIPMENT

HA-2730/2735 Dual Programmable Amplifiers are internally
compensated monolithic devices offering a wide range of perfor-
mance, that can be controlled by adjusting the circuits’" "set”
current (ISET). By means of adjusting an external resistor or
current source, power dissipation, slew rate, bandwidth, output
current and input noise can be programmed to desired levels.
Each amplifier on the chip can be adjusted independently. This
versatile adjustment capability enables HA-2730/2735 to pro-
vide optimum design solutions by delivering the required level
of performance with minimum possible power dissipation.
HA-2730/2735 can, therefore, be utilized as the standard
amplifier for a variety of designs simply by adjusting their
programming current.

A major advantage of HA-2730/2735 is that operating charac-
teristics remain virtually constant over a wide supply range
(¥1.2V to £15V), allowing the amplifiers to offer maximum
performance in almost any system including battery-operated
equipement. A primary application for HA-2730/2735 is in
active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the "set” current, HA-
2730/2735 can be used for designs such as current controlled
oscillators, modulators, sample and hold circuits and variable
active filters.

HA-2730 is guaranteed over -550C to +1250C. HA-2735 is
specified from 00C to +750C. Both parts are available in 14
lead D.1.P. package or dice form.

PINOUT

SCHEMATIC

2-64

TOP VIEW

Package Code 4D

S

IseT [1]

EV+

out [2]
OFFSET {E

(ADJUST) E

"B
[

13] Iser
12] out

E} OFFSET

[10])f (aDusT)

NOTE: Bottom of package is connected to V-.

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.

ars ) a2y

<

a1z) (o9 {an |
" " 7 nin
.
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1 | . v-
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ONLY
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 45,0V Power Dissipation (Note 2) 500mW

Differential Input Voltage +30.0V Operating Temperature Range:

Input Voltage (Note 1) +15.0V HA-2730  -55°C < Tp < +1250C

ISET (Current at IET) 500UA HA-2735 00C < Tp <+75°C

VSET (Voltage to Gnd. at ISET) V+-2.0V < Vggy < v+ Storage Temperature Range -659C < Tp < +1500C

ELECTRICAL CHARACTERISTICS  (Each Side)
V+=+3.0V, V-=-3.0V

HA-2730 HA-2735
-550C to +125°C 09C to +759C
ISET = 1.5UA ISET = 15UA ISET = 1.BUA ISET = 15UA
PARAMETER TEMP. | MIN.JTYP.IMAX.| MIN.|TYP. {MAX.] MINJTYP.|MAX.] MIN.|TYP.|MAX.} UNITS
INPUT CHARACTERISTICS
*Offset Voltage 250C 201 3.0 20| 3.0 20| 5.0 20| 5.0 mV
Fult 5.0 5.0 7.0 7.0 mV
Offset Current 250C 05] 3.0 1.0 10 05] 5.0 1.0 10 nA
Full 15 20 15 20 nA
Bias Current 250C 201 5.0 80| 20 20| 10 8.0 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 250C 50 5 50 5 M
Input Capacitance 250C 3.0 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Notes 3 & 9) | 259C 20K | 40K 20K | 40K 15K | 40K 15K | 40K VIV
Full 15K 15K 10K 10K VIV
*Common Mode Rejection Ratio (Note 4)| Full 80 80 74 74 dB
OUTPUT CHARACTERISTICS
*Output Voltage Swing (Note 3) 250C | +2.0| +2.2 420|422 +20| 2.2 +2.0] 2.2 v
Full +2.0 1.9 +2.0 +2.0 "
Output Current (Note 5) 259C +0.2 +2.0 +0.2 +2.0 mA
Output Resistance 250C 2K 500 2K 500 2
Output Short-Circuit Current 250C 2.8 14 2.8 14 mA
TRANSIENT RESPONSE
Rise Time (Note 6) 250C 25 0.25 25 0.25 us
Overshoot (Note 6) 250C 5 10 5 10 %
Siew Rate (Note 7) 250C 0.07 0.70 0.07 0.70 Vius
POWER SUPPLY CHARACTERISTICS
*Supply Current (Each Amp) 250C 15 170 15 170 UA
Full 20 200 20 200 ) uA
*Power Supply Rejection Ratio(Note 8) Full 100 100 150 150 uVvIv

*100% Tested For DASH 8
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS  (Each Side)
V+=+15.0V, V-=-15.0V

HA-2730 HA-2735
-550C to +125°C 0°C to +75°C
ISET = 1.5UA ISET = 15UA ISET = 1.54A ISET = 15UA
PARAMETER TEMP. | MIN.|TYP.IMAX.] MIN.|TYP.IMAX.| MIN.|TYP.|MAX.| MIN.|TYP.|MAX.
INPUT CHARACTERISTICS

*Offset Voltage 250C 20| 3.0 20| 3.0 20| 5.0 2.0 5.0
Full 5.0 5.0 1.0 7.0

*Offset Current 250C 05] 3.0 1.0 10 0.0 | 5.0 1.0 10
Full 1.5 20 15 20

*Bias Current 250C 201 5.0 01 20 20| 10 0] 30
Full 10 40 10 40

Input Resistance (Note 10) 250C 50 50

Input Capacitance 250C 3.0 . 3.0

TRANSFER CHARACTERISTICS

* Large Signal Voltage Gain (Notes 3& 9) | 25°C
Full

250C

*Common Mode Rejection Ratio (Note 4) Full

OUTPUT CHARACTERISTICS
*Qutput Voltage Swing (Note 3) 250C
' Full
Output Current (Note 5) 250C
Output Resistance 250C

Output Short-Circuit Current 259C

TRANSIENT RESPONSE
Rise Time (Note 6) 250C

Overshoot (Note 6) 250C

Slew Rate (Note 7) 250C

POWER SUPPLY CHARACTERISTICS

*Supply Current (Each Amp) 250C
Full

* Power Supply Rejection Ratio(Note 8) Full 100 100 150 150

NOTES: 1. For supply voltages less than £15.0V, the absolute maximum input voltage is equal to supply voltage,
2. Derate at 4.7mW/°C at ambient temperatures above 68°C.

VguppLy = 13.0V VsuppLy = $15.0V IseT = 1.5MA IsgT = 15MA

3. T=+25°C and Full T=+25°% R, =75KQ R, =5k
— T = Full R, =75k R = 75K}

4. Vo =x1.5V Vem = £5.0V

5. Vo =12.0V Vg = $10.0V

6. Ay =+1, V| =400mV, R =5K, C, =100pF

7. Vg =12.0V Vo = $10.0v RR_=20K R =5K

8. AV =15V Av = 15,0V

9. Vg =11.0v Vg =110.0v

10. This parameter value based upon design calculations.
*100% Tested For DASH 8
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PERFORMANCE CURVES,

UNLESS OTHERWISE NOTED: Tp =25°C, Vg =+15VDC

INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT OFFSET CURRENT
vs. SET CURRENT vs. TEMPERATURE vs. TEMPERATURE

$3VSVg<t I8V

T T
$3VEVg<HIBV

N

Ingut Bias Current - nA

Input Bias Current - nA
Input Offset Current - nA

ISET*
—

~—~

ISET=1.5 LA

0
1 10 C +259C +500C +759C +1009C +1 789C -50°C  -25%C  0OC  +250V  +50°
Set Current (A} Temperature

+750C +100°C +125°C
Temperature

CHANGE IN OFFSET VOLTAGE INPUT NOISE CURRENT INPUT NOISE VOLTAGE
vs. IggT (UNNULLED) vs. IgeT vs. IgET

3V Svg < 218V
= 1kHz

15V2vg 23V S V5 < 418V
1= 1KHz

g
B

€

Change in Offeet Voltage - mV
-

Mean Square Noise Current-A2/Hz
3
]

Mean Square Noise Voltage-V2/Hz

10 D) X X )
Set Cument - Set Currant (A} Set Current (LA}

INPUT NOISE VOLTAGE AND CURRENT OPTIMUM SET CURRENT FOR MINIMUM
vs. FREQUENCY NOISE vs. SOURCE RESISTOR

+3VSVg<+1BV

€y 2(15ET=15 uA)| +3V<Vg<t18V

€§2lIgET=15 LAY

Mean Square Noise Voltage -V2/Hz
Optimum Set Current - LA

in2ligg = 15 MA)

3
3

‘Mean Squars Roiss Curvent - AZ/Hz

inllisgy = 151

1K 10K
Froquancy (Hz)
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =25°C, Vg =+15VDC

MAXIMUM OUTPUT VOLTAGE SWING GAIN BANDWIDTH PRODUCT
vs. LOAD RESISTANCE vs. IgET

1GET=15 A -HH-
» P
v

OPEN LOOP VOLTAGE GAIN
vs. TEMPERATURE

P
~

3
g
=

Output Voltage - PP

S
Gain Bandwidth Product - Hz
Open Loop Gain

3
=

N

20K
100K X 1 10 100 -509C  -259C  0°C  26°C  50°C 75°C  1009C 125°C
Set Current - LA Temperature

10K
Load Resistance

OPEN LOOP VOLTAGE GAIN POWER SUPPLY REJECTION

STANDBY SUPPLY CURRENT
vs. ISET vs. IgET

Open Loop Gain

Power Supply Rejection - dB

Supply Current - LA

L

Set Current- LA

10 10
Set Curront (LA} St Current - LA

SUPPLY CURRENT vs.

NORMALIZED BANDWIDTH
TEMPERATURE

vs. TEMPERATURE

]
1T = 15 1A

Vg =15V

|
%ﬁul
N

- 1sET = 15uA

>

Supply Current - LA
Normalized Bandwidth Referred to +250C
o
@

V=218V
AL

N

A Vs =13V

C 259C S C 1009C  1259C -500C  -25°C  0OC  +25°C +50°C +750C +100°C +12!
Temperature Temperature
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PERFORMANCE CURVES

CHANNEL SEPARATION vs.
FREQUENCY
Vg = 415V N

I5€T = IsET,* 100 uA

N~

SLEW RATE vs. IggT PHASE MARGIN vs. SET CURRENT

Vg 15V .%—

T w

0 100
Set Current - A Set Current { LA}

TYPICAL BIASING CIRCUITS SET CURRENT VS. SET RESISTOR

SUGGESTED
OFFSET NULL

g

Vg =1+

=
2

™

2

N

Channel Separation - db

2
2

Phase Margin
=

Stew Rate - V/ s

100kHz
Frequency

V= 15V

Set Resistor -

10
Set Current { pA)

NOTE: Numbers in parenthsis refer to the second half

TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

/

VERTICAL: 5V/DIV
NOTE: Numbers in parenthsis refer to the second half. HORIZONTAL: 1uS8/01V

IgeT = 100 4A
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SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-2900/04/05

Chopper Stahilized
Operational Amplifier

DESCRIPTION

OFFSET VOLTAGE DRIFT

OFFSET CURRENT DRIFT 1pA/oC
'OPEN LOOP GAIN 5x 108
BANDWIDTH 3MHz
SLEW RATE 2.5V/us
TRUE DIFFERENTIAL INPUTS

0.2uv/0C

APPLICATIONS

HIGH-GAIN DC INSTRUMENTATION
HIGH-ACCURACY WEIGHING EQUIPMENT
BIOMEDICAL AMPLIFIERS

PRECISION INTEGRATORS AND TIMERS

HA-2900/2904/2905 are monolithic chopper-stabilized opera-
tional amplifiers that employ dielectric isolation achieving super-
ior offset drift, extremely low input currents and excellent AC
performance. Input drift is characterized by offset voltage drift
of 0.2 4 V/OC and offset current drift of 1pA/OC. Initial offset
voltage is only 20 uV while offset current is 50pA. These input
specifications make HA-2900/2904/2905 ideally suited to high
accuracy applications such as high-gain DC instrumentation, and
precision integration. The amplifiers can be used to replace
other op amps in designs where much lower errors are required
without external adjustments. 3MHz gain-bandwidth product
makes HA-2900/2904/2905 valuable for processing wide band
signals as well as for low frequency measurements.

In addition to offering high-accuracy performance, these "‘chop-
pers” also offer versatility by virtue of their symmetrical, dif-
ferential inputs which permit operation in any op amp config-
uration — inverting, non-inverting or balanced. These devices
require only three external capacitors for proper operation.

HA-2900 is guaranteed over -550C to +1250C; HA-2904
operates from -250C to +850C; HA-2905 operates from 00C
to +750C. All devices are available in a hermetically sealed
metal can.

PINOUT AND SUGGESTED HOOKUP

FUNCTIONAL DIAGRAM

T0-99

Package Code 2E

TOP VIEW

CAUTION: These devices are sensitive to electrostatic discharge.

2-70 users should fallow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 42.0V Operating Temperature Range -550C <Tp <+125°C (HA-2900)
Differential Input Voltage (Note 1) +15V -250C <Tp <+85°C (HA-2904)
Output Current/Full Short Circuit Protection Storage Temperature Range 09C <Tp <+75°C(HA-2905)

Internal Power Dissipation 300mW* -650C <Tp < +1500C
*Derate by 6.6mW/°C above +105°C

ELECTRICAL CHARACTERISTICS

Test Conditions:  C1=C2=0.14F, C3=1200pF, Vsypply = £15.0V unless otherwise specified.

HA-2900 HA-2904 HA-2905
-550C to +1250C -250C to +85°C 0°C to +75°C

PARAMETER MIN. TYP. MAX. MIN. TYP. | MAX. MIN. TYP. MAX.

INPUT CHARACTERISTICS

Offset Voltage 20 60 20 20

Offset Voltage Average Drift 03 0.6 0.2 . 0.2
Bias Current 150 150 150

Offset Current 50 50 50

Offset Current Average Drift
Input Resistance
Input Capacitance

Common Mode Range

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 2, 5)

Chopper Frequency
Common Mode Rejection Ratio (Note 3)

Gain Bandwidth Product (Note 4)

QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2)

Output Current
Output Resistance

Full Power Bandwidth (Note 5)

TRANSIENT RESPONSE
(NOTES 2, 8, and 9)
Rise Time (Note 6) +250C

Overshoot (Note 6) +250C
Slew Rate (Note 10) +250C

POWER SUPPLY CHARACTERISTICS
Supply Current +250C

Supply Voltage Range Full +12

Power Supply Rejection Ratio (Note 7) +250C 120
Full 110

. Input terminals should be protected against static . Vo = 210V
discharge during handling and installation. Input . Vg = £200mV
voltage should never exceed supply voltages. . AVg = +5V
LRy = 2K . CL =50pF
. Vcm = 5.0V . Ay = +1 See transient response test
. Ay =10 circuits and waveforms, page 4.
. VouT =15V

*100% Tested For DASH 8
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PERFORMANCE CURVES

V+=V-=15VDC, Tp = 25°C UNLESS OTHERWISE STATED
OPEN LOOP FREQUENCY AND

PHASE RESPONSE

INPUT VOLTAGE NOISE

PHASE ANGLE

/

N

~

=

~

Input Noise ( nV/vHz)

Open Loop Voltage Gain dB

1K 1K 10K

Frequency (Hz) Frequency (Hz)

OUTPUT VOLTAGE SWING TYPICAL INPUT CHARACTERISTICS
vs. FREQUENCY vs. TEMPERATURE

[~ VsuppLY = +20V
+=
| VsuppLy = £15V

VsuppLY = £10V

OFFSET VOLTAGE

o=
£
]
@
@
&g
b=
S
>
~
]
m
%
o)
5
x
[
o
a

Input Offset Voltage (uV)

BIAS CURRENT ]
T
OFFSET CURRENT

Input Bias Current, Offset Current (pA)

100K -t - 0 +25 +50
Frequency (Hz) Temperature (°C)

NORMALIZED A.C. PARAMETERS NORMALIZED A.C. PARAMETERS
vs. SUPPLY VOLTAGE vs. TEMPERATURE

B

\ANDWIDTH

RATE

°

to Values at +25°C

to Values at +15V

Normalized Parameters Refered
Normalized Parameters Refered

Fik) 114 215 K3 E3 * +25 +50
Supply Voltage Temperature (°C)
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PERFORMANCE CURVES (continued)

VOLTAGE FOLLOWER
SLEWING WAVEFORM

AN N ITYW

RARILARRIRI

o

F
F

<+
F
gs

WUV IR NI IS T V|
T

Upper Trace: Input: 5V/Div.
Lower Trace: Output; 2V/Div.
Horizontal: 2 S/Div.

VOLTAGE FOLLOWER
TRANSIENT RESPONSE WAVEFORM

HHHHHHHHH]

LS LARAN LRLRI R

IRUTE el

Upper Trace: Input; 100mV/Div.
Lower Trace: Output; 50mV/Div.
Horizontal: 500ns/Div.

SLEW RATE AND

SLEW RATE TRANSIENT RESPONSE TRANSIENT RESPONSE

+5.0V +200mV
INPUT 1 ‘ INPUT ‘ ‘
5.0V o N +

O 0UT

|t -
0% " 4 OVERSHOOT 2KQ
OUTPUT av - Y Yo) P 50pF
save 2 423 90% — L.L L
’ | | ATV SLEW RATE = Av/AT OU;:JT | c1f c2| c3 -
1 i | " )
VY

—al  le—RISETIME

NOTE: Measured on both positive and
negative transitions.

APPLICATION TIPS

(1) Device inputs should be protected against exceeding either sup-  (4) Chopper noise is present chiefly as a common mode input cur-

ply voltage from static discharge or inadvertent connection, par-
ticularly when wired directly to a connector or instrument pan-
el.

rent signal, and may be minimized by matching the impedances
at the two inputs. Random noise may be reduced at the expense
of bandwidth using active or passive filtering.

(2) External capacitors C1, C2, and C3 should have good tempera-  (5) Input frequencies near the chopper frequency (750Hz) o its har-

ture stability, low leakage, and low dielectric absorption. Poly-
styrene (below +859C), teflon types or polycarbonate are
recommended. C3 could also be silver mica -

(3) Particular: care must be exercised in system layout and material

monics may result in small components of difference frequency
in the output. This effect should be checked in the individual
application, and if objectionable, a low pass filter may be added
in series with the input.

and component selection to realize the full performance poten- () When operating at closed loop gains between 70 dB and 140dB,

tial of the HA-2900/2904/2905. External sources of drift error
may include the thermocouple and electrochemical EMF’s gen-
erated at junctions of dissimilar metals, leakage across insulating
materials, static charges created by moving air, and improper
grounding and shielding practices.

. compensation networks may be required, because of open loop

phase shift in this gain region. In most cases, a capacitor placed
in parallel with the feedback resistor to yield a gain-bandwidth
product <2MHz will be sufficient.
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HARRIS HA-4602/4605

A DIVISION OF HARRIS CORPORATION : ” iy I’ P e rfa r m a ” c e
Quad Operational Amplifier

FEATURES DESCRIPTION

LOW OFFSET VOLTAGE 0.3mV

The HA-4602 and HA-4605 are high performance dielec-
HIGH SLEW RATE 4V/us trically isolated monolithic quad operational amplifiers with
WIDE BANDWIDTH 8MHz superior specifications not previously available in a quad
: F V/0C amplifier. These amplifiers offer excellent dynamic perform-
LOWDRIFT 2uvi ance coupled with low values for offset voltage and drift,
FAST SETTLING (0.01%, 10V STEP) 4.2us input noise voltage and power consumption.

LOW POWER CONSUMPTION 35mW/AMP
A wide range of applications can be achieved by using the

SUPPLY RANGE 15V 70 £20v features made available by the HA-4602/4605. With wide
bandwidth (8MHz), low power (35mW/amp), and internal
compensation, these devices are ideally suited for precision
APPLICATIONS active filter designs. For audio applications these amplifiers
offer low noise (8nV/,/Hz) and excellent full power band-
width (60kHz). The HA-4602/4605 is particularly useful
in designs requiring low offset voltage (0.3mV) and drift
HIGH Q, WIDE BAND FILTERS (2 uV/0C), such as instrumentation and signal conditioning
INSTRUMENTATION AMPLIFIERS circuits. The high slew rate (4V/u s) and fast settling time
(4.2 u's to 0.01%, 10V step) makes these amplifiers useful
AUDIO AMPLIFIERS components in fast, accurate data acquisition systems.

DATA ACQUISITION SYSTEMS

The HA-~4602 and 4605's are available in 14 pin CERDIP

INTEGRATORS packages which are interchangeable with most other quad op

ABSOLUTE VALUE CIRCUITS amps. HA-4602 is specified from -550C to +1250C, and
HA-4605 is specified over 00C to +750C range.

TONE DETECTORS

PINOUT SCHEMATIC
Package Code 4U, LA
TOP VIEW
OQut 14 Out (i
. N a2 @ I:
2] 13 L
Inputs 4 Inputs -H‘ M
1 —3- i 4 LD [ 1 M. ;
Wi
ve r-"— V- (G W
5] 10 s
Inputs 3% @;‘: Inputs & a
z L -9_ 3 Nip NI N N
1 M5 L5 M7A]
Out 7 8 Out ’jn @‘ i]
2 3

CAUTION: These devices are sensitive to electrostatic discharge. ONE FOURTH ONLY (HA-4602/4605)

Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+25°C Unless Otherwise Stated Power Dissipation (Note 4) 880mW
Voltage Between V+ and V- Terminals 40.0v Operating Temperature Range

Differential Input Voltage v HA-4602-2 -550C <Tp <+125°C
Input Voltage (Note 2) +15.0v HA-4605-5 00¢c<Tp <+750C
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C <Tp <+150°C

ELECTRICAL CHARACTERISTICS

} - HA-4602-2 HA-4605-5
V+=15V, V- =-15V _550C to +1250C 00C to +75°C

PARAMETER 5 TYP. MAX. . TYP. | MAX.

INPUT CHARACTERISTICS

* Offset Voltage

Av. Offset Voltage Drift
*Bias Current

*Offset Current
Common Mode Range

Input Noise Voltage (f = 1KHz)

Input Resistance

TRANSFER CHARACTERISTICS

* Large Signal Voltage Gain (Note 5)
*Common Mode Rejection Ratio (Note 9)
Channel Separation (Note 6)
Small Signal Bandwidth

OUTPUT CHARACTERISTICS

* Output Voltage Swing (R = 10K)
(RL =2K)
Full Power Bandwidth (Note 5)
Output Current (Note 7)

Output Resistance

TRANSIENT RESPONSE (Note 8)

Rise Time
Overshoot
Slew Rate
Settling Time (Note 10)

POWER SUPPLY CHARACTERISTICS

*Supply Current (i* or 1)
* Power Supply Rejection Ratio (Note 9)

*100% tested for HA1-4602-8
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Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional operability under any of
these conditions is not necessarily implied.

2. For supply voltages less than £15V, the absolute maximum
input voltage is equal to the supply voltage.

3. Any one amplifier may be shorted to ground indefinitely.

4. Derate 5.8mW/0C above Tp = +250C.

VouT =%10V; R = 2K ohms.

Channel separation value is referred to the input of the

amplifier. Input test conditions are: f= 10kHz; V|N =
200mV peak-to-peak; Rg = 1K ohms. (Refer to Channel
Separation vs. Frequency Curve for test circuits.)

7. Output current is measured with VgyT = ¥5 volts.

8. For transient response test circuits and measurement
conditions refer to Test Circuits section of the data sheet.

9. AV =150volts.

10. Settling time is measured to 0.1% of final value for a 10
volt input step, Ay = -1.

TEST CIRCUITS

LARGE SIGNAL =

RESPONSE
CIRCUIT ?
(Volts: 5V/Div., 3
Time: 5us/Div.) 3 ov

ov

HHHHHHH

VERT. 5V/DIV.
HORZ. 5 us/DIV.

+15V
o

+15V -15V

* SHOWN FOR AV =-1. USE 80052 AND R2
4009 FOR AV = -5, AV = -10, RE-
SPECTIVELY.

*

*

THIS IS SUMMING POINT ERROR.
OUTPUT ERROR, ¢, IS GIVEN BY
€ =(1+AV) Ve.

* %% MEASUREMENT IS 5xVe WHEN
GATE INPUT IS “LOW" (-4V). FOR

GATE INPUT "HIGH" (0V), MEA-
SUREMENT IGNORES INPUT (Ve)
SO THAT SCOPE OVERLOAD IS PRE-
VENTED DURING LARGE TRANSI-
TIONS. GATE INPUT SIGNAL IS DE-
LAYED WITH RESPECT TO SIGNAL
INPUT TO ALLOW TIME FOR A. U. T.
SLEWING AND SETTLING TO SMALL
ERROR VOLTAGES.
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SETTLING TIME CIRCUIT

2KQ 50pF

SMALL SIGNAL ouTPUT i
RESPONSE \E
CIRCUIT - &

(Volts: 10mV/Div.,
Time: 50ns/Div.)

—INPUT

HORIZONTAL: 50 NSEC/DIV.
VERTICAL: 10mV/DIV

TO DIFFERENTIAL 0'SCOPE***

—3 10K

511K

v
¢ —l——dv
GATE

-1V J1Ng14
T
5023 INPUTS*
sk TO 0'SCOPE TRIGGER (~)




PERFORMANCE CURVES

V+=+15V, V-=~15V, Tp = +250C Unless Otherwise Stated.

OFFSET VOLTAGE INPUT BIAS AND OFFSET OPEN LOOP FREQUENCY RESPONSE

INPUT BIAS
nA

CURRENT -

INPUT OFFSET
CURRENT - 'nA

PHASE MARGIN

CURRENT VS. TEMPERATURE

3
8

BIAS CURRENT
~~

N

\OFFSET CURR

‘,\

et
|t
1

(TYPICAL)
IVos
IR

+40 +80
TEMPERATURE - °C

SMALL SIGNAL BANDWIDTH AND PHASE
MARGIN VS. LOAD CAPACITANCE

[ ]

l
SE MARGI!

100 1000
LOAD CAPACITANCE - pF

INPUT NOISE VS. FREQUENCY

INPUT NOISE VOLTAGE NVWX

K
FREQUENCY - Hz

[vosl ABSOLUTE OFFSET VOLTAGE - mV

ES ®
UNITY BANDWIDTH - MHz

-

z

INPUT NOISE CURRENT PA

OPEN LOOP VOLTAGE

CHANNEL SEPARATION - d8

GAIN - dB

QUTPUT VOLTAGE SWING - (VOLTS p-p)

10K 100K ™
FREQUENCY —Hz

OUTPUT VOLTAGE SWING
VS. FREQUENCY AND SUPPLY VOLTAGE

N L]

10K 100K
FREQUENCY - Hz

CHANNEL SEPARATION VS. FREQUENCY

1K
FREQUENCY —Hz
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PERFORMANCE CURVES (cont’d.)

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE VS. TEMPERATURE

~
BAMDWIUTH/
A SLEW RATE

SLEWRA BANDWIDTH

NORMALIZED VALUE
REFERRED T0 +250C

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT $15V

h4) 2 * * E 0 +40
SUPPLY VOLTAGE - VOLTS TEMPERATURE - °C

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD POWER SUPPLY CURRENT VS. TEMPERATURE
RESISTANCE AND SUPPLY VOLTAGE AND SUPPLY VOLTAGE

[T111

Vg =+15V H

9
®

20

Vg=*1sv

T
Vs=F10v

L
vg=tsv

s
SUPPLY CURRENT - mA

>
o
z
=
H
w
=}
<
=
ar
=l
>
=
2
&
5
]
x
<
&5
by
o
o
=
<
=
S

IS

o

0
10K - - 0 +40
LOAD RESISTANCE - OHMs TEMPERATURE - 9C

SETTLING TIME VS. OUTPUT SETTLING TIME VS. OUTPUT AMPLITUDE
AMPLITUDE (Ay = -1) AND SIGNAL GAIN (Ay = -5 AND Ay = -10)

a. ey
’ [ [

28 vour = 10V I A
- Ay=-10

3.0

Vour =5V
Ay =-10

Vout = 5V
Ay=-5

=

Vour=2v
Ay=-5

SETTLING TIME, us
SETTLING TIME, us

10 5 o
OUTPUT ERROR VOLTAGE mV OUTPUT ERROR VOLTAGE, mV
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APPLYING THE HA-4602/4605 QUAD OPERATIONAL AMPLIFIERS

POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01 u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

UNUSED OP AMPS: Unused op amp sections should be
connected in a non-inverting follower configuration with

the (+) input tied to ground in order to insure optimum
performance of devices being used.

In high frequency applications where large value feed-
back resistors are used, a small capacitor (3pF) may be
needed in parallel with the feedback resistor to neutralize
the pole introduced by input capacitance.

APPLICATIONS

2ND ORDER STATE VARIABLE FILTER (1kHz, Q = 10)

C1

p—OHI PASS

R2
r———
5K 147K
A

I

—-O BAND PASS

The state variable filter is relatively insensitive to component
changes (changes can be adjusted out with potentiometers)
and also has low sensitivity to amplifier bandwidths. (Amplifier
gain bandwidth product should be >>Q x fg). The bandwidth
criteria will determine whether a general purpose op amp like
Harris HA-4741 or the wide band HA-4602/4605 should
be used.

This filter finds wide application because multiple filtering
functions are available simultaneously (High pass, Lo pass,
Band pass, Band reject). In this circuit the various RC products
are matched with pot adjustments allowing for non-interactive

NOTES: 1. MAKE R1C1=R2C2

|
|
|
|
|
)—O | B 1
BAND : 2.fe= 2mRich
|
|
[
|

REJECT 3'0=1/2(1+%§)

(OPTIONAL)
-

adjustment of Q and fg. This allows capacitors (Cq, C2) with
loose tolerances to be used. To tune for fg, apply a sine wave
at fg to the input, adjust R1 for equal amplitudes at the Hi pass
and Band pass terminals (they will be phased 900 apart) then
adjust R for equal amplitudes at the Band pass and Lo pass
terminals.

The state variable filter is often used as building blocks in
multiple pole Butterworth of Chebyshev filters. Many references
contain normalized tables indicating settings for Q and fg of
each pole- pair section.
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APPLICATIONS (continued)

SALLEN AND KEY 2ND ORDER LO PASS FILTER

NOTES:

1. Make R1=R2

1
2. fe=5 o Fr—
I ouT 27TR1,/C1C2
[ p O

3 a=% /&2

1

The advantage of using the Sallen and Key filter is simplicity,
but in any application this must be weighed against the state-
variable type filter for accuracy, practicality, and cost. Amp-
lifier bandwidth limitations are much more apparent at moderate
frequencies and Q values with this filter design. (For accuracy,
amplifier gain-bandwidth product should be>>fg x Q2). The
wide bandwidth of the HA-4602/4605 is particularly advan-
tageous in this design even at audio frequencies.

C1q

In this filter all component values affect both Q and fg. Pre-
cision, temperature stable resistors and capacitors must be used.

For economy, this filter could be used in the low Q stages
of multiple-pole filter design, while the state variable type is
used in the more critical stages.

INSTRUMENTATION AMPLIFIER

Instrumentation amplifiers (differential amplifiers) are specif-
ically designed to extract and amplify small differential signals
from much larger common mode voltages.

To serve as building blocks in instrumentation amplifiers, op
amps must have very low offset voltage drift, high gain and wide
bandwidth. The HA-4602/4605 is ideally suited for this appli-

Gan =1 +B1) (B4
R2/ \ R3

cation, delivering superior input and speed characteristics.

The optional circuitry makes use of the fourth amplifier section
as a shield driver which enhances the AC common mode re-
jection by nullifying the effects of capacitance-to-ground
mismatch between input conductors.



HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-4622/4625

Wide Band, High Performance
Quad Operational Amplifier

DESCRIPTION

® Wide Gain Bandwidth Product
High Slew Rate
Low Offset Voltage
Fast Settling (0.01%, 10V Step)
Total Harmonic Distortion
Low Drift
Low Power Consumption

Supply Range 15V to

70MHz
*20V /s
0.3mV

2.5us

<.01% to 30kHz
2uv/0C
35mW/Amp

20v

APPLICATIONS

High Q Wide Band Filters

Pulse Amplifiers

Data Acquisition Systems
Absolute Value Circuits
Video and R.F. Amplifiers

°
.
® Audio Amplifiers
.
°
.

The HA-4622 and HA-4625 are wide band quad operational amplifiers
featuring high slew rate, wide bandwidth and fast settling time speci-
fications complemented by low input offset voltage, low drift and
input noise voltage.

These dielectrically isolated devices are optimized to offer excellent
features suitable for applications where a gain of 10 or greater is to be
used. The 35mW/amp and a 70MHz gain-bandwidth-product make
these monolithic amplifiers valuable components for many active filter
circuits. HA-4622/4625 offer 0.3mV offset voltages and 2 uV/0C
offset voltage drift for very accurate signal conditioning designs. In
high performance audio applications, these amplifiers deliver 260kHz
full power bandwidth and 8nV/ \/Tz- noise voltage. For fast accurate
data acquisition systems HA-4622/4625 offer 20Vus slew rate and
settling time of 2.5 usecs to 0.1% 10V step.|

HA-4622 and HA-4625 are available in 14 pin CERDIP packages and
are interchangeable with most other quad op amps. HA-4625 is also
available in chip form. The HA-4622 specifications are given for oper-
ation from -550C to +1250C while HA-4625 is specified for operation
over the 00C to +750C range.

PINOUT

SCHEMATIC

Package Code 4U

TOP VIEW

ploloiololals

CAUTION: These devices are sensitive
to electrostatic discharge.

cl

ONE FOURTH ONLY - HA-4622/4625
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated. Power Dissipation (Note 4) 880mW
Voltage between V+ and V- Terminals 40.0v Operating Temperature Range

Differential Input Voltage . +v HA-4622-2 -550C < Tp <+1250C
Input Voltage (Note 2) , 2150V HA-4625-5 ' 00C < Tp < +750C
Output Short Circuit Duration (Note 3) ‘Indefinite Storage Temperature Range -650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS

HA-4622-2 HA-4625-5

V+ =15V, V-=-15V _550C to +1250C 00C to +750C

PARAMETER MIN TYP MAX TYP
INPUT CHARACTERISTICS

*Offset Voltage

Av. Offset Voltage Drift

*Bias Current
*Offset Current

Common Mode Range
Input Noise Voltage (f = 1kHz)
Input Resistance

TRANSFER CHARACTERISTICS

*Large Signal Voltage Gain (Note 5)
*Common Mode Rejection Ratio (Note 6)
Channel Separation (Note 7)
Gain Bandwidth Products (Note 8)
OUTPUT CHARACTERISTICS

*Qutput Vé!tage Swing (R = 10K)
(RL =2K)

Full Power Bandwidth (Note 9)
Output Current (Note 10)
Output Resistance

TRANSIENT RESPONSE (Note 11)

Rise Time

Overshoot

Slew Rate

Settling Time (Note 12)

POWER SUPPLY CHARACTERISTICS

*Supply Current (i+ or I-)
*Power Supply Rejection Ratio (NOTE 6)

*100% tested for HA1-4622-8
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. Absolute maximum ratings are limiting values, applied individ-
ually, beyond which the serviceability of the circuit may be
impaired. Functional operability under any of these condi-
tions is not necessarily implied.

. For supply voltages < * 15V, the absolute maximum input
voltage is equal to the supply voltage.

. Any one amplifier may be shorted to ground indefinitely.
. Derate 5.8mW/0C above Tp = +250C.

VouT =+10V, R =2KQ
. AV=2150V.

. Channel separation value is referred to the input of the ampli-

fier. Input test conditions are: f = 10kHz; VN = 200mV
peak to peak; Rg = 1kQ . (Refer to Channel Separation vs.
Frequency Curve for test circuits.)

. Ay =10; R|_=2K; C <10pF.

. Full power bandwidth is guaranteed by equation:

Full power bandwidth = Slew Rate
27TV Peak

. Output current is measured with VoyT =2 5V.
. Refer to Test Circuits section of the data sheet.

. Setting time is measured to 0.1% of final value for a 1 voit

input step, and Ay = -10.

TEST CIRCUITS

OUTPUT B

LARGE AND SMALL
SIGNAL RESPONSE CIRCUIT

INPUT A

T

[ARIERREIReeT! NUTI

B

LAASRARRIARALSARAS

[EUTI FTUTE FURTE IUTY

VOLTS: Input A: .5V/Div., Output B: 5V/Div.
TIME: 500ns/Div.

—O out

~ 5O0pF

e

OUTPUT B

prHH

b

i

[SUTINURRIETETIINNE: . NUTIINTT) IT)

VOLTS: Input A: .01V/Div., OQutput B: 50mV/Div.
TIME: 50ns/Div.

SETTLING TIME CIRCUIT

TO OSCILLOSCOPE AV =-10

Feedback and summing resistors
should be 0.1%.

* Clipping diodes are optional.
HP 5082-2810 recommended.




TYPICAL PERFORMANCE CURVES

V+=+15V, TA = +250C Unless otherwise stated.

OFFSET VOLTAGE INPUT BIAS AND
OFFSET CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE

=0 17 20 LTI
T

ML o2 T

I il
A

I a1

I

N

BIAS CURRENT
N

INPUT BIAS
CURRENT - NA
b

Y

lVos[ ABSOLUTE OFFSET VOLTAGE - mV

I

1S AT R
M1 N A
IllllllllllIIHII N L
1 AT R SR
M0 A NI
[T TTA NN

10K 100K M 1oM  100M
FREQUENCY - Hz

°

\\:FFSET CURRENT
— /
| —t

I

o
®
PHASE (DEGREES)

OPEN LOOP VOLTAGE GAIN - dB

et
LY

INPUT OFFSET
CURRENT - NA

[vos| (TYPICAL)

|
s 8

&
3

o +40
TEMPERATURE oC

SMALL SIGNAL BANDWIDTH AND PHASE OUTPUT VOLTAGE SWING VS.
MARGIN VS. LOAD CAPACITANCE ‘ FREQUENCY AND SUPPLY VOLTAGE

Tl “ T I
il

*10v

il

Ay =10
RL =

: 1K 10K 100K
\ FREQUENCY - Hz

CL = 50pF
LOAD CAPACITANCE - pF

|

g

o

]
T

VOLTS PEAK-TO-PEAK

QUTPUT VOLTAGE SWING -

3 &
~ w
GAIN BANDWIDTH - MHz

o
o
I}
4
]
o
o
)
z
I}
4
<
3
w
&
<
T
z

-

§

INPUT NOISE VS. FREQUENCY CHANNEL SEPARATION VS. FREQUENCY

& 2

2
<
>

»
G

Vo1

INPUT NOISE VOLTAGE NV(/Rz’
o 8 &
~ w

INPUT CURRENT NOISE PA(ffiz’

€.S5.=20 LOG

100K

= o
=
=

CC)

K
FREQUENCY - Hz

CHANNEL SEPARATION - dB

1K
FREQUENCY - Hz
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TYPICAL PERFORMANCE CURVES (Cont'd)

TOTAL HARMONIC DISTORTION (THD) - %

w
E
R
2
ar
w
NQ
Je
F3
w
g5
zx

SUPPLY CURRENT - mA

TOTAL HARMONIC DISTORTION
VS. FREQUENCY

1K ~ 10K
FREQUENCY - Hz

NORMALIZED AC PARAMETERS
VS. TEMPERATURE

\

—

SLEW RATE

BANDWIDTH

+40 +80
TEMPERATURE °C

POWER SUPPLY CURRENT VS.
TEMPERATURE AND SUPPLY VOLTAGE

+40 +80
TEMPERATURE °C

PEAK-TO-PEAK OUTPUT VOLTAGE SWING - VOLTS

SETTLING TIME - KS

NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE

—
L~

/ SLEWRATE
|

t8 *12
SUPPLY VOLTAGE - VOLTS

NORMALIZED AC PARAMETERS
REFERRED TO VALUES AT £15V

MAXIMUM OUTPUT VOLTAGE SWING VS.
LOAD RESISTANCE AND SUPPLY VOLTAGE

Vs=16v ]

L

1K 10K
LOAD RESISTANCE - OHMS

00K

SETTLING TIME VS.
OUTPUT AMPLITUDE (Ay = -10)

[ Vour=5v

Vout=2v
1

10
OUTPUT ERROR VOLTAGE - mV
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APPLYING THE HA-4622/4625

1. POWER SUPPLY DECOUPLING: Although not absolutely vices being used.
necessary, it is recommended that all power supply lines be
decoupled with .01MF ceramic capacitors to ground. Decoup- . In high frequency applications where large value feedback
ling capacitors should be located as near to the amplifier term- resistors are used, a small capacitor (3pF) may be needed in
inals as possible. If several amplifier sections are connected in parallel with the feedback resistor to neutralize the pole intro-
series, it is recommended that every third or fourth section be duced by input capacitance.
decoupled.
. When driving heavy capacitive loads (> 100pF), a small value
. UNUSED OP AMPS: Unused op amp sections should be conn- resistor should be connected in series with the output and
ected in a non-inverting Ay = 10 configuration with the (+) inside the feedback loop.
input tied to ground in order to optimize performance of de-

APPLICATIONS

SUGGESTED METHODS FOR OFFSET NULLING
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER

R1

OUTPUT
NON-INVERTING AND v+ INPUT R2
O INVERTING AMPLIFIERS - OUTPUT
—Q

< %
S R1 RANGE OF ADJUSTMENT

DETERMINED BY PRODUCT RS R4 200K ‘:““

OF VSUPPLY AND R3/R4 RATIO 50K

Ay=1+ _R1 R3
RZ+R3 Ve "A510082

R4 R3
200KS2 ~1002 =

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY
INVERTING NON-INVERTING

SpF**

l i o OUTPUT
—O

10KS2 HA-48:

5pF**
OUTPUT I
—O0 10KQ

* VALUES WERE DETERMINED
EXPERIMENTALLY FOR
OPTIMUM SPEED AND
SETTLING TIME

** OPTIONAL

LARGE SIGNAL RESPONSE

INPUT A

INPUT A

OUTPUT B

NETY SUCIIUTVINEY

MAARSRSos ARy AALS S
+
4+

IPETIEVETE ITATEIOT
HHHHHHHH
I, o

TS . NURIERETUFUUTI RN

1280 LARRIRARIANAAR  RARIAARARRRRNERA]

OUTPUT B

JUETE EVETY I

VOLTS: Input A: 5V/Div., Output B: 2V/Div.
TIME: 1us/Div.
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-4741

Quad Operational Amplifier

DESCRIPTION

SLEW RATE
BANDWIDTH

INPUT VOLTAGE NOISE
INPUT OFFSET VOLTAGE
INPUT BIAS CURRENT
SUPPLY RANGE

NO CROSSOVER DISTORTION
o STANDARD QUAD PIN-OUT

1.6V/us (TYP.)
3.5MHz (TYP))
InVyHz (TYP.)
0.5mV (TYP.)
60nA (TYP))
12V TO +20V

APPLICATIONS

e UNIVERSAL ACTIVE FILTERS
e D3 COMMUNICATIONS FILTERS
AUDIO AMPLIFIERS

BATTERY-POWERED EQUIPMENT

The HA-4741, which contains four amplifiers on a monolithic
chip, provides a new measure of performance for general purpose
operational amplifiers. Each amplifier in the HA-4741 has
operating specifications that equal or exceed those of the 741-
type amplifier in all categories of performance.

HA-4741 is well suited to applications requiring accurate signal
processing by virtue of its low values of input offset voltage
(0.5mV), input bias current (60nA) and input voltage noise
(9nV/ /Hz at 1kHz). 3.5MHz bandwidth, coupled with high
open-loop gain, allow the HA-4741 to be used in designs requir-
ing amplification of wide band signals, such as audio amplifiers.
Audio application is further enhanced by the HA-4741's neg-
ligible output crossover distortion. These excellent dynamic
characteristics also make the HA-4741 ideal for a wide range of
active filter designs. Performance integrity of multi-channel
designs is assured by a high level of amplifier-to-amplifier
isolation (108dB at 1kHz).

A wide range of supply voltages (£2V to £20V) can be used to
power the HA-4741, making it compatible with almost any
system including battery-powered equipment.

The HA-4741 has guaranteed operation gver -550C to +1250C
and can be furnished to meet MIL-STD-883 (HA-4741-8).
The HA-4741-5 is guaranteed over 00C to +750C and is avail-
able in ceramic and plastic dual-in-line packages and in dice
form.

PINOUT

Package Code 4U, 3M, LA

TOP VIEW

O;J(E S ﬂ(}:t
Inputs Eﬁl E] Inputs
1 [31 t@] 4
v*-[a Eﬂ V-
Inputs E E Inputs
G of
ozm ",_ T‘lo;t

QUAD OP AMP

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg..14.

SCHEMATIC
® -0+
L pro Vo
G.C] K 1
pd ™
J_‘BJ R
> N
= a1
Bo T . o

(%) HA-4741
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Power Dissipation For

Ta =+259C Unless Otherwise Stated Epoxy Package. (Note 3) 880mW
Voltage Between V+ and V- Terminals 40.0v Operating Temperature Range
Differential Input Voltage 130.0v HA-4741-2 -550C<TA<+1250C
Input Voltage (Note 1) *15.0v HA-4741-5 00C<TA<L+750C
Output Short Circuit Duration (Note 2) Indefinite Storage Temperature Range -650C <TA<+1500C
ELECTRICAL CHARACTERISTICS
HA-4741-2 HA-4741-5
V+ =18V, V- =~ 15V -550C to +1250C 00C to +750C
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS
INPUT CHARACTERISTICS
* Dffset Voltage +250C 0.5 3.0 1.0 5.0 mV
Full 4.0 5.0 5.0 6.5 mV
Av. Offset Voltage Drift Full 5 5 uv/oc
* Bias Current +250C 60 200 60 300 nA
Full 325 400 nA
* Offset Current +250C 15 30 30 50 nA
Full 75 100 nA
Common Mode Range Full 12 2 \'
Differential Input Resistance +250C 5 5 M
Input Noise Voltage (f = 1KHz) +250C 9 9 nV/ /Hz
TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 4) +250C | 50K 100K 25K 50K A%
Full 25K 15K VIV
* Common Mode Rejection Ratio (Note 8) +250C | 80 80 d8
Full 4 74 dB
Channel Separation (Note 5) +250C 90 -108 90 -108 dB
Small Signal Bandwidth +250C | 25 35 25 35 MHz
OUTPUT CHARACTERISTICS
* Qutput Voltage Swing (R = 10K) Full 12 137 12 137 v
(R =2K) Full 10 1125 10 1125 Vv
Full Power Bandwidth (Notes 4 & 9) +250C 14 25 14 25 kHz
Output Current (Note 6) Full 15 15 15 15 mA
Output Resistance +250C 300 300 Q
TRANSIENT RESPONSE (Notes 7 &10) .
Rise Time (Note 11) +250C 15 140 75 140 ns
Overshoot (Note 11) +250C 25 40 25 40 %
Slew Rate (Note 12) +250C 116 16 Viys
POWER SUPPLY CHARACTERISTICS
* Supply Current (I* or 19 +250C 5.0 7.0 mA
* Power Supply Rejection Ratio (Note 8) Full 80 80 dB
NOTES: 1. For supply voltages less than £ 15V, the absolute 7. See pulse response characteristics
maximum input voltage is equal to the supply 8. Av =150V
voltage. 9. Full power bandwidth guaranteed based upon
. One amplifier may be shorted to ground indefinitely. slew rate measurement FPBW = S.R./2T Vpeak
. Derate 5.8mW/°C above Tp = +25°C. 10.R_ = 2K, C_= 50pf.

VouT =1o, R =2K

. Referred to input; f = 10KHz, Rg = 1K
B VOUT =*10

2-88 *100% Tested for DASH 8.

11.VoyT = x200mV
12, Voyt =15V
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PERFORMANCE CURVES

V+=+15V, V- = =15V, Ta = +250C
Unless Otherwise Stated.

OUTPUT VOLTAGE SWING
VS. FREQUENCY

OPEN LOOP FREQUENCY RESPONSE = il

=415V
g =¥ 10V

BN
Vg =5V

TSN
A0 N IIIJII ]
ailm IS lllllllllllilllllllll

S LI [T san I 1T
TN

QUTPUT VOLTAGE SWING - (VOLTS p-p)

(VOLTAGE FO|
Ry = OPEN
= S0pF

OPEN LOOP VOLTAGE GAIN-dB

10K
FREQUENCY - Hz FREQUENCY - Hz

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS.SUPPLY VOLTAGE VS. TEMPERATURE

[ |

T T
BANDWIDT’N/

RATE
ANOWIDTH

NORMALIZED A. € PARAMETERS
REFERRED TO VALUE AT * 15V
NORMALIZED VALUE REFERRED TO *25°C

t * + - - +2
SUPPLY VOLTAGE TEMPERATURE - °C

SMALL SIGNAL BANDWIDTH AND PHASE

INPUT NOISE VS. FREQUENCY
MARGIN VS. LOAD CAPACITANCE

Hz)

VOLTAGE

s

PHASE MARGIN

NOISE VOLTAGE (nV/,
UNITY BANOWIDTH —Hz

INPUT NOISE CURRENT (PA/, /i)

NOISE CURRENT

|

0 - 0
I3 10K 1000 X 100,000
LOAD CAPACITANCE -pF

FREQUENCY - Hz
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PERFORMANCE CURVES (cont’d.)

MAXIMUM OUTPUT VOLTAGE
CHANNEL SEPARATION VS. FREQUENCY SWING VS. LOAD RESISTANCE

w
S

~
o

~
S

>

=

o

CHANNEL SEPARATION dB
PEAK-TO-PEAK OUTPUT VOLTAGE SWING -V
&

FREQUENCY —Hz

1K 10K
LOAD RESISTANCE - OHMS

INPUT BIAS AND OFFSET CURRENT POWER CONSUMPTION
VS. TEMPERATURE VS. TEMPERATURE

Vg =t15v

~aA

Vg =t10v

z
&
=
3
E
3

POWER CONSUMPTION-mW

URRENT

25 +50 - - +25 +50
TEMPERATURE - °C TEMPERATURE-0C

PULSE RESPONSE

TRANSIENT RESPONSE/SLEW SLEW RESPONSE TRANSIENT RESPONSE
RATE CIRCUIT (Volts: 5Y/Div, Time: 5 U$/Div) (Volts: 40mV/Div., Time: 100ns/Div.)

A i

200mV
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F e Smratos HA-4900/4905

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

Precision Quad Comparator

FEATURES DESCRIPTION

FAST RESPONSE TIME " .
The HA-4900/4905 are monolithic, quad, precision compar-

LOW OFFSET VOLTAGE ators offering fast response time, low offset voltage, low
LOW OFFSET CURRENT offset current, and virtually no channel-to-channel crosstalk
for applications requiring accurate, high speed, signal level
SINGLE OR DUAL-VOLTAGE SUPPLY detection. These comparators can sense signals at ground

OPERATION level while being operated from either a single +5 volt supply
SELECTABLE OUTPUT LOGIC LEVELS (digital systems) or from dual supplies (analog networks) up
to +15 volts. The HA-4900/4905 contains a unique current
ACTIVE PULL-UP/PULL-DOWN OUTPUT driven output stage which can be connected to logic system

CIRCUIT - NO EXTERNAL RESISTORS supplies (V| ggic+ and Vi qgic-) to make the output levels

REQUIRED directly compatible (no external components needed) with
any standard logic or special system logic levels. In com-
APPLICATIONS bination analog/digital systems, the design employed in the
HA-4900/4905 input and output stages prevents trouble-
some ground coupling of signals between analog and digital
portions of the system.

THRESHOLD DETECTOR These comparators’ combination of features makes them

ZERO-CROSSING DETECTOR ideal components for signal detection and processing in data
WINDOW DETECTOR acquisition systems, test equipment, and microprocessor/

analog signal interface networks.
ANALOG INTERFACES FOR MICROPROCESSORS
HIGH STABILITY OSCILLATORS Both devices are available in 16 pin dual-in-line ceramic
packages. The HA-4900 operates from -550C to +1250C
LOGIC SYSTEM INTERFACES and the HA-4905 operates over a 00C to +750C temper-
ature range.

PIN OUT SCHEMATIC
Package Code 4Z

Top View

ViogicH

Viogict)

viosict)

| m
Wt

BAIS 2
10 ?—
n ® « i 7
9 Bus T

One Fourth Only (HA-4900/4905)
CAUTION: These devices are sensitive to electrostatic discharge. 2-91
Users should follow IC Handling Procedures specified on pg. 1-4. ’

_1 Vioaicl-)




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+ and V- 33v
Voltage Between V[ qgic(+) and V| ggic(-} 18V
Differential Input Voltage t15v
Peak Qutput Current 150mA
Internal Power Dissipation(Note 7, 8) i 880mw
Storage Temperature Range -650¢ < Tp <1500C

2-92

ELECTRICAL CHARACTERISTICS (Note9)

V4 = +15.0V

V- =-15.0V
Viogiclt) = 5.0V
VLagic-) = GND. HA-4900 HA-4305
-550C to +1250C 00C to +750C

PARAMETER . 5 TYP. MAX. . TYP.

INPUT CHARACTERISTICS
Offset Voltage (Note 2)

Offset Current

Bias Current (Note 3)

Input Sensitivity (Note 4)

Common Mode Range

TRANSFER CHARACTERISTICS
Large Signal Voltage Gain

Response Time (Tpdg)(Note 5)
Response Time (Tpg 1)(Note 5)
OUTPUT CHARACTERISTICS

* Qutput Voltage Level
Logic “Low State” (Vg )(Note6)
Logic “High State” (Vgy)(Note6)
Output Current
ISink
ISource
POWER SUPPLY CHARACTERISTICS

* Supply Current, Ips(+)

* Supply Current, Ipg(-)

* Supply Current, Ips(Logic) (Note 10)
Supply Voltage Range

Viogict+) (Note 7)
VL ogic(-) (Note 7)

*100% tested for HA1-4900-8.




Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied.

Minimum differential input voltage required to ensure
a defined output state.

Input bias currents are essentially constant with differ-
ential input voltages up to X9 volts. With differential
input voltages from 9 to *15 volts, bias current on
the more negative input can rise to approximately
500 uA.

Rs < 200 ohms. Input sensitivityis the differential
voltage required at the input to make the output change
state, after the offset has been nulled.

See Test Circuit below.

For Voy and VoL: ISink-=3.5mA, ISgurce = 3.0mA.
For other values of V| ggic; VOH (min.) = Viogic +
-1.5V.

Total Power Dissipation (T.P.D.) is the sum of individ-
ual dissipation contributions of V+, V- and V| ggic
shown in curves of Power Dissipation vs. Supply Volt-
ages (see page 5 ). The calculated T.P.D. is then located
on the graph of Maximum Allowable Package Dissipa-
tion vs. Ambient Temperature (see page 5 ) to deter-
mine ambient temperature operating limits imposed by
the calculated T.P.D.. For instance, the combination
of +15V, 15V, +5V, OV (V+, V-, VLogict. VLogic)
gives a T.P.D. of 350mW which allows operation to
+1250C; the combination +15V, ~15V, +15V, OV gives
a T.P.D. of 450mW and an operating limit of Tp =
+950C.

Derate by 5.8mW/0C above Tp = +750C.

Electrical characteristics are guaranteed only under
supply conditions shown.

. Supply current (Logic) is guaranteed under either

lagic high or low state.

RESPONSE TIME TEST CIRCUITS

OVERDRIVE

100mV

4

OUTPUT

OVERDRIVE

r=Tpd(1)

T=0

Input and output voltage waveforms for various input overdrives is shown on page 5.




PERFORMANCE CURVES

V+ =16V, V- = -15V, V| ggjcl+) = 5.0V, V ggicl-) = 0V, TA =+250C, Unless Otherwise Stated.

INPUT BIAS CURRENT vs. TEMPERATURE INPUT OFFSET CURRENT vs. TEMPERATURE

INPUT BIAS CURRENT, (nA)

INPUT OFFSET CURRENT, (nA)

0 25 50 E - 0 25 50
TEMPERATURE, (°C) TEMPERATURE, (oC)

INPUT BIAS CURRENT vs. COMMON MODE INPUT VOLTAGE
(VDIFF. =0V)

<
£
=
=
by
=
3
3
=]
a
<
=
-
]
g
z

-3
COMMON MODE INPUT VOLTAGE

SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
FOR *15V SUPPLIES AND +5V LOGIC SUPPLY FOR SINGLE +5V OPERATION

T
V+=50V

ViLogicH) = 5.0V
V-=Vigicl-) = GND

IpsL
Vour=H

V-= 150V
Ipg+ VioGIc(+) =5.0v
Vour=L] Vioeic(- = GND

—

lps+
Vour=H

Ips-
Vout=tL

SUPPLY CURRENT, (mA)

™~
e

SUPPLY CURRENT, (mA)

ips-
vouT=H

IpsL
Vour=L

IpsL
Vout=H

L
-50 -25 0 25 50 % 100 125 -50 25 2% o 5 100 125
TEMPERATURE, (0C) TEMPERATURE, (°C)
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PERFORMANCE CURVES (continued)

H
£
z
2
=
H
2
a
w
-]
<
<
S
<
£

RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES

ERDRIVE = 20mV
v
= Smlv

/,=2mv

200
TIME ns

MAXIMUM PACKAGE DISSIPATION
vs. TAMBIENT

11T
| MAXIMUM ALLOWABLE PACKAGE
DISSIPATION (SEE NOTE 7)

50 75
AMBIENT TEMPERATURE, oC

OVERDRIVE = 20mV.
'

= 5:nv\
=2mV.

Vi

200

TIME ns

MAXIMUM POWER DISSIPATION vs. SUPPLY VOLTAGE
(NO LOAD CONDITION)

1
8

v+

B

g

g

POWER DISSIPATION, (mW)

V.
L1
|

Viogict)
11

10 12
SUPPLY VOLTAGE, (VOLTS)

APPLYING THE HA-4900/4905 COMPARATORS

SUPPLY CONNECTIONS: This device is exceptionally
versatile in working with most available power supplies.
The voltage applied to the V+and V- terminals determines
the allowable input signal range; while the voltage applied
to the Vi + and V|- determines the output swing. In
systems where dual analog supplies are available, these
would be connected to V+ and V-, while the logic supply
and return would be connected to V[ ggic* and Vi ggic-
The analog and logic supply commons can be connected
together at one point in the system, since the comparator
is immune to noise on the logic supply ground. A negative
output swing may be obtained by connecting V| + to
ground and V| _ to a negative supply. Bipolar output
swings (15V P-P, max.) may be obtained using dual sup-
plies. In systems where only a single logic supply is avail-
able (+5V to +15V), V+ and V| ggjc+ may be connected
together to the positive supply while V- and V| ggic-
are grounded. If an input signal could swing negative with
respect the V- terminal, a resistor should be connected in
series with the input to limit input current to < 5mA
since the C-B junction of the input transistor would be
forward biased.

UNUSED INPUTS: Inputs of unused comparator sections
should be tied to a differential voltage source to prevent

output "‘chatter”.

CROSSTALK: Simultaneous high frequency operation of
all other channels in the package will not affect the output
logic state of a given channel, provided that its differential
input voltage is sufficient to define a given logic state
(AVIN > tVgg). Low level or high impedance input lines
should be shielded from other signal sources to reduce
crosstalk and interference.

POWER SUPPLY DECOUPLING: Decouple all power
supply lines with .01 u F ceramic capacitors to a ground
line located near the package to reduce coupling between
channnels or from external sources.

RESPONSE TIME: Fast rise time ( < 200ns) input pulses
of several volts amplitude may result in delay times some-
what longer than those illustrated for 100mV steps. Oper-
ating speed is optimized by limiting the maximum differ-
ential input voltage applied, with resistor~diode clamping
networks.
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APPLICATIONS
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COMPARATORS

MICROPROCESSOR

INTERFACE J

ANALOG INPUT MODULE PROCESSOR

DATA ACQUISITION SYSTEM
In this circuit the HA-4900/4905 is used in conjunction with a D to A converter to form a simple, versatile, multi-channel analog
input for a data acquisition system. In operation the processor first sends an address to the D to A, then the processor reads
the digital word generated by the comparator outputs.

To perform a simple comparison, the processor sets the D to A to a given reference level, then examines one or more comparator
outputs to determine if their inputs are above or below the reference. A window comparison consists of two such cycles with
2 reference levels set by the D to A. One way to digitize the inputs would be for the processor to increment the D to A in steps.
The D to A address, as each comparator switches, is the digitized level of the input. While stairstepping the D to A is slower than
successive approximation, all channels are digitized during one staircase ramp.

+5V to +16V

TTL TO CMOS CMOS TO TTL

LOGIC LEVEL TRANSLATORS
The HA-4900/4905 comparators can be used as versatile logic interface devices as shown in the circuits
above. Negative logic devices may also be interfaced with appropriate supply connections.

If separate supplies are used for V- and V| ggic-, these logic level translators will tolerate several volts of
ground line differential noise.
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APPLICATIONS (continued)

IN 4001's

RS-232 TO CMOS LINE RECEIVER
This RS-232 type line receiver to drive CMOS logic uses a
Schmitt trigger feedback network to give about 1 volt input
hysteresis for added noise immunity. A possible problem in
an interface which connects two equipments, each plugged
into a different AC receptacle, is that the power line voltage
may appear at the receiver input when the interface connect-
ion is made or broken. The two diodes and a 3 watt input
resistor will protect the inputs under these conditions.

OSCILLATOR/CLOCK GENERATOR

This self-starting fixed frequency oscillator circuit gives
excellent frequency stability. Rq and Cq comprise the
frequency determining network while Ry provides the
regenerative feedback. Diode D1 enhances the stability by
compensating for the difference between Vi and Vsupply.
In applications where a precision clock generator up to
100kHz is required, such as in automatic test equipment,
C1 may be replaced by a crystal.

+15V
vee

| S
|
I

+

HI REF O—

— IN WINDOW

% HA-4900 % HD-74C02

L0 REF O—

WINDOW DETECTOR
The high switching speed, low offset current and low offset
voltage of the HA-4900/4905 makes this window detector
circuit extremely well suited to applications requiring fast,
accurate, decision-making. The circuit above is ideal for
industrial process system feedback controllers or "out-
of-limit"" alarm indicators.

-15V

SCHMITT TRIGGER (ZERO CROSSING

DETECTOR WITH HYSTERESIS)
This circuit has a 100mV hysteresis which can be used in
applications where very fast transition times are required
at the output even though the signal input is very slow.
The hysteresis loop also reduces false triggering due to noise
on the input. The waveforms below show the trip points
developed by the hysteresis loop.

VTRIPH)

VIRIpl-)

Input to Output Waveform
Showing Hysteresis Trip Points
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-4920/4925

High Speed Quad Comparator

DESCRIPTION

® FAST RESPONSE TIME

LOW OFFSET VOLTAGE
STANDARD POWER SUPPLIES

ACTIVE PULL-UP/PULL-DOWN OUTPUT
CIRCUIT — NO EXTERNAL RESISTORS
REQUIRED

TTLAND ECL COMPATIBLE

APPLICATIONS

A/D CONVERTERS
THRESHOLD DETECTOR
ZERO-CROSSING DETECTOR
LOGIC SYSTEM INTERFACES

HIGH FREQUENCY OSCILLATORS

HA-4920/4925 are monelithic, quad, high speed comparators offering
a combination of speed, precision, and flexibility never before available
in a quad comparator. 40ns response time and 2.0mV offset voltage
makes these comparators ideally suited for precise signal level detec-
tion and fast response times to large and small input signal levels. These
dielectrically isolated devices employ unique input/output stages which
prevent troublesome ground coupling inherent in combined analog/
digital systems.

The flexibility/speed of HA-4920/4925 assures easy application in fast
data acquisition systems, analog to logic interface networks, and test
equipment.

Both devices are available in 16 pin dual-in-line ceramic packages.
The HA-4920 operates from -550C to +1250C and the HA-4925 oper-
ates over a 06C to +750C temperature range.

PINOUT

SCHEMATIC

2-98

Package Code 4Z

QUAD COMPARATOR

VLoGIC(+)

Viogic(-)

TOP VIEW

POSITIVE
LINEAR SUPPLY

R24 5 R25
1K 1K
QpP22

Viogicis)

'\N”

R23{ R16 R22
1K 3.6K 3.6K

NEGATIVE
LINEAR SUPPLY

vioeic-



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage between V+ and V-

a0v

Voltage between V| ogic(+) and V[ ggic(-) A%

Differential Input Voltage
Peak Ouput Current

Internal Power Dissipation (Note 2)

Storage Temperature Range

6V

50mA

850mW

-650C<Tp <1500C

Positive and Negative Voltage Clamp 5V below Supply Voltage

ELECTRICAL CHARACTERISTICS

V+=+15.0V
V-=-15.0V

Viogic(+) = 5.0V
VLogic(') =GND

HA-4920: -550C/+1250C

HA-4925: 00C/+750C

PARAMETER

TYP | MAX MIN TYP MAX

Input Offset Voltage (Note 3)
Input Offset Current
Input Bias Current

Input Sensitivity (Note 4)

Common Mode Range (CMR)

2.0 3.0 4.0 6.0

4.0 8.0
1.5 15 2.0
2.0 3.0
6.0 X 8.0
8.0

6

Large Signal Voltage Gain
Response Time Tpd0 (Note 5)
Response Time Tpd1 (Note 5)

Output Voltage Level (Note 6) Vg
Output Voltage Level (Note 6) VgH
Output Current Igjnk (Note 7)
Output Current Iggyrce (Note 7)

Power Supply Current Igc+
Power Supply Current Igc-
Power Supply Current I ggjc+

NOTES:

1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied.

2. Derate by 5.8 mW/0C above +750C.

3. Minimum differential input voltage required to ensure
a defined output state.

4. Rg <200 ohms; Vi, < Common Mode Range. Input
sensitivity is the worst case minimum differential input
voltage required to guarantee a given output logic state,
after offset voltage is nulled. This parameter includes

the effects of offset current, common mode rejection,
and voltage gain.

For Tpq(1); 100mV input step, -5mV overdrive. For
Tpd(0); -100mV input step, +5mV overdrive. Fre-
quency R2100Hz; Duty Cycle R250%; Inverting input
driven. See Test Circuit below.

For VgH and VgL: ISink =3.5mA, ISgyrce = 3.0mA.
For other values of V| ggic; VQH (min.) = Viogic *
-1.5V.

Per Comparator.
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RESPONSE TIME TEST CIRCUITS

OVERDRIVE

INPUT m—,'..;

OVERDRIVE

OUTPUT

Tpp(0) — —
T=0 Tpd(1) —=
T=0

Input and output voltage waveforms for various input overdrives are shown on the following page.

PERFORMANCE CURVES

V+ =158V, V- = -15V, V| ggic(+) = 5.0V, V| ggicl-) = OV, Tp = +25°C, Unless Otherwise Stated.

INPUT BIAS CURRENT INPUT OFFSET CURRENT
VS. TEMPERATURE VS. TEMPERATURE

INPUT BIAS CURRENT -uA

INPUT OFFSET CURRENT — nA

[ 40 80
TEMPERATURE - oC

+40 +80
TEMPERATURE - °C

INPUT BIAS CURRENT VS. INPUT BIAS CURRENT VS.
COMMON MODE VOLTAGE DIFFERENTIAL INPUT VOLTAGE

-
N

=
°

o
BIAS CURRENT - u.

/|

INPUT BIAS CURRENT - uA

-5 -4 -3 -2 - o 1 2 3 4 5 6
DIFFERENTIAL INPUT VOLTAGE - VOLTS

-0 8 €6 4 2 o0 2 4 6 8 10
COMMON MODE INPUT VOLTAGE -V
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PERFORMANCE CURVES (cont’d)

SUPPLY CURRENT - mA

SUPPLY CURRENT VS. TEMPERATURE
FOR *15V SUPPLIES AND +5V LOGIC SUPPLY

RESPONSE TIME FOR
VARIOUS INPUT OVERDRIVES

[ 111

)

rOVERDRIVE =50mV 5 50mV = OVERDRIVE

[T

20mV =

1 1 =20mV 7
t

icct)

IS

»

— = smv smv =3

Vout =H

=
L]

Iccl-)

VouT - VOLTS

w

N

= 2mV 2mV =

N

]
=Y,
I

w

i
J1N

Vour - VOLTS
~N

Vour =L

]
/

lcc=L

A

Vour = H<

[]
TEMPERATURE - °C

MAXIMUM PACKAGE
DISSIPATION VS. TAMBIENT

DISSIPATION (SEE NOTE 7)

3

T 1 T T 1 T
500+— MAXIMUM ALLOWABLE PACKAGE

™~

-

3

3

PACKAGE DISSIPATION, (mW)

>

50 75
AMBIENT TEMPERATURE - °C

APPLYING THE HA-4920/25

SUPPLY CONNECTIONS: This device is exceptionally
versatile in working with most available power supplies.
The voltage applied to the V+ and V- terminals deter-
mines the allowable input signal range; while the volt-
age applied to the V| + and V| - determines the output
swing. In systems where dual analog supplies are avail-
able, these would be connected to V+ and V-, while the
logic supply and return would be connected to V[ ggjc+
and V| ggic- The analog and logic supply commons
can be connected together at one point in the system,
since the comparator is immune to noise on the logic
supply ground. A negative output swing may be ob-
tained by connecting V| + to ground and V| - to a neg-
ative supply. Bipolar output swings (5V P-P, max.)
may be obtained using dual supplies. Applied input
signals should not exceed Vgypply and the maximum
differential input voltage values.

UNUSED INPUTS: Inputs of unused comparator sec-
tions should be tied to a differential voltage source to
prevent output “chatter”. Differential voltage values
should exceed the offset voltage plus input sensitivity
voltage values for a particular device.

CROSSTALK: Simultaneous high frequency operation
of all other channels in the package will not affect the
output logic state of a given channel, provided that its
differential input voltage is sufficient to define a given
logic state (AVy 2 2Vgg). Low level or high imped-
ance input lines should be shielded from other signal
sources to reduce crosstalk and interference.

POWER SUPPLY DECOUPLING: Decouple all power
supply lines with .01 4 F ceramic capacitors to a ground
line located near the package to reduce coupling be-
tween channels or from external sources.

R.F.I.:  High speed comparators may generate high
frequency oscillations when the applied differential
input voltage is less that the offset voltage plus input
sensitivity value. This can be minimized by adding
positive feedback hysteresis networks (see Harris App.
Note 505). Alternately, ferrite beads surrounding the
input and output lines will help reduce RF interference
to other circuitry.
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APPLICATIONS

3 BIT PARALLEL COMPARATOR
A/D CONVERTER USING TTL LOGIC

ANALOG IN
o

<
=
2
L]

»
.
AA

VWV

k]
AA

E]
AAA-

E]
AAA

YW-VWAWY

E]
AAA

6151413121110 8

PRIORITY

74148 £NCODER
567

»
AAA
VW

—t
9]

I

£
AA

L SAME SAA

HA-4920

—TI]

J6

E]
AAA

*R=1K

Input Balancing Resistors Optional
(See Next Figure)

Experimental Results R 50ns

3 BIT PARALLEL COMPARATOR
A/D CONVERTER USING 256 x 4 PROM

ANALOG IN

<
=
m
"

]
.
AA

VW

AAA—G~AAA.

VW

RS
2y
RS HM-7611A
s
u:: |
RS
n::
£
RS
H
*R=1K
LOGIC LEVEL TRANSLATOR TRUTH TABLE FOR 3 BIT PARALLEL
TTL TO ECL COMPARATOR A/D CONVERTER
Q +15v ENCODER/PROM INPUTS oUTPUTS
1.2 3 4 5 6 7 o 1 2
| 0o 0o 0 0 00 0| 0 o0 o
47K 1 00 00 00 | 1 0 o0
< N - 1 1 0 0 0 0 O 0 1 o0
O- e 11 1 0 0 0 0 11 0
HA-4920 h1 1 1 0 0 o0 0o 0 1
11 1 1 1 0 0 10 1
1 11 1 1 1 1 o0 0o 1 1
; 111 11 1 11
IN914's
= é)*v
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HARRIS HA-4950

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION Precis io” Hiyh speed
Comparator

Preliminary

FEATURES DESCRIPTION

HA-4950 is a very fast precision comparator incorporating a strobe
FAST RESPONSE TIME 40ns controlled, digital output buffer. Constructed using the Harris high

frequency bipolar dielectric isolation process, this device offers
TOTAL UNCERTAINTY BAND 1/8L58 unprecedented specifications for input offset voltage, total uncer-
LOW OFFSET VOLTAGE 1mVv tainty band (1/8 LSB, 10 volt full scale output, 12 bit system) and

time, (50nsec).
STROBE AND OUTPUTS TTL COMPATIBLE response time, (50nsec)

This monolithic comparator consists of three amplifier stages, a
latch, strobe control circuitry and a digital output stage (TTL
compatible). In operation and with the strobe input TTL logic level
high, both outputs remain high while the amplifiers sense, amplify,
APPLICATIONS and track differential input signals. With a strobe transition of high
to low state, the latch is activated and its output is transferred to
the complementary output stages, and digital outputs (Q and Q) will
reflect the polarity of the differential input signal (see Timing
Diagram and Truth Table).

HIGH SPEED A/D CONVERTERS
~ The HA-4950 is ideally suited for applications requiring accurate
ZERO-CROSSING DETECTOR and fast detection of low level signals such as high speed A/D
e THRESHOLD DETECTOR converters. Other applications include zero-crossing and threshold

ANALOG INTERFACES detectors.

FOR MICROPROCESSORS This device is available in a 14 pin dual-in-line ceramic package.

HA-4950-2 operates from -550C to +1250C while the HA-4950-5
operates from 00C to +750C.

PINOUT SCHEMATIC

Package Code 4D, LA

TOP VIEW o ﬁ*;}w "
PR
V _"\H' R n'{_ :
IR6 R7

IN-—
N/C— —N/C

N/C— — ANALOG GND

N/C— —STROBE

v-— 10— v+

DIGITAL GND— 9—vi
aouTPUT 8—Q OUTPUT

K03
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+ and V- Power Dissipation (Note 2) 549mwW

Logic Supply Voltage Operating Temperature Range

Differential Input Voltage HA-4950-2 -550C to +1250C

Strobe Input  High HA-4950-5 00C to +750C
Low Storage Temperature Range -650C < Tp <+1500C

Peak Output Current

ELECTRICAL CHARACTERISTICS

Ve = 15V
V-=-15V
VL =5V

HA-4950-2 HA-4950-5
-550C to +1250C 00C to +750C

PARAMETER MIN [ TYP | MAX M|N4 TYP | MAX

Input Characteristics
Offset Voltage (Note 3) 1.0 2.25 1.0 2,25
28 2.8

Offset Current 0.25 15 . 1.5
35 3.5

Bias Current 1.25 3.0 . 3.0
70 1.0

Input Resistance 40

Analog Input Signal Range
(Note 4)

Strobe Input Voltage
Logic “1"
Logic “0"”
Strobe Input Current
Logic “1”

Logic ‘0"

Transfer Characteristics
Total Uncertainty Band
(Note 5) 12 Bits, 10V
Strobe Response (Note 6)

Tpdo
Strobe Recovery (Note 6)
Tpd1

Response Time Difference
Qto Q (Note 7)




SPECIFICATIONS (Cont’d)

HA-4950-2 HA-4950-5
-550C to +1250C 00C to +750C

PARAMETER MIN | TYP | MAX MIN 1 TYP |

Output Characteristics
Q, 0 Output Voltage
Logic “1”
“source = 5ITIA)
Logic 0"
_ (|s|nk =5mA)
Q, Q Output Current
Isource
(Logic 1"
4.0V)
Isink (Logic “0"
0.8v)

Power Supply Characteristics

Supply Voltage Range
V+
V-
Vi

Supply Current
1+ (Strobe High)
14 (Strobe Low)
I

Power Supply Rejection Ratio

Absolute maximum ratings are limiting values, applied individually, beyond which the service-
ability of the circuit may be impaired. Functional operation under any of these conditions is
not necessarily implied.

No derating neccessary up to +125°C.

Minimum differential input voltage required to ensure a defined output state.

Includes any combination of differential and common mode input signals. With full range
differential signal (£ 600mV) applied, common mode voltages from OV to -8.4V can be tolerated.

Includes errors induced by dynamic uncertainty (thermal hysteresis) and quasi-static uncertainty
(noise, etc.) after offset voltage has been nulled. Maximum value is referred to a 10V full scale
output, 12 bit system.

See response time circuit and waveforms section of data sheet for conditions.

Time difference due to match between the Q, Q output stages.
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FUNCTIONAL DIAGRAM/RESPONSE TIME TEST CIRCUIT

FUNCTIONAL DIAGRAM TRUTH TABLE RESPONSE TIME TEST CIRCUIT

QUTPUT C 10K STROBE

STROBE INPUTS Q Q =

C 100K$2
Don‘t Care H =

IN#D>IN- | H
IN+ < IN-
Don’t Care Qg

VL v+ V-

Qg — The Latched State

STROBE f~— STROBE WIDTH
oV TO 4V ,

vio

[
(IN+ - IN-) _]

Q

PERFORMANCE CURVES

V+=18V, V-=-15V, V| =5V, Tp =+250C, Unless otherwise stated.

INPUT BIAS CURRENT VS. INPUT BIAS CURRENT
DIFFERENTIAL INPUT VOLTAGE VS. TEMPERATURE

»
<

N

.a

©

N

S

c

INPUT BIAS CURRENT (uA)
INPUT BIAS CURRENT (uA)

]

+40 +
00 -200 4200 +400 +600 - TEMPERATURE (oC)
DIFFERENTIAL INPUT VOLTAGE (mV)

INPUT BIAS CURRENT VS. SUPPLY CURRENT VS. TEMPERATURE
COMMON MODE INPUT VOLTAGE FOR £ 16,5V, * 15V, £ 13.5V & +5V LOGIC

! I J 7 SUPhLY sTRORE

I I S— 416.5V LOW —
H

VDIFF= OV i E:gvS\ll-?wow ]

-\§

116.5V HIGH

+15v mﬁ)
+13.5V HIGH! ]

-
A
k-

3

R

-

SUPPLY CURRENT (mA)
L

INPUT BIAS CURRENT (uA)

3

9 8 7 +2

8
5

+80 +120 +160

6 5 -4 3 -2 -1 +40
COMMON MODE INPUT VOLTAGE TEMPERATURE (oC)
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APPLYING THE HA-4950 COMPARATORS

(® MAXIMIZED SPEED/PRECISION

For optimized dynamic performance, the grounding and decoupling scheme shown in Figure 1, Applications Section,
should be used. Decoupling capacitors should be connected close to the device (preferably to the device pins) and
should be Tantalum or Electrolytics bypassed with ceramic types for best noise rejection. Alternately, suppression
filters such as Erie 1201-052 can be used for decoupling with excellent results.

INPUT SIGNAL CONDITIONING

In applications where input signals may exceed the input signal range specification, it is recommended that diode
clamping schemes be used (see Figures 2 and 3, Applications Section). The diodes used should have low turn-on volt-
age and high switching speed characteristics such as Schottky Barrier diodes.

STROBE SIGNAL SHIELDING

To ensure HA-4950's maximum performance, point-to-point connections between strobe signal and strobe input
should be minimized to prevent external transient interference. Alternately, shielded cable should be used if minimal
distances cannot be obtained.

APPLICATIONS

STROBE

TO ANALOG GND

FIGURE 2. ZERO-CROSSING DETECTOR

HA-4950's TmV offset voltage and very low total uncertainty band is
extremely well suited for high speed zero crossing detection. Figure 2
shows HA-4950 as a simple zero crossing detector with input diode pro-
tection. Noise and system transients should be minimized at the reference
input for best performance results. The Truth Table shown on page 2
appiies to this circuits’ operation.

H
A

Vi

STROBE
TO LOGIC GND

FIGURE 1.

FIGURE 3. THRESHOLD DETECTOR

Similar to the zero crossing detector, this cirucit shows HA-4950 with input
diode limiting comparing input signals-to a voltage reference other than
0 volts. R and R establishes the reference input. Effects of bias current
can be minimized by adding a resistor in series with the positive input and
equal to R,
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SEMICONDUCTOR
PRODUCTS DIVISION

.A DIVISION OF HARRIS CORPORATION

HA-5100/5105

Wideband, JFET Input,
Operational Amplifier

FEATURES

GENERAL DESCRIPTION

® LOWINPUT OFFSET VOLTAGE ... ...
LOWOFFSETDRIFT. . ..........

DR | LOV/NPUTBIASCURRENT ...
. LARGE VOLTAGE GAIN .. ... ...

WIDEBANDWIDTH. .. ...........
HIGHSLEWRATE ............. 8V/usec
FAST LARGE SIGNAL SETTLING TIME: 1.7usec

APPLICATIONS

® PRECISION, HIGH SPEED, DATA ACQUISITION
SYSTEMS

® PRECISION SIGNAL GENERATION
® PULSE AMPLIFICATION

The HA-5100/5105 are monolithic wideband operational amplifiers
manufactured with FET/Bipolar technologies and dielectric isolation.
Precision laser trimming of the input stage complements the amplifier
high frequency capabilities with excellent input characteristics.

The HA-5100/5105 offer a number of important advantages over
similar FET input op amps from other manufacturers. In addition to
superior bandwidth and settling characteristics the Harris devices
have quite constant slew rate, bandwidth, and settling characteristics
over the operating range. This provides the user predictable perform-
ance in applications where settling time, full power bandwidth, closed
loop bandwidth, or phase shift is critical. The slewing waveform is
symmetrical to provide reduced distortion. Note also that Harris spe- .
cifies all parameters at ambient (rather than junction) temperature to
provide the designer meaningful data to predict actual operating per-
formance.

Complementing HA-5100/5105"s predictable and excellent dynantic
characteristics are very low input offset voltage, very low input bias
current, and extremely high input impedance. This ideal combination
of features make these amplifiers most suitable for precision, high
speed, data acquisition system designs and for a wide variety of signal
conditioning applications.*

* -2 denotes a range of -550C to +1250C and -5 denotes a 00C to
+750C range.

PINOUT

SCHEMATIC DIAGRAM

TOP VIEW  Package Code 2A
T0-99

BANDWIDTH
CONTROL

> (6)out
OFFSET ADJ.

CASE CONNECTED TO V-

CAUTION: These devices are sensitive to electrostatic
discharge. Users should follow IC Handling
Procedures specified on page 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+and V- 40V

Differential Input Voltage +40v

Peak Output Current Full Short Circuit Protection
Internal Power Dissipation (Note 2) 300mwW

Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS

V+=15VDC; V-=-15VDC

Parameters are guaranteed at indicated
ambient temperature after warm-up. HA-5100-2 HA-5100-5 HA-5105-5
-550C to +1250C 00C to +750C 00C to +759C

PARAMETER TEMP | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
INPUT CHARACTERISTICS

*0ffset Voltage +250C 0.5 1.0 0.5 1.0 0.5 1.5
Full 0.50 | 2.0 050 | 2.0 0.75 | 35

Offset Voltage Average Drift Full 5 10 15

Bias Current +250C 20 50 20 50 50
Full 5 10 10 10

Offset Current +250C 2 10 10 5
Full 2 5 5 5

Input Resistance +250C

Common Mode Range Full
TRANSFER CHARACTERISTICS

*Large Signal Voltage (Note 3) +250C
Full

*Common Mode Rejection Ratio (Note 4) Full
Gain Bandwidth Product at Ay = 10 Full
OUTPUT CHARACTERISTICS

Output Voltage Swing (Note 5) +250C
Full

Short Circuit Output Current (Note 6) Full
Full Power Bandwidth (Note 7) +250C
Output Resistance (Note 8) +250C
TRANSIENT RESPONSE (Note 9)
Rise Time +250C
Slew Rate +250C
Settling Time (Note 10) +250C
POWER SUPPLY CHARACTERISTICS
*Supply Current Full
*P.S.R.R. (Note 11) Full 80

* 100% tested for Dash 8. All other parameters for design information only.
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Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied.

Derate at 6.8 mW/OC for operation at ambient temp-
eratures above +750C.

VouT=2%10V; R = 2K.
Vem =10V D.C.
RL = 10K.

VouTt=0V.

RL = 2K; Full power bandwidth guaranteed based on

SLEW RATE
27T VPEAK *

Output resistance measured under open loop conditions,

slew rate measurement using FPBW =

Refer to test circuits section of the data sheet.

. Settling time is measured to 0.1% of final value for a

10 volt output step and Ay = -1.

. Vsypp =110V D.C. to ¥20V D.C.

TEST CIRCUITS

2-110

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

IN

LARGE SIGNAL RESPONSE

Vertical Scale: (Volts: 5V/Div.)
Horizonal Scale: (Time: 500ns/Div.)

e

OUTPUT B
/

ov

INPUT A ov

LRRANLARRREIAN LRRRSARRARIAREE (RRRRERARS

SRR ITRTRITENN (AWICSETTNIT

OUTPUT B

INPUT A

1

SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: 100mV/Div.)
Horizonal Scale: (Time: 100ns/Div.)

S
TR T

H

erRaata iin

SETTLING TIME CIRCUIT

+15V

TO
OSCILLOSCOPE

2N4416
\"/
ouT . Ay =-1.
® Feedback and summing
resistors should be 0.1%.

* Clipping diodes are opti 1

HP5082-2810 recommended.




PERFORMANCE CURVES

V+=+15V, V-=-15V, Tp = +260C UNLESS OTHERWISE STATED.

INPUT OFFSET VOLTAGE AND BIAS OPEN LOOP FREQUENCY

Q
E
=
[Z]
w
<
-
-
o
>
-
=
&
2
o

BIAS CURRENT -pA

x
<
w
%
£
x
<
w
o
e
-
o
>
1

INPUT VOLTAGE NOISE, nV/\/Hz

CURRENT VS TEMPERATURE

] +40
TEMPERATURE °C

OUTPUT VOLTAGE SWING
VS FREQUENCY

T T T

VsuppLy =20V

] Il [ lIH

T Tt

Vsumv =215V

10K
FREQUENCY - Hz

100K

INPUT VOLTAGE AND CURRENT

NOISE VS FREQUENCY

RESISTANCE = 20K
L
SOURCE RESISTANCE = 0©

L

INPUT CURRENT NOI

L

A

1T

1K 10K
FREQUENCY - Hz

OFFSET VOLTAGE - mV

INPUT CURRENT NOISE - pA/V Hz

NORMALIZED PARAMETERS
REFERRED TO VALUES AT +25°C

OPEN LOOP
VOLTAGE GAIN - dB

OPEN LOOP
VOLTAGE GAIN - dB

-
N

RESPONSE

RN
N

+60
+50
+40
+30
+20
+10
]
-10
10 100 1K 10K 100K

FREQUENCY - Hz

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS BANDWIDTH CAPACITANCES
110

'g i\E!lIIIIIIIIIIIII!IIII!IIHIIIIIIIIIIIIIIIII\
a0 LI NORNTE Ll or T (T !lllllH

701 TN A1
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I ST
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1K 10K 100K 1M 10M
FREQUENCY - Hz

lNORMALIZED AC PARAMETERS
VS TEMPERATURE

-
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-
o

y

N

Y
SLEWRATE

o

BB
LITTL

&
3

-40 0 +40 +80
TEMPERATURE °C

+120 +160

100M
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PERFORMANCE CURVES (cont'd)

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS LOAD RESISTANCE OUTPUT STEP VOLTAGES

T T T T l l

 NEGATIVE
\ )

1

-
o

7

\

-]

N

)
(L]

<

]
1.0 15
400 600 800 SETTLING TIME - U4S

LOAD RESISTANCE - OHMS

OUTPUT VOLTAGE STEP -
VOLTS FROM 0 VOLTS

]
-
o

COMMON MODE REJECTION POWER SUPPLY REJECTION
RATIO VS FREQUENCY RATIO VS FREQUENCY

-
N
=3

g

8

Q
v

1
Q
=
<
«
2
=4
=
o
w
=
w
3
w
[=]
o
=
2
o
=
=
=]
3]

10K ° 10K
FREQUENCY-Hz FREQUENCY - Hz

POWER SUPPLY CURRENT
VS TEMPERATURE

VsuppLY =3 20v

VsuppLy =1 15V

VSuppLY =X 10V

VsuppLy =15V

NN

[} +80 +120 +160
TEMPERATURE °C

=~

SUPPLY CURRENT -mA
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POWER SUPPLY DECOUPLING: Although not absol-
utely necessary, it is recommended that all power sup-
ply lines be decoupled with .01 MF ceramic capacitors
to ground. Decoupling capacitors should be located as
near to the amplifier terminals as possible.

STABILITY CONSIDERATIONS:  In applications
where large value feedback resistors are used, a small
capacitor (R 3pF) may be needed in parallel with the
feedback resistor to neutralize the pole introduced by
the input capacitance.

"APPLYING THE HA-5100/5105 WIDE BAND OP AMP

HEAVY CAPACITIVE LOADS: When driving heavy
capacitive loads ( > 100pF) a small resistor ( R5100S2)
should be connected in series with the output and inside
the feedback loop.

OFFSET VOLTAGE NULLING: Offset nulling, if
required, is accomplished with a 100KS2 pot between
pins 1 and 5; wiper to V+. Alteration of initial offset
voltage may affect the temperature coefficient of the
offset voltage.

1K
15v )
ZENER

SAMPLE/HOLD {  _ =
CONTROL 8vo
g
ov

ANALOG IN
-15v

APPLICATIONS
PRECISION INSTRUMENTATION AMPLIFIER (Ay = 100)
+15Vv
—o
~15v Experimental Results
Yielded 80dB CMRR.
2K Vo drift<20uVv/°C.
PRECISION/FAST SAMPLE/HOLD CIRCUIT
# 2 5100
+15v
sSD210 PS
3 1+ + ouTt
«© — = -II-CH —o
1uF 0 S = -15V Experimental Results:
I 1K VIN = 10 volt step
- +15V CH = 1000pF

Acquisition Time = 0.4s (0.1%)
Charge Injection = 30pC

Drift Current = 320pA
Switching Spikes % 200mV

#£1 5100

1KHz SALLEN AND KEY FILTER

.254uF 10%

Experimental Results:
Fc = 1KHz

Q=20

-3dB R 1.1KHz

out -20dB R 3.4KHz




HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-5110/5115
Wideband, JFET Input,

Uncompensated,
Operational Amplifier

DESCRIPTION

WIDE GAIN BANDWIDTH . .. ......
HIGHSLEWRATE. .............
SETTLINGTIME. . ..............
............ 800kHz
OFFSETVOLTAGE. . ............ 0.5mV
BIASCURRENT .. ..............

APPLICATIONS

® VIDEO AND RF AMPLIFIERS

e DATA ACQUISITION

® PULSE AMPLIFIERS

® PRECISION SIGNAL GENERATION

HA-5110/5115 are wideband, p ed, operational ampli-
fiers manufactured with FET/Bipolar technologies and dielectric
isolation. These monolithic amplifiers feature superior high fre-
quency capabilities further enhanced by precision laser trimming
of the input stage to provide excellent input characteristics. These
devices are stable at closed loop gains greater than 10 without
external compensation,

The HA-5110/5115 offer a number of important advantages over
similar FET input op amps from other manufacturers. In addition
to superior bandwidth and settling characteristics, the Harris devices
have nearly constant slew rate, bandwidth, and settling character-
istics over the operating temperature range. This provides the user
predictable performance in applications where settling time, full
power bandwidth, closed loop bandwidth, or phase shift is critical.
The slewing waveform is symmetrical to provide reduced distortion.
Note also that Harris specifies all parameters at ambient (rather
than junction) temperature to provide the designer meaningful
data to predict actual operating performance.

Complementing HA-5110/5115's predictable and excellent dynamic
characteristics are very low input offset voltage, very low input
bias current, and extremely high input impedance. This ideal
combination of features make these amplifiers most suitable for
precision, high speed, data acquisition system designs and for a
wide variety of signal conditioning applications.*

*-2 denotes a range of -550C to +1250C and -5 denotes a 00C
to +750C range.

PINOUT

SCHEMATIC

CAUTION: These devices are sensitive to electrostatic

2-114

TOP VIEW Package Code 2A

BANDWIDTH
CONTROL

CASE CONNECTED TO V-

discharge. Users should follow IC Handling
Procedures specified on page 1-4.

vio




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between V+and V-
Differential Input Voltage
Peak Output Current

Internal Power Dissipation (Note 2)

Storage Temperature Range

40v
t40v

Full Short Circuit Protection

300mW

-650C to +1500C

ELECTRICAL CHARACTERISTICS

V+=16VDC; V-=-15VDC

Parameters are guaranteed at indicated

ambient temperature after warm-up.

HA-5110-2

-550C to +1250C

HA-5110-5

00C to +750C

HA-5115-5

00C to +750C

PARAMETER

TEMP

MIN

TYP

MAX

MIN

TYP

MIN

TYP | MAX

INPUT CHARACTERISTICS
*0ffset Voltage

Offset Voltage Average Drift
*Bias Current

*0ffset Current

Input Resistance
Common Mode Range

+250C
Full

Full

+250C
Full

+250C
Full

+250C
Full

1.0
2.0

50
10

10
5

0.5
0.50
10
20

2
2

0.5
0.75
15

50
10

5
5

TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Note 3)

*Common Mode Rejection Ratio (Note 4)
Gain Bandwidth Product (Ay = 10)

+250C
Full

Full
Full

OUTPUT CHARACTERISTICS
*Qutput Voltage Swing (Note 5)

*Qutput Current (Note 6)
Full Power Bandwidth (Note 7)
Output Resistance (Note 8)

+250C
Full

+250C
+250C
+250C

*13

625
30

30

TRANSIENT RESPONSE (Note 9)
Rise Time (Ay = 10)

Slew Rate (Ay = 10)

Settling Time (Note 10)

+250C
+250C
+250C

20
50
.85

20
50
.85

POWER SUPPLY CHARACTERISTICS
*Supply Current

*Power Supply Rejection Ratio (Note 11)

Full
+250C

80

5
94

80

5
94

*100% tested for Dash 8. All other parameters for design information only.
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NOTES:

1. Absolute maximum ratings are limiting values, applied individ-
ually, beyond which the serviceability of the circuit may be
impaired. Functional operability under any of these conditions
is not necessarily implied.

. Derate at 6.8mW/0C for operation at ambient temperatures
above +750C.

3. Vout=%10V. R =2K
4. Vem =10 V.D.C.
5. RL=10K

. VouT =0V

. RL = 2K; Full power bandwidth guaranteed, based on slew
_ SLEW RATE.
27TVPEAK

. Output resistance measured under open loop conditions.

rate measurement using FPBW

. Refer to Test Circuits section of the data sheet.

. Settling Time is measured to 0.1% of final value for a 10 volt
output step and Ay = -10.

. Vgypp=410V.D.C. to+20 V.D.C.

TEST CIRCUITS

LARGE AND SMALL SI

LARGE SIGNAL RESPONSE

Vertical Scale: (Volts: A=.5V/Div,B=5V/Div.)
Horizonal Scale: (Time: 500ns/Div.)

OUTPUT B

INPUT A

HrrpH

GNAL RESPONSE CIRCUIT

SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: A=10mV/Div., B=100mV/Div.)
Horizonal Scale: (Time: 100ns/Div.)

i

e I
P <A BAAM MAAMJ LALLM

OUTPUT B p+

n
T+

a3

INPUT A

Tt

SETTLING TIME CIRCUIT

+15V

TO
OSCILLOSCOPE

e Ay =-10

® Feedback and summing
resistors should be 0.1%.

# Clipping Diodes are optional,
HP5082-2810 recommended.
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PERFORMANCE CURVES

V+ =+15V, V- = -15V, TA = +250C Unless Otherwise Stated.

INPUT OFFSET VOLTAGE AND BIAS
CURRENT VS TEMPERATURE

OPEN LOOP FREQUENCY RESPONSE

.

BIAS CURRENT - pA

N
=
OFFSET VOLTAGE - mV

OPEN LOOP VOLTAGE GAIN - dB

[ T g - 10K 100K
= — ! FREQUENCY - Hz
TEMPERATURE, °C

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS BANDWIDTH CONTROL CAPACITANCES

OUTPUT VOLTAGE SWING ,

VS FREQUENCY il
N H
N
VSW’LV-!ZOV N
[ 1]

v SU'P.LV - S'I‘S\.I F

[ L]

V SUPPLY = 210V

L]

V SUPPLY = Y5V

L L1

e
10K 100K
FREQUENCY - Hx External compensation components are not

required for closed loop gains > 10, but may

be added to reduce bandwidth If desired.

‘OPEN LOOP VOLTAGE GAIN - dB

-3

10K - 100K 1MEG 10MEG  100MEG
FREQUENCY - Hz

OUTPUT VOLTAGE SWING - VOLTS PEAK-TO-PEAK

INPUT NOISE VOLTAGE AND NORMALIZED AC PARAMETERS
NOISE CURRENT VS FREQUENCY VS TEMPERATURE

4
3
2. <
P
FIRE
<
g e 3.
o 11
s i F
< ! w
w E &1
Qo z w
had w
= NU 3 & / 4 sewnaTe =
& « \
S N 03 w 9 —
S \ OURCE - 20k 2 2 7 ]
2 & N +—+—+ H a I BANDWIDTH
2 N N SOURCE —on H §& i,
5 ~ = z z
- ] - 5 < \
. = § ¢
7 2 8 g N
INPUT NOISE 5
‘1.&’ L A
i 1 T T T TT1I01 o z
10 100 1K 10K 100K g -80 -40 0 +40 +80 +120 4160
FREQUENCY - Hz TEMPERATURE - °C
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PERFORMANCE CURVES (cont'd.)

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS LOAD RESISTANCE OUTPUT STEP VOLTAGES

10mv /

/ A
\

10mV

m:"l;vs // %IVE
y/4

OUTPUT VOLTAGE STEP (VOLTS)

‘OUTPUT VOLTAGE SWING - VOLTS

/

% L [X3 1.0

400 600 800 .
LOAD RESISTANCE - OHMS SETTLING TIME - uS

COMMON MODE REJECTION POWER SUPPLY REJECTION
RATIO VS FREQUENCY RATIO VS FREQUENCY

POWER SUPPLY REJECTION RATIO - dB

g
;
|

10K 10K
FREQUENCY - Hz FREQUENCY - Hz

POWER SUPPLY CURRENT
VS TEMPERATURE

»
o

»
c

SUPPLY CURRENT - mA

+40 +80
TEMPERATURE - C°
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APPLYING THE HA-5110/5115

. POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines be de-
coupled with .01 uF ceramic capacitors to ground. Decoupl-
ing capacitors should be located as near to the amplifier ter-
minals as possible.

. STABILITY CONSIDERATIONS: In applications where large
value feedback resistors are used, a small compacitor ( X2 3pF)

3. HEAVY CAPACITIVE LOADS: When driving heavy capacitive
loads (2> 100pF) a small resistor ( 22100 $2) should be connect-
ed in series with the output and inside the feedback ioop.

. OFFSET VOLTAGE NULLING: Offset nulling, if required,
is accomplished with a 100KS2 pot between pins 1 and 5;
wiper to V+. Alteration of initial offset voltage may affect the
temperature coefficient of the offset voltage.

may be needed in parallel with the feedback resistor to neutra-
lize the pole introduced by the input capacitance.

APPLICATIONS

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY

INVERTING
2K
WA

>

NON-INVERTING

2K
O—vWW

235%K

;;; -

1100pF *

+ Values were determined experimentally
for optimum speed and settling time.
*# Optional

ITENE FYETE SYET]
LARRA LLLAN RARAS
[AUTE ITATRIETY
LLRLE LLLLS LRLA

OUTPUT

ITRTE ITETE ETNVI
LIRRE LARRRRARN)
NATRITENRNNTN
LA RLARRRARLAS

Vertical Scale: (Volts: 2V/Div.)
Horizonal Scale: (Time: 500ns/Div.)

40dB, TMHz BANDWIDTH AMPLIFIER

CLOSED LOOP FREQUENCY RESPONSE (Ay = 100)

CLOSED LOOP GAIN -dB

1K 10K 100K 10MEG

FREQUENCY - Hz

1MEG
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HARRIS

. SEMICONDUCTOR
X PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

JANUARY 1979

FEATURES

HA-5190/5195

Wideband, Fast Settling
Operational Amplifiers

GENERAL DESCRIPTION

FAST SETTLING TIME

VERY HIGH SLEW RATE

WIDE GAIN-BANDWIDTH

POWER BANDWIDTH

LOW OFFSET VOLTAGE

INPUT VOLTAGE NOISE

MONOLITHIC BIPOLAR CONSTRUCTION

70ns
200V/us
150MHz
6.5MHz
5mV

15nV/VHz

APPLICATIONS

® FAST, PRECISE D/A CONVERTERS

® HIGH SPEED SAMPLE-HOLD CIRCUITS
® PULSE AND VIDEO AMPLIFIERS

® WIDEBAND AMPLIFIERS

SCHEMATIC

2-120

HA-5190/5195 are monolithic operational amplifiers featuring
an ultimate combination of speed, precision, and bandwidth,
Employing monolithic bipolar construction coupled with di-
electric isolation, these devices are capable of delivering an un-
paralleled 200V/u s slew rate with a settling time of 70ns (0.1%,
5V output step.) These truly differential amplifiers are designed
to operate at gains > 5 without the need for external compensa-
tion. Other outstanding HA-5190/5195 features are 150MHz
gain-bandwidth-product and 6.5MHz full power bandwidth. In
addition to these dynamic characteristics, these amplifiers also
have excellent input characteristics such as 5mV offset voltage
and 15nV input voltage noise (at 1kHz).

With 200V/ u s slew rate and 70ns settling time, these devices
make ideal output amplifiers for accurate, high speed D/A con-
verters or the main components in high speed sample/hold cir-
cuits. 150MHz gain-bandwidth-product, 6.5MHz power band-
width, and 5mV offset voltage make HA-5190/5195 ideally
suited for a variety of pulse and wideband video amplifier appli-
cations.

At temperatures above +750C, a heat sink is required for HA-
5190. (See note 2) HA-5190 is specified over the -550C to
+1250C range while HA-5195 is specified from 00C to +750C.

PINOUTS

Package Code 6G, 4D

TOP VIEW TOP VIEW

>

INPUT

CAUTION: These devices are sensitive to electrostatic
discharge. Users should follow IC Handling
Procedures specified on page 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage between V+ and V- Terminals 35v
Differential Input Voltage 6V
Output Current 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip); 1W (T0-8) Free Air
Operating Temperature Range: (HA-5190) -550C< Tp <+1250C

(HA-5195) UOCSTAS+75°C
Storage Temperature Range -650C<Tp <+1500C

ELECTRICAL CHARACTERISTICS VsuppLY =115 Volts; RL = 200 ohms, unless otherwise specified.

HA-5190 HA-5195
-550C to +1250C 00C to +750C

PARAMETER TEMP [ MIN TYP MAX MIN TYP | MAX
INPUT CHARACTERISTICS

Offset Voltage +250C 3.0 5.0 3.0 mV
FULL 10.0 mV

Average Offset Voltage Drift FULL

Bias Current +250C 15 uA
FULL 20 20 uA

Offset Current +250C 4 MA
FULL MA

Input Resistance +250C

Input Capacitance +250C . . pF
Common Mode Range FULL v
Input Noise Voltage (f = 1kHz, Rg=09) | +250C nV/fHz
TRANSFER CHARACTERISTICS

Large Signal Voltage Gain (Note 3) +250C VIV
FULL VIV

Common-Mode Rejection Ratio (Note 4) FULL L dB
Gain-Bandwidth-Product (Notes 5 & 6) +250C MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) FULL 18
Output Current (Note 3) +250C 30
Output Resistance +250C
Full Power Bandwidth (Note 3 & 7) +250C 6.5
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 13
Overshoot +250C 8

Slew Rate +250C 200

Settling Time:
5V Step to 0.1% +250C 70

5V Step to 0.01% +250C 100
2.5V Step to 0.1% +250C 50
2.5V Step t0 0.01% +250C 80

POWER REQUIREMENTS
Supply Current FULL 19
Power Supply Rejection Ratio (Note 9) FULL 70 90

* 100% tested for DASH 8. All other parameters for design information only.

2-121



1. Absolute maximum ratings are limiting values, applied . Vg=90mV.
individually, beyond which the serviceability of the cir- -
cuit may be impaired. Functional operability under any . Ay =10.
of these conditions is not necessarily implied.
. Full power bandwidth guaranteed based on slew rate
. Derate at 8,7mW/OC for operation at amhient temper- . Slew Rate
atures above +750¢c. Heat ‘sinking required at temper- measurement using FPBW = ——
atures above +750c. Tja = 1150C/W; Tyc = 350C/W.
Thermalloy model 6007 heat sink recommended. . Refer to Test Circuits section of data sheet.

2n Vpeak

3. RL=2009,CL<10pF,VO=15V, ‘ . VsypPLY=%210V.D.C.t0o*X15V.D.C.

4, Vpm =15V,

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT*

Ay=5
*CL <10pF

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A =0.5V/Div., B = 4.0V/Div.) Vertical Scale: (Volts: A=50mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 100ns/Div.) Horizontal Scale: (Time: 100ns/Div.)

\
:HL.‘"

HtH

SETTLING TIME TEST CIRCUIT

Load Capacitance should be less than 10pF.

OUTPUT It is ded that resistors be carbon composition and

N PROBE that feedback and summing network ratios be matched.
I MONITOR  44s SETTLE POINT (Summing Node) capaci hould be less
= than 10pF. For optimum settling time results, it is recom-
mended that the test circuit be constructed directly onto the

device pins. A Tektronix 568 Sampling Oscilloscope with S-3A

sampling heads is recommended as a settle point monitor.

" SETTLE
POINT

[
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PERFORMANCE CURVES

V+=+15V, V- = -15V, Tp = +25°C unless otherwise stated.

INPUT OFFSET VOLTAGE AND
BIAS CURRENT VS. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE

100

—
~N

3

™.

CURRENT

-3
o

N~

~

L

INPUT BIAS CURRENT - #A

OFFSET VOLTAGE

V{0 OFFSET VOLTAGE - mV

OPEN LOOP VOLTAGE GAIN - dB
8

LI

! anl Ll
10K 100K  1MEG 10MEG 100MEG
FREQUENCY - Hz

OUTPUT VOLTAGE SWING NORMALIZED AC PARAMETERS
VS. FREQUENCY VS. TEMPERATURE

g

=
N

-
-

—

=
>

ANDWIDTH

x
<
§
-
%
<
w
o
2
2
>

o +40 +80
TEMPERATURE - oC

NORMALIZED PARAMETERS REFERRED
TO VALUES AT +250C

|
Q
H
H
w
g
]
>
5
&
2
°

100K TMEG
FREQUENCY - Hz

NORMALIZED AC PARAMETERS INPUT NOISE VOLTAGE AND
VS. LOAD CAPACITANCE NOISE CURRENT VS. FREQUENCY

Hz

BANDWIDTH

e

SLEWRATE

\ -
N CURRENT NOI
N

L
N ~
/ M
VOLTAGE NOISE
100 200 C SOURCE RESISTANCE = 0
LOAD CAPACITANCE - pF ’ 10 100 1K
FREQUENCY - Hz

NORMALIZED VALUE REFERRED TO
LOAD CAPACITANCE EQUAL TO 10pF
INPUT VOLTAGE NOISE - nV/\/Hz

INPUT CURRENT NOISE - pA/
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PERFORMANCE CURVES (Cont’d)

OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS. LOAD RESISTANCE OUTPUT STEP VOLTAGES

0.5m V

OUTPUT VOLTAGE SWING - VOLTS

OUTPUT VOLTAGE STEP (VOLTS)

400 600 800
LOAD RESISTANCE - OHMS

0 10 20 30 40 50 60 70 80 90 100 110
SETTLING TIME - ns

COMMON MODE REJECTION RATIO POWER SUPPLY REJECTION
VS. FREQUENCY RATIO VS. FREQUENCY

LTI

POSITIVE SUPPLY

™~
Y - ]

POWER SUPPLY CURRENT -dB

o
g
B
g
:
8

10K 10K
FREQUENCY - Hz FREQUENCY - Hz

POWER SUPPLY CURRENT
VS. TEMPERATURE

T T
VSuPPLY = 1 16V

VSuppLY = 1 10V ;

POWER SUPPLY CURRENT - mA

+40 +
TEMPERATURE - oC
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APPLYING THE HA-5190/5195

. POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines be
decoupled with .014F ceramic capacitors to ground. Decoup-
ling capacitors should be located as near to the amplifier
terminals as possible.

. STABILITY CONSIDERATIONS: HA-5190/5195 is stable at
gains > 5. Gains < 5 are covered elsewhere in this data sheet.
Feedback resistors should be of carbon composition located as
near to the input terminals as possible.

. WIRING CONSIDERATIONS: Video pulse circuits should be
built on a ground plane. Minimum point to point connections
directly to the amplifier terminals should be used. When
ground planes cannot be used, good single point grounding
techniques should be applied.

4, OUTPUT SHORT CIRCUIT: HA-5190/5195 does not have
output short circuit protection. Short circuits to ground can
be tolerated for approximately 10 seconds. Short circuits to
either supply will result in immediate destruction of the device.
In applications where short circuiting is possible, current lim-
iting resistors in the supply lines are recommended.

. HEAVY CAPACITIVE LOADS: When driving heavy capaci-
tive loads (> 100pF) a small resistor (x100%2) should be con-
nected in series with the output and inside the feedback loop.

APPLICATIONS

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY

NON-INVERTING

O)

20092

OUTPUT

OUTPUT

fo=UURIETERIT TRETEEY

ITTRU FTET FTY
HHIH T

Vertical Scale: (Voits: 2V/Div.)
Horizontal Scale: (Time: 100ns/Div.)

* Values were determined experimentally for optimum épaed and settling time.

R1 and C1 should be optimized for each particular application to ensure best overall frequency response.

INVERTING

o

20002

|
IHE<AAA-
Ul maay

Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (50ns/Div.)

OUTPUT

r- TYRIFETTIITeTI NUv
1= RARIAARRAARRRSRARAS

INPUT

FEeTLEvETI FevTI 1Y
ARARIRARRIAREAA LS
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APPLICATIONS (Cont'd}

VIDEO PULSE AMPLIFIER/75§2 COAXIAL DRIVER

O—

FAST DAC OUTPUT BUFFER
GAIN

500 —— VREF
—_— +0V

15T J

v

% 7.975K
3

3.975K
aQ

< :Tu ST T

FEVIIERvs INETIRUET]
t

TH

3

c'
Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (Time: 50ns/Div.)

TETLIT TR IUEY
t

B=Vour C=DIGITAL INPUT

* Time delay between B and C represents total time delay for OV to +5V full scale coded change.
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CMOS Analog

Switches and Multiplexers ’l ,'I ,‘l

PAGE

Selection Guides 3-2
H1-200 Dual SPST Switch 3-4
HI-201 Quad SPST Switch 3-10
H1-1800A Dual DPDT Low Leakage Switch 3-16
HI-5040 thru 5051 Low Resistance Switches 3-20
HI-506/507 16/Dual 8 Channel Multiplexers 3-28
HI-5606A/507A Overvoltage Protected 16/Dual 8 Channel Multiplexers 3-34
HI-508A/509A Overvoltage Protected 8/Dual 4 Channel Multiplexers 3-40
HI-516 16 Channel/Dual 8 Channel CMOS High Speed Analog Multiplexers 3-46
HI1-518 8 Channel/Dual 4 Channel High Speed Analog Multiplexer 3-49
HI-1818A/1828A  8/Dual 4 Channel Multiplexers 3-52
HI1-1840 Fail-Safe 16 Channel Multiplexer 3-56

ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings’ may
be applied to devices (one at a time) without resulting in permanent damage. This
is a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “Electrical
Characteristics” are the only conditions recommended for satisfactory operation.
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CMOS Switches Selection Guide

RoN(£2) | ID(OFF)(NA) | t(on)(NS) | t{oFF)(NS) | PD(mW)
FUNCTION DEVICE (TYP) (TYP) (TYP) (TYP) (TYP) |PAGE
SPST H1-5040 50 0.5 370 280 1.5 20
2 x SPST HI-200 55 1 240 180 15 4
HI-5048 25 0.5 370 280 1.5 20
H1-5041 50 0.5 370 280 1.5 20
4 x SPST HI-201 65 2 180 155 15 10
SPDT HI-5050 25 0.5 370 280 1.5 20
HI1-5042 50 0.5 370 280 1.5 20
2x SPDT H1-5051 25 0.5 370 280 1.5 20
HI-5043 50 0.5 370 280 1.5 20
DPST H1-5044 50 0.5 370 280 1.5 20
2 x DPST HI-5049 25 0.5 370 280 1.5 20
H1-5045 50 0.5 370 280 1.5 20
2 x DPST
(3 ADDRESS) HI-1800A 125 0.02 500 300 10 16
DPDT HI1-5046A 25 0.5 370 280 1.5 20
HI1-5046 50 0.5 370 280 1.5 20
4PST HI-5047A 25 0.5 370 280 1.5 20
HI1-5047 50 0.5 370 280 1.5 20

NOTE: All data typical room temperature specifications at * 15V supplies. For guaranteed
and tested specifications consult the device data sheet.




CMOS Multiplexers Selection Guide

TTL ID(OFF) | t(ON) | t{OFF)
“HIGH” | RoN(Q2) (nA) (ns) (ns) Pp(mw)
FUNCTION DEVICE FEATURE MIN(V) (TYP) (TYP) | (TYP) | (TYP) (TYP) PAGE
4-CHANNEL HI-1828A LOW RonN 4.0 250 0.05 350 250 5 52
DIFFERENTIAL LOW LEAKAGE
HI-509A | ANALOG INPUT 4.0 1200 1.0 300 300 7.5 40
OVERVOLTAGE
PROTECTION
8-CHANNEL HI-1818A LOW RoN 4.0 250 0.1 350 250 5 52
LOW LEAKAGE
HI-508A ANALOG 40 1200 1.0 300 300 7.5 40
OVERVOLTAGE
PROTECTION
8-CHANNEL HI-507 LOW RonN 24 170 1.0 300 300 30 28
DIFFERENTIAL
HI-507A ANALOG 40 1200 1.0 300 300 75 34
OVERVOLTAGE
PROTECTION
16-CHANNEL H1-506 LOW RoN 24 170 1.0 300 300 30 28
HI-506A ANALOG 4.0 1200 1.0 300 300 75 34
OVERVOLTAGE
PROTECTION
HI-1840 HIGH-Z 4.0 2000 1.0 300 300 0.6 56
OVERVOLTAGE
PROTECTION
8-CHANNEL/ HI1-518 HIGH SPEED 24 620 0.035 100 80 525 49
4DIFFERENTIAL LOW LEAKAGE
16-CHANNEL/ HI-516 HIGH SPEED 24 480 0.1 80 60 360 46
8DIFFERENTIAL LOW LEAKAGE

NOTE: All data typical room temperature specifications at *1i5v supplies. For guaranteed
and tested specifications consult the device data sheet.




HARRIS
SEMICONDUCTOR Hl_zuo

Dual SPST CMOS Analog Switch

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES DESCRIPTION

ANALOG VOLTAGE RANGE

ANALOG CURRENT RANGE HI-200 is a monolithic device comprising two independently
TURN-ON TIME selectable SPST switches which feature fast switching speeds
LOW Rgn (290ns) combined with low power dissipation (15mW at 250C).
LOW POWER DISSIPATION E.ach switch provides low "“ON rgmstance op.eratmn for input
signal voltages up to the supply rails and for signal currents up
TTL/CMOS COMPATIBLE to 80mA. Employing Dielectric Isolation and Complementary

NO DIGITAL INPUT CURRENT SPIKE CMOS processing, HI-200 operates without any applications
problems induced by latch-up or SCR mode phenomena.

APPLICATIONS Alt devices provide preak—before—‘make swnc'hmg.; and are 'T.TL
and CMOS compatible for maximum application versatility.
HI-200 is an ideal component for use in high frequency analog
switching. Typical applications include signal path switching,

sample and hold circuit, digital filters and op amp gain switching
HIGH FREQUENCY ANALOG SWITCHING networks.

SAMPLE AND HOLD CIRCUITS HI-200 is available in DIP and metal (T0-100) cans. HI-200-2
is specified from -550C to +1250C while H1-200-5 operates
DIGITAL FILTERS from 00C to +750C. HI-200 is functionally and pin compatible

N h . " . .
OP AMP GAIN SWITCHING NETWORKS with other available “200 series” switches

PINOUT FUNCTIONAL DIAGRAM

Package Code 4U Package Code 2D, 4U, 3M, LA
3m

!

Top View

— H

A2
NC —

1
2
GND —3
4

NC— ' SWITCH OPEN

B FOR LOGIC HIGH
r—s- De

V-=—11 8

IN2—15

ouT 2—¢6

TO-100

CAUTION: These devices are sensitive to electrostatic discharge.
3-4 Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 6 and 10 +40V Total Power Dissipation*® 450mW

VREF to Ground +20V, -5V Operating Temperature

Digital Input Voltage: +Vgypply +4V HI-200-2 -550C to +1250C
-Vsupply -4V HI-200-4 -200C to +850C

Analog Input Voltage (One Switch) +Vgypply +2.0V H1-200-5 00C to +750C
-Vsupply -2.0V Storage Temperature -650C to +1500C

*Derate 6mW/0C Above Tp = 750C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies = +15V, -15V; VREF = Open; VaH(Logic Level High) = 3.0V V| (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics
HI1-200-2 HI1-200-5 **
-550C to +125°C 09C to +75°C
PARAMETER . | MIN. TYP. | MAX. MIN. TYP. | MAX.
ANALOG SWITCH CHARACTERISTICS
* Vg, Analog Signal Range -15 +15 -15 +15

* RgN, On Resistance (Note 1) 70 80

* 15 (0FF), Off Input Leakage Current
(Note 6)

* Ip(0FF), Off Qutput Leakage Current
(Note 6)

*Ip(oN). On Leakage Current (Note 6)

DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold
VAH, Input High Threshold

* | A, Input Leakage Current (High or Low) (Note 2)
SWITCHING CHARACTERISTICS

tOPEN. Break - Before Make Delay (Note 3)

ton. Switch on Time

toff, Switch off Time
“0ff Isolation” (Note 4) 70
Cs (OFF), Input Switch Capacitance . 5.5
Cp (0FF). - 5.5
Output Switch Capacitance
Co(on), "
CAa, Digital Input Capacitance 5
Cps (OFF), Drain-To-Source Capacitance . 0.5
POWER REQUIREMENTS (Note 5) 15
Pp, Power Dissipation 60 60
. 0.5
*1* Current (Pin 10) 2.0 2.0
* - . . 0.5
1-, Current (Pin 6) 20 20
NOTES: 1. Vout =*10V Iy = 1mA 4.V, =+3V, R =1K§, C =10pF, Vg = 3VRMS,
2. Digital Inputs Are MOS Gates - Typical Leakage is £, 100 kHz

Less Than 1nA

5.V = +3Vor V, = OV For Both Switches
3. VaH ™ 4.0v

6. Refer to leakage current measurement diagram
* 100% Tested for Dash 8 at +250C and +1259C Only. on page (3-8)
** Note: HI-200-4 has same specifications as HI-200-5 over the temperature range ~20°C to +85°C.
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SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT

SWITCH CELL

T

QUTPUT

Qs
5V

*ITL Interface: Leave VRgf Open

*CMOS Interface: If Vpp > +5.5V,
Connect Vpp to VRgf for
Higher Noise Immunity;
Otherwise Leave Open.

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

T0 VL

TolVRer

ALL N-CHANNEL
BODIESTO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN.




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED T = 25°C, Vgypppy = # 15V, Vap = 3.0V V| = 0.8V AND VRgp = OPEN).

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

1mA
()

\/]

O«+O

ON RESISTANCE vs. TEMPERATURE

,//
_—

»
€
=
(=)
'
@
x)
c
il
2
%
@
o
c
o

0 +25 +50
Ambient Temperature -9C

(HI-200)
ON RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

On Resistance - Ohms

-15 -10 -5 0 +5 +10 +15
Analog Signal Level - Volts
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE (H1-200)

OFF LEAKAGE CURRENT
vs. TEMPERATURE

1§(0FF) Ip{OFF)

IN o

Is(0FF)/!D(OF +14v

I

Current — nA

ON LEAKAGE CURRENT
vs. TEMPERATURE

/

+500C +75°C +100°C +125°C

Temperature

SWITCH CURRENT vs. VOLTAGE

/

SWITCH CURRENT
vs. VOLTAGE

Switch Current - mA

Voltage Across Switch - Volts




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

(HI-200)
SWITCH TIME vs. TTL LOGIC LEVEL

- BREAK-BEFORE-MA
| |

I

N = 240ns

Switch Time - ns

3.0 35 4.0 45
TTL Logic Level (VpR) - Volts

ON/OFF SWITCH TIME vs.
LOGIC LEVEL

?HOV IN

o

HI-200

SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH
QUTPUT

ton. tofF (TTL INPUT)
Vpay = +4.0V

tgn. topp(CMOS INPUT)

[

|

I

\

Top: TTL Input  Vertical: 2V/Div.
Bottom: Output  Horizontal: 200ns/Div.

Top: CMOS Input
Bottom: Output

Vertical: 5V/Div.
Horizontal: 200ns/Div.




HARRIS HI-201

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION a ua d S PS T c M a S
Analog Switch

FEATURES DESCRIPTION

ANALOG VOLTAGE RANGE
ANALOG CURRENT RANGE

TURN-ON TIME HI-201 is a monolithic device comprising four independently
LOW RN selectable SPST switches which feature fast switching speeds

(185ns) combined with low power dissipation (15mW at 250C).
LOW POWER DISSIPATION Each switch provides low “ON" resistance operation for input
TTL/CMOS COMPATIBLE signal voltages up to the supply rails and for sighal currents up

to 80mA. Employing Dielectric Isolation and Complementary
NO DIGITAL INPUT CURRENT SPIKE CMOS processing, HI-201 operates without any applications
problems induced by latch-up or SCR-mode phenomena.

APPLICATIONS

All devices provide break-before-make switching and are TTL
and CMOS compatible for maximum application versatility.
HI-201 is an ideal component for use in high frequency analog
switching. Typical appliations include signal path switching,
sample and hold circuit, digital filters and op amp gain switching
® HIGH FREQUENCY ANALOG SWITCHING networks.

* PLE AN
SAM AND HOLD CIRCUITS HI-201 is available in a 16 lead dual-in-line package. HI-201-2

DIGITAL FILTERS is specified from -550C to +1250C while HI-201-5 operates
s from 00C to +759C. HI-201 is functionally and pin compatible

OP AMP GAIN SWITCHING NETWORKS with other available “200 series” switches.

PIN OUT FUNCTIONAL DIAGRAM

Package Code 4B, 3C, LA
Top View

A1 .—<]»-—1s Az TYPICAL SWITCH
IN
E o—1—15 QUT 2 O
14 IN2 A

0UT1 24—
INT 3—

13 v+ r_l I_—

712 VRer SWITCH OPEN —O

—11 IN3 FOR LOGIC HIGH DF

' —1—10 OUT3 )

As 8““"[>‘ L‘<H—‘9 A3

3-10 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 4 and 13 +40V Total Power Dissipation* 750mwW

VREF to Ground +20V, -5V Operating Temperature

Digital Input Voltage: Vsupply(+) +4V HI-201-2 -550C to +1250C
Vsupply(-) -4V HI-201-4 -200C to +850C

Analog Input Voltage (One Switch) +Vsypply +2.0V HI-201-5 00C to +750C
-Vsupply -2.0V Storage Temperature -650C to +1500C

*Derate 8mW/OC Above Tp = +750C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies = +15V, -15V; Vg = Open; Vay (Logic Level High) =3.0V V| (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics

HI-201-2 HI-201-5 **

-550C to +1250C 0°C to +750C
PARAMETER LM T oTYe [ maxc | min T oTve | max.
ANALOG SWITCH CHARACTERISTICS
*Vg, Analog Signal Range -15 +15 -15 +15

*RQN. On Resistance (Note 1) : 80
125 125

*1S(OFF), Off Input Leakage Current nA
(Note 6) 500 250 nA

*Ip(0FF). Off Output Leakage Current nA
(Note 6) 500 nA

*Ip(oN). On Leakage Current (Note 6) A
nA

DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold . . v
VAH. Input High Threshold . . Vv

*1A, Input Leakage Current (High or Low) (Note 2) . . UA

SWITCHING CHARACTERISTICS

tQPEN. Break - Before Make Delay (Note 3) 30 ns
ton , Switch ON Time 185 ns
toff, Switch OFF Time 220 ns
“0ff Isolation’” (Nate 4) 80 dB
CS (QFF). Input Switch Capacitance 5.5 . pF
Co (OFF). 5.5 : pF
Output Switch Capacitance
Co(on) " pF
Ca, Digital input Capacitance 5 pF
Cps (OFF). Drain-To-Source Capacitance 0.5 . pF
POWER REQUIREMENTS (Note 5) 15 mwW
Pp, Power Dissipation 60 60 mW
05 . mA
*I+, Current (Pin 13) 2.0 2.0 mA
0.5 . mA
*1- Current (Pin4) 20 2.0 mA
NOTES: 1. Vot =#10V Igyy = 1mA 4. Vp =5V, R =1k, C| =10pF, Vg =3VRMS.f = 100KHz
2. Digital Inputs Are MOS Gates - Typical Leakage is 5. Vp =+3VorV, =0V For all Switches

Less Than 1nA 6

. Refer to leakage current measurement diagram
3. Vuy =40V

on page (3-14)
* 100% Tested for Dash 8 at +259C and +125°C Only.
** Note: HI-201-4 has same specifications as HI-201-5 over the temperature range ~20°C to +85°C. 3—1 1



SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT

SWITCH CELL

6

TOJ
AT
Q4
Q5
.
0————————-' Q
N14

1
-}

Ly ]
*SV

*TTL Interface: Leave VRgf Open

*CMOS Interface: If Vpp D> +5.5V,
Connect Vpp to VR for
Higher Noise Immunity;
Otherwise Leave Open.

OUTPUT

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL

BODIES TO V+
EXCEPT AS SHOWN.




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp, = 259C, VgyppLy =+ 15V, Vay = 3.0V Vo( = 0.8V AND Vggg = OPEN).

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

1mA
——

V2

—0e—0——

ON RESISTANCE vs. TEMPERATURE

On Resistance - Ohms

0 725 50
Ambient Temperature - °C

(H1-201)
ON RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

On Resistance - Ohms

-5 [] +5
Analog Signal Level - Volts




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE (HI-201)

OFF LEAKAGE CURRENT
vs. TEMPERATURE

I(OFF) Ip(OFF)

IN - out
l—oO0
HI-201
IsoFF)/'o(oF

— +14V

I

Current — nA

ON LEAKAGE CURRENT
vs. TEMPERATURE

7
/

/

/

+500C +750C +100°C +1250C

Temperature

SWITCH CURRENT vs. VOLTAGE

SWITCH CURRENT
vs. VOLTAGE

Switch Current - mA

+2 +3 +4 +5

Voltage Across Switch - Volts

3-14



SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH
OUTPUT

toN. torp(TTL INPUT)

Vin=3.5V

\

\

N

Top: TTL Input Horizontal: 100ns/Div.
Bottom: Qutput Vertical: 2V/Div.

toN. tOFF(CMOS INPUT)
VREF = OPEN, V) = +15V

/

J

Top: CMOS Input
Bottom: OQutput

Vertical: 5V/Div.
Horizontal: 100ns/Div.




HARRIS

SEMICONDUCTOR
PROGRAMS DIVISION

A DIVISION OF HARRIS CORPORATION

HI-1800A

Low Leakage
Dual DPST Analog Switch

FEATURES DESCRIPTION

LEAKAGE (TYP.)

SIGNAL RANGE

“ON" RESISTANCE (TYP.)
ACCESS TIME (TYP.)

DTL/TTL COMPATIBLE ADDRESS

The HI-1800A is a general purpose analog switch which may
be used as a signal selector, multiplexer, chopper, or cross-
paint switch for signals from D.C. to R.F. The configuration
is two independent DPST switches with versatile TTL com-
patibile addressing logic which allows connection as two
SPDT, or as a single DPDT, SPDT, or SPST switch by con-
nection of external jumpers. ON resistance decreases corre-
spondingly when switching elements are connected in par-
allel. The HI-1800A is fabricated on a single dielectrically
isolated chip using complementary N and P channel MOS
devices. This unique process produces exceptionally low
leakage currents, constant ON resistance, low power dissipa-
tion, and fast switching. The HI-1800A is available in a her-
metic 16 pin dual-in-line package.

APPLICATIONS

SIGNAL SELECTOR
CHOPPER

SAMPLE AND HOLD
GAIN SWITCHING

PINOUT FUNCTIONAL DIAGRAM

Package Code 4B, LA

3-16

ADDRESS 2
+5.0V SUPPLY
ENABLE
ADDRESS 3
ouT 4

ouT3

-
1
'

INg —-(/:3 1

TRUTH TABLE

ADDRESS 1
NEG. SUPPLY
POS. SUPPLY
N.C.
INT

1 0UT1

. 10 IN2
IN3 -o/o—I =

ouT 2

INPUT
ADDRESS

Swi

TCH

CHANNELS

Al A2 A3
X

12
ON ON
OFF OFF

OFF OFF

3 4

ON ON
ON ON
OFF OFF
OFF OFF

H2+4.0v

L<+0.4V

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage Between Pins 14 and 15 40.0V
Logic Supply Voltage, Pin 2 30.0v

Analog Input Voltage: V+gyngiy +2v V-Supply -2V

Digital Input Voltage V‘Supply, V+Supply

Total Power Dissipation 780 mW (Note 2)
Storage Temperature Range —65°C to +150°C

ELECTRICAL CHARACTERISTICS
Supplies = +15V, -15V, +5.0V
PARAMETER

‘HI-1800A-5
0°C to +75°C

MIN.

TYP. | MAX.

ANALOG CHANNEL CHARACTERISTICS
VN, Analog Signal Range

RoN. ON Resistance (Note 3)

Ig (OFF), Input Leakage Current
Ip (OFF), Output Leakage Current
Ip (ON), On Channel Leakage Current

-15

+15

DIGITAL INPUT CHARACTERISTICS
ViL, Input Low Threshold

VIH. Input High Threshold (Note 4)

I|N, Input Leakage Current

SWITCHING CHARACTERISTICS
ta, Access Time (Note 5)

Break-Before-Make Delay

C}. Channel Input Capacitance
Couyrt. Channel Output Capacitance
Cp. Digital Input Capacitance

POWER REQUIREMENTS
Pp, Power Dissipation

Ppg. Standby Power (Note 6)
I+, Current Pin 14
I_, Current Pin 15

I, Current Pin 2

. Voltage ratings apply when voltages at all other pins
are within their nominal operating ranges.

. Derate 9.25 mW/C above t5 = +75°C

- VouT =110V Iyt =-100UA.

. To drive from DTL/TTL circuits, 1K pullup resistors
to +5.0V supply are recommended.

. Time measured to 90% of final output level;

VouT = -5.0V to +5.0V, Digital Inputs =
0.4V to +4.0V.

. Voltage at Pin 3, ENABLE > +4.0V.




PERFORMANCE CHARACTERISTICS

ON RESISTANCE vs
ANALOG SIGNAL LEVEL

~— 100uA

2

———0—{

o0
I
————O‘\o—

Test Circuit

ON CHANNEL CURRENT
vs VOLTAGE

£

Test Circuit

+125°C

+259C
-550C

CURRENT THROUGH SWITCH-mA

W
-

) 2 0 2 “ +6 8
V) - SIGNAL LEVEL (VOLTS)

+10

-3 - -1 0 Al
VOLTAGE ACROSS SWITCH

ON/OFF LEAKAGE CURRENTS vs
TEMPERATURE

OFF LEAKAGE ON LEAKAGE

1§(0FF)

—+—0
OV
03

1p(0FF)

ouT c

TV

o0
00—

IN

(? Iolow
Ti0v

Test Circuit

100 A ey

15(OFF) = 1p(OFF) = Ip(ON)

-
A
X
/]

10 pA
25 50 1% 100
TEMPERATURE -°C

125

ACCESS TIME

+5V 0C O N1

-0
— 00—

N
v 0C o oo

oo
A,fm J'ml;

I L

+v
+0.4V

200ns/DIV.




SCHEMATIC DIAGRAM

ADDRESS INPUT BUFFER

ALL N-CHANNEL BODIESTO V-
ALL P-CHANNEL BODIES TO V+
UNLESS OTHERWISE INDICATED

DECODER GATE

P CHANNEL
W

Pist{ P16 |
T0

N CHANNEL
|-|N15 Nig W

4 [N

i
|
|
|
|
|
I
i
|

P CHANNEL TO +V
N CHANNEL TO -V LLIN SWITCH CELL _J

MULTIPLEX SWITCH

 FROM DECODE
7

FROM DECODE




HARRIS  HI-5040 thru HI-5051

PRODUCTS DIVISION

CMOS Analog Switches

FEATURES DESCRIPTION

WIDE ANALOG SIGNAL RANGE 15V This family of CMOS analog switches offers low-resistance
LOW "ON" RESISTANCE (TYP) 25Q switching performance for analog voltages up to the supply
HIGH CURRENT CAPABILITY (TYP) 80mA rails and for signal currents up to 80mA. “ON" resistance is low
BREAK-BEFORE-MAKE SWITCHING and stays reasonably constant over the full range of operating

TURN-ON TIME (TYP) 370ns signal voltage and current. RgpN remains exceptionally constant

TURN-OFF TIME (TYP) 280ns for input voltages between +5V and -5V and currents up to
NO LATCH-UP 50mA. Switch impedance also changes very little over temp-
INPUT MOS GATES ARE PROTECTED FROM ELEC- erature, particularly between 00C and +750C. Rgp is nomin-

TROSTATIS DISCHARGE ally 25 ohms for HI-5048 through HI-5051 and HI-5046A/
DTL, TTL, CMOS, PMOS COMPATIBLE 5047A and 502 for HI-5040 through HI-5047.

All devices provide break-before-make switching and are TTL
APPLICATIONS and CMOS compatible for maximum application versatility.
Performance is further enhanced by Dielectric Isolation pro-
cessing which insures latch-free operation with very low input
and output leakage currents (0.8nA at 250C). This family of
switches also features very low power operation (1.5mW at
HIGH FREQUENCY SWITCHING 250C).

SAMPLE AND HOLD There are 14 devices in this switch series which are differentiated
by type of switch action and value of R (see Functional
DIGITAL FILTERS diagram).  All devices are available in 16 pin D.1.P. packages.
The HI-5040/5050 switches can directly replace IH-5040 series
0P AMP GAIN SWITCHING devices and are functionally compatible with the DG 180/190
family. Each switch type is available in the -550C to +1250C
and 00C to +750C performance grades.

FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

Package Code 4B

PART NUMBER TYPE RoN
HI-5040 SPST 759
HI-5041 DUAL SPST 750 TYPICAL DIAGRAM
HI-5042 ’ SPOT 750
HI-5043 DUALSPDT 759
HI-5044 DPST 7590
HI-5045 DUALDPST 759
HI-5046 pPOT 750 —-I
HI-5046A DPOT 300
HI-5047 4psT 750
HI-5047A apsT 309
HI-5048 DUAL SPST o bo
HI-5049 DUAL DPST 300
HI-5050 SPOT 300
HI-5051 DUAL SPDT 300

3.20 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V' -V-) 36V Analog Current (S to D) 80mA

VR to Ground vt v Total Power Dissipation* 450mW
Digital and Analog \ARY Y] Operating Temperature

Input Voltage V- -4V HI-50XX-2 -550C to +1250C

HI-50XX-5 0°C to +75°C

Storage Temperature -65°C to +150°C

*Derate 6mW/°C above Tp = 75°C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies=+15V,-15V; Vp = 0V; Vpy (Logic Level High) = 3.0V; V5| (Logic Level Low) = +0.8V, V| = +5V
For Test Conditions, consult Performance Characteristics

-550C to +125°C 0°C to +75°C
PARAMETER MIN TYP MAX MIN TYP MAX
ANALOG SWITCH CHARACTERISTICS
* Analog Signal Range -15 +15 -15 +15
* Ron,“ON" Resistance (Note 1a)

75 75
Ron,”ON""Resistance (Note 1b)
50 50
Ron, Channel-to-Channel Match (Note 1a) 10 10
Ron, Channel-to-Channel Match (Note 1b) 5 5
lS(OFF) = ID(OFF)' 0ff Input or Output
Leakage Current 500 500
Ip(oN). On Leakage Current
500 500

DIGITAL INPUT CHARACTERISTICS
VaL. Input Low Threshold 0.8
VaH. Input High Threshold
I, Input Leakage Current (High or Low) X 1.0 K 1.0

SWITCHING CHARACTERISTICS
ton. Switch “ON" Time
toff, Switch “OFF” Time
Charge Injection (Note 2)
“OFF Isolation” (Note 3)
“Crosstalk” (Note 3)
cS(OFF), Input Switch Capacitance
Co(oFF)
Output Switch Capacitance

0.8

Coion),
Ca. Digital Input Capacitance
Cps (0FF), Drain-To-Source Capacitance

POWER REQUIREMENTS
Pp, Quiescent Power Dissipation
1*, +15V Quiescent Current

* 17, -15V Quiescent Current

* I, +5V Quiescent Current

* IR, Gnd Quiescent Current

NOTES: 1.Vgut =0V, IgyT = 1mA
a) For HI-5040 thru HI-5047
b) For HI-5048 thru HI-5051, HI-5046A/5047A
2.V \ = 0V, € = 10,000pF
3.R| =10082, f= 100 KHz, Vy = 2 Vpp, C| =5pF

* 100% Tested for Dash 8 at +250C and +1250C Only. 3-21



SWITCH FUNCTIONS

SPST
HI-5040 (75 Q2)

Vi v+
le Tn

}—-—oT%]

It

13 1“
no

SWITCH STATES ARE FOR LOGIC “1” INPUT

DUAL SPST
HI-5041 (752)

VL V+
fo

[}
O
D>

'—_——o’\"ﬂ

13 14
vod

SPDT
HI-5042 (75%2)

Vi v+
le Tn

_—-__o—.(L
D>

il:i
VR

DUAL SPDT
HI-5043 (75%2)

Vi V+
le Tn

lm Au
VR V-

DPST
HI-5044 (75X2)

Vi

DUAL DPST
HI-5045 (75$2)

Vi V+
Tn Tn

————o0T1 %
| o+x )l

(O
D>

lm Lu
VR V-

DPDT
HI-5046 (75%2)
HI-5046A (3052)

VL v+
le Tn

4PST
HI-5047 (7582)
HI-5047A (3052)

Vi
fra

DUAL SPST
HI-5048 (302)

v+

Vi
le 1)
———C

O
>
| x
vi;a vi-u
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DUAL DPST
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VL v+
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VR V-

SPDT
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VL
fre

DUAL SPDT
HI-5051 (30Q2)
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D
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp =25°C, V* = +15V, V™ =-15V, V| =+5V, Vg =0V, Vo = 3.0V and V5, = 0.8V

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

TmA

vy

“ON"" RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

N
[ —

“
E
=
o
|
w
o
2
<
-
2
17
w
(-
=
e

-10 -5 0 +5
ANALOG SIGNAL LEVEL — VOLTS

NORMALIZED “ON" RESISTANCE vs. TEMPERATURE

NORMALIZED “ON’" RESISTANCE
(REFERRED TO +25°C)

00 +250 +500 +750 +100° +1259
TEMPERATURE - 0C
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON/OFF LEAKAGE CURRENT vs. TEMPERATURE

—

IS(0FF) = 'D(OFF)

LEAKAGE CURRENT

500 75°
TEMPERATURE - °C

NORMALIZED ““ON" RESISTANCE
vs. ANALOG CURRENT

L~

NORMALIZED “ON" RESISTANCE
(REFERRED TO 1mA)

20 40 60 80
ANALOG CURRENT — mA

3-24

OFF LEAKAGE CURRENT
vs. TEMPERATURE

I(OFF)

HOV =

w,. 0UuT

Ip(OFF)

ON LEAKAGE CURRENT
vs. TEMPERATURE

IN

O€—C ouT

“ON" RESISTANCE
vs. ANALOG CURRENT

IN

ouT

——0 «—0——

Vin

Ron="T

1




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

“OFF" ISOLATION vs. FREQUENCY
T

OFF ISOLATION - dB

\'
“OFF” ISOLATION = 20 Iug(v__
out

1K 10K
FREQUENCY - Hz

CROSSTALK vs. FREQUENCY

SWITCHED
CHANNEL

Vout %RL

Ri =

CROSSTALK - dB

" " VIN
CROSSTALK" = 20 log
Vour

1K 10K
FREQUENCY - H:

POWER CONSUMPTION vs. FREQUENCY

% . +10V O- ﬂql—c J
1
= -1V o a"lkc
£ / !
TOGGLE '

Z 120 AT 50%0——{'“ >—
2 puTY
S Vi Vg VPoov
o
£ w / L CMD
o
a

40 ' +5V +18V 15V

0w -
ik 10K 100K ™
TOGGLE FREQUENCY (50% DUTY CYCLE) — Hz
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SWITCHING CHARACTERISTICS

ON/OFF SWITCH TIME
vs. LOGIC LEVEL

e ——— VA

90% ; . 90%
]

! | ouT 1
ltou ] ——:tOFFH—-

ouT 2
90% 90%
| :
—| tOF Flwe —>| toN  bee—

SWITCHING TIMES FOR POSITIVE DIGITAL TRANSISTION
0 0 SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSISTION

15V 2V 20V

T

0N

SWITCHING TIME (ns)

2
w
2
=
2]
z
x
=]
£

36V 4.2v

DIGITAL “HIGH" (Vay) 05V 1.0V
DIGITAL “LOW" (Va )

SWITCHING WAVEFORMS

TOP: TTL INPUT (IV/DIV) TOP: CMOS INPUT (5V/DIV)
Van =3V, VpL =08V VAH =10V, VL =0V
BOTTOM: OUTPUT (5Vv/DIV) BOTTOM: OUTPUT (5v/DIV
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—
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SCHEMATIC DIAGRAMS

TTL/CMOS SWITCH CELL
REFERENCE CIRCUIT*

V+
o

L

T
N1

*Connect V*to V_for
inimizing power
when driving from CMOS circuits

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN
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HARRIS HI-506/HI-507

SEMICONDUCTOR
PRODUCTS DIVISION

ot o s Conromarn Single 16/ Differential
8 Channel CMOS

Analog Multiplexers

FEATURES DESCRIPTION

e LOW ON RESISTANCE (TYP.) 1709 The HI-506/507 are monolithic high performance CMOS analog
multiplexers offering built-in ch | selection decoding plus
e WIDE ANALOG SIGNAL RANGE 115V an inhibit input for disabling all channels. Dielectric Isolation
* DIRECTLY TTL/OMOS () it s b Gl rhrsd il
COMPATIBLE 24V (LOGIC ™17) devices. (See Application Note 521). Substrate leakages and
ACCESS TIME (TYP.) 300ns parasitic capacitance are much lower in DI resulting in extremely
low static errors and high throughput rates. Low output leakage
HIGH CURRENT CAPABILITY (TYP) 50mA (typically 0.3nA) and low channel ON resistance (170£2) assure
BREAK-BEFORE-MAKE SWITCHING bptimum performance in low level or current mode applications.
Operation is specified with nominal 15V supplies, however,
NO LATCH-UP supplies as low as 27V can be used at somewhat lower perfor-
mance. The HI-506/507 internally develops a +5V digital logic
reference from the positive supply which eliminates an addition-
APP[ICA TIa”S al supply and provides direct TTL/CMOS compatibility without
interface pull-up resistors.

e DATA ACQUISITION SYSTEMS
The HI-506 is a single-ended 16 channel multiplexer while the

o PRECISION INSTRUMENTATION HI-507 is a differential 8 channel version. Either device is
ideally suited for medical instrumentation, telemetry systems

o DEMULTIPLEXING and microprocessor based data acquisition systems.

The HI-506-2 and HI-507-2 are specified over -550C to
+1250C, while the -5 versions are specified over 00C to +750C.

PINOUT FUNCTIONAL DIAGRAM

HI-506 TOP VIEW Package Code 1M HI-506
v, 3P

+vsupeLY | =1 @ — 28 OUT
NC 2 = — 27-vsupPLY LC
NC 3 |— 2 w8
IN16 4 L— 25 N7 oiGiTAL
INI5 § — 2¢ N6 AvoRess
IN14 6 b 23 INS
IN13 T L— 22 N4
IN12 8 b 21 IN3
INT1 9 l— 20 N2
N0 10 — 191N
[LERE L— 18 ENABLE
GND 12 |— 17 ADDRESS Ag
NC 13— |— 16 ADDRESS A, ! H
ADDRESS Ay 14—t L 15 ADDRESS A, [

ADDRESS INPUT BUFFER DECODERS
AND LEVEL SWIFTER

® SELECTOR SWITCH

]
1
1
1
4

= r-

%

5

Z

HI-507 Package Code 1M HI-507 =TT s N
TOP VIEW 3p ! i i I <
weuppLy 1@ |- 28 ouT A LC "o 7 ' L1 [
ouTB 2 |- 27 -VsuppLY \ N T : \ |
NC 3 - 26 IN 8A ' 1 G oura
IN8B 4— 25 INTA st R + 4 ! (R
IN7B 5 24 IN6A \ : : H H : | swrcnes
Wes 6 A . TR 1 T e
INSB 7— 22 IN 4A " ' R ) omee
INag 8 21 IN3A \ | o | Swrckes)
IN3B 9 20 IN2A 1 | L |
IN28 10— 19 1IN 1A | | : ! [ h e
IN1B 11— |- 18 ENABLE ! | o : | ) :
GND 12 L 17 ADDRESS Ag ! ! .....
Ne 13— |16 ADDRESS Ay L ——— H <.
N 14— L 15 ADDRESS Ay [ bmeed L2 J
D LEVL SiFTen OECoDERS ST Pains

3.28 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 and 27 Total Power Dissipation* 1200 mW

VEN, VA, Digital Input Overvoltage: Operating Temperature:

VSupply (+) +4v H1-506/H1-507-2 -550C to +1250C
Vsupply (-) -4V HI-506/H1-507-5 00C to +750C
Analog Input Overvoltage: (Note 6) Storage Temperature -659C to +1500C
Vsupply (+) +2V

VSupp|y (‘) -2V

VA

VporVg
*Derate 8mW/0C above Tp =+250C

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified: Supplies=+15V, -15V; VaH(Logic Level High) = +2.4V,
VaL(Logic Level Low) =+0.8V. For Test Conditions, consult Performance Characteristics section.

H1-506/H1-507-2 H1-506/H1-507-5
-550C to +1250C 00C to +750C

PARAMETER MIN | TYP | MAX | MIN | TYP [ MAX THUTH TAB[ES

ANALOG CHANNEL CHARACTERISTICS

* Vg, Analog Signal Range

* RQN, On Resistance (Note 1) Q HI-506

“ON"
CHANNEL

* 13(0FF), Off Input Leakage Current . . NONE

* ARQN, (Between Channels)

* In(0FF), Off Output Leakage Current
HI-50(
HI-507

* Ip(QN). On Channel Leakage Current
HI-506

H1-507

DIGITAL INPUT CHARACTERISTICS

VAL, Input Low Threshold

VAH, Input High Threshold

*IA, Input Leakage Current (High or Low)(Note 2)

SWITCHING CHARACTERISTICS
A, Access Time

tOPEN, Break-Before Make Delay

tON(EN), Enable Delay (ON)

tOFF(EN), Enable Delay (OFF)

>

S
>

S
m
=

Settling Time (0.1%)
(0.0 25%"

“0ff Isolation” (Note 3)
CS(0FF), Channel Input Capacitance
Cp(0FF), Channel Output Capacitance

HI-507

ITTITrCr-oox
TTxTre-cxxTcoox P
I~ I I~ T X
ITXrrIxTTITIr

Ca, Digital Input Capacitance

CDS(OFF), Input to Output Capacitance

POWER REQUIREMENTS
* 1+, Current Pin 1 (Note 4) . 3.0
*1-, Current Pin 27 (Note 4) X 1.0

* |+, Standby (Note 5) . 3.0

*1-, Standby (Note 5) . 1.0

NOTES: 1. Voyr =*10V,lgyT =-1mA 4. VEN=4.0V,AllVA =4.0V
. Digital Inputs are Mos Gates. Typical Leakage 5. VEN =0V, AllVp =0V
Less Than 1nA. 6. If Analog Input 0 ge Conditions are Anticipated,
. VEN = 0.8V, R = 1K, CL = 28pF Vg = 7VRMS, Use of HI-506A/507A Protected Multiplexers is Recommended.
f=500kHz. See HI-506A/507A Data Sheet.

* 100% Tested for Dash 8 at +250C and +1250C Only.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

Unless Otherwise Specified; TA = 250C, Vgypply = 115V, ON RESISTANCE vs.
VAH = 24V, VAL = 0.8V INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

1mA

TEST CIRCUIT p—— R

NO. 1 —o0
Oe+—0O

o

ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE, TEMPERATURE vs. SUPPLY VOLTAGE

T T T
+1250C> TA 2-550C _]
N Vin=0v

\‘\

w
=)
S

/
—al

On Resistance-Ohms
~
>
S

=)
S

TA = -550C
1

|

-5 0 +5 ) 9 H0 1 12 73 hg4 1
VN Analog Input(Volts) Supply Voltage (Volts)

Normalized Resistance
(Referred to Value at *15Volts)

LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT
1000A NO. 2 vs. TEMPERATURE

IslOFF) | Ip(OFF)

i aniOil

F1ov

° o "i

0ff Qutput Z
Leakage Current

Ip (0ff) XS -
p (0ff) Z 1pi0n

7 On Leakage
7 Curren72
TEST CIRCUIT ON LEAKAGE CURRENT
/ NO. 3 vs. TEMPERATURE

v —__E
I

Z

Z
Z

Y
\ Off Input

Leakage Current — |
Is (0ff)

Leakage Current
=
b

00 750 1000
Temperature 0C

LOGIC THRESHOLD POWER SUPPLY CURRENT OFF ISOLATION vs.
vs. POWER SUPPLY VOLTAGE vs. TEMPERATURE FREQUENCY
3.0 100 %
® ) b ”ll[ﬂ
s 2 g 0 =1k LY
= 3 £ =
] € 20 S
g § g 60 =g ;
£, L 3 VEN =24V — 2 AL = 1M
t T £ g
s 2 VEN =0V T T4
E % 1.0 E”:“’
! : =2 avey-o
N ! I CLOAD = 28pF T Vg = 7 VRMS
0 ¢ 0 0 plovnn 311
1 18 110 112 14 116 18 20 -55-35-15 -5 25 45 65 85 105 125 104 105 108 107
Power Supply Voltage (Volts) Temperature (0C) -Frequency (Hz)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

TEST CIRCUIT
ON CHANNEL CURRENT vs. VOLTAGE NO.4

ON CHANNEL CURRENT
vs. VOLTAGE

!

# -Switch Current - mA

18 0 12
VN - Voltage Across Switch

TEST CIRCUIT
NO.5 +15/+10

+IsupPLY

SUPPLY CURRENT vs. TOGGLE FREQUENCY . Supeuy cumment |

+V

INT P——O £10/15

HI-506 5 =
S 105
|v=“°‘/\\// N1g F——O 5 1055
out
= -V
14 pt

nome -

<
E
€
4
5
[x)
=
&
a
=
@
f
F

]
v VAH = 3.5V
10K 100K A va=ov -IsuppLY
50% DUTY CYCLE -
Toggle Frequency,Hz

Similar connection for HI1-507 -157-10

TEST CIRCUIT
NO. 6 ACCESS TIME

ACCESS TIME vs. LOGIC LEVEL (HIGH) (f v LOGIC LEVEL (HiGH)

vt
IN1

IN 2 THRU IN15

HI-506

Ao

EN out
V-

!

tA - Access Time (ns)

e
4 5 I3
VAH - Logic Level (High), Volts Similar connection for H1-507

SWITCHING WAVEFORMS

VAH = 3.5V ADDRESS ACCESS TIME
DRIVE (V) I ]
“Van VaL=0V v; INPl;T 3
| —_— iwm L
e oUTPUT ST VL OO 900 L
|
-8V
I | -1ov ouTPUT ’
5V/DIV ]
I I 4
—>| ta | e— S150N
200 NS/DIV
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SWITCHING WAVEFORMS (continued)

TEST CIRCUIT
NO.7

BREAK-BEFORE-MAKE DELAY(topEN)

+15V

ADDRESS
DRIVE (V)

WV
IN

BREAK-BEFORE-MAKE DELAY (tgpen)

[

VA INPUT
2v/Div

OUTPUT A 2
THRU|

HI-506 IN 15|

Similar connection for HI-507

t
S10N

100 NS/DIV

TEST CIRCUIT
NO. 8

ENABLE DRIVE ENABLE DELAY(tgN(EN). 10FF(EN))
VAH =35V +15V

%vﬂ
[

VAL =0V

80% OUTPUT A
| |
| 90%
|

—; toniEN le— | tgpp !
| I = (en) 1

Similar connection for HI-507

ENABLE DELAY (tgN(EN) . tOFF(EN))

FH

$2 THRU S16 OF

100 NS/DIV

SCHEMATIC DIAGRAMS

ADDRESS DECODER

au

ENABLE

TO P-CHANNEL
DEVICE OF
THE SWITCH

TO N-CHANNEL

v-l

Delete A3 or A3 Input for HI-507
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SCHEMATIC DIAGRAM (continued)

ADDRESS INPUT BUFFER
LEVER SHIFTER

FROM DECODE

MULTIPLEX SWITCH

{

e
I S

",é

1
]

49_@

- FROM DECODE
>

All N-Channel Bodies to V-
All P-Channel Bodies to V+ Unless Otherwise Indicated.

TTL REFERENCE CIRCUIT

6P

%l” G Lo
-

03

&

asN
Q
R2
e
R3
a2

A o
]
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SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HI-506A/HI-507A

16 Channel CMOS
Analog Multiplexer with

Overvoltage Protection

DESCRIPTION

e ANALOG/DIGITAL OVERVOLTAGE PROTECTION
FAIL SAFE WITH POWER LOSS (NO LATCHUP)
BREAK-BEFORE-MAKE SWITCHING
DTL/TTL AND CMOS COMPATIBLE

e ANALOG SIGNAL RANGE

e ACCESS TIME (TYP.)

e SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE (TYP.)

e STANDBY POWER (TYP.)

APPLICATIONS

e DATA ACQUISITION
o INDUSTRIAL CONTROLS

e TELEMETRY

The HI-506A and HI-507A are dielectrically isolated CMOS
analog multiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Equally important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Neces-
sarily, ON resistance is somewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-506A-2 and HI-507A-2 are specified over -550C to
+1250C while the -5 versions are specified over 00C to +750C.

PINOUT

FUNCTIONAL DIAGRAM

HI-506A Package Code 1M

TOP VIEW 3P
Y LC

p— 28 OUT

}— 27-vsuPPLY

b— 26 INB

b— 25 IN7

b 24 ING

p—— 23 INS

b 22 IN4

b— 21 IN3

— 20 IN2

P 19 IN

p— 18 ENABLE

L 17 ADDRESS A

|— 16 ADDRESS A,

}— 15 ADDRESS Az

+VSUPPLY 1 L4
NC 2 ]
NC 3 ]
IN16 4 —]
IN1S 5 —1
IN14 5 —1
N1z 7T —
IN128 —
N1 —
IN10 10—
N9 11—
GND 12—
VRer 13
ADDRESS A3 14

HI-506A

DIGITAL
ADDRESS

ADDRESS INPUT BUFFER DECODERS
AND LEVEL SHIFTER

HI-507A Package Code 1M
3P
TOP VIEW LC
+VSUPPLY 1-{ e |- 28 ouTA
outs 2 t— 27 -VSupPPLY
NC 3 |— 26 IN 8A
IN8B 4 — - 25 IN7A
IN7B 5 — 24 IN 6A
IN6B 6—} - 23 IN5A
IN58 7— 22 IN4A
IN4B 8— 21 IN3A
IN3B 99— —20 IN2A
IN28B 10— 19 IN 1A
IN 18 11+ — 18 ENABLE
GND 12— — 17 ADDRESS Ag
VREE 13— |— 16 ADDRESS A}
NC 14— |— 15 ADDRESS Ay

3-34 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.

HI-507A

DIGITAL
ADORESS

>

b i s §

i

| I

ADDRESS INPUT BUFFER DECODERS MULTIPLEX
AND LEVEL SWIFTER SWTCH PAIRS



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 and 27 Total Power Dissipation® 1200mW
VREF to Ground V+ to Ground Operating Temperature
VEN, VA, Digital Input Overvoltage: HI1-506A/507A-2 -550C to +1250C

VSupply (+) H1-506A/507A-5 0°C to +75°C

|VSuppIy (=) WY, Storage Temperature -65°C to +1500C
Analog Overvoltage:

v I VSupply (+) +20V
$ ) Vsupply (=) 20V *Derate 8mW/°C above TA = +25°C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified)
Supplies = +15V, -15V; VREgF (Pin 13) = Open; VAH (Logic Level High) = +4.0V; Vo (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics section.

HI-506A/507A-2 HI-506A/507A-5
-559C to +1250C 00C to +759C
PARAMETER TEMP. | MIN. | TYP. | MAX. MIN. | TYP. | MAX. TRUTH TA BLES
ANALQG CHANNEL CHARACTERISTICS : '
*Vs, Analog Signal Range 4 Full -15 +15 -15
! HI-506A
*RQN. On Resistance (Note 1) +250C . 15
Full . 20
N
*IS (OFF). Off Input Leakage Current +250C Ay | Az | A1 | Ag | EN | CHANNEL
Fall +50 x x| x| x|t NONE
= [N RO T O
*1p (0FF). Off Output Leakage Current +250C t t : " :
HI-506A Ful Clol et et w
HI-507A Full Clwlel il w
H| H
*Ip (OFF) with Input Overvoltage Applied +250C t : rli [
(Note 2) Full LW |{H|H|[H
Hle vl
*ID (ON). On Channel Leakage Current +250C H|L|uL]|nlH
HI-506A Full H L |H]|L|H
HI-507A Full H L |H|H]|H
' T I A I
DIGITAL INPUT CHARACTERISTICS H|H L H | H
VAL, Input Low Threshold | TTL Drive Full HIH]HLIH
VAR, Input High Threshold | (Note 7) Full I L L L
VaL . +250C
VAR MOS Drive (Note 3) +250C
HI-507A
*IA, Input Leakage Current (High or Low) Full
SWITCHING CHARACTERISTICS
tA, Access Time +250C
A2 | A1 | Ao
tOPEN. Break-Before Make Delay +250C XXX
[
tON (EN). Enable Delay (ON) +250¢C L L H
L | H|L
tOFF (EN), Enable Delay (OFF) +25°C LW N
HolL L
Settling Time (0.1%) +250C H L H
(0.025%) +250C H H L
H | H|H
“0ff Isolation” (Note 4) +250C
Cs (OFF), Channel Input Capacitance +250C
Cp (OFF). Channel Output Capacitance  HI-506A +250C
HI-507A +25°C
Ca, Digital Input Capacitance +250C
Cps (OFF). Input to Output Capacitance +259C
POWER REQUIREMENTS
Pp. Power Dissipation Full
*1+, Current Pin 1 (Note 5) Full
*]-, Current Pin 27 (Note 5) Full
*I+, Standby (Note 6) Full
*|-, Standby (Note 6) Full 0.02 1.0 0.02 2.0 mA
NOTES: 1. VoJ‘r=glOV, lguT =- 100 nA. 5. VEN =+4.0V.
2. Analog Overvoltage = +33V. 6. VEN =0.8V.
3. VREF =+10V. 7. To drive from DTL/TTL circuits, 1KS2puli- * 100% Tested for Dash 8
4. VEn=0.8V, R = 1K, Cy = 7pF, Vg = up resistors to +5.0V supply are recom- at +25°C and +125°C Only.

3VRMS, f = 500KHz. mended. 3-35



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 259C, Vgyppy = +15V, Vay = +4V, V| = 0.8V AND Vg = OPEN))

ON RESISTANCE vs.
TEST CIRCUIT INPUT SIGNAL LEVEL, SUPPLY VOLTAGE
100pA
NO.1 —
Ron =2 — v, —»
100HA
——0
IN
O+—O ouT
— ——
ON RESISTANCE Vin NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE = vs. SUPPLY VOLTAGE
14 T I
= 11250 = +1250C 2T 2-559C _|
13 Tp = +1259C W E 15 Vin =48V
o2 532 1.4
X 2 TN
P 3 .
@ - <& 13 \
510 TA‘:25C 5512 \\
& 09 Tp = -55°C éi "
<
© 08 5510 -
3
E 0.0
038
-10 -8 -6 -4 -2 0 2 4 6 8 10 B 46 # 18 #1011 412 #13 +14 +1§
V| - Analog Input {Volts) Supply Voltage (Volts)
1000 _LEAKAGE CURRENT vs TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT
n | NO.2 vs. TEMPERATURE
A 15(0FF) 1p(OFF)
p ouT
L OFF DUTPUT pd l—o
LEAKAGE CURRENT - .
Ip (OFF) \/ 1oy —— O 0 =
10nA > — l——O -
*I T -9 I
4 1 e -
71 Z
. ON LEAKAGE
g CURRENT yd
3 Ip (ON) ’,/’ ON LEAKAGE CURRENT
% in vs. TEMPERATURE
3 Z—F- TEST CIRCUIT
= A NO.3 IN
/I 7 ﬁ'\e ouT
P /N oFFinpUT O
\LEAKAGE CURRENT] ——O
Ig (OFF)
100pA S ! S)
7
> 4
7 o
m(amé
10pA S0V =
250 500 750 100° 1260
Temperature -°C ;.'-
ANALOG INPUT OVERVOLTAGE CHARACTERISTICS
ANALOG INPUT
Ty 2 TEST CIRCUIT OVERVOLTAGE CHARACTERISTICS
g 15}s- 5 P NO4
s al ANALOG INPUT j, N Ip (OFF)
=AY 4+ g —CURRENT (i) —1* -
2 og3.5 e
—? 6-2;;— = — tVIN '
< = -~ OUTPUT OFF T ' ? =
= 3p-2 LEAKAGE CURRENT— —_
= L3 /] 19(0FF) )
115 +18 121 128 127 330 33 36

V|N - Analog Input Overvoltage (Volts)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON CHANNEL CURRENT vs. VOLTAGE
TEST CIRCUIT ON CHANNEL CURRENT
-55C NO.5 vs. VOLTAGE

L7 |+25°C
&
/é +1250¢

7 . —Oe—O0——
*VIN
ez LT

0 2 H 6 # £10 #1244
Vn - Voltage Across Switch

| - Switch Current - mA
&

TEST CIRCUIT +15/410
NO.6
SUPPLY CURRENT vs. TOGGLE FREQUENCY +ISUPPLY
SUPPLY CURRENT
E vs. TOGGLE FREQUENCY
- B ’
§ +V
s VsuppLy = tl.‘:\ A3 INT——O +10/ 45
z4 e . 1 I
a _ v, K THRU| !
a VsuppLy = #10V | / p p—  HI-S06ATHRU e
42 508 Ag iN1g ——O 5 1045
] O—EN our
— — +4v GND -V 14 pf
0 ———
" 1K 10K 100K ™ 10M 1omMe =
Toggle Frequency, Hz
= -IsuppLY —
SIMILAR CONNECTION FOR HI-507A 15/-10
ACCESS TIME
vs. LOGIC LEVEL (HIGH)
ACCESS TIME vs. LOGIC LEVEL (HIGH) TEST CIRCUIT 5
NO.7 (‘r ?
800 VREF vt
2 800 A3 IN 1O 10V
=
13 VRer = OPEN FOR V<4V A2 N 2THRU N15|—O——
£ 70 VReF = Van FOR Vay > 4V va At —
2 =
2 600 JL Ag HI-506A  IN16F—OFi0v PROBE
< -——
' 500 5092 0 fen out =
= 0 NG = = +aH GND_ v-
| 5 3
U3 4 5 6 1 8 9 10 11 12 13 14 15 -15

VaH -Logic Level (High), Volts

| I

|
|
|
|
|
L

SIMILAR CONNECTION FOR HI-507A

SWITCHING WAVEFORMS

ACCESS TIME
Vpw- 40V ADDRESS
DRIVE (V) -
A
“VaH VaL =08V 2V/0IV.
|
+10V
ouTPUT 4 +
! 8v
| | - -10v
| | OUTPUT A
| o SV/DIV. l
200ns/Div.
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SWITCHING WAVEFORMS (continued)

TEST CIRCUIT
NO.8

BREAK BEFORE MAKE DELAY (1gpgy)

BREAK BEFORE MAKE DELAY (tgpgy)

Va INPUT
v/oW.

ADDRESS
DRIVE (V)

- N2
OUTPUT HI-506A w2
1IN 15§
50% IN16

\
V

100ns/Div.
SIMILAR CONNECTION FOR HI-507A

TEST CIRCUIT

NO.9 ENABLE DELAY (tgn(EN). tOFF(EN)’

ENABLE DELAY (1gn(EN). OFFIEN)!

ENABLE DRIVE
VAH =4.0V

HI-506A vz
THRU
= N 16

out

A

1
——»j T1ON(EN) le— | 1gpf
| I = (en) I+

100ns/Div.
SIMILAR CONNECTION FOR HI-507A

SCHEMATIC DIAGRAMS

ADDRESS DECODER

P
TO P-CHANNEL
4 DEVICE OF
—E5

THE SWITCH

TO N.CHANNEL
# DEVICE OF

DELETE A3 or K3 ATORAY THE SWITCH
INPUT FOR HI-507A

A2 0R A7

A30R A3

ENABLE
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SCHEMATIC DIAGRAMS (continued)

ADDRESS INPUT BUFFER
AND LEVEL SHIFTER

LEVEL SHIFTER

LEVEL
SHIFTED
ADDRESS

OVERVOLTAGE TO DECODE

PROTECTION

LEVEL

» SHIFTED
ADDRESS
TO DECODE

MULTIPLEX SWITCH

DECODE
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HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HI-508A/509A

8 Channel CMOS Analog Multiplexers
with Qvervoltage Protection

DESCRIPTION

ANALOG/DIGITAL OVERVOLTAGE PROTECTION
FAIL SAFE WITH POWER LOSS (NO LATCHUP)
BREAK-BEFORE-MAKE SWITCHING

DTL/TTL AND CMOS COMPATIBLE

ANALOG SIGNAL RANGE

ACCESS TIME (TYP.)

SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE (TYP.)

STANDBY POWER (TYP.)

APPLICATIONS

e DATA ACQUISITION

® |INDUSTRIAL CONTROLS

e TELEMETRY

The H1-508A and HI-509A are dielectrically isolated CMOS
analog multiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Equally important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Neces-
arily, ON resistance is somewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-508A-2 and HI-509A-2 are specified over -550C to
+1250C while the -5 versions are specified over 00C to +750C.

PINOUT FUNCTIONAL DIAGRAM
HI-508A Package Code 4B | HI-508A m————— m——my pm———— -
TOP VIEW 3L ' | | ' ™
A LA T ;
0 —{1 16—~ ! E !
EN—2 15— Ay e T i
R i !
Vsup— 3 14— GND ot ] H
: ;
INT— 4 131+, ! ' i o
(] 1 1
IN2— 5 12}~ IN5 ! | \
)
IN3— 6 1~ | ! i
1
Ne—{7 10}— N7 (.._:.__5__ T
) Ng
ouT—{8 9 |—ing opmmrne et T
AND LEVEL SHIFTER SWITCHES
HI-509A » Package Code 4B | HI-509A e T T e T
TOP VIEW 3L ol ot | i !
M Ll | " ) ]
Ag—{1 16 |- Aq LA l' : i ' : :
E ! | : [T outA
N—2 15 |— GND ! 1 [ by H
M $3-4 “n PN
Vaup—3 g, mad 1] | Al Lo
INtA—] 4 13} IN1B : ' i E ! e
1 || ,
IN2A— 5 12}~ IN28 ' T ! 1 : Y )
1 U
IN3A—{ 6 1} N3 E R .
[l ) N
INGA— 7 10| IN4B | 1 | : H ’ ! we
| ]
outa— 8 9 |- outs O I J
ADORESS INPUT BUFFER DECODERS MULTIPLEX
AND LEVEL SHIFTER SWITCHES

3-40 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage between Supply Pins Total Power Dissipation* 725 mW
V+ to Ground Operating Temperature:

VEN. V. Digital Input Overvoltage: HI-508A/H1-509A-2 -550C to +1250C
Va l Vsupplyl+) +4V HI-508A/HI-509A-5 0°C to +75°C

Vsupply (- -4V Storage Temperature -650C to +1500C
Analog |nput Overvoltage:
Vsupply () -20V *Derate 8mW/C above ty = 750C

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified)

Supplies = +15V, -15V; Vay (Logic Level High) = +4.0V; V, (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characterisitcs section.

HI-508A/509A-2 HI-508A/509A-5
-550C to +125°C 0°C to +75°C
PARAMETER TEMP. |MIN. | TYP. | MAX. | MIN. | TYP |MAX. | UNITS TRUTH TABLES
ANALOG CHANNEL CHARACTERISTICS
*Vg, Analog Signal Range Full -15 +15 -15 +15 \
* Ron. On Resistance (Note 1) +250C 1.2 1.5 1.5 18 KQ HI-508A
Full 1.5 1.8 18 20 K
"15(0FF). Off Input Leakage Current +25°C 0.03 0.03 nA “ON"
Full 50 W | A Az | A1|Ag|En | cHANNEL
*1p(0FF). Off Output Leakage Current +250C 1.0 1.0 nA
HI-508A | Full 250 +250 nA XX ]X] L] NONE
HI-509A Full 125 125 nA LiL}iL}AH 1
*1p(oFF) With Input Overvoltage Applied (Note 2) | +25°C 40 4.0 nA LILJH]|H 2
Full 20 MA LIHlL]H 3
*ip(on). On Channel Leakage Current +250C 0.1 0.1 nA tiunlnln 4
HI-508A Full +250 +250 nA Hluvlotw 5
HI-509A 1125 +125 nA
DIGITAL INPUT CHARACTERISTICS HiL]HH 6
VaL. Input Low Threshold Full 08 0.8 A HIH[LH !
VR, Input High Threshold Note®) ey 40 40 v HIH[HIH| 8
*1p, Input Leakage Current (High or Low) Full 1.0 1.0 uA
SWITCHING CHARACTERISTICS
ta, Access Time +250€ 05 |10 05 s HI-509A
topEN. Break - Before Make Delay +250C 80 80 ns
ton(EN). Enable Delay (ON) +250C 300 300 ns ON
toFF (EN). Enable Delay (OFF) +250C 300 300 ns SWITCH
Settling Time (0.1%) +250C 12 12 us Ai]Ao]EN] PAIR
(0.0 25%) +250C 3.5 35 us XxIxlL NONE
“OFF Isolation” (Nate 3) +250C 65 65 dB tiL]H 1
Cg (QFF). Channel Input Capacitance +250C 5 5 pF ol ow )
Cp (OFF): Channel Qutput Capacitance
Hi-508A +250C 25 25 pF HIL}H 3
HI-509A +25°C 12 12 pF
Cp, Digital Input Capacitance +250C 5 5 pF HiH]H 4
Cps (0FF). Input to Output Capacitance +250C 0.1 0.1 oF
POWER REQUIREMENTS
Pp, Power Dissipation Full 75 15 mW
*1+, Current (Note 4) Full 0.5 20 05 | 5.0 mA
*1-, Current (Note 4) Full 0.02 {10 0.02 | 20 mA
*1+, Standby (Note 5) Full 0.5 20 0.5 50 mA
*1-, Standby (Note 5) Full 0.02 | 1.0 0.02 | 2.0 mA
NOTES: 1. VouT = 110V, IgyT= -100 UA 4, Vgp = +4.0V
2. Analog Overvoltage = T 33V 5. Vgn = 0.8V
3. VEN =0.8V, R =1K, C =7pF, 6. To drive from DTL/TTL Circuits, 1KS2 pull-up
Vg = 3V RMS, f = 500KHz resistors to +5.0V supply are recommended

* 100% Tested for Dash 8 at +259C and +1259C Only.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

UNLESS OTHERWISE SPECIFIED: T = 259C, VSyppLY = +15V, VAH = +4V, VAL = 0.8V

100 4A
-« H

TEST CIRCUIT ! —— V; ——» ON RESISTANCE vs.

NO. 1 INPUT SIGNAL LEVEL, SUPPLY VOLTAGE
——o0

O—oO
—o

ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE

[
Tp = +1250C

T T T
+125°C 2T5 2-85°C _|
Vin =+5V

Tp =+25°C
L

Tp = -550C

Normalized on Resistance
(Referred to Value at +15Volts)

-4 -2 0 4 6 15 b3 8 ) 10 #11 #12 413
VN - Analog Input (Volts) Supply Voltage - Volts

LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT vs. TEMPERATURE
NO. 2
1000A

A 15{0FF) Ip(OFF)
7z

4
OFF QUTPUT pd -
[~ LEAKAGE T
I (OFF) \/

¢ +

A =

4 1

ON LEAKAGE
CURRENT

Z
yd
/
Ig (ON) /

P OFF INPUT TEST CIRCUIT
M EAKAGE CURRENT NO. 3
/ I (OFF)

—
v 4
> 4

Ip(ON)
10pA
25° 500 750 100° 1250

10V =
Temperature -0C

I

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

el TEST CIRCUIT

ANALOG INPUT NO. 4 Ig (OFF)
- TN

L~
A A
QUTPUT OFF
LEAKAGE CURRENT—
1p(0FF)

L R BT Sy R T R
V) - Analog input Overvoltage (Volts)

Current (mA)
&
o

Ip (OFF

@
w

Oun'ml off Lu’akqn Current (nA)

(tyn) Analog Inpu!

o w
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT
559C NO.5 ON CHANNEL CURRENT
+250C vs. VOLTAGE

+

+
A
S N

0
// +1250¢]

£3

S

S
7

S

I - Switch Current ~ mA

!
N

|

=]

+ 8 £10 12
V) - Voltage Across Switch

TEST CIRCUIT +15/410
NO. 6

+ISUPPLY

SUPPLY CURRENT vs.
UPPLY E X
33 LY CURRENT vs. TOGGLE FREQUENCY TOGGLE FREQUENCY
+V

INT f——O +10/5

N2
"EU"PLY - ‘-”'5\ HI-508A ™RV :—gq_

IN8

=)

kS

I
VsuyppLy = 10V out
N -V 14 pf

10MQ -

I+ - Supply Current, mA

N

— VA= 8V
Va{va, =08V

10K 100K 50% DUTY CYCLE
Toggle Frequency, Hz *SIMILAR CONNECTION FOR HI-509A 8710

-IsuppLy

TEST CIRCUIT ACCESS TIME vs.
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO.7 LOGIC LEVEL(HIGH)

INF—O 210V

IN2THRUINT —O———l
HI-508A INgF—OF10v PROBE

2 - "7
out
GND 10MQ L

= -
ldpFF
§ 6 7 8 9 10 11 12 13 14 15

VaH -Logic Level (High), Volts

tp - Access Time (ns)

* SIMILAR CONNECTION FOR HI-509A

SWITCHING WAVEFORMS

ACCESS TIME

ADDRESS
DRIVE (V)

Van=40

%V AN
I
|
-8V
| ) -10v
! |

A fe—

VAL =08V

200ns/Div.
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SWITCHING WAVEFORMS (continued)

TEST CIRCUIT
NO. 8
BREAK BEFORE MAKE DELAY (tgpgy)

BREAK BEFORE MAKE DELAY (tgpgy)

Vap =40

ADDRESS
DRIVE (Vp)

IN1
*HI-508A |y,
OUTPUT  Va THRU

50% 50% R N7
AV IN8

— f— ouT
10PEN o

+4.0 _]EN 0

*SIMILAR CONNECTION FOR HI-509A B 100ns/Div.

TEST CIRCUIT
NO. 9 ENABLE DELAY (tON(EN):tOFF(EN))
ENABLE DELAY (tON(EN)' tOFF(EN))

ENABLE DRIVE
VAR = 4.0

N1
%2 *HI-508A |y,

A
| T ! THRU
| = (M IN8
|

90% OuTPUT
| | N ouT
| | | 90% aND

— ‘omsmr— T 5092 |

) — (en) 1 =

100ns/Div.
*SIMILAR CONNECTION FOR Hi-509A

SCHEMATIC DIAGRAMS

TTL REFERENCE CIRCUIT

ADDRESS INPUT BUFFER
AND LEVEL SHIFTER

OVERVOLTAGE
PROTECTION
re———-

1

i
T

—l—-—-==-=-9

02V

# SHIFTED
ADDRESS
TO DECODE

_____L_ -
:_r]1z
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SCHEMATIC DIAGRAMS (continued)

ADDRESS DECODER

TO P-CHANNEL
DEVICE OF
THE SWITCH PAIR

TO N-CHANNEL

AjORA;

ENABLE

—» DEVICE OF
THE SWITCH PAIR

FROM

MULTIPLEX SWITCH

DECODE OVERVOLTAGE PROTECTION
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HARRIS

PRODUCTS DINISION 16 L‘hannel/ﬂifferential & Channel

A DIVISION OF HARRIS CORPORATION

Preliminary

- FEATURES

CMOS High Speed
Analog Multiplexer

DESCRIPTION

ACCESS TIME (TYP)
SETTLING TIME (TYP T0 0.01%)

LOW LEAKAGE Ig OFF
Ip OFF

LOW CAPACITANCE Cg OFF
Cp OFF

HIGH OFF ISOLATION AT 1MHz
LOW CHARGE INJECTION

SINGLE ENDED TO DIFFERENTIAL
SELECTABLE (SDS)

LOGIC LEVEL SELECTABLE (LLS)

APPLICATIONS

® DATA ACQUISITION SYSTEMS
. PRECISION INSTRUMENTATION
® INDUSTRIAL CONTROL

The HI-516 is a monolithic dielectrically isolated, high speed, high perfor-
mance CMOS analog multiplexer. It offers unigue built-in channel selec-
tion decoding plus an inhibit input for disabling all channels. The dual
function of address input A3 enables the HI-516 to be user programmed
either as a single ended 16-channel multiplexer by connecting ‘out A’ to
‘out B' and using A3 as a digital address input, or as an 8-channel diff-
erential multiplexer by connecting A3 to the V™ supply. The substrate leak-
ages and parasitic capacitances are reduced substantially using the Harris
dielectric isolation process to achieve optimum performances in both high
and low level signal applications. The low output leakage current (Ip Off
< 100pA @ 250C) and fast settling (tSETTLE = 800ns to 0.01%) charact-
eristics of the device make it an ideal choice for high speed data acquisition

* systems, precision instrumentation, and industrial process controls.

The HI-516 is available in a 28 lead dual-in-line package. HI-516-5 is
specified for operation over 00C to +750C, and the HI-516-2 over -550C
to +1250C. Processing to MIL-STD-883A, Class B screening is available
by selecting the HI-516-8.

PINOUT

FUNCTIONAL DIAGRAM

Package Code 1M
TOP VIEW

Vv — F— 0UT A

ouT 8 — — V"

NC —— —— IN8/8A
IN16/88 —— — IN7.7A
IN15/78 —— — IN6/6A
IN14/68 —f | IN5/5A
IN13/58 — — IN4/4A
IN12/48 ——, —— IN3/3A
IN11/38 — — in2/2A
IN10,28 — F— IN1/1A

IN9/18 —— —— ENABLE
GND — — Ap
VppiLSS — — A

A3/S0S —— — A2

CAUTION: These devices are sensitive to electrostatic
discharge. Users should follow IC Handling
Procedures specified on page 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Digital Input Overvoltage:

-6V< VaH < +6V

A2 VsyppLY ()

VsuppLY(+)

Voltage Between Supply Pins 33V

Total Power Dissipation* 1200mwW

Operating Temperature Ranges:
H1-516-2

TTL {

-550C to +1250C

00C to 756C
Storage Temperature Range -650C to 1500C
*Derate 8mW/OC above ta 750C

CmMOS I

GND HI-516-5
Analog Input Voltage:
[ VsuppLY(+)
Vs
VsuppLY(-)

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V,
VaL (Logic Level Low) =+0.8V; Vpp/LLS = Open (Note 6)

-550C to +1250C
mn | Tve | max

00C to +750C
MIN [ TYP | MAX

PARAMETER TEMP

ANALOG CHANNEL CHARACTERISTICS
Vg, Analog Signal Range -15 +15 -15 +15
RoN, On Resistance (Note 1) 750 750
1,000 1,000

Is (OFF), Off Input Leakage Current

50 50
Ip(OFF), Off Output Leakage Current

Ip(ON), On Channel Leakage Current

DIGITAL INPUT CHARACTERISTICS
VAL Input Low Threshold (TTL)

VAH Input High Threshold (TTL)

VAH Input Low Threshold (CMOS)
VaH Input High Threshold (CMOS)
IAH Input Leakage Current (High)

IAL Current (Low)

SWITCHING CHARACTERISTICS

tA, Access Time

tOPEN, Break before make delay
toN(EN), Enable Delay (IN)
tofFF(EN), Enable Delay (OFF)
Settling Time (0.1%)

(0.01%)
Charge Injection (Note 2)
0ff Isolation (Note 3) 90
Cg(OFF), Channel Input Capacitance 2.5
Cp(OFF), Channel Output Capacitance 18
Ca, Digital Input Capacitance 5
Cps(OFF), Input to Output Capacitance 0.02
POWER REQUIREMENTS
PD, Power Dissipation 525
1%, Current (Note 4) 17.5
17, Current (Note 4) 175
I, Standby (Note 5) 17.0
1, Standby (Note 5) 17.0
NOTES:
1. Vin=£10V, IouT=-100 A 4, VEN = +2.4V
2. VinN =0V, CL =100pF, Enable input 5. VEN = 0.8V
pulse = 3V, f = 500k Hz 6. Vpp/LLS Pin = Open or Grounded for TTL Compatibility

3. VEN=0.8V, Vg =3VRMS, f=500kHz,

CL = 40pF, RL = 1k, Pin 3 grounded

Vpp/LLS Pin = Vpp for CMOS Compatibility
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TRUTH TABLES

HI-516 USED AS A 16-CHANNEL MULTIPLEXER OR
8 CHANNEL DIFFERENTIAL MULTIPLEXER *

USE A3 AS DIGITAL
ADDRESS INPUT

ON CHANNEL TO

HI-516 USED AS A DIFFERENTIAL
8-CHANNEL MULTIPLEXER

A3 CONNECT TO V- SUPPLY

ON CHANNEL TO

ENABLE A3| A2| Aq

>
o

OUTA

ouUTB

ENABLE|A2 I Aq | Ag

OUTA

ouUTB

NONE

NONE

NONE

NONE

1A

NONE

1A

1B

2A

NONE

2A

2B

3A

NONE

3A

38

4A

NONE

4A

48

5A

NONE

5A

5B

6A

NONE

6A

6B

71A

NONE

1A

]

8A

NONE

r|jrjx|jx|jx|x|x|xT|r
Tlx|lxT|lT|r~|r~jr-]r] X
T|lxXx|rjlrjx|jT]|—| | X
T|ir-|lT|~j ||| —]| X

8A

8B

NONE

1B

NONE

28

NONE

3B

NONE

4B

NONE

5B

NONE

68

NONE

7B

rfrjx|xjxrxrjx|jx|jx}jxc|jx|xxT|xT|T]|]T]|T|XT|r
z|lrxrjx|jx|jx|x|x|xT|r~|r|~|~|~|]—]|—[|X
zjlx|jx|xT|{~|{r~|r-|~r]lT|lT|lT|T|~|]—~]|—~|X
z|lx|lr~|r|jT|lZx|r~|~|]lT|T|~|~|T]|XT|~|—|X

T|lrr|lZT|lrr|T}j-r|lT|r~jT]~|T|~|ZT|-]T|—|X

NONE

88

* For 16-Channel single~-ended function, tie ‘out A’ to
‘out B, for dual 8-channel function use the A3 address

pin to select between MUX A and MUX B, where MUX A

is selected with Az low.
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HARRIS HI-518

SEMICONDUCTOR

PRODUCTS DIVISION 8 Channel/Differential 4 Channel
CMOS High Speed
Preliminary Analog Multiplexer

FEATURES DESCRIPTION

® ACCESS TIME (TYP) The HI-518 is a monolithic, high performance, high speed Analog
® SETTLING TIME (0.1%) Multiplexer, constructed utilizing the Harris Dielectrically isolated

® LOW LEAKAGE Ig (OFF) CMOS process.
Ip (OFF)

o LOW CAPACITANCE (TYP) Cg (OFF) This device has the added feature that it can be user programmed

either as a single ended 8-channel multiplexer by connecting ‘out A’

Cp (OFF) to ‘out B’ and using A2 as a digital address input, or as a 4-

® HIGH OFF ISOLATION @ (1MHz) channel differential multiplexer by connecting A2 to the V= supply.

® SINGLE ENDED TO

DIFFERENTIAL MODE SELECTABLE (SDS) TTL or CMOS compatibility is also selectable. Low leakage current,

® LOGIC LEVEL SELECTABLE (LLS) Iu.of'f < lﬂ(l.pA @' 250C, anfi fast. setthng,.ZSDns to. 0.1%, chara-

teristics of this device make it an ideal choice for high speed data

acquisition systems, precision instrumentation and industrial process
controls.

® LOW CHARGE INJECTION

APPLICATIONS

The HI-518 is available in an 18 lead Dual-in-Line Package. The
® DATA ACQUISITIONS SYSTEMS HI-518-5 is specified for operation over 00C to +750C, and the
® INDUSTRIAL CONTROLS HI-518-2 over -550C to +1250C. Processing to MIL-STD-883A
® TELEMETRY Class B screening is available by selecting the HI-518-8.

PINOUT FUNCTIONAL DIAGRAM

Package Code 4N

TOP VIEW

S

DECODER

A2 DECODE
Az(a| G
HIH|L
Liv]n
V-IL|L

DECODER

A2/SDS E

INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES

CAUTION: These devices are sensitive to electrostatic
discharge. Users should follow 1C Handling
Procedures specified on page 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Digital Input Qvervoltage: Voltage Between Supply Pins 33v
L { -6V < VaH <+6V " Total Power Dissipation* 725mW

A2 VgyppLY (- Operating Temperature Ranges:
VsuppLY(+) HI-518-2 -550C to +1250C
GND HI-518-5 00C to 75°C
Analog Input Voltage: Storage Temperature Range -650C to 1500C
Vs { VsuppLY(+ *Derate 8mW/0C above tp 750C

VsuppLY(-)

Ccmos [

ELECTRICAL CHARACTERISTICS  (Unless otherwise specified) Supplies = +15V, -15V; VAR (Logic Level High) = +2.4V,
VAL (Logic Level Low) =+0.8V; Vpp/LLS = Open (Note 6).

-550C to +1250C 00C to +750C

PARAMETER Temp | min [tve [ max | min [ orve [ max | uwirs

ANALOG CHANNEL
CHARACTERISTICS

Vg Analog Signal Range
RON On Resistance (Note 1)

Is (OFF) Off Input
Leakage Current

1p (OFF) Off Output
Leakage Current

ip (ON) On Channel
Leakage Current
DIGITAL INPUT
CHARACTERISTICS
VAL Input Low Threshold (TTL) Full
VAH Input High Threshold (TTL) Full
VAL Input Low Threshold (CMOS) Full
VAH Input High Threshold (CMOS) Full

IAH Input Leakage Current (High) Full

IAH Input Leakage Current (Low) Full

SWITCHING CHARACTERISTICS

1A, Access Time +250C
Full

tOPEN, Break before make Delay +250C

toN (EN), Enable Delay (ON) +250C

toFF (EN), Enable Delay (OFF) +250C

Settling Time (0.1%) +250C

(0.01%) +250C

Charge Injection (Note 2) +250C . . pC

Off Isolation (Note 3) +250C dB

Cs (OFF) Channel Input Capacitance | +250C . . pF

Cp (OFF) Channel

Output Capacitance +250C pF

CA, Digital Input Capacitance +250C pF

CDS (OFF) Input to Dutput

Capacitance +250C [ i pF

POWER REQUIREMENTS

Pp, Power Dissipation Fult 360 450 360 540 mW

I+, Current (Note 4) Full 12 15 12 18 mA

1=, Current (Note 4) Full 12 15 12 18 mA

I+, Standby (Note 5) Full 1.5 15 1.5 18 mA

1-, Standby (Note 5) Full 15 15 115 18 mA

NOTES:
1. VIN=%10V, IoUT =-1004A 3. VEN = 0.8V, Vg = 3VMS, f = 500kHz, 4. VEN = +2.4V.
2. VIN =0V, CL = 100pF, Enable CL =40pF, RL = 1k. Due to the pin 5. VEN=0.8V.
Input pulse = 3V, f = 500kHz, to pin capacitance between IN 8/4B 6. VDD/LLS Pin = Open or ground-

(Pin 3) and Out B (Pin 2) channel ed for TTL compatibility.
8/4B exhibits 60dB of Off Isolation VDD/LLS Pin = VpD for CMOS
under the above test conditions. compatibility.
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TRUTH TABLES

HI-518 USED AS 8 CHANNEL MULTIPLEXER OR HI-518 USED AS DIFFERENTIAL
4 CHANNEL DIFFERENTIAL MULTIPLEXER 4 CHANNEL MULTIPLEXER

USE A AS DIGITAL A7 CONNECT TO
ADDRESS INPUT ON CHANNEL TO V= SUPPLY ON CHANNEL TO

>
o

OUTA ouTB ENABLEI A I Ag OUTA ouTB

ENABLEI Ay l Aq I

NONE NONE NONE NONE
1A NONE 1A 1B
2A NONE 2A 2B
3A NONE 3A 3B
4A NONE 4A 4B

1B

2B
3B
4B

I T X T xXTxTITT XX r
I T TXTIXITrrrrrrr X
T IXITrrITXXrr X
IrrITr ITrTITr X
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HARRIS

SEMICONDUCTOR -
PRODUCTS DIVISION

Low Resistance
8 Channel CMOS Analog Multiplexers

FEATURES DESCRIPTION

SIGNAL RANGE The HI-1818A/1828A are monolithic high performance CMOS

"ON" RESISTANCE (TYP.) analog multiplexers offering built-in channel selection decoding

plus an inhibit (enable) input for disabling all channels.

INPUT LEAKAGE AT +1250C (TYP.) Dielectric Isolation (DI) processing is used for enhanced

ACCESS TIME (TYP.) reliability and performance (see Application Note 521).

POWER CONSUMPTION (TYP.) Substrate leakage and parasitic capacitance are much lower,

resulting in extremely low static errors and high throughput

DTL/TTL COMPATIBLE ADDRESS rates. Low output leakage (typically 0.1nA) and low channel

3 -550C to +1250C OPERATION ON resistance (250 §2) assure optimum performance in low level

or current mode applications.

APPLICATIONS

The 1818A is a single-ended 8 channel multiplexer, while the
HI-1828A is a differential 4 channel version. Either device
DATA ACQUISITION SYSTEMS is ideally suited for medical instrumentation, telemetry systems,
PRECISION INSTRUMENTATION and microprocessor based data acquisition systems.

DEMULTIPLEXING The HI-1818A-2 and HI-1828A are specified over -550C
SELECTOR SWITCH to +1250C, while the -5 versions are specified over 00C to
+750C.

PINOUT FUNCTIONAL DIAGRAM

HI-1818A ) Package Code |  ;_1818A
Top View 4B, 3C, LA

DIGITAL ADDRESS

Ao

ADDRESS A4 ‘ —— 16 ADDRESS Ag . .
+5.0V SUPPLY ——15 -15V SUPPLY ADogess SUFER wLTeLex
ENABLE L 14 +15V SUPPLY sb“;'?'i?s{ SwiTcHes
ADDRESS Ay ——13 IN1 DECODERS
IN 8 ——12 OUT
IN7 11 IN2
IN 6 10 IN3

IN 5 ——9 IN4

HI-1828A Package Code HI-1828A
Top View 4B,3C, LA Ao

ADDRESS A‘] — 16 ADDRESS AO ‘:':,':f‘ss{ Sureen MULTIPLEX SWITCHES
+5.0V SUPPLY — 15 -15V SUPPLY
ENABLE — 14 +15V SUPPLY ;
OUT 5 THRU 8 —13 IN1
IN8 —12 OUT 1 THRU 4
IN7 —11 IN2
IN6 —10 IN3
ING 8 9 IN4

3-52 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (NOTE 1)

40.0v
30.0v

Supply Voltage Between Pins 14 and 15
Logic Supply Voltage, Pin 2

Digital Input Voltage
Total Power Dissipation (Note 2)
Storage Temperature Range

V-~Supply to V+ Supply
780mwW
-650C to +1500C

Analog Input Voltage: V§upp|y +2V

VSunplv -2V

ELECTRICAL CHARACTERISTICS

Supplies = +15V, -15V, +5V HI-1818A-2/1828A-2 HI-1818A-5/1828A-5
-550C to +125°C 09C to +75°C

PARAMETER MIN. TYP. MAX. MIN, TYP. | MAX.

TRUTH TABLES

ANALOG CHANNEL CHARACTERISTICS
*V|N, Analog Signal Range -15 -15 +15
*RoN., ON Resistance (Note 3) 400
500

HI-1818A
*13(OFF), Input Leakage Current 50

*Ip(ON), On Channel Leakage Current
(HIC1818A) 250
(H1-1828A) 125

*I1p(OFF) Output Leakage Current
(HI-1818A) 250
(H1-1828A) 125

ADDRESS

_ “ON"
A1 Ag EN

CHANNEL

DIGITAL INPUT CHARACTERISTICS
ViL, Input Low Threshold

V|H, Input High Threshold (Note 4)
*1jN, Input Leakage Current

xxxxxrrrrel2

XITxTrrITIrr
XxTrrxTrrxITrrxToTr
r~rrrrrrrere

SWITCHING CHARACTERISTICS
T, Access Time (Note 5)
Break-Before-Make Delay
Settling Time (0.1%)
(0.025%)

CiN. Channel Input Capacitance
CouT, Channel Output Capacitance

(H1-1818A)

(HI1-1828A) pF ADDRESS
Cps(OFF), Drain-To-Source Capacitance . . pF AQ
Cp, Digital Input Capacitance pF

HI-1828A

“ON"
CHANNELS

EN

L 1and 5
L 2and 6
L

L

H

POWER REQUIREMENTS
Pp, Power Dissipation Full 5 5 mW
Pps. Standby Power (Note 6) Full 5 5 mwW
* 14, Current Pin 14 Full 0.1 0.5 0.1 1 mA
*1_, Current Pin 15 Full 0.3 1 0.3 2 mA
*1, Current Pin 2 Full 03 1 03 2 mA

3and 7
4 and 8
NONE

NOTES: 1. Voltage ratings apply when voltages at all othey pinsare 4.
within their normal operating ranges.
2. Derate 9.25 mW/9C above 75°C. 5.

3. Vour=£10Vigyr=-1mA.

To drive from DTL/TTL circuits, 1K pull-up resistors
to + 5.0V supply are recommended.

Time measured to 90% of final output level;

Vour = - 5.0V to +5.0V, Digital Inputs = OV to + 4.0V,
. Voltage at Pin 3, ENABLE = + 4.0V.

* 100% Tested for Dash 8 at +25°C and +125°C Only.
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PERFORMANCE CHARACTERISTICS

ON RESISTANCE vs ON CHANNEL CURRENT
ANALOG SIGNAL LEVEL vs VOLTAGE

- 1mA

Test Circuit -550C

w
8

125°C

w
=1
S

+125°C

N

—

e
/
| —7

[N
=]
S

-550C <
/

SWITCHING CURRENT - MA

Z
——

g

ON RESISTANCE - OHMS

-4 -2 0 +2 +4
VOLTAGE ACROSS SWITCH

6 -4 -2 0 +2 +4 +6 +8
V| - SIGNAL LEVEL (VOLTS)

ON/OFF LEAKAGE CURRENTS ACCESS TIME
vs TEMPERATURE

Off Leakage On Leakage
Ig(OFF) INY

__o\o_ ID(OFF) IN ouT +5VDC o——-—-——o\)—
10V o—(@H —®—o svoco o

E‘ ouT F10V
4 o
HI IBI_!!_J

o ML JEN
0 ™

ow— L

1p(ON)=Ip(OFF) /

HI-1818A Z | l I
HI 1828A

L
2.

Ag INPUT
\L e 2V/DIV.

N AL

=z
Z
ZTN
\

4

X
\Is(OFF)
/ (HI-1818A/1828A)

100ns/DlV

25 50 75 100 125
TEMPERATURE- oC
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SCHEMATIC DIAGRAM

ADDRESS INPUT BUFFER

+V_ 9

D1
20092

D2

-V
ADDRESS

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL
BODIES TO V+
UNLESS OTHERWISE
INDICATED.

INPUT,

DECODER GATE

A20R A2
pad

1|I:\m | |-| N15

o
—> P CHANNEL

[—l 154 [P16 T0|

N16

sw !

N CHANNEL
SW I

P CHANNEL BODIES TO +V
N CHANNEL BODIES TO -V

A2 0R A2 NOT USED
FOR HI-1828A

MULTIPLEX SWITCH

FROM DECODE

+V

P17 I'

FROM DECODE I
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HARRIS HI-1840
PRODUCTS BIVISION 16 Channel CMOS Analog
Multiplexer with High-Z Analog

Input Protection

FEATURES DESCRIPTION

HIGH ANALOG INPUT IMPEDANCE
DURING POWER LOSS (OPEN) - 500M$2

LOW POWER CONSUMPTION The HI-1840 is a monolithic 16 channel multiplexer constructed
(STANDBY) 600uW with the Harris Linear Dielectric Isolation CMOS process. It
ACCESS TIME 500ns is designed to provide a high input impedance to the analog
EXCELLENT IN HI~REL REDUNDANT SYSTEMS source if device power fails (open) or the analog signal voltage
BREAK-BEFORE -MAKE SWITCHING inadvertently exce.eds the supply rai!s d?ring p.owered operation.

Excellent for use in redundant applications, since the secondary
NO LATCH-UP device can be operated in a standby unpowered mode affording
no additional power drain. But more significantly, a very high
APPLICATIONS impedance exists between the active and inactive devices pre-
venting any interaction. One of sixteen channel selection is
controlled by a 4-bit binary address plus an Enable-Inhibit
input which conveniently controls the ON/OFF operation of
several multiplexers in a system. All digital inputs have electro-
static discharge protection. The HI-1840 is tested and guaran-
teed within the military temperature range and is available in a
® FAIL-SAFE TELEMETRY SYSTEMS 28 pin dual-in-line package.

e FAIL-SAFE DATA ACQUISITION SYSTEMS

e AIRCRAFT INSTRUMENTATION AND CONTROL

PINOUT FUNCTIONAL DIAGRAM

Package Code 1M

TOP VIEW

+VSUPPLY ~ 28 OUT
27 -VsuppLY
26 IN8
AR AdoRESs
2 IN6

23 IN5
—22 IN4
—21IN3
—20 IN2
19 IN1

— 18 ENABLE
— 17 ADDRESS Ag

(+5VsuppLY) VREF — 16 ADDRESS A1 o t

ADDRESS A3 — 15 ADDRESS A2 [P |
ADDRESS INPUT BUFFER DECODERS MULTIPLEX
AND LEVEL SHIFTER SWITCHES

:

RSN (U QN IS () PRI QU G S |

————qemmm === ==t
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 and 27 Total Power Dissipation* 1200mwW
VREF to Ground Operating Temperature:
VEN, VA, Digital Input Overvoltage: HI-1840-2 -550C to +1250C
Vsupply (+) +4V Storage Temperature -650C to +1500C
VA VSUDD'V (-) -4v
Analog Input Overvoltage:
Vs VSupply (+) +10V
VSupply (-) ~10V *Derate 8mW/0C above TA = +250C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified:
Supplies = +15V, -15V: VREF(Pin 13) = +5V; VA (Logic Level High) = 4.0V ; V| (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics section.

-550C to +1250C

PARAMETER B TYP. MAX.

ANALOG CHANNEL CHARACTERISTICS

:Vs, Analog Signal Range

*RON. On Resistance (Note 1) VN = +15V
VIN = -5V

*I15(OFF), Off Input Leakage Current

*I(OFF), with Power Off (Note 8) TBU’” rA Bl[

*Ip{OFF), Off Output Leakage Current

* Ip(OFF), or IS(OFF) with Input Overvoltage
Applied (Note 2) _ “ON"
CHANNEL

>
@
>
~
z
>
o
m
2

*Ip(ON), On Channel Leakage Ct t
D n Channel Leakage Curren NONE

DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold | TTL Drive
VAH, Input High Threshold (Note 7)
VAL

VAH
*1A, Input Leakage Current (High or Low)

MOS Drive (Note 3)

SWITCHING CHARACTERISTICS
tA, Access Time
tOPEN, Break-Before-Make Delay
tON(EN), Enable Delay (ON)
toFF(EN), Enable Delay (OFF)
Settling Time (0.1%)

(0.025%)
"*0ff tsolation” (Note 4)
Cs(OFF), Channel Input Capacitance
Cp(OFF), Channel Output Capacitance :
CA. Digital Input Capacitance
Cps(OFF), Input ot Output Capacitance

IXTITXIIIIIr~r~rr~rrr-ree X
ITXTITrrr~rITETITr~r-r~r~X
T IrrFIXr~rrIIr-r~XIIXr~r~X
T~IrrIrrIrcrI~IF~XrC-IrF-X
~rrFrFrCFFCCFCFCCCCECCX

POWER REQUIREMENTS

Pp, Power Dissipation (Note 5)
{Note 6}

*1+, Current Pin 1 (Note 5)

*1-, Current Pin 27 (Note 5)

*i+, Standby (Note 6)

*1-, Standby (Note 6)

NOTES:

1. lgyT=1mA 6. VEN = 4.0V

2. Analog Overvoltage = 120V 7. Todrive from DTL/TTL circuits 1K pull-up resistors to

3. VREF = +10V +5.0V supply are recommended

4. VEN =4.0V, R = 1K, C|_ = 7pF, Vg = 3VRMS, f = 500kHz 8. All supplies (V+, V-, +5V) and digital inputs (Ag, Aq, Ag, A3,
5. VEN = 0.8V EN) opened. Analog input 10V,
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

Unless Otherwise Specified: TA = 250C, VgyppLY =15V, VAH = +4V, VAL = 0.8V and VREF = 5V.

ON RESISTANCE VS. ANALOG INPUT VOLTAGE

ON RESISTANCE vs. INPUT SIGNAL LEVEL

1mA

On Resistance — KS2

~—]

~

+4 +8
Analog Input Voltage — Volts

LEAKAGE CURRENT VS. TEMPERATURE

OFF LEAKAGE CURRENT
100nA vs. TEMPERATURE

15(0FF)

——O.
OFF QUTPUT @_ :
O
—O

Ip(OFF)

LEAKAGE CURRENT
1p (OFF)

?

> o
" -
£z

2

ON LEAKAGE CURRENT
vs. TEMPERATURE

€
e
5
©
&
S
=2
s
2
3

Y oFF npuT —
LEAKAGE CURRENT _|
15 (OFF)

750
Temperature 0C

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

160

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS

Ig(OFF)

a0

=
T

Leakage Currents — IS(OFF)(pA), Ig (OFF)(nA)

s 17 9 o 23 125
VN — Analog Input Overvoltage — Volts
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SCHEMATIC DIAGRAMS

OVERVOLTAGE
PROTECTION

ADDRESS AND ENABLE INPUT BUFFER AND LEVEL SHIFTER

LEVEL SHIFTER

|
B | LEVEL
r—rPSHIFTED

ADDRESS
TO DECODE
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|
!
t
| ADDRESS
|
[
|

ADDRESS DECODER

T0

SWITCH

A2 OR Ay

A3 0R A3

ENABLE

FROM DECODE

MULTIPLEX SWITCH
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ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings’ may
be applied to devices (one at a time) without resulting in permanent damage. This
/s a stress rating only. Exposure to absolute maximum rating conditions for extend-
ed periods may affect device reliability. The conditions listed under “Electrical
Characteristics” are the only conditions recommended for satisfactory operation.



HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

FEATURES

HA-1600/02/05

+10V Precision
Voltage Reference

DESCRIPTION

® MONOLITHIC CONSTRUCTION
® EXCELLENT TEMPERATURE STABILITY
® LOWNOISE 100 uVRMS

® WIDE INPUT RANGE 14V TO 20V

APPLICATIONS

® EXTERNAL VOLTAGE REFERENCE FOR
DATA CONVERTERS (D/A OR A/D)

® COMPARATOR REFERENCE

® VOLTAGE REGULATOR REFERENCE

HA-1600/02/05 is a monolithic, temperature regulated, +10V precision voltage
reference featuring load regulation accuracies to 1 LSB (12 Bit system) over its
operating temperature range. This guaranteed accuracy specification is achieved
by employing a high gain differential amplifier to sense and regulate the chip
temperature.

To enhance accuracy and provide fast warm-up and minimum power drain these
devices are thermally isolated from the package. Advanced laser trimming tech-
niques are used to ensure a precision +10V output.

In operation, HA-1600/02/05 will accept an unregulated DC input voltage
ranging from +1