




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TSGF SERIES 

TSGF DEVELOPMENT FLOW 

CUSTOMER ---- SGS-THOMSON 

TSGF FEASIBILITY 

QUESTIONNAIRE 

CUSTOMER 
APPROVAL 

-CUSTOMER 

DELIVERY OF 

SIMULATION RESULTS 
(LISTING FORM! 

DELIVERY OF FULL 
TESTED PROTOTYPES 

VOLUME 
PRODUCTION 

SGS-THOMSON proposes presently 2 design inter­
faces to customers for the design of their filter cir­
cuits with TSGF series: 

-design entirely done by SGS-THOMSON within its 
Design Centers ; 

ESSTSGFSERIES-34 

-design done by customer up to simulation and then 
completed by SGS-THOMSON. 

The table below outlines customer and SGS­
THOMSON respective responsibilities for these 2 
design interfaces. 
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TSGF SERIES 

DESIGN INTERFACES 

Design Step 

Theoretical Synthesis 

Switched Capacitor Filters 
Schematics before Scaling 

Final Schematics 

Additional Simulation 

Approval 

Schematics Capture 

Layout - Personnalization Mask Generation 

Post Routing Simulation 

DOCUMENTATION AND SUPPORT 
In order to bring users the maximum support on swit­
ched capacitorTSGF filter arrays, SGS-THOMSON 
generated a complete set of documentation and 
tools which are available on request : 
* TSGF User's Manual 
* Application Notes 
• AN052 : How to choose a filter in a specific ap­

plication 
• AN061 :implementation and applications around 

24137 
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FILCAD 
lnt 2 lnt 3 

Software 

EVA SGS-THOMSON Customer 

SYCAB SGS-THOMSON Customer 
or 

SA FIR 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

SIRENA SGS-THOMSON Customer 
(SWITCAP) 

Customer SGS-THOMSON 

SCAPTURE SGS-THOMSON SGS-THOMSON 

FACTOR SGS-THOMSON SGS-THOMSON 

SIRENA SGS-THOMSO,N SGS-THOMSON 
(SWITCAP) 

Standard MPFS 
• AN069 : A supplement to the utilization of swit­

ched capacitor filters. 
AN070 : Band Pass and Band Stop Filters. 

• AN075 : Signal detection and sinewave genera-
tion. 

* MPF's evaluation boards. 
* TSGF feasibility/analysis questionnaire. 

In addition specialists can be contacted within SGS­
THOMSON Microelectronics Filter Design Centers. 



TSGF SERIES TSGF04 

2nd TO 4th ORDER ANALOG FILTER ARRAY 

With the TSGF04 array, whose block diagram is gi­
ven below, user is given 2 different pin-out configu­
rations: 

_ 8 pin DIL only-the filter up to 4th order is ac­
cessible. 

- 14 pin DIL version where in addition, one un­
committed Op-amp and one internal oscilla­
tor capability are offered. 

When the external driving of output sample-and­
hold is used (CLKSH pin), PWF pin realizes the po­
wer adjustement of both uncommited Op-amp and 
filter unit. 
TSGF04 are also available in SO wide package ver­
sion (0.3 inch) : 16 pin version only. 

TSGF04 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

PIN CONNECTIONS 

v+ PVVF 

v- CLK 

LVL OUT 

IN GND 

E88TSGF04·01 

8 pins : FILTER ONL V 
Compatible with TSGFOB 

v+ 

v-

-EA 

SA 

+EA 

LVL 

IN 

p 
DIP-8 

(Plastic Package) 

p 
DIP-14 

(Plastic Package) 

PWF 

CLK R 

CLKIN 

CLKM 

PWAorCLKSH 

OUT 

GND 

E88TSGF04-02 

14 pins : Filter 
:+ 1 Op-Amp 
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TSGF04 

CLOCK OSCILLATOR 

The TSGF04 base accepts external compatible 
TTUCMOS clocks on CLKIN pin and provides an 
internal oscillator performed either by RC or crystal 
connected between CLKIN and CLKR pins. 
The clock selection mode is provided by CLKM pad 
which can be connected to V- or GND voltage le­
vels. This connection is realized by two means, de­
pending on the package type chosen : 

_ with 14-pin package, via CLKM pin. 
- with 8-pin package, by internal connection readi-

ly performed, only on custom filters. 
(Note that CLKM pin connected to V+, allows the 
selection of the internal crystal-controlled oscillator, 
but the selection by CLKM connected to V-is recom­
mended). 
The different possibilities are : 

- two internal oscillator modes : 
- RC 

c- CLKR 

V_---tCI---<r~R--1 CLK IN c~ r CLKR 

CJ R 
C1N 
~ CLKI~ 

- Crystal 
v-- CLKM v- CLK M 

- three external clocks : 
- low-TIL 
- high-TIL 
- CMOS 

The "low-TIL" and "high-TIL" clock levels are: 

Low-TTL 

High-TTL 

26137 
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GNO 

EBBTSG F04-03 

N.C- CLKR 

Clock -----1 CLK IN 
1nput 

ICLKM 

rGNO 

rlGND 

EBBTSGF04-04 

EBBTSGF04-05 

+ 10 V (r~sp + 5 V) 

+ 5 V (resp. 0 V) 

0 V (resp. - 5 V) 

+ 5 V (rcsp. + 10 V) 

0 V (resp + 5 V) 

- 5 V (resp 0 V) 

EBBTSGF04-06 



For each package version, the following tables re­
sume, the availability of the different clocks, in terms 
of the power supply. 

Note that in 8-pin version, the clock mode (CLKM) 

8-pln Package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO c c 
High-TTL NO YES YES 

CMOS c YES YES 

RC Mode NO NO NO 

Crystal Mode NO NO NO 

C = Customization option. 

ELECTRICAL OPERATING CHARACTERISTICS 

WITH SINGLE SUPPLY VOLTAGE: 

TSGF04 

is internally set to GND voltage, except in the case 
of CMOS clock and 0-SV power supply, where 
CLKM is internally connected to V- voltage. 

14-pln Package 

0/5V 0/10V -5/+ 5V 

Low-TTL NO c c 
High-TTL NO CLKM=GND CLKM=GND 

CMOS CLKM=V- CLKM=GND CLKM=GND 

RC Mode CLKM=V- CLKM=V- CLKM=V-

Crystal Mode CLKM=V- CLKM=V- CLKM=V-

T amb = 25°C, V + = 1 OV, V- = OV, GND = SV (unless otherwise specified) 

CLKM Parameter Min. Typ. Max. Unit 

GND Threshold Voltage 1.5 v 
External Clock Frequency 5 MHz 

V- RC MODE: 
High Threshold Voltage on CLKIN 1 1.25 1.5 v 
Corresponding Voltage on CLKR -5 v 

Low Threshold Voltage on CLKIN 1.5 -1.25 -1 v 
Corresponding Voltage on CLKR +5 v 

Oscillator Frequency 5 MHz 
Resistor 2 10 000 kQ 
Capacitor 0 47 nF 

V- CRYSTAL MODE : 
Oscillator Frequency 5 MHz 

Resistor 1 MQ 
Capacitor CR 10 100 pF 
Capacitor C1N 10 30 pF 
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TSGF04 

ELECTRICAL OPERATING CHARACTERISTICS (continued) 

WITH DUAL SUPPLY VOLTAGE: 
lamb = 25°C, V + = 5V, V- =- 5V, GND = OV (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 6 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 3.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor c,N 10 

WITH SINGLE SUPPLY VOLTAGE: 
T amb = 25°C, V + = 5V, V- = OV, GND = 2.5V (unless otherwise specified) 

CLKM Parameter Min. 

GND Threshold Voltage 
External Clock Frequency 

V- RC MODE: 
High Threshold Voltage on CLKIN 3 
Corresponding Voltage on CLKR 

Low Threshold Voltage on CLKIN 1.5 
Corresponding Voltage on CLKR 

Oscillator Frequency 
Resistor 2 
Capacitor 0 

V- CRYSTAL MODE : 
Oscillator Frequency 

Resistor 
Capacitor CR 10 
Capacitor c,N 10 
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Typ. Max. Unit 

6.5 v 
5 MHz 

6.25 6.5 v 
0 v 

3.75 4 v 
+ 10 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 

Typ. Max. Unit 

3.8 v 
5 MHz 

3.2 3.4 v 
0 v 

1.8 2 v 
+5 v 

5 MHz 
10 000 kQ 

47 nF 

5 MHz 
1 MQ 

100 pF 
30 pF 



TSGF04 

INVERTING TRIGGER FUNCTIONING FREQUENCY VARIATION AS FUNCTION OF R 

With internal RC oscillator mode, the user's guide for R and C choice is given by following curves and for 
both supply voltages : 0.5V, 0.1 OV. 

F(Hzl 

r- '"'-....... ...... ...... 
....... 

...... 

....... 
. ....... 

r-- r-.. ....... ~ ' "- '~ 
I 

....... ~ ~ 

10' ' r-. 

...... ...... 
.... ....... 

""' --r.... ...... ...... r-.1~ 1 ov: 
:...... I C=lOOpF 

' ....... ~ 5V/ 

............. ...:,"X 

" ·" ~ 
~ ~ ...... r.; lOV 

" ~ ~ 5V 
c= 1 r.F 

,. 
10V 

C=4,7nF 

SV 

~ 

" ~ 
10V 

:NI C = 47 nF 
5VI 
r ,. 

10 I 
10' 106 R (!II 

E88TSGF04-07 
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TSGF04 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

14 PINS- PLASTIC DIP 

Datum 

Or 

19.9max. 

30/37 
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( 1 ) Nominal dimension 

(2) True geometrical position 

B.Smax. • 

( 1 ) Nom1nal d1menslon 

(2) True geometnca1 position 

6.35 
(1) 

B Pins 

14 Pins 



TSGF SERIES TSGFOS 

TSGF08 - 4th TO ath ORDER ANALOG FILTER 

The TSGFOB array provides users with filter integra­
tion from 4th to 8th order. 2 package versions are 
offered to users : 
_ 8 pin OIL, where only the filter unit is accessible, 
- 16 pin OIL, where 2 uncommitted Op-amps are 

added to previous version. 
TSGFOB are also available in SO wide package ver­
sion (0.3 inch): 16 pin version only. 

TSGF08 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

PIN CONNECTIONS 

v+ 
v-

LVL 

IN 

PWF 

CLK 

OUT 

GND 

E88TSGFOB·01 

8 pins : FILTER ONL V 
Compatible with TSGF04 

v+ 
v-

IN2 

CLK 

p 
DIP-8 

(Plastic Package) 

p 
DIP-16 

(Plastic Package) 

LVL2 

-EA 

SA 

+EA 

+EB 

SB 

-EB 

PWF 

EBBTSGFOB-02 

16 pins : Filter 
:+20p-Amp 

Compatible with TSGF12 (with a single filter) 
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TSGFOB 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP 

16 PINS- PLASTIC DIP 

Datum 

32/37 
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22.44 max. 

( 1 ) Nom1nal dimension 

(2) True geometrical posit1on 

8 Pins 

(1) Nom1nal d1mension 

(2) True geometrical position 

6.35 
(1} 



TSGF SERIES TSGF12 

TSGF12- ath TO 12th ORDER ANALOG FILTER 

TSGF12 array offers the capability to integrate ei­
ther one single from 8th to 12th order or 2 different 
filters whose sum of orders cannot exceed 12. 

These 2 different filters can have either same clock 
or 2 different clock inputs. 

The TSGF12 package versions are: 

- 16 pin OIL 1 filter+ 2 Op-amps 
- 16 pin OIL 1 filter+ 2 Op-amps 

+ driving of output S/H 
- 16 pin OIL 2 filters + 1 Op-amp 

+ 2 clock inputs. 
- 18 pin OIL 2 filters + 2 Op-amps 

+ 1 clock input. 
- 20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs. 
- 20 pin OIL 2 filters + 2 Op-amps 

+ 2 clock inputs 
+ driving of output S/H. 

TSGF12 array are also avaialble in SO wide 
package version (0.3 inch) : 18 and 24 pin versions. 

In case of dual filter integration, the CLKSH pin ope­
rates only on the output of filter n' 1 (OUTPUT 1 ). 
In the same case, for the 16 pin version, only LVL2 
pin is available : therefore user can only adjust the 
Output DC level of filter 2. 

Clock divider : 

The number of dividers by 2 available on TSGF12 
array is 8. 

Therefore in case of dual filter on chip integration, 
there are 2 possibilities to use the clock divider : 
_ if one filter does not require internal dividers, the 

8 dividers by 2 are available for the second filter ; 
_ if the first filter requires n internal dividers, it re­

mains only 7-n ones available for the second fil­
ter. 

TSGF12 
BLOCK DIAGRAM 

See figure 4 (EBBTSGFSERIES-05) 

p 
DIP-16 

(Plastic Package) 

P SUFFIX 
DIP-18 

(Plastic Package) 

p 
DIP-20 

(Plastic Package) 
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TSGF12 

PIN CONNECTIONS 

34/37 
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v+ LVL2 

v- -EA 

IN1 SA 

OUT1 + EA 

OUT2 NC 

GND PWA 

IN2 PWF 

CLK1 CLK2 

EBBTSGF12·01 

16 PINS : 2 filters 
+ 1 OP -Amp 
+ 2 Clock inputs. 

v+ CLKSH 

v- -EA 

SA 

IN + EA 

+ EB 

SB 

··EB 

PWA 

EBBTSGF12-03 

16 PINS : 1 filters 
+2 OP ·Amps 
+ Driving of outputS/H. 

v+ LVL2 

v- -EA 

NC SA 

IN1 +EA 

LVL1 +EB 

OUT1 SB 

OUT2 -EB 

GND PWA 

IN2 PWF 

CLK1 CLK2 

EBBTSGF12·05 

20 PINS : 2 filters 
+2 OP ·Amps 
+ 2 Clock inputs. 

v+ NC 

v- -EA 

LVL SA 

IN +EA 

GND + EB 

OUT SB 

CLK -EB 

PWF PWA 

EBBTSGF12-02 

16 PINS : 1 filter 
+20P·Amp 

Compatible with TSGFOB 

v+ LVL2 

v- -EA 

IN1 SA 

LVL1 + EA 

OUT1 + EB 

.JUT2 SB 

GND -EB 

IN2 PWA 

CLK PWF 

E88TSGF12·04 

18 PINS :2 filters 

v+ 

v-

CLKSH 

IN1 

LVL1 

OUT1 

OUT2 

GND 

IN2 

CLK1 

+ 1 OP -Amp 
+ 1 Clock input. 

LVL2 

-EA 

SA 

+eA 

+EB 

SB 

-EB 

PWA 

PWF 

CLK2 

EBBTSGF12·06 

20 PINS : 2 filters 
+2 OP ·Amps 
+ 2 Clock inputs 
+ Driving of outputS/H. 



PACKAGE MECHANICAL DATA 

16 PINS - PLASTIC DIP 

mm 

Datum 

18 PINS- PLASTIC DIP 

22.44 max. 

(1) Nom1nal dimemion 

(2) True geometrical position 

6.35 
Ill 16 pins 

TSGF12 
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TSGF12 

20 PINS- PLASTIC DIP 

Datum 

36/37 
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8.5mcx. ~57 -(T'ox 1 
.--.--'-....------rt-: ______ , 

Nom1nal d1mens1on 
True geometncal pos1t1or 

20 P1ns 



ORDER CODES 

SGS-THOMSON 
Microelectronics 

Mask Programmable 
Filter Family 

Filter Array 

04 2nd to 4th order 
08 4th to 8th order 
12 8th to 12th order 

Customer identi"fication 
Number 

Revision 
index 

TSGF12 

Screening Class 

D : Burn-in 
: Standard 

Package 
C Ceramic OIL 
J Cerdip OIL 
P Plastic D I L 
FP SO 

Operating 
Temperature Range 

C 0°C + 70°C 
I - 2S°C, + 85°C 
M - 55°C, + 125°C 
V -40°C,+85°C 
T - 40°C, + 105°C 
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TSGSM SERIES 
3.5J.l/2 POLY I 1 METAL HCMOS 

MIXED ANALOG-DIGITAL STANDARD CELLS 

• ADVANCED HCMOS TECHNOLOGY: 
_ 3.5Jl drawn channel length 
_ 2 polysilicon layers 
_ 1 metal layer 
_ P well silicon gate CMOS process 

• HIGH LATCH-UP IMMUNITY 
• FULL ESD PROTECTION 
• POWER SUPPLY 

Maximum ratings : - 0.5V to + 12V 
Operating conditions : 3 to 1 OV 

• EXTENSIVE MACROCELL LIBRARY 
_ 94 logic cells 
_ 66 analog cells 

with programmable cells : soft macro cells, 
abuttable cells 

• INPUT/OUTPUT CELLS 
Compatibility : TTL or CMOS levels 
Configurability : input/output/bidirectional 
i/o/analog 1/0 ... 

Figure 1 : Example of TSGSM Chip Layout. 

January 1989 

• CAD SOFTWARE SUPPORT 
_ ADS (Analog Design System) 
_ Fully integrated ( + FILCAD TM for filter design) 
_ Flexible design interfaces 

• OPERATING TEMPERATURE RANGE 
COMMERCIAL : 0 TO + 70'C 
INDUSTRIAL : - 40 TO + 85'C 
MILITARY: -55 TO+ 12s·c 

• PACKAGE OPTIONS 
OIL : PLASTIC OR CERAMIC 
SMD : SO, PLCC, LCCC, OF 

DESCRIPTION 
The TSGSM Series, mixed analog-digital Standard 
Cell products from SGS-THOMSON Microelectro­
nics, represents a major step allowing the system 
designer dealing with both digital and high level ana-

SERIES·01 
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TSGSM SERIES 

log functions to benefit of the state of the art semi­
custom circuit integration capabilities. 

The large variety of predefined and precharacteri­
zed functions ranging : 
• in digital from simple gates to counters, regis­

ters ... 
• in analog from single operational amplifier to AID 

or D/A converters, switched capacitors filters ... 

TSGSM ARCHITECTURE 

TECHNOLOGY 

TSGSM Series developed by SGS-THOMSON is 
using an advanced silicon gate P well, dual poly-si­
licon layer, single metal layer HCMOS technology. 

The process is very well suited for the design and 
integration of high performance analog functions 
combined with digital. It achieves operating speeds 
up to 15MHz for the digital part of the TSGSM cir­
cuit. 

Thanks to the 2 polysilicon layers, TSGSM Series 
can integrate high accuracy switched capacitors fil­
ters based on the same concept of TSGF Series, 
switched capacitor Filter Arrays (Refer to 
TSGF04/08/12 Data Sheet). True capacitors are 
realized with Poly 1 and Poly 2 layers. 

CELLS 

Predesigned and precharacterized Macrocells are 
selected, placed and interconnected on the chip to 
implement the mixed analog-digital function. 

CELL LIBRARY 

The TSGSM Macrocelllibrary features around 160 
different macros : 

_ 94 digital cells. 
_ 66 analog cells. 

The main characteristics of TSGSM library is to of­
fer users a high flexibility for cell definition and ge­
neration: 
• The DIGITAL LIBRARY provides in addition of 

existing hard macros the capability to generate 
soft macros like counters, shift registers, divi­
ders ... 
These modulo N parameterized cells are gene­
rated at the layout level by lateral abutment of 
hard macros. 

• The ANALOG LIBRARY presents particular fea­
tures such as : 
_ Biasing strategy with a current bias generator, 

programmable current mirrors, and current 
biased cells and voltage biased cells. 

2/13 
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has been proven extremely efficient in the design of 
many mixed HCMOS Analog-Digital ASIC's circuits 
in such various applications as consumer, compu­
ter, industrial, military, telecommunications and 
automotive fields. 

Digital and Analog Macrocells have different height, 
as shown on the chip layout of fig. 1. In addition 
some cells like AID or D/A converters are designed 
as fixed blocks. 

CHIP TOPOLOGY 

The inputs and outputs of cells are interconnected 
by using 2 conductive layers : polysilicon and me­
tal. 

The chip layout is composed of cell rows, whose 
number is determined to optimize the die size, and 
of horizontal routing channels. 

Peripheral cells surround the internal active chip 
area in order to interface it with its external environ­
ment. 

Despite the row base architecture complex block 
functions can be placed and routed on the chip. 

Generally for design optimization purpose, power 
busses of the analog and the digital parts of the chip 
are routed separately. 

_ Use of programmable cells for capacitor fields 
(0.1 to 30pF typically}, resistor fields (150 to 
1.8MQ), bipolar transistors, MOS transistors, 
current mirrors. 

_ Grounded shield for power supply rejection 
improvement. 

The complete TSGSM library is fully described wi­
thin the TSGSM User's Manual of the SGS-THOM­
SON library. 

Fig. 4 and Fig. 5 give an abstract of all available di­
gital and analog cells within TSGSM' library. 

For more details, users have to refer to the TSGSM 
User's Manual they can require to their nearest 
SGS-THOMSON sales office or representative. 

Note: SGS-THOMSON can develop on request a 
special cell for a specific customer circuit : 
new cell or existing cell with different electri­
cal characteristics. 



TSGSM SERIES 

Figure 2 : Example of Interconnection between Analog and Digital Cells. 
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TSGSM SERIES 

Figure 3 : Example of a Mixed Analog-Digital Function. 

Figure 4 : TSGSM Series Digital Library Abstract. 

INTERNAL CELLS 

Cell Type Description 

AA .. AND Gates 
AN .. AND into NOR Gates 
DF .. D Flip-flops 
DL.. D Latches 
EN .. Exclusive NOR 
EO .. Exclusive OR 
FF .. D Flip-flops (2 clocks) 
II.. Dual Buffers 
IN .. Inverters 
IT .. Tri-state Internal Buffers 

MU .. Multiplexers 
NA .. NAND Gates 
NO .. NOR Gates 
ON .. OR into NAND Gates 
OR .. OR Gates 
TF .. Toggle Flip-flops 
TG .. Schmitt Triggers 
n .. Level Shiflers 
ZL Supply Cells 

CCG Clock Generators 
FPCG Non-overlapping 4-phase Clock Generator 
TPCG Non-overlapping 2-phase Clock Generator 
INVL Delay Inverter 

(1) For each type of cell, the TSGSM library provides extensive number of options as for example : 
- NAND type cells : 2, 3, 4 or 6 input NAND's 
- D flip-flop cells : with low set, with low reset .. 
- input buffers : TTL, CMOS, with pull-up ... 

4/13 
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ESSTSGSM-SERIES-03 

Number of Different 
Options (1) 

3 
4 
4 
5 
1 
2 
4 
2 
5 
3 
3 
4 
4 
2 
3 
3 
3 
3 
2 
3 
1 
1 
1 



Figure 4 (continued). 

1/0 CELLS 

Cell Type 

OB .. 
PP .. 
OB .. 
lB .. 
iO .. 
OB .. 

TSGSM SERIES 

Description 
Number of Different 

Options (1) 

Output Buffers 4 
Power Pads 3 
Tri-state Output Buffers 4 
Input Buffers 8 
Bidirectional Buffers 5 
Open-drain Output Buffers 4 

(1) For each type of cell, the TSGSM library provides extensive number of opUons as for example : 
• NAND type cells : 2, 3, 4 or 6 input NAND's 
• D flip-flop cells : with low set, With low reset. .. 
• input buffers : TTL, CMOS, with pull-up ... 

Figure 5 : TSGSM Series Analog Library Abstract. 

INTERNAL CELLS 

Cell Type Description 

COMP ... Comparators 
MN ... N MOS Transistors 
MP ... P MOS Transistors 
osc .. Oscillators (crystal RC) 
POR. Power on Reset 
sw .. Switches 
TRIG Schmitt Trigger 
CP .. Capacitor Fields 

BOP A/BOT A Bias for Op amps and Transconductance Amplifiers 
BIP Bipolar Transistors 
OP Operational Amplifiers 
00 Output Stage for Op Amp 
OT Transconductance Amplifiers 
R.. Resistance Fields 
P .. Potentiometer Fields 

VREF Voltage Reference Bandgap 
ZEN .. Zener Diodes 
IPNV Current Mirror Source-sink 
I POL.. Bias Current Generator 

ISN/ISP Current Mirror Source/sink 
HF/LF Internal V + N- Analog Cell 

BLOCKS AND SOFT MACROS 

Cell Type Description 

ADC8 8 Bit Analog to Digital Converters 
ADC12 12 Bit Analog to Digital Converter 
DAC8 8 Bit Digital to Analog Converter 

DBP/DS1 LCD Drivers 
SCF Biquadratic 2nd Order Filter 

VRLCD LCD Voltage Reference 

Number of Different Metal Mask 
Options Programmable 

6 
4 X 

4 X 

4 
2 
3 
1 
1 X 
3 
1 X 

5 
1 
2 
3 X 

3 X 

1 
3 
1 X 

2 X 

4 X 

2 

Number of Different Metal Mask 
Options Programmable 

2 
1 
1 
3 
1 X 

1 
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TSGSM SERIES 

ADS ANALOG DESIGN SYSTEM 
The SGS-THOMSON TSGSM Series is fully sup­
ported by a complete Computer Aided Design 
(CAD) system. The SGS-THOMSON CAD system, 
ADS, is complete in that once a design is entered 
all the tools necessary to complete that design are 
available to the user in this one system. 

These tools include schematic capture, logic and 
analog simulations, fault simulation, automatic 
place and route, parasitic delay extraction and test 
pattern generation. 

ADS ANALOG DESIGN SYSTEM is available on 
DEC™ VAX™ computer systems. 

In addition, the TSGSM library is implemented on 
CAE workstations : 
_ Mentor™ 
_ Daisy™. 

SGS-THOMSON developped direct interfaces be­
tween these CAE workstations and its ADS system. 

The ADS package allows the development of ana­
log and digital standard cell circuits so easily that 
each system designer can handle it. 
The development of mixed analog and digital circuit 
is done with advanced concepts such as : 
_ parameterized cells (resistors, capacitors, cur­

rent generators ... ) 
_ metal mask programmable cells (switched capa­

citor filters ... ) 
_ compiled cells (bit slice concept for digital func­

tions like counters, dividers ... ). 
The main CAD tools available within ADS are : 

• SCHEMATIC GRAPHIC CAPTURE 

SDS ™ provides graphic capture of schematic cir­
cuit diagram. Designer can create blocks by using 
the 1 00% hierarchy of SDS TM and also can specify 
values of parameterized cells. 

After the net list generation, the modules generated 
under SDS ™ are oriented automatically thru logic 
or analog simulation. 

• LOGIC SIMULATION 

HIL03 ™, hierarchical logic simulator, allows design 
verification and timing analysis of the circuit. A pre­
layout timing analysis is run with calculated delays 
based on fanout, VDD, temperature and best, typi­
cal or worst case process conditions. 
The 2 input files to HIL03 TM are the net list genera­
ted from graphic capture and the input test pattern 
description. 
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HIL03™ simulator allows mixed analog and digital 
simulation for analog cells having an equivalent mo­
del described under HIL03™. 

• ANALOG SIMULATION 

H3SPICE electrical simulator allows pre-layout or 
post-layout timing analysis of the analog blocks of 
the circuit. 

H3SPICE inputfiles are the net list and the inputtest 
pattern descriptions. 

With the improvements brought by SGS-THOM­
SON to H3SPICE, the analog simulator becomes a 
powerful CAD tool : 
_ special level modelling for speed improvement 

on digital sub-circuits, 
_ fast execution on full analog part of TSGSM cir­

cuit, thanks to macro modelling, allows simula­
tion of large analog blocks. 

• PLACEMENT AND ROUTING 

CALMP ™ software is an efficient standard cell auto­
matic place and route whose main features are : 
_ use of different heights of cells on the chip 
_ interactive pre-placement of blocks, cells and 

I/O's for die size optimization 
_ capability to force priorities on nets for critical 

path routing 
_ capability to generate soft macros, blocks by cell 

abutment. 

A check program performs at the end of the layout, 
design rule checking and verifies conformity of the 
graphic data base versus the schematics data base. 

• PARASITIC DELAY EXTRACTION 

ADS is computing the exact parasitic delays brought 
by the placement and routing. Delays are based 
both on resistance and capacitance of each inter­
connect. 

As soon as the parasitic RC delays are extracted, 
user can run a post layout simulation for accurate ti­
ming new analysis. 

• TEST GENERATION 

According to the input test patterns already descri­
bed, user can determinate the testability coverage 
ratio of its digital test sequence thanks to the fault 
simulator which is incorporated within HIL03 ™. 

Depending of the fault simulator results user can ge­
nerate new input test patterns in order to improve 
testability coverage. 



ADS software converts automatically the post layout 
simulation (with parasitic delays) file into test pat­
terns directly compatible with SGS-THOMSON test 
equipments. 

At same time static and dynamic parameters are ad-

TSGSM SERIES 

ded to the functional test pattern file : all inpuVout­
put levels are tested during the functional test se­
quence. 

Fig. 6 outlines the SGS-THOMSON approach for 
the design of analog or mixed analog/digital circuits. 

Figure 6 : SGS-THOMSON CAD Tools and Product for Analog and Mixed Analog-Digital Circuits. 

ST 

DIGITAL 
LIBRARY 

y 

ANDARD CELL 

ADS 

ANALOG 
LIBRARY 

J--
~ 

- ./ 

SWITCHED CAPACITOR 
FILTERS 

~ 
FILCADTM I 

GATE ARRAY 

APPROACH GDSII APPROACH 

MIXED ANALOG-DIGITAL 
STANDARD CELLS 

TSGSM SERIES 

One of the particularities of TSGSM series is to pro­
vide switched capacitor filter integration capabilities. 
The filter cells available within TSGSM library are 
identical to those used on the SGS-THOMSON 
Analog Filter Arrays, TSGF Series, which are mask 
programmable switched capacitor filters. 

For filter synthesis, simulation and layout, designers 
are aiven an efficient Filter CAD design tool : FIL­
CAD""~"M. 

For more informations about SGS-THOMSON swit-

-
MASK PROGRAMMABLE 

FILTER ARRAYS 
TSGF SERIES 

ched capacitor filter design solutions and CAD tools, 
please refer to TSGF04/0B/12, 4th to 12th order 
switched capacitor filter arrays data sheet. 

Fig. 7 shows the development phases of a TSGSM 
Series standard cell. The design translation phase 
up to the prelayout simulation can be done either on 
CAE workstations like Dais¥ Systems TM and Men­
tor Graphics™, or on VAX M computer with ADS 
Analog Design System. 

7/13 

1051 



TSGSM SERIES 

Figure 7 : TSGSM Series Development Flow. 
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CUSTOMER DESIGN INTERFACE 

SGS-THOMSON has developed several interfaces 
for customers giving them easy and flexible design 
approaches for TSGSM 3.5J.ll2 poly/1 metal 
HCMOS mixed Analog Digital Standard Cells se­
ries. 

User can access ADS Analog Design System. 
_ via the SGS-THOMSON Design Centers, 
_ via connection to SGS-THOMSON CAD Center, 
_ via the SGS-THOMSON associated Design Cen-

ters. 

CAE workstations capabilities are : 
_ Daisy Systems TM 

_ Mentor Graphics TM. 

Figure 8 : Design Interface. 

Definition of Circuit Specification 

Logic and Electrical Description 

Test Pattern Definition 

Graphic Capture + Input Signal Entry 

Design Verification 

Pre-layout Simulation 

Approval 

Auto Place and Route 

Post-layout Simulation 

Design Release 

Test Program Generation - Test Tooling 

Mask Tooling 

Prototype Manufacturing and Testing 

Prototype Delivery 

TSGSM SERIES 

In that case direct interfaces will be offered to user 
in order to make design implementation and test ge­
neration with ADS. 

According to all of these design possibilities, SGS­
THOMSON defined 3 main customer design inter­
faces. 

Figure 8 outlines these interfaces. Each interface 
delineates the responsibilities of customer and 
SGS-THOMSON during circuit development flow 
shown in fig. 7. 

Interface 2 Interface 3 Interface 4 

Customer Customer Customer 

Customer Customer Customer 

Customer Customer Customer 

ST Customer Customer 

ST Customer Customer 

ST Customer Customer 

Customer Customer/ST 

ST ST Customer 

ST ST Customer 

Customer Customer/ST Customer/ST 

ST ST ST 

ST ST ST 

ST ST ST 

ST ST ST 

With Interface 3, design can be done either at SGS-THOMSON Microelectronics Design Center fac1l1~es or at customer location. 

ABSOLUTE MAXIMUM RATINGS (note 1) Tamb. = 25°C, voltage referenced to Vss· 

Symbol Parameter Min. Max. Unit 

Voo Supply Voltage -0.5 12.0 v 
V1, Vo 110 Voltage -0.5 Voo + 0.5 v 
l~o lo 110 Current -40 + 40 mA 

Tstg Storage Temperature (ceramic) -65 + 150 oc 
Storage Temperature (plastic) -40 + 125 oc 

Note : 1. Stresses above those listed order "maximum rating" may cause permanent damage to the dev1ce. This IS a stress rating only and 
functional operation to the devine at these or any other cond1t1ons above those indiCated 1n the operational sections of thiS specifi­
cation is not implied. Exposure to absolute maximum rating conditions for extended penods may affect dev1ce reliability. 
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RECOMMENDED DC OPERATING CONDITIONS Voltage referred to Vss 

Symbol Parameter Min. Typ. Max. 

Voo Operating Supply Voltage 4.5 5.0 5.5 
9.0 10.0 11.0 

Voo Extended Supply Voltage (note 2) 3 12.0 

Tamb. Operating Ambient Temperature 
Military -55 + 125 
Industrial -40 + 85 
Commercial 0 + 70 

Note : 2. For extended supply voltage please consult SGS-THOMSON Microelectronics. 

DC GENERAL ELECTRICAL CHARACTERISTICS V00 = 5V ± 10% or V00 = 10V ± 10% 
(unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. 

V1H High Level TTL Input Voltage Voo =5V ± 10% 
T0 = 0°CI= 70°C 2.0 
P =- 40°CI+ 85°C 2.25 
P =- 55°Ci+ 125°C 2.25 

VIL Low Level TTL Input Voltage Voo = 5V ± 10% 0.8 
All Temp. Ranges 

VIH High Level CMOS Input Voltage 70% Voo 
VIL low Level CMOS Input Voltage 30% Voo 

lozH Tristate Output Leakage Current Vo = Voo 
To = 0°C/+ 70°C 2.5 
P =- 40°C/+ 85°C 5 
P =- 55°C/+ 125°C 10 

lozL Vo = Vss 
P = 0°CI+ 70°C -2.5 
P =- 40°CI+ 85°C -5.0 
T0 = 55°C/+ 125°C -10.0 

IIH High Level Input Leakage V1 = Voo 
Current P = 0°CI+ 70°C 1.0 

P =- 40°C/+ 85°C 3.0 
P =- 55°Ci+ 125°C 5.0 

I1L Low Level Input Leakage V1 = Vss 
Current P = 0°CI+ 70°C -1.0 

P =- 40°C/+ 85°C -3.0 
P = - 55°C/+ 125°C -5.0 

Icc Max Admissible Current per Pin : 
-Analog ± 20 
-Digital ± 40 
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Unit 

v 

v 

oc 

Unit 

v 

v 

v 

j.lA 

j.lA 

j.lA 

j.lA 

mA 



TSGSM SERIES 

DIGITAL LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT V00 = 10V ± 10%, 
Tamb = 25°C, Typical Process Standard Condition = 2 Loads + 1 mm of Metal Interconnect 

Voo = 10V ± 10% 
Cell Code Description 

TPHL TPLH Other 

IN01 Standard Inverter 5.7 4.7 

NA02 2-input NAND 6.2 5.8 

N002 2-input NOR 6.4 5.1 

DF08 Positive Edge D Flip-Flop from CKL to Q : 10.6 6.1 
TsH 14.0 
TH 5.0 
TwH 20.0 
TwL 16.0 

OB2 TTL Inverting Output Buffer 
Capacitance Load = 50pF 4.1 5.0 

=25pF 3.6 4.3 
= 15pF 3.4 4.0 

T02 Tri-state TTL Output Buffer 
Capacitance Load = 50pF 4.1 5.0 

= 25pF 3.6 4.3 
= 15pF 3.4 4.0 

IB021 CMOS Inverting Input Buffer 7.4 8.7 

Note : Refer to TSGSM User's Manual for more detarled informations 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ANALOG LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT V00 = 10V ± 10%, 
unless otherwise specified T = 25°C, typical process. 

Cell Code Description Parameter/conditions Min. Typ. Max. 

COMP Static Comparator Propagation Delay (overdrive= 10mV) 1 2 
Offset ±5 ± 15 

CP1X Capacitor Fields Unit Capacitance 0.08 0.1 0.12 
Capacitor Value Range 0.1 50 
Absolute Accuracy ± 15 
Matching (capacitor ratio) 0.5 1.0 

Resistors 
RPX/PPX . Polysilicon Resistor Value Range .15 20 

Absolute Accuracy ± 20 
Matching ± 1 
Temperature Coefficient 0.15 

RDX/PDX . P + Diffusion Resistor Value Range .75 100 
Absolute Accuracy ± 20 
Matching ±1 
Temperature Coefficient 0.15 

RWX/PWX . p- Well Resistor Value Range 5 2000 
Absolute Accuracy ± 20 
Matching ±2 
Temperature Coefficient ±1 
Voltage Coefficient 5 

Switches 
SWIX . Analog Switch RoN Value Range 10k 30k 

MN1X/MP1X . MOS Switch RoN Value Range 50 500 

IPOLxx Programmable Current 1 250 
+ Reference Current Current Step 1 

ISyy Generator Supply Voltage Rejection +2 
(4V < Voo < 10V) 

OPA2 General Purpose Phase Margin 80 
Operational Amplifier Unit Gain Bandwidth 

(CL = 100pF, RL = 10k0) 3.3 
Offset ±5 ± 10 

OTA1 Transconductance Unit Gain Bandwidth (CL = 3.5pF) 7 10.5 
Amplifier 

POR1 Static Power on Reset Active Voltage (Voo = 10V) 4.5 
(Voo =5V) 3.5 

VREF Voltage Bandgap Output Voltage 1.15 1.18 1.20 
Reference 

ZENx Zener Diode Zener Voltage (bias current = 50!.1A) 5.3 5.6 5.9 

OSC11 Crystal Oscillator Frequency 0.1 12 

OSC31 RC Timer Frequency 100 500 
Stability Versus Temperature 0.02 
Stability Versus Supply Voltage 0.5 

ADC8Bx 8 Bits Analog to Digital Conversion Time 25 
Converter Integral non Linearity ± 0.5 

ADC12B 12 Bits Analog to Digital Conversion Time 25 
Converter Differential non Linearity ± 0.7 

SCFx Biquadratic Filter Cell Signal Frequency 30 
Order 2 12 

Note : Refer to TSGSM User·s Manual for more detruled 1nformabons. 
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Unit 

I.IS 
mV 

pF 
pF 
% 
% 

kQ 
% 
% 

%/"C 
kQ 
% 
% 

%/"C 
kO 
% 
% 

%/"C 
%/V 

n 

!lA 
!lA 
%/V 

deg 

MHz 
mV 

MHz 

v 
v 
v 

v 
MHz 

kHz 
%/"C 
%/V 

I.IS 
LSB 

I.IS 
LSB 

kHz 



PACKAGING 
SGS-THOMSON has a wide variety of package op­
tions available to the user : 

• Dual in line packages (DIP) 
_ Plastic 
_ Cerdip 
_ Side Braze 

• Chip carriers 
_ Plastic Leaded Chip Carriers (PLCC) 
_ Ceramic Leadless Chip Carriers (CLCC) 
_ Ceramic Leaded Chip Carriers (LDCC) 

ORDER CODES 

TS GSM 235 

SGS-,HOMSON T I 

3.5~/2POLY/1 METAL 
MIXED ANALOG-DIGITAL 

STANDARD CELLS 

CUSTOMER ______________ ~ 
SPECIFICATION 

NUMBER 

A 

RELEASE __________________ ~ 

LETTER 

TSGSM SERIES 

• Small outlines (SO) 

Where different packaging requirements are nee­
ded, contact SGS-THOMSON Marketing. SGS­
THOMSON Microelectronics can also supply 
standard cells products in dice form (chip tray or wa­
fer form). 

v FN D 

1._ QUALITY LEVEL 

:Standard 
D : Burn~n 
8 :MIL STD 883 Class B 
G : NFC 96883 Class G 

L_ _______ PACKAGE: 

P :Plastic DIP 
J : Cerdip 
E :CLCC 
FN :PLCC 
R :CPGA 
C :Ceramic 
FP :SO 

'-------------TEMPERATURE RANGE : 

c 

M 
T 
v 

:0 °C/+70°C 
:- 25°C/+B5 °C 
:-55°C/+125°C 
:-40 °C/+ 105 °C 
:-40°C/+85°C 
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UA741 

GENERAL-PURPOSE SINGLE OP-AMPs 

• LARGE INPUT VOLTAGE RANGE 
• NO LATCH-UP 
• HIGH GAIN 
• SHORT-CIRCUIT PROTECTION 
• NO FREQUENCY COMPENSATION 

REQUIRED 
• SAME PIN CONFIGURATION AS THE UA709 

DESCRIPTION 

The UA741 is a high performance monolithic ope­
rational constructed on a single silicon chip. It is in­
tended for a wide range of analog applications. 

_ Summing amplifier 
_ Voltage follower 
_ Integrator 
- Active filter 
_ Function generator. 

The high gain and wide range of operating voltages 
provides superior performance integrator, summing 
amplifier, and general feedback applications. the in­
ternal compensation network (6 dB/octave) insures 
stability in closed loop applications. 

PIN CONNECTIONS (top views) 

H 
T099 

(Metal Can) 

N 

N 
DIP14 

(Plastic Package) 

D 
SOB 

DIPS 
(Plastic package) 

J 
CERDIP8 

(Cerdip Package) 

(Plastic Micropackage) 

ORDER CODES 

GC 
LCC20 

(Tricecop (LCC)) 

Part Temperature 
Package 

Number Range H J GC N 
N 
14 

UA741C/E 0 octo+ 70 oc • • • • 
UA7411 -40 octo+ 105 oc • • • 
UA741M/A -55 octo+ 125 oc • • • 
Note : Hi-Rei Versions Available 
Examples: UA741CN, UA7411H 

D 

• 

DIP8/CERDIP8 T099 LCC20 DIP14 
so a 4- Inverting 

8 
( 4 3 i '\" 20 1918 '~" 

input 

·~l s. ' 13 5- Non·inverting 

2 - 7 1- NC 17 11- NC 3 12 input 
2· Offset 6 16 

12- Offset null 4 - 11 6 ·v-ee 
3 + 6 

2 6 

null 
7 15 

13- NC 5 + 10 7-NC 
4 5 5 8 14 

6 • 8-NC 3·NC 9 10 111213 14- NC 
4·NC 15- Output 7 8 9 • Offset null 
5- Inverting input 16· NC 10- Output 

1 - Offset null 5 · Offset null 6-NC 17·v+cc 11-v+cc 
2 · Inverting input 6 ·Output 7 - Non-inverting input 18· NC 1- NC 12- NC 
3 · Non·inverting input 7 · v+cc 8-NC 19· NC 2-NC 13- NC 

4· VCc 8-NC 9-NC 20- NC 3- Of1set null 14- NC 
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ABSOLUTE MAXIMUM RATINGS 

Value 
Symbol Parameter 

UA741M, A UA7411 UA741C, E 
Unit 

Vee Supply Voltage ± 22 ± 22 ± 22 v 
v, Input Voltage ± 15 ± 15 ±15 v 

V;d Differential Input Voltage ± 30 ± 30 ± 30 v 
Ptot Power Dissipation 500 500 500 mW 

Output Short-circuit Duration Infinite 

Toper Operating Free-air Temperature Range -55 to+ 125 -40 to+ 105 o to+ 70 oc 
Tstg Storage Temperature Range -65 to 150 -65 to 150 -65 to 150 oc 

SCHEMATIC DIAGRAM 

Non-inverting input 

Offset null 

EBBUA741-01 

Offset Inverting 
Non-

Case inverting Vee Vee Output N.C. 
Null Input Input 

T099/0I P8/C ER 01 P8/S08 1, 5 2 3 4 7 6 8 

DIP14 3, 9 4 5 6 11 10 * 

LCC20 2, 12 5 7 10 17 15 * 

T0116, LCC20: Other ptns are not connected. 
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ELECTRICAL CHARACTERISTICS 
UA741M/A :-55 'C ~Tamb ~+ 125 oc, Vee=± 15 V 
UA7411 :-40 'C ~Tamb ~+ 105 oc, Vee=± 15 V 
UA741C/E: 0 'C ~ Tamb ~ + 70 oc, Vee=± 15 V 

(unless otherwise specified) 

Symbol Parameter 

V;o Input Offset Voltage Rs s 10 kn 
Tamb = 25 oc 
T min S T amb S T max 

UA741E. A Tamb = 25 °C 
T m1n ~ T amb :S T max 

l;o Input Offset Current 
Tamb = 25 °C 
T m1n :S T amb :S T max 

l;s Input Bias Current 
Tamb = 25 °C 
T mrn :S T amb :S T max 

Avo Large Signal Voltage Gain 
(Vo=±10V,RL=2kQ) 

T amb = 25 °C 
T mm ::;; T amb ::;; T max 

SVR Supply Voltage Rejection Ratio 
(Rs s 10 kQ) 

Tamb = 25 °C 
T mrn $ T amb :S T max 

Icc Supply Current. no Load 
Tamb = 25 'C 
T mrn :S T amb :S T max 

V; Input Voltage Range 
Tamb = 25 °C 
T m1n :S T amb :S T max 

CMR Common Mode Rejection Ratio 
(Rs s 10 kQ) 

Tamb = 25 °C 
T mm S T amb S T max 

los Output Short-circuit Current 
Tamb = 25 'C 

± Vopp Output Voltage Swing 
Tamb = 25 oc RL = 10 kQ 

RL = 2 kQ 
T m1n $ T amb ::; T max RL=10kn 

RL = 2 kn 

Svo Slew-rate (V; = ± 1 o V, RL = 2 kn CL $ 100 pF, 
T amb = 25 'C. unity gain) 

tr Rise Time 
(V; =±20 mv. RL =2 kn. CL s100 pF 
T amb = 25 'C. unity gain) 

Kov Overshoot (V; = ± 20 mV, RL = 2 kn, CL s 1 oo pF, 
T amb = 25 oc, unity gain) 

R; Input Resistance, T amb = 25 oc 

UA741 

UA741C, E, I, M, A 
Unit 

Min. Typ. Max. 

mV 
1 5 

6 
1 2 

4 

nA 
2 20 

40 

nA 
10 100 

200 

V/mV 

50 200 
25 

dB 

77 90 
77 

mA 
1.7 2.8 

3.3 

v 
-12 + 12 
-12 +12 

dB 

70 90 
70 

10 25 40 
mA 

v 
12 14 
10 13 
12 
10 

0.25 0.5 V/iJ.S 

iJ.S 
0.3 

5 % 

0.3 2 mn 
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UA741 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

GPB 

THD 

VN 

iii 
:!! 
z 
=i 
Cl 
Ul 
Cl 
~ 
!:; 
0 
> 

4/11 
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Parameter 

Gain Bandwidth Product 
(V1 = 10 mV, RL =2 kn, CL,; 100 pF f =100kHz, 
T amb = 25 °C) 

Total Harmonic Distortion 
(f =1kHz, Av =20 dB, RL 2 kQ, Vo =2 Vpp 
CL :> 100 pF, Tamb = 25 °C) 

Equivalent Input Noise Voltage 
(f = 1 kHz, RG = 1 00 Q) 

Phase Margin 

OPEN LOOP VOLTAGE GAIN ITyp.l 

115 

110 

105 
..,. ..,. 1----' 

v" 
100 v 
95 

90 l/ 
~ 

85 

80 0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGES tV!!c AND Vccii±VI 

E88UA741-02 

UA741C, E, I, M, A 
Unit 

Min. Typ. Max. 

MHZ 
0.7 1 1.6 

% 
0.06 

23 
nV/v'Hz 

50 Degrees 

OPEN LOOP FREQUENCY RESPONSE ITyp.l 

120 

100 

iii 
80 :!! 

2 
=i 60 
Cl 
Ul 

40 Cl 

~ _, 
20 0 

> 
0 

-
" "' ~ 

~ 
~ 

\ -20 
1 10 100 1k 10k lOOk 1M 10M 

FREQUENCY IHzl 

E88UA741·03 



s: 
! 
w 
Cl 

~ 
0 
> 
1-
;::) 
IL 
1-
::;) 

0 

~ 
Cl 
z 

~ 
..... 
::;) 
IL 
..... 
::;) 

0 
:0: 
< w 
IL 

~ 
:0: 
< w 
IL 

~ 
.§ 
z 
0 

ii: 
:E 
::;) 
en z 
0 
u 
a: 
w ;: 
0 
IL 

28 

24 

20 

16 

12 

8 

4 

0 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

0 

TRANSIENT RESPONSE (Typ.l 

90% 

I 
I 

1/ Vee = t15V 

10% I(-
Tamb= +25oc 

RL = 2kQ 

Rise time eL = 100pF 

0 0.5 1.5 2 2.5 

TIMEI,.sl 
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SUPPLY VOLTAGE I±VI 
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POWER CONSUMPTION 
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/ 
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/ 
v" 

v I'" 
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UA741 

ABSOLUTE MAXIMUM POWER DISSIPATION 

600 

500 

400 

300 

200 

100 

c 
25 

16" 

14 

12 

10 

B 

6 

" ~ 
'\ 

:\.. 
~ 

45 65 85 105 12!> 

AMBIENT TEMPERATURE (°CI 
E88UA741·05 

INPUT COMMON MODE VOLTAGE 
RANGE 

-55"C .;;; Tamb.,;; +125°C 
./"' 

v 
/ 

/ 
/ 
, 

/ 
v 4 

2 

0 
5 

50 

45 

40 

35 
c 30 .s 

25 u 
!!l 20 

15 

10 

5 
0 

10 15 20 

SUPPLY VOLTAGE (±VI 

E88UA741·07 

OUTPUT CURRENT vs AMBIENT 
TEMPERATURE 
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OUTPUT VOLTAGE SWING 
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z 
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/ 

J 
T 

7 

7 
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~ 

2 5 10 

LOAD RESISTANCE lkOl 

E88UA741-10 
EQUIVALENT INPUT NOISE vs FREQUENCY 
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S 20 1--1-1-++~1-W-l+~-1-+++1-llll 
w 6 15 

z 1 o ~-1-1-1-l-l-ll!l---1-1-l+IHII-1--+++l-Hll 

si--+-++++-Hll--++1-0011-+-+++++lll 
0 L-~LULlliL-~~UW-~~~ 

100 1000 10000 100000 

FREQUENCY (Hz) 

E88UA741-12 

EQUIVALENT INPUT NOISE vs AMBIENT 

TEMPERATURE 
40 

35 

'N 30 
:t: 

~ 25 

s 20 
w 
Ul 15 
0 
z 10 

5 

0 

1--
p 

---t,....- !--" 
~ 

~ 

-55 -35 -15 5 25 45 65 85 105125 

AMBIENT TEMPERATURE (•C) 

E88UA741-14 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

0 
100 

OUTPUT VOLTAGE SWING 

Vee~ ±15V 

RL = 10k!l 

Tamb =+ 25oc 

1\ 
\ 

1\. 
I' 

lk 10k lOOk 1M 

FREQUENCY IH~l 

E88UA741-11 

INPUT NOISE CURRENT 

Vee = ± 15V 

Tamb= +2soc 

i'oo.. 

100 1k 10k 100k 

FREQUENCY (Hz) 

E88UA741-13 

LARGE SIGNAL VOLTAGE GAIN vs AMBIENT 
TEMPERATURE 

110.00 
108.00 
106.00 
104.00 
102.00 
100.00 
98.00 
96.00 
94.00 
92.00 
90.00 
88.00 
86.00 
84.00 
82.00 
80.00 

v 
..:;;:-

~ -..... ....., 
r-...... 

-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (•CJ 

E88UA741-15 



UA741 

GAIN BANDWIDTH PRODUCT vs AMBIENT 
TEMPERATURE 

1.4 

1.3 

1.2 

~1.1 
!! 1 
ll. 
:g .9 

.B 

.7 

.6 

.5 

r-r-... ...... 
......... 

........ ;-.... 

""' 
-55 -35 -15 5 25 45 65 85 105 125 

POWER SUPPLY & COMMON MODE REJECTION 
RATIO vs AMBIENT TEMPERATURE 

120 

115 

110 

m 1o5 
~ 

100 

95 

90 

f VR 

f. 

~,....... 

CMR-

-\ 
........ I- \ -I-

~ 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 
E88UA741-16 

AMBIENT TEMPERATURE (°C) 
E88UA741-17 

50 
45 

40 

35 

"' 30 
"' - 25 
ID 

20 

15 

10 

5 

0 

INPUT BIAS CURRENT vs AMBIENT 
TEMPERATURE 

I 
I 
I 

II 
........._ 

!-.... 
r-I"-- J 

-55 -35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 

E88UA741-18 

MEASUREMENT DIAGRAMS 

VOLTAGE OFFSET NULL CIRCUIT TRANSIENT RESPONSE TEST CIRCUIT 

T099 - DIP8- CERDIP8 

E88UA741-19 E88UA741-20 

7/11 
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UA741 

MEASUREMENT DIAGRAMS (continued) 

CURRENT TO VOLTAGE CONVERTER 

R1 

R2 

R2 = R1 
for minimum error due to bias current 

E88UA741-21 

POSITIVE VOLTAGE REFERENCE 

E88UA741-23 

8/11 
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NEUTRALIZING INPUT CAPACITANCE TO OP­
TIMIZE RESPONSE TIME 

E88UA741-22 

NEGATIVE VOLTAGE REFERENCE 

R2 

RJ 

R4 

E88UA741-24 



PACKAGE MECHANICAL DATA 

8 PINS- T099- METAL CAN 

mm 

© 
Pin 

4 20 
.4,69--

12,7 min. 

14 PINS- PLASTIC DIP 

mm 

Datum 

Or 

8,50 

1---

0,26 
1.01 

8 Pms 
_j210.407 

0.508 

( 1) Nominal dimension 

(2) True geometncal positiOn 

6.35 
{1} 14 Pins 

UA741 

9/11 
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UA741 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

20 PINS- TRICECOP (LCC) 

mm 
B 74 
9.04 

e- 1.27 •I e t e + e I e j .. 

10/11 

1068 

( 1) Nominal dimension 

(2) True geometrical position 

Datum 

8 Pins 

1,86max. 

20 PINS 

6.74 
9.04 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

~ 
6,2 

Datum 

e-1,27 •1 e t e 

0.4 

1.75 max. 

UA741 

0.185 
0.265 

11/11 
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UA748 

GENERAL PURPOSE SINGLE OP-AMPs 

• FREQUENCY COMPENSATION WITH A SIN­
GLE 30 pF CAPACITOR 

• OPERATION FROM ± 5 V TO ± 15 V 
• LOW POWER CONSUMPTION :50 mW AT 

±15 v 
• CONTINUOUS SHORT-CIRCUIT PROTEC­

TION 
• OPERATION AS A COMPARATOR WITH DIF­

FERENTIAL INPUTS AS HIGH AS± 30 V 
• NO LATCH-UP WHEN COMMON-MODE 

RANGE IS EXCEEDED 
• SAME PIN CONFIGURATION AS THE LM1 01A 

DESCRIPTION 
The UA748 is a general-purpose operational ampli­
fier built on a single silicon chip. The resulting close 
match and tight thermal coupling gives low offsets 
and temperature drift as well as fast recovery from 
thermal transients. 
- Short-circuit protection. 
- Offset voltage null capability. 
- Large common-mode and differential voltage 

ranges. 
- Low power consumption. 
_ No latch-up 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to op­
timize compensation for best high frequency perfor­
mance at any gain. As a comparator the output can 
be clamped at any desired level to make it compa-

PIN CONNECTIONS (top views) 

T099 

4 

DIPS 
CERDIP8/S08 

tible with logic circuits. Further, the low power dissi­
pation permits high voltage operation and simplifies 
packaging in full-temperature range systems. 

H 
T099 

(Metal Can) 

D 
SOB 

(Plastic Micropackage) 

N 
DIPS 

(Plastic Package) 
J 

CERDIPB 
(Cerdip Package) 

~ 
GC 

LCC20 
(Tricecop (LCC)) 

ORDER CODES 

8 

7 

6 

5 

Part Temperature Package 
Number Range H N 

UA748C o octo+ 70 OC • • 
UA7481 40 oc to + 1 05 OC • • 
UA748M -55 octo+ 125 oc • 
Note : Hi-rei Versions Available 
Examples : UA748CH, UA748MGC 

LCC20 
5 - Inverting input 
6-NC 

GC 

• 

3 2~2019 
4 18 

7- Non-inverting input 
8-NC 

5 17 
6 16 
7 15 

8 9 10 11 12 1d4 ) 

1- NC 

9-NC 
10- Vee· 
11-NC 
12- Offset null 
13- NC 
14-NC 
15- Output 
16-NC 

D 

• 
• 

1· Offset null frequency compensation 
2· Inverting input EBBUA748·01 

2 - Offset null frequency 
compensation 

3-NC 

17- Vee• 
18-NC 
19-NC 3- Non-inverting input 

4- Vee· 

December 1988 

4-NC nsation 
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UA748 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

V1 Input Voltage 

V1o Differential Input Voltage 

Ptot Power Dissipation 
GC Suffix 

Output Short-circuit Duration 

Toper Operating Free Air Temperature Range 

Tstg Storage Temperature Range 

SCHEMATIC DIAGRAM 

Case 

T099 
DIPS 
CERDIP8 
so a 
LCC20 * 

r~on-inverting 
input 

Offset null 

Offset 
Null 

5 

12 

Non-
Inverting 

Input 

3 

7 

* LCC20 : Other pins are not connected. 

2/10 
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Inverting 
input 

Offset null 

Inverting 
v~c Input 

2 4 

5 10 

UA748M UA7481 UA748C Unit 

± 22 ± 22 ± 22 v 

±15 ± 15 ± 15 v 

± 30 ± 30 ± 30 v 

500 500 500 mW 
665 300 

Infinite for T amb = 70 •c Infinite 
forT= 55 •c 

- 55 to + 125 - 40 to + 1 05 0 to+ 70 •c 
- 65 to + 150 - 65 to + 150 -65!0 + 150 ·c 

Frequency compensation 

EBSUA748-02 

Frequency Off. Null. 
V ~c Output Freq. N.C. Comp. 

Comp. 

7 6 8 1 

17 1 5 20 2 



ELECTRICAL CHARACTERISTICS 
UA748C : 0 'C < Tamb < + 70 'C 
UA7481 :-40 'C < Tamb < + 105 'C 
UA748M :-55 'C < Tamb < + 125 'C. 
*=>Vcc=±15V 
(unless otherwise specified) 

Symbol Parameter 

Vro Input Offset Voltage Rs :::; 1 0 kQ 
T amb = 25 °C 
T mrn ~ T amb ~ T max 

Irs Input Bias Current 
T amb = 25 °C 
T mrn ~ T amb ~ T max 

Ira Input Offset Current 
T amb = 25 °C 
T m1n ::; T amb ::; T max 

Avo Large Signal Voltage Gain * 

(Vo=±10V,RL=2kQ) 
T amb = 25 °C 
T m1n $' T amb ::::; T max 

SVR Supply Voltage Rejection Ratio 
(Rs < 10 kQ) 
T amb = 25 °C 
T mrn ::::; T amb :::;; T max 

Icc Supply Current, no Load 
T amb = 25 °C 
T mrn :::;; T amb $' T max 

Vr Input Voltage Range (V cc = ± 20 V) 
T amb = 25 °C 
T m1n $' T amb $' T max 

CMR Common-mode Rejection Ratio 
(Rs:::; 10 kQ) 

T amb = 25 °C 
T m1n $' T amb $ T max 

los Output Short-circuit Current * 

T amb = 25 °C 

± Vopp Output Voltage Swing • 
T amb = 25 oc RL=10kQ 

RL = 2 kQ 
T m1n $' T amb $' T max RL = 10 kQ 

RL = 2 kQ 

Svo Slew-rate (Vr = ± 10 V, RL = 2 kQ, 
CL :::; 100 pF, T amb = 25 °C, unity gain) * 

tr Rise Time· 
(Vr =± 20 mV, RL =2 kQ, CL :>100 pF, 
T amb = + 25 °C, unity gain) 

Kov Overshoot (Vr = 20 mV, RL = 2 kn, 
CL :::; 100 pF, T amb = + 25 °C, unity gain) 

Zr Input Impedance, T amb = 25 °C * 

Ro Output Resistance, T amb = 25 °C * 

± 5 V < V cc < ± 20 V C1 = 30 pF 
± 5 V < V cc < ± 20 V C1 = 30 pF 
±5V<Vcc<±20V C1 =30pF 

UA748M, I UA748C 

Min. Typ. Max. Min. Typ. 

0.2 1 2 
3 

25 75 70 
100 

1.5 10 2 
20 

50 100 50 100 
25 25 

80 96 80 96 
80 80 

1.8 3 1.8 
3 

-15 + 15 -15 
-15 + 15 -15 

80 96 80 96 
80 80 

10 30 50 10 30 

12 14 12 14 
10 13 10 13 
12 12 
10 10 

0.25 0.5 0.25 0.5 

0.3 0.3 

5 5 

1.5 4 1.5 4 

75 75 

UA748 

Unit 
Max. 

mV 
5 
6 

nA 
100 
200 

nA 
20 
40 

V/mV 

dB 

rnA 
3 
3 

v 
+ 15 
+ 15 

dB 

rnA 
50 

v 

V/JlS 

JlS 

% 

MQ 

Q 

3/10 
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UA748 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol 

GBP 

THO 

Vn 

DV1o 

Dl1o 

4/10 

1074 

> 
-H 

Cl 
z 
§: 
(/) 

1-
:::1 
Q. 
1-
:::1 
0 

a; 
:!'!. 
z 
(( 
Cl 
w 
Cl 
<( 
1-
---1 
0 
> 

Parameter 

Gam Bandwidth Product • 
(V1 = 10 mV, RL = 2 kQ, CL s 100 pF, 
f = 100 KHz, T amb = 25 'C) 

Total Harmonic D1stort1on • 
(f = 1 KHz, Av =20 dB, RL =2 kQ, Vo =2 Vpp, 
CL S 100 pF, Tamb = 25 'C) 

Equivalent Input Noise Voltage 
(f = 1 KHz, Rg = 100 Q) • 

Input Offset Voltage Drift 
T m1n $ T amb $ T max 

Input Offset Current Drift 
25°C $ T amb :5 T max 

T mm S T amb < 25'C 

CURRENT LIMITING 

OUTPI/T CURRENT (±mAl 

E88UA748-03 

OPEN LOOP fREQUENCY RESPONSE 

20 

-20 
10 100 1k 10k TOOk 1M TOM 

FREUUENCY !Hzl 

E88UA748-05 

UA748M, I UA748C 
Unit 

Min. 

0.5 

Typ. 

1 

0.015 

25 

3 

10 
20 

400 

<JOO 
" 

1-z w 
~ 200 
:;;) 
u 
1-

~ 100 
i!l: 

0 

Max. Min. Typ. Max. 

MHZ 

1.6 0.5 1 1.6 

% 

0.015 

nVNHz 
25 

1NI'C 
15 6 30 

pA/'C 
100 10 100 
200 20 200 

INPI/T CURRENT 

Vee= ±15 v 

' 
' ""'ias current --

I 
Offset current ' 

' 
~ ~ - i'-.. ~ ~ r-

-75-50-25 0 25 50 75 100 125 

> 
-H 

Cl 
z 

~ 
1-
:::1 
Q. 
I­
:;) 

0 

TEMPEP"TURE (°C) 

E88UA7 48-04 

LARGE SIGNAL FREQUENCY RESPONSE 

16 

12 

8 \ 
I-

\ '-4 

C1 ~30 pF 
0 
1k TOk 

I 1111 I I 1111 
Tamb~ +25oc 
Vee c ± 15 v 

j !!I 
C1_3 pF 

1\ 

"'r- ~ .... 
TOOk 1M 10M 

FREQUENCY (Hz) 

E88UA748-06 



z 
0 

~ 
Ul z 
w 
0.. 
::;: 

FREQUENCY COMPENSATION 

8 0.5 L-._l,----'---:!::--!--.L-L-~ 

;; 
tl 

w 
Cl z 
ct a: 
w 
Cl 

~ _, 
0 
> 
1-
;:) 
0.. 

~ 

iii 

CLOSED LOOP VOLTAGE GAIN {dB} 

INPUT VOLTAGE RANGE 

20 

16 f--~f-

f-

12 

8 

4 

L 
0 

5 

v 

I 

i - i ./ 
I/ 

/.,~ 
v~~~ 

I 

10 15 

SUPPLY VOLTAGE {±V} 

VOLTAGE GAIN 

E88UA748·07 

/ 

·-

20 

EBBUA 7 48-09 

lOOr--~-~--r-~--r-~ 

94 

~ 88 
z 
~ 
Cl 82 
w 
Cl 

~ 
0 
> 

76 

70L--~--L-~-._J __ L_~ 
5 10 15 20 

SUPPLY VOLTAGE (±V) 

E88UA748·11 

> 
tl 

Cl 
z 
§ 
Ul 

w 
Cl 
ct 
!::; 
0 
> 

> 
tl 

Cl 
z 
§ 
Ul ,... 
;:) 
D.. ,... 
;:) 

0 

~ 
E 
1-z 
w 
a: 
a: 
;:) 

u 
>-_, 
0.. 
0.. 
;:) 
Ill 

UA748 

VOLTAGE FOLLOWER PULSE RESPONSE 

10 

8 I-- ~c- I-- -

6 r-1-r-
4 

2 

0 

. 2 

4 

f- r- f-I-

~ 
~-

--I L-t--
Input 

r-J- i-
f--- - Output 

- f-- \ 
""- - I I 

··6 ·- - f- - Tamb= +25oc 

B -- - .vcc=±1sv 

-10 I I I I 
0 10 20 30 40 50 60 70 80 

TIME {l'sl 

EBBUA748·08 

OUTPUT SWING 

SUPPLY VOLTAGE (±V) 

E88UA748-10 

SUPPLY CURRENT 

2.5 

2 

1--- +--+-1- --r-
-- I b= -55oC 

~ 
1.5 -::. ~25°1 
--1- ~ 

Tamb- +l2Soc -

0.5 

5 10 15 

SUPPLY VOLTAGE (±V) 

EB8UA748-12 
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UA748 

iii 
~ 
z 
Ci: 
C!l 
w 
C!l 

~ .... 
0 
> 

VOLTAGE GAIN 

120 

110 ~ ~--

I _g;~C_ 
ialf\b"" -

100 -~ 
......... T amb = + 25"C 

v 
90 ~ 

t------

80 
5 

125"C-
~ -- Tarnb= + 

- -

--

10 15 20 

·SUPPLY VOLTAGE (±VI 
E88UA7 48-13 

TYPICAL APPLICATIONS 

PRACTICAL DIFFERENTIA TOR 

Rl Cl 
ej o----l~t----~l._ ___ .._ __ __j 

6/10 
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INPUT BIAS CURRENT 

400 

Ci: 
E. I I I 
!z 300 
w 
a: 
a: 
:I 

r--Tarnb 55"C 

~ 200 

< 
iii ... 
~ 100 

~ 

0 
5 

C2 

R2 

30pF 

~ 

Tamb= +25°C 

J I J 
T amb + 125°C _ -
I _l 

10 15 20 

SUPPLY VOLTAGE (±VI 
EBBUA748·14 

eo 

E88UA748· 1 5 



TYPICAL APPLICATIONS (continued} 

SINGLE SUPPLY OPERATION 

R1 

R3 

PULSE WIDTH MODULATOR 

R1 

•I 
100kH 

±sv 

1 
fc=--

2rr A2 C1 

+15V 

r----
UA748 

1 

"'''·1 
..--v 1" == 21T Rl C1 

fc < fn (unity gain) 

-15 v 

R5 
100H 

~~ 

UA748 

R2 

+20 v 

1 
eo 

j 
EBBUA748-16 

R2 
100 kH 

•o 

RJ 
10 kit 

R4 
100 k!l 

A., ~~v 

02 

.;"" 62V 

~~ 
EBBUA748-17 
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UA748 

TYPICAL APPLICATIONS (continued) 

FEED-FORWARD COMPENSATION 

IN 4148 

1N 4148 

10 kn 

10 

7_5 

> 
-1-1 

5 
t!l 
z 
§: 

2.5 Ul 
f-. 
:::> 
D.. 
1- 0 :::> 
0 

-2.5 

8/10 
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10 kl! 

LARGE SIGNAL FEED--FORWARD 
TRANSIENT RESPONSE 

:vee= ±15 v 
RL -CD 

CL= 10 pF 
Tamb= +25"C 

I 

\ 

' 
0 2 3 4 5 

RESPONSE TIME (J1lll 

EBBUA748-19 

6 

EBBUA748-18 



PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS - PLASTIC MICROPACKAGE (SO) 

mm 
e-1.27 .,1 e I e 

_g_ 
6.2 

Datum 0.35 
0.45 

UA748 

( 1) Nommar d1menston 

(2) True geometnca1 pos1t1on 

8 P1ns 

0.185 
0.265 

1.75 maK. 

8 Pins 

9/10 
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UA748 

PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

© 
Pin 

~ 0 7.75 
4.69 a.so 

: 

12.7 min. 

20 PINS - TRICECOP (LCC) 

mm 
8.74 

1.27 
9.04 

13 19 

-------{-
0.64 

9 3 

e-1.27•1 e ~ e ~ e ~ e j .. 

10/10 

1080 

1.27 max. 

r--

0.26 
1.01 

a outputs 

.J2l0.407 
0.508 

1.86max. 

2.16 

Datum 8.74 
9,04 

20 Outputs 



UA776 

PROGRAMMABLE SINGLE OP-AMPs 

• MICROPOWER OPERATION 
• NO FREQUENCY COMPENSATION 

REQUIRED 
• WIDE PROGRAMMING RANGE 
• HIGH SLEW RATE 
• SHORT-CIRCUIT PROTECTION 
• PROGRAMMABLE SINGLE OP-AMPs 

DESCRIPTION 

The UA776 programmable operational amplifier is 
characterized by high input impedance, low supply 
currents and low input noise over a wide range of 
operating supply voltages. 

Coupled with programmable electrical characteris­
tics it is an extremely versatile amplifier for use in 
high accuracy, low power consumption analog ap­
plications. 

Input noise voltage and current, power consump­
tion, and input current can be optimized by a single 
resistor or current source that sets the chip quies­
cent current for nano-watt power consumption orfor 
characteristics similar to the UA741. 

Internal frequency compensation, absence of latch 
up, high slew rate and short-circuit protection assure 
ease of use in long time integrators, active filters, 
and sample and hold circuits. 

PIN CONNECTIONS (top views) 

T099 DIPS 
50S 

8 

'{B" s 2 + 7 

3 - 6 

. 4 5 

2 6 

5 
4 

1- Offset null 5- Offset null 
2 - Inverting input 6- Output 
3 - Non-inverttng tnput 7- Vee 
4- V'cc 8- lset 

December 1988 

H 
T099 

(Metal Can) 

N 
DIPS 

(Plastic Package) 

D 
50S 

GC 
LCC20 

(Tricecop (LCC)) (Plastic Micropackage) 

ORDER CODES 

Part Temperature Package 
Number Range H N GC D 

UA776C 0 to+ 70 oc • • • 
UA7761 -40 to+ 105°C • • • 
UA776M - 55 to + 125 oc • • 
Note . Ht·Rel Versions Available. 
Examples : UA776CH, UA776CN, UA776CD 

LCC20 

~~ 

( 3 2~2019 
)4 18 

?5 17 

?5 
16 

1- NC 15 11- NC 
2 - Offset null ?7 14 12- Offset null 

)8 3- NC ) 13- NC 
4- NC 910 J..!~~ 14- NC 
5 - Inverting input ~ - 15- Output 
6- NC 16- NC 
7 - Non-inverting 1nput 11- vee 
8- NC 18- NC 
9- NC 19- NC 

10- VCc 20- lset 
EBBUA776-01 

1/13 
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UA776 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter UA776M UA7761 UA776C Unit 

Vee Supply Voltage ± 18 ±18 ± 18 v 
VI Input voltage ± 15 ± 15 ± 15 v 
Vlo Differential Input Voltage ± 30 ± 30 ± 30 v 
Ptot Power Dissipation 500 310 310 mW 

UA776GC 665 
UA776CH 500 500 

Output Short-circuit Duration Indefinite 

Toper Operating Free Air Temperature Range - 55 to + 125 - 40 to + 1 05 0 to+ 70 oc 
Tstg Storage Temperature Range -65 to 150 -65 to 150 - 65 to 150 oc 

Notes: 1. For supply voltages less than± 15 V, the absolute maximum input voltage is equal to the supply voltage. 
2 Short-circuit may be to ground or either supply Rating applies to + 125 ·c package temperature senal M or 

+ 75 'C serial C ambient temperature for 1,,,; 30 ~A. 

SCHEMATIC DIAGRAM 

Non·inVerting 
input 

Offset 
null 

Case 

T099/S08 
DIPS 

LCC20 

Offset Null 

1, 5 

2, 12 

Offset null 

Inverting 
Input 

2 

5 

• LCC20 : Other pms are not connected. 

2/13 
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E88UA776·02 

Non-
inverting 

Input 
Output Vee Vee I set 

3 6 4 7 8 

7 15 10 17 20 



ELECTRICAL CHARACTERISTICS 
Vee+=± 15 V (unless otherwise specified) 

UA776C: 0 :5 Tamb :5 + 70 'C 
UA7761 :-40 :5Tamb :5+ 105 'C 
UA776M:-55 :5Tamb :5+ 125 'C 

Symbol Parameter 

V1o Input Offset Voltage 
T amb = 25 oc 
T m1n :5 T amb :5 T max 

l1o Input Offset Current 
Tamb = 25 °C 
T m1n ~ T amb ~ T max 

liB Input Bias Current 
T amb = 25 °C UA776M 

UA7761, C 
T m1n ~ T amb ~ T max 

Avo Large Signal Voltage Gain (Vo = ± 1 0 V) 
T amb = 25 °C RL = 5 kQ 

RL = 75 kQ 
T min ~ T amb ~ T max RL = 75 kQ 

RL = 5 kQ 

SVR Supply Voltage Rejection Ratio (Rs ~ 10 kQ) 
T amb = 25 oc 
T min $ T amb :5 T max 

Icc Supply Current, no Load 
T amb = 25 oc 
T m1n ~ T amb ~ T max 

VI Input Voltage Range 
T amb = 25 oc 

CMR Common Mode Rejection Ratio (Rs ~ 1 0 kO) 
T amb = 25 °C 
T m1n ~ T amb ~ T max 

los Output Short-circuit Current 

± Vopp Output Voltage Swmg 
T amb = 25 °C RL ~ 5 kQ 

RL ~ 75 kQ 
T mm :::;; T amb :::;; T max RL ~ 75 kQ 

V1oR Offset Voltage Adjustement Range 

Svo Slew-rate (Vi=±10V 
CL ~ 1 OOpF, T amb = 25 oc, unity gain) 

RL = 5 kQ 
RL = 75 kQ 

lset = 1.5 J.tA 

Min. Typ. Max. 

2 5 
6 

0.7 3 
10 

2 7.5 
2 10 

20 

200 400 
100 

77 92 
77 

20 25 
30 

-10 +10 

70 90 
70 

0.5 3 15 

12 14 
10 

9 

0.01 0.1 1 

UA776 

I set = 1 5 J.tA 
Unit 

Min. Typ. Max. 

mV 
2 5 

6 

nA 
2 15 

40 

nA 
15 50 
15 50 

100 

V/mV 
100 400 

75 

dB 
77 92 
77 

J.tA 
160 180 

200 

v 
-10 + 10 

dB 
70 90 
70 

6 12 30 mA 

v 
10 13 

10 

18 mV 

V/J.tS 

0.2 0.8 2 
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UA776 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

tr Rise Time 
(VI=+ 20 mV, CL S 100pF, Tamb = 25 oc, 
unity gain) 

RL = 5 kQ 
RL = 75 kQ 

Kov Overshoot Factor (V1 = ± 20 mV, 
CL < 100 pF, T amb = 25 °C, unity gain) 

RL = 5 kQ 
RL = 75 kn 

R1 Input Resistance ,T amb = 25 oc 
Cm Differential Input Capacitance 

Ro Output Resistance, T amb = 25 °C 

GBP Gain Bandwidth Product 
(Tamb = 25 °C, CL = 100 pF) 

f =100kHz RL = 5 kQ 
!=10kHz RL = 75 kQ 

THO Total Harmonic distorsion 
(I= 1 kHz, Av = 20 dB, Vat/ = 2 Vpp 
CL S 100 pF, Tamb = 25 o 

RL = 5 kQ 
RL = 75 kQ 

Vn Equivalent Input Noise Voltage 
(I= 1kHz) 

ELECTRICAL CHARACTERISTICS 

Vee + = ± 3 V (unless otherwise specified) 

Symbol Parameter 

V1o Input Offset Voltage 
Tamb =25 °C 
T mm ~ T amb ~ T max 

l1o Input Offset Current 
Tamb = 25 °C 
T mm S T amb S T max 

l1e Input Bias Current 
Tamb = 25 °C UA776M 

T mm S T amb S T max 
UA7761, C 

Avo Large Signal Voltage Gain (Vo = ± 1 0 V) 
Tamb = 25 °C RL = 5 kQ 

RL = 75 kQ 
T mm S T amb S T max RL = 5 kn 

RL = 75 kQ 

SVR Supply Voltage Rejection Ratio (Rs s 10 kQ) 
Tamb = 25 °C 
T mm S T amb S T max 

Icc Supply Current, no Load 
Tamb = 25 °C 
T m1n S T amb S T max 
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lset = 1.5 IJA lset = 15 IJA 
Unit 

Min. Typ. Max. Min. Typ. Max. 

IJS 

0.35 
1.6 

% 

10 
0 

50 5 MQ 

2 2 pF 

5 1 kn 

MHz 

0.4 0.7 1.2 
0.03 0.1 0.5 

% 

0.025 
0.8 

nV/v'Hz 
20 20 

lset=1.51JA lset = 15 !lA 
Unit 

Min. Typ. Max. Min. Typ. Max. 

mV 
2 5 2 5 

6 6 

nA 
0.7 3 2 15 

10 40 

nA 
2 7 15 50 
2 10 15 50 

20 100 

V/mV 
50 200 

50 200 
25 

25 

dB 
77 92 77 92 
77 77 

!lA 
13 20 130 160 

25 180 



UA776 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 
lset = 1.5!-IA lset = 15 J.lA 

Unit 
Min. Typ. Max. Min. Typ. Max. 

V1 Input Voltage Range v 
Tamb = 25 °C -1 + 1 -1 + 1 

CMR Common Mode Rejection Ratio (Rs s 10 kn) dB 
Tamb = 25 °C 70 90 70 90 
T mtn :<': T amb :<': T max 70 70 

los Output Short-circuit Current 0.5 3 15 2 5 20 mA 

Vopp Output Voltage Swing 
RL ~ 75 kn 

v 
Tamb = 25 °C 2 2.4 2 2.4 

RL ~ 5 kQ 1.9 2.1 
T mm S T amb S T max RL ~ 75 kQ 2 2 

RL ~ 5 kQ 1.9 

V10R Offset Voltage Adjustement Range 9 18 mV 

Svo Slew Rate (V1=±10V V/J.lS 
CL :<': 100pF, Tamb = 25 °C, unity gain) 

RL =5 kQ 0.35 
RL =75 kO 0.03 

t, Rise Time J.lS 
(VI=+ 20 mV, CL :<': 100pF, Tamb = 25 °C, 
unity gain) 

RL = 5 kQ 0.6 
RL = 75 kQ 3 

Kov Overshoot (V1 = ± 20 mV, RL = 2 kQ % 
CL :<': 100 pF, T amb = 25 oc, unity gain) 

RL ~ 5 kQ 5 
RL ~ 75 kn 0 

R1 Input Resistance ,Tamb = 25 oc 50 5 MQ 

C1o Differential Input Capacitance 2 2 pF 

Ro Output Resistance, T amb = 25 oc 5 1 kQ 

GBP Gain Bandwidth Product MHz 
(Tamb = 25 °C, CL = 100 pF) 
f =100kHz RL = 5 kn 0.5 f =10kHz RL = 75 kQ 0.075 

THD Total Harmonic distortion % 
(f = 1 kHz, Av = 20 dB , RL = 2 kQ 
CL < 100 pF, Tamb = 25 °C, Vopp = 1 Vpp 

0.03 RL = 5 kQ 
RL = 75 kQ 1 

Vn Equivalent Input Noise Voltage nvt,JHz 
(I= 1 kHz) 20 20 
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UA776 

ii 
II. z: 
" z 
;:: 
(/) 

" <( 

!:::; 
0 
> 
I-
:> 
II. 
I-
:> 
0 
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9 
6 

4 

2 

2 

24 

18 

12 

6 

0 

INPUT BIAS CURRENT 

+3V<Vcco:::;;;;+18V 

Tamb= +25°C 

,/ 

L 
/ 

I 
v 

I/ 
/ 

5 10-12 5 100 2 5 101 2 

SET CURRENT !~Al 
E88UA776-03 

OUTPUT VOLTAGE SWING 

Tamb 72rf 
L.-' - ~I-" 

,.,.. ..... vt11 
Vee= ±15V v lset = 15 ~A 

- 1--l.tt'le = ± 15 v 

I lset = 1.5 ~A 

/ 

..... - Vee= ±3V 
1.5 ~A,;;Ise1 ,;;15 ~A 

I Ill I I J 
4 6fo4 2 4 6~05 2 4 RL 

LOAD RESISTANCE 101 
E88UA776-05 

'i ..s 
1-z 
w 
a: 
a: 
:> 
u ... 
<( 

iii 
1-
:I 
II. 

:!!: 

'i 
.: 
I-z 
w 
a: 
a: 
:> 
u 
> ..... 
II. 
II. 
:::> 

"' > 
ID 
c z 
<( 
1-

"' 

INPUT BIAS CURRENT 

±3V<Vcc<±18V 

24 

"' ' 
18 

12 

~ 
['.. 

lset = 15~ 

"r-.... -
1-- -

' 6 
['.. 

-- ..... = 1.5 ~ "- ... 

0 
-60 -20 

It-t-
20 60 

r--100 

102 

101 

100 

10-1 

AMBIENT TEMPERATURE I"Cl 
E88UA776-04 

STANDBY SUPPLY CURRENT VERSUS 
SET CURRENT 

lamb~ +25"e 
±3 v,;;vcc,;; ±18 v 

/ 
/ 

/ 

i/ 
v 

/ 
I 

I/ 
I 

10-22 5 10_,2 5 100 2 5 10' 2 

SET CURRENT (~AI 
EBBUA776-06 



z 
<i 
Cl 
w 
Cl 
ct 
!:i 
0 
> 
"-
0 
0 
...J 

z 
w ... 
0 

H 

~ 

ti 
;;;;) 

c 
0 
a: 
11. 

:I: 
1-c 
§ 
c 
z 
ct 
Ill z 
< 
Cl 

OPEN LOOP VOLTAGE GAIN 

Vcc=±3V 

400k r--
.1 I I 

f- lset = 15 I'A v I'\ RL = 5 kO 

300k v ,\ 
/~ 

200k / -v - r;:-.... ~ lset = 1.5JJA 

v RL = 75 k!l -v 
lOOk 

0 
-60 -20 20 60 100 

5 

2 

106 

105 

104 

2 

103 

1-

/ 

I 

AMBIENT TEMPERATURE I°Cl 

EBBUA776-07 

GAIN-BANDWIDTH 

Tamb=+25oc 

v 

- Vcc=±1sv v 
/I/ 

Vcc...::::±3v v [/ 
1/ ~ 

/ 

10-t 2 • 6 100 2 • 6 101 2 

SET CURRENT lpA) 
E88UA776-09 

z 
< 
Cl 
w 
Cl 

~ 
0 
> ... 
0 
g 
z w 
D. 
0 

... 
"-
~ 
w 
1-
ct 
a: 

~ 
UJ 

UA776 

OPEN LOOP VOLTAGE GAIN 

vcc=±1sv 

set- 151'A 

L2M 
RL = 5 k!l 

);" ' 1\. 
/ 

1 M v \ 
BOOk I \ 

I lset = 1.5 JJA 
\ RL = 75 k!l 

600k I """"v 
.- ....... 

' I v r\ 
400k / 

/ \ 

-60 -20 20 60 100 

100 

10-1 

10-2 

10·3 

AMBIENT TEMPERATURE I°Cl 

EBBUA776-08 

SLEW RATE 

, 
v: 

v v 
v v 

vee~± ts vv v 

1/ I 
Vvcc""""±JV I-

/ v 
v / 

/ I 
v 

10-22 510-12 5 100 2 5 10' 2 

SET CURRENT IJJA) 
E88UA776·10 
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UA776 

SET RESISTOR vs SET CURRENT 

§ 
Ill: 
0 
I-
II) 

iii 
w 
Ill: 
I-w 
II) 

5 

2 

10 Mn 

5 

2 

1 Mn 

5 

2 
100 kn 

5 

2 

10 kn 

" ' ', ' "' l-

' ·, '~c~. 
'\. '· ''".s-

l-
' ' l-

cc~"\ t\ 1~ 
,x~J,..' -, "\ 

'<o'k:-

lset EQUATIONS 

~ '\. ', ,~'-
1'. 

I vt"e - o.7 - Vee 
set = Rset 

·, 
"\ 

', 
Rset to Vee 
Rset to GND ----· 

when Rset is connected to Vee· 

I Vtc- 0.7 
set= Rset 

I I Ill I I when Rset is connected to ground. 

10_, 2 4 6 100 2 4 6 101 2 4 

BIASING CIRCUITS 

RESISTOR BIASING 

Rsot connected to ground. 
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SET CURRENT !,AJ 

E88UA776·12 

EBBUA776·11 

QUIESCENT CURRENT SETTLING 
RESISTOR (I set to Vee) 

Vee 
I set 

1.5 ~ 15 11A 

± 1.5 v 1.7 Mn 170 kQ 

±3V 3.6 Mn 360 kn 

±6V 7.5 Mn 750 kn 

± 15 v 20 Mn 2 Mn 

Note :The UA776 may be operated with Rset connected 
to ground or Vee. 

Rsot connected to Vee 
Recommended for : Vee :; ± 6 V EBBUA776-13 



BIASING CIRCUITS (continued) 

TRANSISTOR CURRENT SOURCE BIASING 

VOLTAGE OFFSET NULL CIRCUIT 

vc:c 

E88UA776-16 

UA776 

FET CURRENT SOURCE BIASING 

TRANSIENT RESPONSE TIME TEST CIRCUIT 

E88UA776-17 
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UA776 

TYPICAL APPLICATIONS 

HIGH ACCURACY SAMPLE AND HOLD 

Analog input 

-sv.;;v1<;;+sv 

~n~~ o---.--------1~---------l 
BC 487 

NANO-WATT AMPLIFIER 

R1 
100 kl! 

10/13 
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-15V 
Hold 

R3 
91 kl! 

R2 
1 Ml! 

,---------l + 

+15V 

R2 
30Mll 

P0 = 600 nW 

E88UA776-18 

•a 

EBBUA776-19 



TYPICAL APPLICATIONS (continued) 

MULTIPLEXING AND SIGNAL CONDITIONING 
WITHOUT FETs 

R2 1 MH 

EBBUA776-20 

UA776 

HIGH INPUT IMPEDANCE AMPLIFIER 

50 M~! 

90 k!! 

+15 v 

15 V EBBUA776-2~ 
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UA776 

PACKAGE MECHANICAL DATA 

8 PINS- PLASTIC DIP OR CERDIP 

mm 

8 PINS- PLASTIC MICROPACKAGE (SO) 

mm 

12/13 

1092 

~ 
6.2 

Datum 

(1) Nom1nal d1mens1on 

(2) True geometncal position 

8 Pins 

0.185 
0.265 

min. 

1.75 max. 

8 Pins 



PACKAGE MECHANICAL DATA (continued) 

8 PINS- METAL CAN T099 

mm 

Pin 

4 20 
~ 

12.7 min. 

20 PINS- TRICECOP (LCC) 

mm 8.74 

1.27 
9,04 

8,50 

r--

~ 1.01 

_00,407 
0.508 

8 PINS 

1.86mox. 

20 PINS 

8.74 
9,04 

UA776 
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UC1840 
UC2840 
UC3840 

PROGRAMMABLE, OFF-LINE, PWM CONTROLLER 

• ALL CONTROL, DRIVING, MONITORING, AND 
PROTECTION FUNCTIONS INCLUDED 

• LOW-CURRENT, OFF-LINE START CIRCUIT 
• FEED-FORWARD LINE REGULATION OVER 4 

TO 1 INPUT RANGE 
• PWM LATCH FOR SINGLE PULSE PER PE­

RIOD 
• PULSE-BY-PULSE CURRENT LIMITING PLUS 

SHUTDOWN FOR OVER-CURRENT FAULT 
• NO START-UP OR SHUTDOWN TRANSIENTS 
• SLOW TURN-ON AND MAXIMUM DUTY-CY­

CLE CLAMP 
• SHUTDOWN UPON OVER-OR UNDERVOL­

TAGE SENSING 
• LATCH OFF OR CONTINUOUS RETRY AFTER 

FAULT 
• REMOTE, PULSE-COMMANDABLE START/ 

STOP 
" PWM OUTPUT SWITCH USABLE TO 1 A PEAK 

CURRENT 
• 1% REFERENCE ACCURACY 
• 500kHz OPERATION 

DESCRIPTION 
Although containing most of the features required 
by all types of switching power supply controllers, 
the UC1840 family has been optimized for highly­
efficient boot-strapped primaryside operation in for­
ward or flyback power converters. Two important 
features for this mode are a starting circuit which re­
quires little current from the primary input voltage 
and feed-forward control for constant volt-second 
operation over a wide input voltage range. 

In addition to startup and normal regulating PWM 
functions, these devices ofter built-in protection from 
over-voltage, under-voltage, and over-current fault 
conditions. This monitoring circuitry contains the ad­
ded features that any fault will initiate a complete 
shutdown with provisions for either latch off or auto­
matic restart. In the latch-off mode, the controller 
may be started and stopped with external pulsed or 
steady-state commands. 

September 1988 

DIP-18 
(Plastic and Ceramic) 

Other performance features of these devices in­
clude a 1% accurate reference, provision for slow­
turn-on and duty-cycle limiting, and highspeed 
pulse-by-pulse current limiting in addition to current 
fault shutdown. 

The UC1840's PWM output stage includes a latch 
to insure only a single pulse per period and 1s des­
igned to optimize the turn off of an external switching 
device by conducting during the "OFF" time with a 
capability for both high peak current and low satu­
ration voltage. These devices are available in an 18-
pin dual-in-line plastic or ceramic package. 

The UC1840 is characterized for operation over the 
full military temperature range of -55"C to + 125"C. 
The UC2840 and UC3840 are designed for opera­
tion from -25"C to +85"C and O"C to +70'C, respec­
tively. 
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UC1840·UC2840·UC3840 

PIN CONNECTION AND ORDER CODES 

~ 
(QMP[NSATIQN lE\ ] NON INV INPUT 

START I UY " INV INPUT 

0 V 5[N5[ •6 5 V REF 

STOP 
,, .v, 5UPPtV 

RESET [ ' \L ORIV(R BIAS 

CURRENT 
1) ~ GROUND 

H1R(SHOLO 

CUHRENT SENSE 1/ PWM OUTPUT 

~tOW- SlArH V1 5F"NSE 

RT I C.t 10 RAMP 

... f,t 10•1 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

v, Supply Voltage + V, (pin 15) 
Voltage Driven 
Current Driven 100 rnA Maximum 

Vo PWM Output Volage (pin 12) 

Type 

UC1840 
UC2840 
UC3840 

lo PWM Output Current, Steady-state (pin 12) 

Eop PWM Output Peak Energy Discharge 
Driver Bias Current (pin 14) 

l,,qEF) Reference Output Current (pin 16) 
Slow Start Sink Current (pin 8) 
V, Sense Current (pin 11) 
Current Limit Inputs (pin 6, 7) 
Comparator Inputs (pins 2, 3, 4, 5, 17, 18) 

Ptot Power Dissipation at T amb = 70 ac 
TJ Junction Temperature Range 

Top Operating Ambient Temperature Range: UC1840 
UC2840 
UC3840 

Tstg Storage Temperature 

THERMAL DATA 

Rth J-amb Thermal Res1stance Junct1on-amb1ent 
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Maxi 

Plastic Ceramic 

UC2840N 
UC3840N 

UC1840J 
UC2840J 
UC3840J 

Test Conditions 

32 
Self Limiting 

40 

400 

20 
-200 

-50 
20 
10 

-0.5 to+ 55 
-0.3 to+ 32 

1000 

-55 to+ 150 

-55 to+ 125 
-25 to+ 85 

0 to+ 70 

- 65 to+ 150 

80 

Unit 

v 

v 
rnA 

J.IJ 
rnA 

rnA 
rnA 
rnA 
v 
v 

mW 

ac 
ac 
ac 
ac 
ac 

°C/W 



BLOCK DIAGRAM 

CONP 

INY.IHPUT 

N 1 INPUT 

START/IN 

RE!»El 

EXT 510P 

UC1840-UC2840-UC3840 

---@)RAMP 

-@GROUND ____ w;~~ll 
bV g~!~CVCLE 

--------

_______,.....-·---{6) QJR ll'-tll 

- J' -~ :~~:~~~LO 
l-

400mY 

-....:..~ ~'-!~l 

FUNCTIONAL DESCRIPTION 

Name Function 

PWM CONTROL 

OSCILLATOR Generates a f1xed-frequency internal clock from an external R 1 and Cr. 
Kc 

where Kc IS a first-order correct1on factor -Frequency = --
RTCT 

0.3 log (CT X 101 2 ). 

RAMP GENERATOR Develops a lmear ramp w1th a slope defmed externally by 

_d~_ = §_e~e__yglt_ag~ CR 1s normally selected s Cr and 
dt RR CR 

1ts value w1ll have some effect upon valley voltage 
CR term1nal can be used as an mput port for current mode control 

ERROR AMPLIFIER Conventional operational ampl1f1er for closed-loop gam and phase compensation 
Low output Impedance . umty-gam stable 

REFERENCE GENERATOR Prec1s1on 5 0 V for mternal and external usage to 50 mA. 
Trackmg 3.0 V reference for mternal usage only w1th nommal accuracy of ± 2 % 

40 V clamp zener for Chip 0. V. protection. 100 mA max1mum current. 

PWM COMPARATOR Generates output pulse w1ch starts at termmat1on of clock pulse and ends when 
the ramp mput crosses the lowest of two pos1t1ve mputs 

PWM LATCH Termmates the PWM output pulse when set by mputs for e1ther the PWM 
comparator, the pulse-by-pulse current l1m1t comparator. or the error latch. 
Resets w1ch each mternal clock pulse 

PWM OUTPUT SWITCH Trans1stor capable of smkmg current to ground w1ch IS off dunng the PWM 
on-t1me and turns on to termmate the power pulse Current capac1ty IS 400 mA 
saturated with peak capacitance d1scharge m excess of one amp 
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UC1840-UC2840-UC3840 

FUNCTIONAL DESCRIPTION (continued) 

[ ____ _!lamE! _u_ L __ Function _ _] 

SEQUENCING FUNCTIONS 
--·---- ---- ---- -- - - --- --- --- -----------

START/U. V. SENSE This comparator performs three functions. 
With an increasing voltage, it generates a turn-on signal at a start threshold 
With a decreasing voltage, it generates a U. V. fault signal at a lower level 
separated by a 200 ~A hysteresis current. 
At the U. V. threshold, 1t also resets the Error Latch 1f the Reset Latch has been 
set. 

DRIVE SWITCH Disables most of the chip to hold internal current consumption low, and Driver 
B1as OFF, unt1l mput voltage reaches start threshold. 

DRIVE BIAS Supplies drive current to external power sw1tch to prov1de turn-on bias. 
-------- --- -- -- -- -- --- - --- -- ---- -- ---- - ------

SLOW START Clamps low to hold PWM OFF Upon release, rises with rate controlled by R5 C5 

for slow mcrease of output pulse width. 
Also used to clamp maximum duty cycle with divider Rs Roc. 

------ - - ---- ---------- ---------- ----- ------ - - -- --

START LATCH Keeps low input voltage at mitial turn-on from being defmed as a U. V. fault. Sets 
at start level to monitor for U V. fault. 

RESET LATCH When reset, this latch msures no reset signal to either Start or Error latches so 
that f1rst fault will lock the PWM off. 
When set, this latch resets the Start and Error latches at the U. V. low threshold, 
allowing a restart. 

--'----- ------- ---- -- ------------------- -- --·--- -----

PROTECTION FUNCTIONS 

ERROR LATCH 

CURRENT LIMITING 

4/10 
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When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 
Inputs to Error Latch are : 
a. U. V. low (after turn-on) 
b. 0. V. h1gh 
c. Step low 
d. Current Sense 400 mV over threshold 

Error Latch resets at U. V. threshold 1f Reset Latch 1s set. 

Differential input comparator terminates individual output pulses each time sense 
voltage rises above threshold. 
When sense voltage nses to 400 mV above threshold, a shutdown signal it sent 
to Error Latch. 

~ SGS·ntOMSON .. .., I [ij]Oi:liil@~~~i:1i'liil@lill0!:~ 



UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (refer to the test circuit. Unless otherwise stated, these 
specifications apply forT, =-55 to + 125 "C for the UC1840, - 25 "C to + 85 "C for the UC2840 
and 0 to+ 70 "C for the UC3840; V, = 20 V, Rr = 20 KQ, Cr = 0.00111F, CR = 0.001 11F, current limit 
threshold = 200 mV) 

I UC1840 
I UC2840 UC3840 

Symbol i Parameter Test Conditions 
Min. I Typ. I Max. Min. I Typ. Max. 

POWER INPUTS 

V, = 30 V, Pin 2 = 2.5 V,: 

I 

T-- ----r--- ---
lsr Start-up Current 

i 
I 

4 5.5 I 4 5.5 T1 = 25 oc ' I 

*Start-up Current T.C. V, = 30 V, Pin 2 = 2.5 V I 1-0.1 :-0.2 1-0.1 -0.2 

I, Operating Current V, = 30 V, Pin 2 = 3.5 V I 5 I 10 15 5 I 10 15 

Vsov Supply O.V. Clamp I,= 20m A I 33 I 40 45 33 I 40 48 -
REFERENCE SECTION 

VREF I Reference Voltage ; T1 = 25 oc 4.95 
I 

5 i 5.05 4.9 5 
I 5.1 I I 

llVREF I Lme RegulatiOn ! v, = 8 to 30 V l 10 ! 15 10 I 20 

AVREF ; Load Regulation i I L = 0 to 20m A I 10 I 20 10 
I 

30 I 

Unit 

---
mA 

%/°C. 

mA 

v 

v 
mV 

mV 

AVREFIAT*I Temperature Coeff. I Over Op. Temp. Range 
I I ± o.4 I ± o.4 mV/°C I 

lsc Short Circuit Curr. I VREF=O, T1 =25°C I - 8o 1- 1oo ..: 80 1- 100 rnA 

OSCILLATOR 

Is I Nommal Frequency I T, =25 °.C 47 5o I 53 45 I 50 ' 55 KHz 
I Voltage Stability I V, = 8 to 30 V o.5 1 1 I 0.5 1 % 

I *Temperature Coeff. I Over Op. Temp. Range I± o.8 I ± 0.8 %fC 

fs(max) I Maxim. Frequency I Rr = 2 Kn, Cr = 330 pF 500 I 500 i KHz 

RAMP GENERATOR 

I Ramp Current Mm. : isENSE =- 10 IJA 
--

! -11 -14 I -11 1 -14 llA 

I Ramp Current Max. i isENSE = 1 mA -- 0.9 I_ -0.95- -- -0.9 -0.95 i mA 

I Ramp Valley I 0.3 I 0.5 0.7 0.3 I 0.5 I 0.7 v I I 

i Ramp Peak I Clamping Level 3.9 4.2 4.5 I 3.9 ! 4.2 4.5 v 
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UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (continued) 

UC1840 

Symbol Parameter Test Conditions UC2840 UC3840 
Unit 

Min. I Typ. I Max. Min. I Typ. I Max. 

ERROR AMPLIFIER 

Vas Input Offset Voltage VcM = 5 V 0.5 5 2 10 mV 

lb Input Bias Current 0.5 2 1 5 11A 

los Input Offset Current 0.5 0.5 JlA 

Gv Open Loop Gam ~V0 = 1 to 3 V 60 66 60 66 dB 

Output Swing (max Mimmum Total Range 0.3 3.5 0.3 3.5 v 
Out $ Ramp Peak -
100 mV) 

CMR Common Mode VcM = 1.5 to 5.5 V 70 80 70 80 dB 
RejectiOn 

SVR Supply Voltage V, = 8 to 30 V 40 50 40 50 dB 
Rejection 

lsc Short CircUit Current Vcomp = OV -4 -10 -4 -10 mA 
B. Gain Bandwidth T1 =25 oc, Gv =0 dB 1 2 1 2 MHz 

sw Slew Rate T1 = 25 °C, Gv = 0 dB 0.8 0.8 V/~ts 

PWM SECTION 

·continuous Duty Min. Total Cont. Range 
Cycle Range Ramp Peak < 4.2 V 5 95 5 95 % 
(other than zero) 

Vo(san Output Saturation 10 =20 mA 0.2 0.4 02 0.4 v 
Volo;at) Output SaturatiOn Ia = 200 mA 1.7 2.2 1.7 2.2 v 

loL Output Leakage V0 = 40 V 0.1 10 0.1 10 11A 

"td ·comparator Delay Pin 8 to pin 12 300 500 300 500 ns 
T1 = 25 oc, R1 = 1 KQ 

SEQUENCING FUNCTIONS 

VT Comparator Pins 2, 3, 4, 5 28 3 32 2.8 3 32 v 
Threshold 

lh Input B1as Current P1ns 3, 4. 5 = OV -1 -3 -1 -3 ~tA 

Start/UV Hysteresis Pm 2 = 2.5 V, T1 = 25 oc 120 180 240 120 180 240 JlA 
Current 

Input Leakage v, = 20 v 0.1 10 0.1 10 11A 
Dnver Bias Saturation Is=- 50 mA 2 3 2 3 v 
Voltage 
VIN-VoH 

Dnver B1as Leakage Vs =OV -0.1 -10 -0.1 -10 ~tA 

Slow-start Saturation Is= 2 mA 02 0.5 02 0.5 v 
Slow-start Leakage Vs =4.5 v 0.1 2 0.1 2 pA 
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ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions 

CURRENT CONTROL 

Current Llmtt Offset 

Current Shutdown 
Offset 

lb Input Bias Current Pin 7 = OV 

·common mode 
Range 

'd. Current Limit Delay T1 = 25 oc, Pin 7 to 12 
RL = 1 KQ 

• Guaranteed by des1gn Not 100% tested 1n production 

Figure 1 :Open Loop Test Circuit. 

su 
vo 

PPLY 
LTAGE 

1 
Rr r 

RR yoot<.n 

16 VREF 

20 
Kn~ 11VIN SENSE 

9 R11c1 

15 
viN 

UC1840-UC2840-UC3840 

UC1840 
UC2840 UC3840 

Min. I Typ. I Max. Min. I Typ. I Max. 

0 5 

340 400 440 340 

-2 -5 

-0.3 3 -0.3 

200 400 

"s[ 1a0Kn Roc 2 

cs 
SLOW ST 8 1--'~0 + 

DRIV BIAS 14 

_QRL=1K!tr-.. 

P'NM OUT 12 
OUT 
MOl 

0 

400 

-2 

200 

10 

440 

-5 

3 

400 

Unit 

mV 

mV 

~tA 

v 

ns 

cr~..___ 
J:1nF UC1840 

R1 J20K1l. -
10 RAMP 

2 STARTI UV 

R2 J9K n 
3.0V SENS 

RJ JJKfi CR COMP INV 
1 17 

-~ J:nF 

~ 
VREF 

I01pF 

Nominal frequency = 
RTCT 

Start voltage= 3 (R1 + R2 + R3) 
R2+ R3 

1~ toKn 10Kfi L..._....l 

PWM 
ADJ. 

s- 6412 

=50 kHz 

+ 0.2 R1 = 12 V 

U.V. fault voltage= 3 (R1 + R2 + R3) =a v 
R2+R3 

Nl 
1A 

GNO 13 ./> 

STOP 4 
... _ 

RESET 5 .... 
CIL(-) Cll(+) ~ 

6 7 

J 48 f Kn Kfi 

)~0 
)2Kn-t Kfi 

CURRENT SENS - •1.. TEST 

O.V. fault voltage= 3 (R1 + R2 + R3) = 32 V 
R3 

Current limit= 200mV 
Current fault voltage = 600mV 
Duty cycle clamp = 50% 
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UC1840-UC2840-UC3840 

Figure 2 :Start U.V. Hysteresis Current. 

I H r--r---,---,-,---,--r-..:.G..,:· '..:.":..."c.,' 

(,uAl 

275~-~~~L-~--+-~~-4-~~ 
iV1n=20V 

2SO~~~v~'"~1~"-1~5-v~-4--+-~-+-~ 

ISO ------ ---

115 - ---f--- - --

>00 L__L__,_ _ _,__-'----'--L--'----' 

-50 -25 zs so 75 100 r1 r•c1 

Figure 4 : Oscillator Frequency. 

10 20 SO 100 200 Ry(Kfl) 

Figure 6 : Error Amplifier Open-loop Gain and 
Phase. 

G-'5368 

Gv 

ldBl ~--f------J-----tcc---::-::--+-

20 

100 IK !OK lOOK 
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Figure 3 : PWM Output Saturation Voltage. 

VcErsal 
lVI 

l 
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Tj:25"C • ~ 
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1// 

J.v 
100 100 

V1n = zov 
LOW DUTV-C'tCLE. -
PULSE TEST 

/ 
.L. -

f-: P"' 

JOO 400 10 {mA) 

Figure 5 : PWM Output Minimum Pulse Width. 

C"l.) 

10 

05 
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02 

o• 
10 

(PULSE WIDTH GOES to ZERO 
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1\. 

~~ 
1/2Cy<CR<Cy (I .... ~'b 

... "'.s: 4 
~ 

~-'?_,. r( "\ 

" " .. "'-.. '~ ~'-""" ~ ~ .:"': :---.... 
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Figure 7 : Shutdown Timing. 
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UC1840-UC2840-UC3840 

APPLICATION INFORMATION 

Figure 8 : Programmable PWM Controller in a Simplified Flyback Regulator. 

DC INPUT LINE 

IT 
IT 
IT 

CONTROL VOLTAGE 

In this application [see Fig.8] complete control is 
maintained on the primary side. Control power is 
provided by R1N and C1N during start-up, and by a 
primary-referenced low voltage winding. N2, for ef­
ficient operation after start. The error amplifier loop 
is closed to regulate the DC voltage from N2 with 
other outputs following through their magnetic cou­
pling- a task made even easier with the UC1840's 
feed-forward line regulation. 

The UC1840 will readily accept digital start/stop 
commands transmitted from the secondary side by 
means of optical couplers. 

Not shown are protective snubbers or additional in­
terface circuitry which may be required by the choice 
of the high-voltage switch, Os, or the application 

9/10 
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UC1840-UC2840-UC3840 

Figure 9 : Power Sequencing Functions. 

A D E G HI J M N 0 a R s 
I I I I Ill I I I I I I 

•c 
(NOTE I) 

DRIVER 
BIAS 

SLOW-
START 

PWM 
OUTPUT 
EXT 
STOP 

RESFT 
I I Ill I I I I I I I I 
DE HI J MNO a R s u y 

Notes : 1. VC represents an analog of the output voltage generated by a primary-referenced secondary wind1ng of the power transformer. It IS 
the voltage momtored by the start!U.V. comparator and, 1n most cases, IS the supply voltage, V1, for the UC1840 

2. Although Input to External Stop, Pm 4, is shown, results are the sarne for any fault input wh1ch sets the Error Latch. 

POWER FREQUENCY FUNCTIONS 
--- -------
Time Event I Time Event 

!------ ·----------- --------
A Initial Turn-on, Vc Rises with Light Load L Return to Normal Run State 

B Start Threshold. Driver Bias Loads Vc M Reset Latch Set Signal Removed 
- --------------------

c Operating PWM Regulates V c N Error Latch Set With Momentary Fault 

D Stop Input Sets Error Latch Turning off 
PWM 

E U. V. Low Threshold. Error Latch Remain 
Set 

0 Error Latch does not reset as Reset Latch is I 
reset 

--i--- ---- -------------1 
p 

Vc and Driver Bias Recycle with no Turn-on Q 

F Start Turns on Driver Bias Bus Error Latch R Reset Latch Set is Set with Momentary 
Still Set Reset Signal 

G 
Vc and Driver Bias Continue to Cycle H 

----------

s Vc must Complete Cycle to Turn-on 
' 

T Start and Error Latches Reset 
I Stop Command Removed 

-- u Normal Start Initiated 
J Error Latch Reset at U. V. Low Threshold 

----- -- ------------ ---- ---- ---

K Start Threshold Now Removes Slow-start 
L~ Return to Normal Run State J ---- -- -- --- --· ----

Clam 
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UC1842/3/4/5 
UC2842/3/4/5 
UC3842/3/4/5 

CURRENT MODE PWM CONTROLLER 

• OPTIMIZED FOR OFF-LINE AND DC TO DC 
CONVERTERS 

• LOW START-UP CURRENT(< 1 mA) 
• AUTOMATIC FEED FORWARD COMPENSA­

TION 
• PULSE-BY-PULSE CURRENT LIMITING 
• ENHANCED LOAD RESPONSE CHARACTE­

RISTICS 
• UNDER-VOLTAGE LOCKOUT WITH HYSTE-

RESIS 
• DOUBLE PULSE SUPPRESSION 
• HIGH CURRENT TOTEM POLE OUTPUT 
• INTERNALLY TRIMMED BANDGAP REFE­

RENCE 
• 500KHz OPERATION 
• LOW Ro ERROR AMP 

DESCRIPTION 
The UC1842/3/4/5 family of controiiCs provides the 
necessary features to implement off-line or DC to 
DC fixed frequency current mode control schemes 
with a minimal external parts count. Internally imple­
mented circuits include under voltage lockout featu­
ring start-up current less than 1 mA, a precision re­
ference trimmed for accuracy at the error amp input, 
logic to insure latched operation, a PWM com para-

tor which also provides current limit control, and a 
totem pole output stage designed to source or sink 
high peak current. The output stage, suitable for dri­
ving N-Channel MOSFETs, is low in the off-state. 

Differences between members of this family are the 
under-voltage lockout thresholds and maximum du­
ty cycle ranges. The UC1842 and UC1844 have UV­
LO thresholds of 16 V (on) and 10 V (off), ideally sui­
ted to off-line applications. The corresponding thres­
holds for the UC1843 and UC1845 are 8.5 V and 
7.9 V. The UC1842 and UC1843 can operate to du­
ty cycles approaching 1 00 %. A range of the zero to 
<50% is obtained by the UC1844 and UC1845 by 
the addition of an internal toggle flip flop which 
blanks the output off every other clock cycle. 

Minidip Plastic S0-14 J 
and Ceramic 

DIP-14 Plastic 

BLOCK DIAGRAM (toggle flip flop used only in UC1844 and UC1845) 

v, 

5(9) 

GROUND 

RriC T D-4 <_7 )-t------1 

CURRENT 
SENSE 

September 1988 

(11.)6 

VREF 
sv 
SOmA 
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U C1842/3/4/5-UC2842/3/ 4/5- U C3842/3/4/5 

ABSOLUTE MAXIMUM RATINGS* 

Symbol Parameter Value 

v, Supply Voltage (low impedance source) 30 

v, Supply Voltage (1, < 30 rnA) Self Limiting 

lo Output Current ± 1 

Eo Output Energy (capacitive load) 5 

Analog Inputs (pms 2, 3) - 0.3 to 6.3 

Error Amplifier Output Sink Current 10 

Ptot Power Diss1pat1on at Tanob $50 o C (minidip, DIP-14) 1 

Ptol Power Dissipation at Tomb$ 25 o C (S0-14) 725 

Tstg Storage Temperature Range -65 to 150 

h Lead Temperature (soldering 10 s) 300 

* All voltages are w1th respect to p1n 5, all currents are pos1t1ve 1nto the spec1f1ed term1nal 

BLOCK DIAGRAM (top view) 

DIP-14 I S0-14. Minidip Plastic and Ceramic. 

r---v 
COMP. I 14 VREF 

N C. 2 13 NC 

COMP 

VFB 3 12 Y; 

N C. I 4 11 Yc 

lsENSE I s 10 ~OUTPUT 

N.C. I 6 9 ~GROUND 

OUTPUT I SENSE J 

5 GROUND 

Ry/CT I 7 8 ~ POWER 
GROUND 

S-9L'7J 

ORDERING NUMBERS 

TYPE 
PLASTIC CERAMIC 

DIP-14 S0-14 MINIDIP MINIDIP 

UC1842 UC1842J 
UC1843 UC1843J 
UC1844 UC1844J 
UC1845 UC1845J 

UC2842 UC2842N UC2842J UC2842B UC2842D 
UC2843 UC2843N UC2843J UC2843B UC2843D 
UC2844 UC2844N UC2844J UC2844B UC2844D 
UC2845 UC2845N UC2845J UC2845B UC2845D 

UC3842 UC3842N UC3842J UC3842B UC3842D 
UC3843 UC3843N UC3843J UC3843B UC3843D 
UC3844 UC3844N UC3844J UC3844B UC3844D 
UC3845 UC3845N UC3845J UC3845B UC3845D 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

THERMAL DATA 

Ceramic Plastic DIP-14 S0-14 
Minidip Min1dip Plastic 

R1h 1-amb I Thermal Res1stance Junction-ambient 200 °C/W 100 ac/W 100 ac/W 165 ac/W 

ELECTRICAL CHARACTERISTICS (unless otherwise stated, these specifications apply for- 55 
::; Tamb::; 125 CC for UC184X;- 25::; Tamb::; 85 CC for UC284X; 0::; Tamb::; 70 CC for UC384X; V1 = 15 V 
(Note 5) ; Rr = 10 K ; Cr = 3.3 nF) 

Symbol Parameter Test Conditions 

REFERENCE SECTION 

VREF Output Voltage T1 = 25 oc 10 = 1 rnA 4 95 5 00 5OS 4 90 s 00 S10 v 
..1 vl:lEI= Lme Regulattoll 12 v,; v. "25 v 6 20 6 20 mV 

..l VREF Load Regutallon 1 s I a ,; 20 rnA 6 2S 6 25 mV 

..1 VREF/AT Temperature Stab1hty (Note 2) 02 04 0.2 04 mVI'C 

Total Output Vanat10n L~ne. Load Temperature (Note 2) 49 51 4 82 5 18 v 
eN Output No1se Voltage 10 Hz ,; f s 10 KHz T1 = 25 "C 50 so )IV 

(Note 2) 

Long Term Stab1hty T amb = 125 'C, 1000 Hrs (Note 2\ 5 25 5 25 mV 

I" Output Short CircUit -30 -100 -180 - 30 -100 -180 rnA 

OSCILLATOR SECTION 

Is Initial Accuracy T1 = 25 cc (Note 6) 47 52 57 47 52 57 KHz 

Voltage Stability 12$ v, $25 v 0.2 1 0.2 1 % 

Temperature Stability T MIN $ T amb $ T MAX (Note 2) 5 5 % 

v. Amplitude VPIN• Peak to Peak 1.7 1.7 v 

ERROR AMP SECTION 

v2 Input Voltage VPIN1 = 2.5 v 2.45 2 50 2.55 242 2.50 2.58 v 
lb Input Bias Current -0.3 -1 -0.3 -2 ~tA 

AvoL 2 :> V0 ~ 4 V 65 90 65 90 dB 

B Unity Gam Bandwidth (Note 2) 07 1 07 1 MHz 

SVR Supply Voltage 12$ v, $25 v 60 70 60 70 dB 
Rejection 

lo Output S1nk Current VPIN? = 2.7 v VPIN1 = 1.1 v 2 6 2 6 rnA 

lo Output Source Current VPIN? = 2.3 V VPIN1 =5 v -0.5 -0.8 -0.5 -0.8 rnA 

Vour High VPIN2 = 2.3 v; 5 6 5 6 v 
R1 = 15 Kn to Ground 

Vour Low VPIN~ =27 V; 07 11 0.7 1.1 v 
RL=15 KQ to P1n 8 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions UC284X Unit 
UC184X I UC384X I I 

Min.l Typ.j Max.j Min.j Typ.j Max. I 

CURRENT SENSE SECTION 

G, Gain (Notes 3 & 4) 

V3 Maxrmum Input Srgnal VPIN1 = 5 V (Note 3) 

SVR Supply Voltage Rejection 12 ,; V, ,; 25 V (Note 3) 

lb Input Bras Current 

Delay to Output 

OUTPUT SECTION 

lstNK = 20 mA 
loL Output Low Level 

lstNK = 200 mA 

I soURCE = 20 mA 
loH Output High Level 

I souRCE = 200 mA 

t, Rise Time T1 = 25 oc CL = 1 nF 
(Note 2) 

It Fall Time T1 = 25 oc CL = 1 nF 
(Note 2) 

UNDER-VOLTAGE LOCKOUT SECTION 

X842/4 
Start Threshold 

X843/5 

Min. Operating Voltage X842/4 
After Turn-on X843/5 

PWM SECTION 

X842/3 
Maximum Duty Cycle 

X844/5 

Minimum Duty Cycle 

TOTAL STANDBY CURRENT 

1st Start-up Current 

I, Operating Supply VPIN2 = VPIN3 = 0 V 
Current 

VIZ Zener Voltage I,= 25 mA 

Notes : 2. These parameters, although guaranteed, are not 100% tested 1n production 
3 Parameter measured at tnp po1nt of latch w1th VPIN2 = 0 
4. Ga1n def1ned as 

A= "'Vp'"' ·o<v <osv ll Vmo ' - PIN3-

5 Adjust V, above the start threshold before settrng at 15 V. 
6. Output frequency equals oscrllator frequency for the UC1842 and UC1843. 

2.85 

0.9 

13 

12 

15 

7.8 

9 

7.0 

93 

44 

Output frequency rs one half oscillator frequency for the UC1844 and UC1845 
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3 3.15 2.8 3 3.2 VN 

1 11 0.9 1 11 v 
70 70 dB 

-2 - 10 -2 - 10 ~A 

150 300 150 300 ns 

0.1 0.4 0.1 0.4 v 
1.5 2.2 1.5 2.2 

13.5 13 13.5 
v 

13.5 12 13.5 

50 150 50 150 ns 

50 150 50 150 ns 

16 17 14.5 16 17.5 v 
8.4 9.0 7.8 8.4 9.0 

10 11 8.5 10 11.5 
v 

7.6 8.2 7.0 7.6 8.2 

97 100 93 97 100 
% 

48 50 45 48 50 

0 0 % 

0.5 1 0.5 1 mA 

11 20 11 20 mA 

34 34 v 



UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 1 : Error Amp Configuration. 

Error amp can source or 
s1nk up to 0 5mA 

Figure 2 : Under Voltage Lockout. 

v, 

VOFF 

UC184Z UC1843 
UC18lo4 UC181o5 

16V 6.4V 

10V 7.6Y 

During Under-Voltage Lockout, the output driver is 
biased to sink minor amounts of current. Pin 6 
should be shunted to ground with a bleeder resistor 

Figure 3 : Current Sense Circuit. 

25V 

'cc 

<11mA 

<lmA 
Vee 

YOFF VoN 

!.-770712 

to prevent activating the power switch with extra­
neous leakage currents. 

S-170911 

PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA 

I 1.0V 
Smax=--

Rs 
A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 
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UC1842/3/4/5-U C2842/3/4/5- UC3842/3/4/5 

Figure 4. 

VREF ~48111111 RT 

R1tc1 H 
/ Cr 

'~""t-i 
I i 

-~:r~~:~KI~f~ i~ ______ j 
Figure 6 : T1ming Resistance vs. Frequency. 

to' 10' 10' to' I I Hz) 

Figure 8 : Error Amplifier Open-loop Frequency 
Response. 
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(dB) 

80 
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r· 
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100 1K IOK lOOK IM ffHz I 

Figure 5: Deadtime vs. Cr (Rr > 5Kn). 

- ---- ------ ~-- t;-.~105 

Figure 7 : Output Saturation Charactenstics. 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 9 :Open Loop Test Circuit. 

r----~-~------------r------0VREF ., 
~7Kll 

2N2222 ~ 100)(.0 I 
COMP 

ERROR AMP 
IKfl I 

' vrs 
a.o.JUST 

I sENSE 
SKn ] 

1sENSE ADJUST 

[ 4.7KO 

~ RyiCy -

High peak currents associated with capacitive loads 
necessitate careful grounding techniques. Timing 
and bypass capacitors should be connected close 

Figure 10: Shutdown Techniques. 

5-7717/1 

Shutdown of the UC 1842 can be accomplished by 
two methods ; either raise pin 3 above 1 V or pull pin 
1 below a voltage two diode drops above ground. 
Either method cause the output of the PWM com­
parator to be high (refer to block diagram). The 
PWM latch is reset dominant so that the output will 
remain low until the next clock cycle after the shut-

,i:J v, 

~ VREF 

7 : 
v, -'----

UC1842 - T2~ ,••n 
6 

OUTPUT OUTPUT 

I 
GROUND 5 J/ i\ II GROUND 

"c, 

to pin 5 in a single point ground. The transistor and 
5 KQ potentiometer are used to sample the oscilla­
tor waveform and apply an adjustable ramp to pin 3. 

down condition at pins 1 and/or 3 is removed. In one 
example, an externally latched shutdown may pe 
accomplished by adding an SCR which will be reset 
by cycling V, below the lower UVLO threshold. At 
this point the reference turns off, allowing the SCR 
to reset. 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 11 : Off-line Flyback Regulator. 
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Power Supply Specifications 
1. Input Voltage: 95 VAG to 130 VAG 

(50 Hz/60 Hz) 

2. Line Isolation : 3750V 

3. Switching Frequency : 40 KHz 

4. Efficiency @ Full Load : 70 % 

Figure 12: Slope Compensation. 

5. Output Voltage : 
A. + 5 V, ± 5% : 1 A to 4 A load 

Ripple voltage :50 mV P-P Max. 
B.+ 12 V, ± 3%: 0.1 A to 0.3 A load 

Ripple voltage : 100 mV P-P Max. 
C.- 12 V, ± 3% : 0.1 A to 0.3 A load 

Ripple voltage: 100 mV P-P Max. 

R1 

R2 ~ !sense 

r-----~+--c~--+ 

A fraction of the oscillator ramp can be resistively 
summed with the current sense signal to provide 
slope compensation for converters requiring duty 
cycles over 50 %. 
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Rsense 

SLOPEC:: LIB 

Note that capacitor, C, forms a filter with R2 to su­
press the leading edge switch spikes. 



• HIGH-VOLTAGE, HIGH-CURRENT OUTPUTS 
• OUTPUT TRANSIENT PROTECTION 
" CMOS, PMOS, NMOS, TTL COMPATIBLE IN­

PUTS 
• INTERNAL PULL-DOWN RESISTORS 
• LOW-POWER CMOS LATCHES 

DESCRIPTION 
The UCN4801 A is a high-voltage, high-current 
latch/driver comprised of eight CMOS data latches, 
a bipolar Darlington transistor driver for each latch, 
and CMOS control circuitry for the common CLEAR, 
STROBE, and OUTPUT ENABLE functions. The bi­
polar/MOS combination provides an extremely low­
power latch with maximum interface flexibility. 

The CMOS inputs are compatible with standard 
CMOS, PMOS and NMOS circuits. TTL or DTL cir­
cuits may require the use of appropriate pull-up re­
sistors. The bipolar outputs are suitable for use with 
relays, solenoids, stepping motors, LED or incan­
descent displays, and other high-power load. 

The unit feature open-collector outputs and integral 
diodes for inductive load transient suppression. The 
output transistors are capable of sinking 500 mA 
and will sustain at least 50 V in the OFF state. Be­
cause of limitations on package power dissipation, 

PIN CONNECTIONS (Top view) 

22 

21 

3 20 

4 19 

5 18 

6 17 

16 

8 15 

9 

UCN4801A 

BIMOS LATCH/DRIVERS 
ADVANCE DATA 

the simultaneous operation of all drivers at maxi­
mum rated current can only be accomplished by a 
reduction in duty cycle. Outputs may be paralleled 
for higher load current capability. 

I 

DIP-22 
(Piast1c) 

I . ORDER CODE UCN<BD'AOP 

1 -Clear 22- Output enable 
2- Strobe 21- Vee 
3-lnput1 20- Output 1 
4- Input 2 19- Output 2 
5- Input 3 18- Output 3 
6- Input 4 17- Output 4 
7- Input 5 16- Output 5 
8- Input 6 15- Output 6 
9- Input 7 14- Output 7 

14 

10 13 
10- Input 8 13- Output 8 
11- GND 12- Common 

11 12 
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UCN4801 A 

ABSOLUTE MAXIMUM RATINGS 

~~~:-ter .• . ..... _ -·~-==:==--=~-==~~~_e--=~~~==----J Unit j 
:J< I V ------------- ------------------- ------- ----·----- . ------t-----

Vcc Supply Voltage __ __; ______________ 1~- _____________ -l---~--

\'1 ; lt1pL.t Voltage Range --= __ o_2._t_o_~-:_~~o~ ______ j ___ v_ 
-~---rc~~;;:;;-~-.~~-C~"j7~-~~~~ Current , 500 rnA 

___ -__ --~---- ------------- -----------------!------~------- --------- ---------··--- -----

__ P_ro_t __ P_o_I_':·:~:~':I.P!!t~.::r~-----------· _. ___ , ____________ 2_.0 ________ -t-_w_J 
'C_/ . ___ .[ _______ -_2_?_t_o ~-8_5 _____ _ 

, ::s ·c 

SCHEMATIC DIAGRAM 
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UCN4801A 

ELECTRICAL CHARACTERISTICS T,,,b = -t- 25 ·'C. V~.c ~ 5 V (unless othenNise specified) 
'--------~---·----~--------~~--- .. ·----------- ---------·- -------~.----l 

Symbol Parameter I Min. 1 Typ. : Max .. Unil 
-----· ---------~---- ---------·--- --------- ----------·--· -- ----~-------1-----t----··--·---1----+----

f arrb = + I 0 ·C - - t ()Q 

IJ 1 Outout Leakage Current (V ·'~SO V) \1 , Jl pA 

I T ctmo = + ~5 •c I - - I SO 

Vc,:--Tcoll~-~!;:;;,n-ltterS-aturat;;;:; Voltage-----------------;-· __ j ___ -V 
I lc,=100mA _j - 0.9111 

1
10 ~200 mA - 1.1 1.3 
lo = 350 mA, Vee.= 7 V ____ - 1._? 1_'!.._1 __ 

v1101 ' Input Voltage : - 1 I V 
V,:. I Vc-~=15V J ~25 -J -

___ _j_~~=~0/tnote1) ____________________ --·------ __i_}~_,_; ____ _i__ 

"'" '~ii ~'f(t" I !! l11 I J ~" I 

'":'~~~~ :: s~~~~Y_ ~~r~nt - Outputs Ope~ I' 

1 
ro1A [ 

Vv=10V 
1 

1 2 
09 1 7 

V·c=5V 0.7 1 
50 .. ,.,. 'i 

luu lcc,oll' i All Dnvers off. All Inputs~ 0 V 
1 Clamp ·D;ode ~eaKage Curwnt ;v ·:5~~ Vi ------+---+---+---!c--o~-~ A-I 

1 T,,- 0 =- 25 C 50 

pA 

1,, 

I T "' " = - 70 ·C : - I - 1 80 I I I 

c__v_"_~l Clamp D1ode Forward Voltage I•- 350 mA ________ _j __ -=.__1~~--~-~ 
Note: Operat1on ot t11ese de·JI:es w1th standard TIL m DTL T11ay req:J1~G tne use of apptop~~ai'.'? PLH:·.JD ;S"::.tsio:-s io tnsu~P tr,e rn1n.n1um 

log:c 'I' 

TRUTH TABLE 
r----,-·---~--

~'"'-~ S<mb•l Cl'" 
0 1 0 

1----,---- ~--

1 i 1 

X i X 

X 
I 

X I 

X i 0 

X = Irrelevant 
t-1 = prev1ous output state 
t = prt'sen: output stctte 

0 

1 

X 

0 

Output 

Enable 

0 

0 

X 

1 

0 

OUTN 

1-1 I 

X OFF 

X ON 

X OFF 

X OFF 

ON I ON 

lnforrT'at.c:~l ore;-;ent at an mput .o~ t~:j;;sft>ned to 1ts . ..-~tell .,.,~~~n H1e 
STROC.E 1~. t11qh A h1g1 CLEAR ,"'2~:: ·:.·:i; ::;~t a!1 •:1tct,,·_s !G :be 0,Jtput 
OFF cona.t . .:Jr' regardless o: the r::,~-1 o: STRO~E: tn;:;:Jt lt:!'-'?13 1\ h19~1 
OUTPUT EN/\BLE Wlllsetc.ll O'...l!c .• t:; :a Hit> OFF ccnd.ttc:l rl':y-Jtdless 
of any other 1nput condttlor-;; Wt~e-:- tht= OU fPUT ENABL.t:: :stow, tl1e 
outputs t.:epcnd on the st-1P of tr,:o:~ y·'.''3Gectt\ ~! IA.trh:>-3 

314 
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UCN4801A 

TIMING CONDITIONS 

(Logic levels are Vee and GND) Vee= 5 V, Tamb + 25'C -~ 
CLEAR---------------------------------------

I 

OUTN-----' ---~,-----,L-----_ : 

A M1n1mum data act1ve t1me before strobe enabled (data set-up t1me) 
B M1n1mum data act1ve t1me after strobe disabled (data hold t1me) 
C M1n1mum strobe pulse w1dth 
D Typ1cal t1me between strobe act1vat1on and output on to off trans1t1on 
E Typrcal trme between strobe actrvatron and output off to on transrtron 
F M1n1mum clear pulse w1dth 
G M1mmum data pulse Width 

0~ 
II 

-E 
,:. 
.... 
"" "" E 

~ 
.... 
2 

~ 
a: 
:J 

" a: 

450 

400 

\[\ ~-\ 
350 1\ ~ 
300 :--...\ 
250 

'\ 
I" 

~ 

0 
200 .... 

" 
).--t 8 

Number of ourpuls I j 150 
0 

f-
f-

conduct•ng 
s•multnneously 

" w 
100 -' 

1'---

}• 

" 

100 ns 
100 ns 
300 ns 
500 ns 
500 ns 
300 ns 
500 ns 

3 

4 r-. 
' r-. 

1--. 

r--

I 
lor 2 

~ 

1--
r-

"' "" 
10 20 30 40 50 60 70 80 90 100 

s: 
g 
-' PERCENT DUTY CYCLE 

"" 
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• SEVEN DARLINGTONS PER PACKAGE 
• OUTPUT CURRENT 500 mA PER DRIVER 

(600 mA PEAK) 
• OUTPUT VOLTAGE 50 V 
• INTEGRAL SUPPRESSION DIODES FOR IN­

DUCTIVE LOADS 
• OUTPUTS CAN BE PARALLELED FOR HI­

GHER CURRENT 
• TTUCMOS/PMOS/DTL COMPATIBLE INPUTS 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY LAYOUT 

DESCRIPTION 

The ULN2001A, ULN2002A, ULN2003 and 
ULN2004A are high voltage, high current darlington 
arrays each containing seven open collector darling­
ton pairs with common emitters. Each channel is ra­
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc­
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 

The four versions interface to all common logic fa­
milies: 

ULN2001A I General Purpose, OTL, TIL, PMOS, 
i CMOS 

ULN2002A ] 14-25 V PMOS 

1 
ULN2oo-3P.T5 VTTL~cMos 

ABSOLUTE MAXIMUM RATINGS 

ULN2001 A-ULN2003A 
ULN2002A-ULN2004A 

SEVEN DARLINGTON ARRAYS 

These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo­
tors, LED displays filament lamps, thermal prin­
theads and high power buffers. 

The ULN2001A/2002A/2003A and 2004A are sup­
plied in 16 pin plastic DIP packages with a copper 
leadframe to reduce thermal resistance. They are 
available also in small outline package (S0-16) as 
ULN2001 D/2002D/2003D/2004D. 

DIP-16 Plastic 
(0.25) 

S0-16J 

ORDER CODES : 
ULN2001A/2A/3A/4A (OIP-16) 
ULN2001 0/20/30/40 (S0-16) 

I Symbol : Parameter _u __ n _ _!__ Value 
i -IJ o -1-outp~tv-~ltag~--- -- - ----- ---- - -- 5o 

I Unit 
---

I 
-- i 

,---------·-------- ------- - --- ------------------------ ---~-- --
' V,n i Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 

Continuous Collector Current 

! Contmuous Base Current 

~ Operatmg Af11bient TemperaturEJ_Han_9e _ 

Storage Temperature Range 
--- ----

September 1988 

500 

25 

-20 to 85 

-55 to 150 

150 

v 
- -- T ---

l 
! v I 

rnA I 
rnA 
oc 
'C 

1/4 
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U LN2001 A-U LN2002A-U LN2003A-ULN2004A 

PIN CONNECTION 

SCHEMATIC DIAGRAM 

I 
I 
L-J4----------
EACH DRIVER 

2.7k(l 

Senes ULN-2001 A 
(each dnver) 

,_ - 14- - - - - -- -
EACH DRIVER 

Senes ULN2003A 
(each dnver) 

THERMAL DATA 

IN I 

IN 2 

IN 3 

IN 4 4 

IN 5 

IN 6 

IN 7 

GND 

[QM 

* 
'"9 

-<)COM 

'>- 1989 

Thermal Res1stance Junct10n-amb1ent 

214 

1118 

I 
L-J4---------­
EACH DRIVER 

Series ULN-2002A 
(each dnver) 

L_ -!4---------­
EACH DRIVER 

Senes ULN-2004A 
(each driver) 

COM 

s- 1994 

-ocoM 

~-1574 

--------~1----D_I_P __ -_16 ____ +-___ s_o=~ 
_____ M_a_x . ..J'--_?_O_C_I_W __ '--_1_6_5 .~ 



U LN2001 A-ULN2002A-U LN2003A-U LN2004A 

ELECTRICAL CHARACTERISTICS (T,JI",u = 25 ''C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. I Max. Unit Fig.'' 

leEx Output Leakage Current Vcr =50 V 50 ~tA 1a 
Ta"lo = 70 "C VeE =50 v 100 ~tA 1a 

T""'" = 70 -c 
for ULN2002A 
Vr;r ~50 V v, = 6 v 
for ULN2004A 

500 ~~A 1b 

VeE= 50 V v, = 1 v 500 ~A 1b 
' 

VcE(satl Collector-emttter lc ~ 100 mA Is= 250 ~1A 0,9 u v 2 
Saturation Voltage lc = 200 mA Is = 350 ~tA 1,1 1,3 v 2 

I 
lc = 350 rnA Is= 500 11A 1 3 1,6 v 2 

l1(on) Input Current for ULN2002A v, = 17 v 0 82 1,25 mA 3 
for ULN2003A v, = 3.85 v 0 93 1 35 mA 3 
for ULN2004A v, = 5 v 0,35 05 rnA 3 ' 

v = 12 v 1 1.45 rnA 3 I 
I --_ __j 

~~~L'c: __ Input Current Tf'"l'~' = 70 L'C lc = 500 11A 50 65 .11A 4 I 

--;------------------ '-- ~----
vi(On) Input Voltage for ULN2002A 

VeE = 2 V lc = 300 mA 13 v 5 
tor ULN2003A 
VeE = 2 V lc = 200 mA 2.4 v 5 
VeE = 2 V lc = 250 mA 2.7 v 5 
VeE = 2 V lc = 300 mA 3 v 5 
for ULN2004A 
VeE = 2 V lc = 125 mA I 5 v 5 
VeE = 2 V lc = 200 mA G v 5 
Vcr = 2 V lc = 275 mA 7 v 5 
Vcc- = 2 V lc- = 350 mA, 8 v 5 

hrr l DC Forward Current Gain 
I. = 350-:-r-1 000 

--
for ULN2001 A 

_____ , __ Vcc:~_l_\1 __ - " ,_ - ----- --
C lnout CRORCitRncP 1 ----------, 

15 ! 25 I oF -
1----- -- ---'- -------- ---

0 25 j-· 1 us 
----

~- Turn-on Delay T1me 0.5 v to 0.5 V.- -
------- ,, ,,- --;;;;--B tr~..j ·- Turn-off Delay Time 05V to 0 5 V, ---rr-IR Clamp D1ode Leakage VR = 50 V 50 LlA 6 

Current Tamn = 70 ·c Vn = 50 V 100 uA , 6 

VF Clamp D1ode Forward IF= 350 mA 
I I 

1 7 
2 ~-v_[-' Voltage 

--

1119 



ULN2001A-ULN2002A-ULN2003A-ULN2004A 

TEST CIRCUITS 

Figure 1a. 

Figure 2. 

Figure 4. 

Figure 6. 

s- 572 7 
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OPEN 

lc 
"FE=­Is 

5-1980 

Figure 1b. 

Figure 3. 

Figure 5. 

Figure 7. 

OPEN 

5-19157 



ULN2064B ULN2070B 
ULN2066B ULN2074B 
ULN2068B ULN2076B 

50 V- 1.5 A QUAD DARLINGTON SWITCHES 

• OUTPUT CURRENT TO 1.5 A EACH DARLING-
TON 

• MINIMUM BREAKDOWN 50 V 
• SUSTAINING VOLTAGE AT LEAST 35 V 
• INTEGRAL SUPPRESSION DIODES 

(ULN2064B, ULN2066B, ULN2068B and 
ULN2070B) 

• ISOLATED DARLINGTON PINOUT 
(ULN2074B,ULN2076B) 

• VERSIONS COMPATIBLE WITH ALL POPU­
LAR LOGIC FAMILIES 

DESCRIPTION 
Designed to interface logic to a wide variety of high 
current, high voltage loads, these devices each 
contain four NPN darlington switches delivering up 
to 1.5 A with a specified minimum breakdown of 50 
V and a sustaining voltage of 35 V measured at 100 
rnA. The ULN2064B, ULN2066B, ULN2068B and 
ULN2070B contain integral suppression diodes for 
inductive loads have common emitters. The 
ULN207 4B and ULN2076B feature isolated darling­
ton pinouts and are intended for applications such 
as emitter follower configurations. Inputs of the 
ULN2064B, ULN2068B and ULN2074B are compa-

tible with popular 5 V logic families and the 
ULN2066B and ULN2076B are compatible with 6-
15 V CMOS and PMOS. Types ULN2068B and 
ULN2070B include a predriver stage to reduce loa­
ding on the control logic. 

POWER DIP 
12 + 2 + 2 

PIN CONNECTIONS (top view) and ORDER CODES 

ULN2064B 
ULN2068B 

ULN2068B 
ULN2070B 

~------·-----------·--- --------------

September 1988 

ULN2074B 
ULN2076B 

1/8 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ABSOLUTE MAXIMUM RATINGS 
-~~ --

Symbol Parameter Value 

~-----~- ~---------1---~5~ VcEx Output Voltage 

VcE(sus) Output Sustaming Voltage 35 

lo Output Current 

v, Input Voltage for ULN20668/70B/748/76B 
for ULN20648/688 

I, Input Current 

Vs Supply Voltage for ULN2068B 
for ULN20708 

·---·~--

Ptol Power Dissipation : at T amb = 90 'C 
at T amb = 70 °C 

Tamb Operating Amb1ent Temperature Range 

Tstg Storage Temperature 

SCHEMATIC DIAGRAM 

2/8 
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ULN2064B : R1N = 35 n 
ULN2066B : R1N = 3 kQ 

------

1.75 

30 
15 

25 

10 
20 

-· 

4.3 
1 

-20 to 85 

i -55 to 150 

Unit 
---

v 
v 

! A 

v 
v 

rnA 

v 
v 
w 
w 
'C 
'C 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (T amb ; 25 "C unless otherwise specified) 

Symbol Parameter I Test Conditions \Min. Typ. Max. I Unit Fig 

leE X Output Leakage Current I for ULN20648 - ULN20668 I ! I 

I 
VeE =50 V I 100 ~tA 1 
VeE=50V T amb = 70 'C I 500 I !lA 

VeE(sus) Collector-emitter for ULN20648 - ULN2066B 
! 

Sustaining Voltage le=100mA VI = 0.4 v 35 v 2 

VcE(sat) Collector-emitter lc = 500 mA Is =625 !lA 
I 

1.1 v 
Saturation Voltage lc = 750 mA Is =935 !lA 

I 
1.2 v 

le = 1 A Is= 1.25 mA 

I 
1.3 v 

3 

le = 1.25 A Is= 2 mA I 1.4 v 
-

I 

I 

I 
l1(on) Input Current for ULN20648 VI = 2.4 v 1.4 4.3 I mA 

for ULN20648 VI= 3.75 v 

I 

3.3 9.6 
I 

mA 
4 

for ULN20668 VI= 5 v 0.6 1.8 I mA 
for ULN20668 VI= 12 v 1.7 5.2 I mA 

vl{on) Input Voltage for ULN2064B 
I 
I 

VeE = 2 V le = 1 A 2 v 
VeE = 2 V le = 1.5 A 25 v 
for ULN20668 5 
VeE = 2 V le = 1 A 65 v 
VeE = 2 V le = 1.5 A 10 v 

tPLH Turn- on Delay Time 0.5 V1 to 0.5 V0 
I 

1 I I ~IS 

tPHL Turn - off Delay Time 0.5 VI to 0.5 V0 1.5 i ~IS 

IR Clamp D1ode Leakage for ULN20648 - ULN2066B 
Current VR = 80 V 

T amb = 70 'C I 
50 ~tA 

VR = 80 V 100 ~lA 
6 

VF 
I 

Clamp D1ode Forward IF= 1 A 

I I 
1.75 ! v 

Voltage IF = 1.5 A 2 v 7 
I 

Notes : 1 Input voltage 1s w1th reference to the substrate (no connection to any other p1ns) for the ULN2074B and ULN2076B refe­
rence 1s ground for all other types 

2 Input current may be l1m1ted by maxrmum allowable input voltage 

SCHEMATIC DIAGRAM 

: 
I 

* I 
I ..... 

S-5922 

ULN206BB : R1N = 2.5 kQ 
ULN20708 : RrN = 11 .6 kQ 

Rs = 900 Q 

Rs = 3.4 KHQ 

3/8 
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I 
I 

ULN20648-ULN20668-ULN2068B-ULN20708-ULN20748-ULN20768 

ELECTRICAL CHARACTERISTICS (Vs = 5 V for ULN2068B, V5 = 12 V for ULN2070B, Tamb = 25 'C 
unless otherwtse specified) 

·.:-;~-----------~-----------~--~-~--~-~--'! 

<>_l_j_ _ P a_r_a _m __ e_te_r ____ --+-___ Te s t Conditions -~--~ n_.+_T_y._,p,_.-+-M_a_x '-+-_U_n __ i 1-+-_F_.i g..__ 
-- ~~.--Outp~-akage Current for ULN2068B - ULN2070B I I 

VeE=50V I 100 pA 1 
r- VeE =50 V T amb = 70 °~~- __________ 1_5_0_0-+-__,_~_tA--j---i 

I VcE(sus) Collector-emrtter for ULN20688 - ULN20708 

Sustar ning Voltag'=e----l-'-1"-e _=_1:__:0,_0,_m,_A__:__,_V,__, _= _::_0,_4_V __ +-3'--5=--+----+----I-V--+-_2___, 

VeE(satJ Colleetor-emrtter for ULN20688 
Saturatron Voltage le = 500 mA 

le=750mA 
le = 1 A 
le = 1 25 A 
for ULN20708 

v, = 2 75 v 
v, = 2 75 v 
v, =2.75 v 
v, = 2.75 v 

11 
1.2 
1.3 
1 4 

v 
v 
v 
v 

ls=500mA V,=5V 1.1 V 

I 18 = 750 mA V, = 5 V 1 2 V 
] Is = 1 A V, = 5 V 1 3 v 

I i 18 = 1.25 A v, = 5 v ___ -+' --+--~i 1.4
0 

.
1 

•tvA 
l.ron) Input Current for ULN20688 V, = 2.75 V I , 

for ULN20708 V, = 5 V 1 400 ~tA 

2 

I for ULN20688 V, = 3.75 V I .uA 

~---+-------------+--f_o_r_U_L_N_2_0_7_0_B_V_,,_~_._12_V ___ +---+--+-1_25_0-+_p,_A_T--~ 
V,ron) Input Voltage 

15 Supply Current 

VeE = 2 V le = 1 5 A 
for ULN2068B 
for ULN20708 

2.75 
5 

v 
v 

for ULN20688 I 

5 

lc = 500 mA V, = 2 75 V I 6 mA I 
I for ULN20708 1 8 

le =500mA _v~,_=_5 __ v ___ 4----j--4--4-.5-4_m_A-4i-~i 
1-- tPLH Turn-on Delay Trme I 05 V, to 0.5 Vo 1 r---!:t_s-+ __ 1] rl _!PH'---+ Turn-off Delay Trme -~ 0 5 V, to 0.5 V0 lc =__:__1_::_2_5::..,_A:__-+---i----+-~1~5=--i--'-~:.::ts'----!] __ ..j 

lp 1 Clamp Drode Leakage I for ULN20688 - ULN2070B I ~-
1 

Current Ve =50 V 50 pA 6 
f-.- ] V p = 50 V T a•no = 70 oc I 1 00 ~tA 

I 
-v-,--+]_c_l_am_p_D-ro_d_e--F-o-rw--ar-d--~-A------":_:-_---+I--+---+I-1-27_5_+1, -'-vv-+--7---1 

1 Voltage ; I r = 1 5 A i 

SCHEMATIC DIAGRAM 
---------------·-----------------

~-~ 
ULN20748 RtN = 350 !! 
ULN2076B . RtN = 3 kl1 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (Tomb = 25 'C unless otherwise specified) 

'Sy--;;..b~IT~----~-;:-a~-;;e-;:-~--_[ ~ Te;t-C_-_o_-=n-d_i~ti_o_n __ s~~-+-M_i_n __ · +--'T~ MaxTu~t-FiQl1 C--'\~;;--rc1 O~tputl-;;k;-g;c~-rrent I' -f~r ULN-20748 - ULN2076B I 
I - v c E = 50 v 1 00 ~lA 1 I' 

Vee =50 V T 0 ;r.b = 7-~~~ 500 uA---i--~-j 

I VcEisus) ; Collector-em1tter ! for ULN2074B - ULN2076B I 
I Sust:J.I~ing Voltage I lc 0 1 no r'1A V, = 0 4 v 35 v 2 

I~ VcE(sa•i . Collector-emitter I lc = 500 mA 1~. = 625 ~tA J. . 1.1 V 
Saturation Voltage lie= 750 mA Is= 935 flA 1.2 V 

le=1A 1 8 ~1.25mA 1.3 V 
--1--- le = 1 25 A lo = 2 mA + 1 4 V 

~- [Input Current I for ULN2074B ;, =24V- 1 ~.4 -r--.;-·3~t--m-A~t-~ ~~I 
.I I for ULN2074B V, = 3 75 V I 3 3 , 9 6 mA 

1 

3 

1 for ULN2076B V. = 5 V 0 6 [ 1 8 mA 4 
for ULN2076B V, = 12 V 11 7 52 mA I 

!--~~~+-~--~~-~~-·--;-- -~-I 

I v,(ar.) Input Voltage 
I 
i 
I 

l 
I 
' I 
I 

I 
tDLH , Turn-on Delay T1me I 

I tPHL ~ Turn-off Delay Ttme 

TEST CIRCUITS 

Figure 1. 

1 5-572 5 

Figure 3. 

OP[N 

1 

for ULN2074B 
VeE ~ 2 V 
VeE = 2 V 
for ULN2076B 

! VeE =-- 2 V 

lc = 1 A 
lc = 1 5 A 

lc = i A 
I Ve'i'. = 2 V 

~~--~~~~-+~~+-~-+-

! 0.5 V, to 0 5 V c 

lc = 1 5 A 
I 

I I I 

2 v 

I 

25 v 
5 

65 v 
10 v 
1 )JS i 

1.5 I ~IS 

' 
] 0.5 V. to 0 5 V0 

~.C.·~~~~--~~_i~~~~-~~~~~-C 

Figure 2. 

OPE!'-. 

l 
I •,rtf:~ }' 
L_~~~~~~~~~~'--"-'-'~~~~~~ 

1 ~---

1 I 

! 

Figure 4. 

l r---- ------ ~-- ---1 
OPEN 

.. ~eCJL. ' 
....,. ...._ s- 19e& 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN20748-ULN2076B 

Figure 5. 

OPEN 

Figure 7. 

Figure 9 : Input Current as a Function of 
Input Voltage. 

" 
10 

6/8 
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Figure 6. 

Figure 8. 

Figure 10 : Input Current as a Function of 
Input Voltage. 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

Figure 11 : Collector Current as a Function of 
Input Current. 

c. ''l & 

'c _l_ (AI 

1 5 
j_ 

I 

! 

10 

0 5 

TYPICAL APPLICATIONS 

Figure 12: Common-anode LED Drivers. 

'*~~~*''t~i,,f;~r~, 
A~~UJ~lt I 

Figure 13: Common-cathode LED Drivers. 

TJ&JJ,,H,~ 

I ''11HHJJ 
1 -14-116 

J,s 

tr t' ' ·~ -I ,;,,, ,,t,~~~~·;"~,;r"r 
+- ~'~..____.___. l I 

' 

'·~-ttH~.r&J 

...L 

718 
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ULN20648-ULN20668-ULN20688-ULN20708-ULN20748-ULN20768 

MOUNTING INSTRUCTIONS 

The Rtn !·amo can be reduced by soldenng tl1e GND 
p1ns to a su;table copper area of t11e prmted c;rcu;t 
board (Fig. 14) or to an external heats;nk (F;g. 15). 

Tl1e diagram of f;gure 16 sl1ows t11e max; mum dis­
sipable power Ptot and the Au, 1-amb as a function of 
the side "u" of two equal square copper areas ha­
ving a thickness of 35 ~~ (1.4 mils). 

Figure 14 : Example of P.C. Board Copper Area 
wh1cl1 ;s Used as Heatsink. 

Figure 16: Max;mum D;ss;pable Power and 
Junct1on to Ambient Thermal 
Res;stance vs. S1de "(Y". 

~ '70"C! 

' /'" 
LIJ 

L ·-' ---I 
I 

I 0 

10 lO J.:' 4C i (r'"',~) 
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. 

----------------

Dunng soldenng the pi:1s :emiJGratwe must not ex­
ceed 260 · C and Hl8 solde11ng t1111e must not be lon­
ger tha:1 i 2 seconds. 

Tile externallleats;nk or pnnted circuit copper area 
must be connected :o electrical ground. 

Figure 15 :External Hoat::;;:~l< Mount:ng Example. 

I 

~Crnm 

-------
1 

I 

L _________ _ 
Figure 17: Maximum Allowabie Power Dissi­

pation vs. Amb1ent Temperature. 
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ULN2065B ULN2067B 
ULN2069B ULN2071 B 
ULN2075B ULN2077B 

------------------------

80 V- 1.5 A QUAD DARLINGTON SWITCHES 

• OUTPUT CURRENT TO 1.5 A EACH DARLING-
TON 

• MINIMUM BREAKDOWN 80 V 
• SUSTAINING VOLTAGE AT LEAST 50 V 
• INTEGRAL SUPPRESSION DIODES 

(ULN2065B. ULN2067B, ULN2069B and 
ULN2071B) 

• ISOLATED DARLINGTON PINOUT (ULN2075B 
and ULN2077B) 

• VERSIONS COMPATIBLE WITH ALL POPU­
LAR LOGIC FAMILIES 

DESCRIPTION 
Designed to interface !ogre to a wrde vanety of hrgh 
current. hrgh voltage loads, t11ese devices each 
contain four NPN darlmgton switches delivenng up 
to 1.5 A with a specified minimum breakdown of 
80 V and a sustainmg voltage of 50 V. The 
ULN2065B, ULN2067B, ULN2069B and 
ULN2071 B contain integral suppression drodes for 
inductive loads and have common emitters ; the 
ULN2075B and ULN2077B feature isolated darling­
ton pinouts and are rntended for applications such 
as emitter follower confrgura!lons. Inputs of tile 
ULN2065B. ULN2069B and ULN2075B are compa­
tible with popular 5 V logic families and the 
ULN2067B, ULN2071 Band ULN2077B are cornpa-

PIN CONNECTIONS AND ORDER CODES 

trble with 6-15 VCMOS and PMOS. Tr:c ULN2069B 
and ULN2071 B include a prednvcr stage to provrde 
extragain, reducrng the load on controllogrc. 

-------------------

POWERDIP 
12+2+2 

I 
I 

L_ ________________ _ 
----------------- ------------~ 

September 1988 

ULN2065B 
ULN2067B 

---

ULN2069B 
ULN2071B 

su~ .. 

ULN2075B 
ULN2077B 

I 
I 
I 
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ULN2065B-ULN2067B·ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

ABSOLUTE MAXIMUM RATINGS 
---

I "Ij Symbol Parameter i Value 
---- -~~-

VcEx Output Voltage 80 

VcE(sus) Output Sustaining Voltage 50 I v 
r----- r-----c--~--~~--- -----·-

lo Output Current 1.75 A 
-~~-

! 
v, Input Voltage for ULN20758 - 20778 60 v 

for ULN20678 - 2071 8 30 v 
for ULN20658 - 20698 15 v 

lr Input Current 25 rnA 

Vs Supply Voltage for ULN20698 10 v 
for ULN2071 8 20 v 

Prot Power Dissipation : at T pms = 90 oc 4.3 
I 

w 
at T amb = 70 oc 1 w 

~-- -- --------~- -- ---------------- ~--

lTamb_tO_p_era_tr __ n_ g_A __ m_br-e_n_t_T_e_m_p_e-ratu~<lll_>l__ e_ - 20to85 T _:<:___j 
[!s~t_g_ ~to rage Tem~rallJre _ _ --~ _ ~ ___ -~=-~ ~~-- _-ys_t-;;-1_S~~t- o~ [ 

SCHEMATIC DIAGRAM 

2/8 

1130 

ULN20658 : RrN = 350 Q 

ULN2067B : RrN = 3 kQ 



ULN2065B-ULN2067B-ULN20698-ULN2071 B·ULN2075B-ULN20778 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified ) 

i Symbol 1 Parameter I Test Conditions ____ : MinTYPJ Ma_J<._I Unit Fig. 

lcEx i Output Leakage Current I for ULN2065B - ULN2067B ! ! : , 
I '. v CE = 80 v . i I 1 00 ' !lA I . 

' ' I , 1 
___ __ --------~E =BO_V __ _!_amb =_7_D_~£___ __ ___ , 500 __ ~-
VcE( ector-emitter : for ULN2065B - ULN2067B \ 

I Sustaining Voltage lc = 100 rnA v, = 0.4 v so__ _________ v_ _:___l_ -
rvCE(sat-;-1 Collector-e~:tter ' lc = 500 mA Is = 625 >LA 1.1 v 
I . ! Saturation Voltage lc = 750 rnA 18 = 935 >LA 1.2 V 
I I lc=1A ls=1.25mA 1.3 V 3 

i lc=1.25A 18 =2mA 14 V 
j for ULN2065B - ULN2067B 
I 
L_ lc = 1.5 A 

I Input Current 

l_ ____ -­
Input Voltage 

for ULN2065B 
for ULN2065B 
for ULN2067B 
for ULN2067B 

for ULN2065B 
VeE = 2 V 

1 VeE = 2 V 
for ULN2067B 

Is = 2.25 rnA 

v, = 2.4 v 
v, =3.75 v 
v, = 5 v 
v, = 12 v 

lc = 1 A 
lc = 1.5 A 

VcE=2V lc=1A 

_ _l Vc~_2 v_ -~~_:_~ 5 _A 

i tPLH Turn-on Del a_)'_ Tirn_El ------t-~_v_,_to Q~5 Vo _____ _ 

_tP'-'H""L'-----''-T_urn-off Delay T:me ' 0.5 V, to 0.5 V_o=-----

IA Clamp Diode Leakage for ULN2065B - ULN2067B 
Current VA = 80 V 

i _
1
, VA= 80 V 

Clamp Diode Forward IF = 1 A 

T amb = 70 °C 

Voltage IF = 1.5 A 

1 4 
3.3 
0.6 
1.7 

1.5 

4.3 
I 9 6 

1.8 
5.2 

r 2 
I 2.s 
I 

v 
rnA 
rnA 
rnA 
rnA 

v 
v 

6.5 v 
' 10 v 
:_ 1 __ >IS 

I 1.5 

50 
100 

!lS 

>'A 
>'A 

4 

5 

6 

I 
1.75 V 1 1 

2 v ' 7 ' ----~ 
Notes : 1 Input voltage 1s w1th reference to the substrate (no connection to any other p1ns) for the ULN2075B and ULN2077B refe­

rence 1s ground for all other types 
2 Input current may be l1m1ted by max1mum allowable mput voltage. 

SCHEMATIC DIAGRAM 

B 

ULN2069B : R:N = 2.5 Kn, 
ULN2071 B : R:N = 11.6 KQ. 

R5 = 900 Q 

Rs = 3.4 Kn 

r== SGS·THOMSON .. 'I &\Juc::ru@~~~~:~lffi@ll!nc:~ 
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ULN2065B-ULN20678-ULN20698-ULN2071 B-ULN2075B-ULN20778 

ELECTRICAL CHARACTERISTICS (V s = 5 V for ULN2069B, V s = 12 V for ULN2071 B, 
Tamb = 25 'C unless otherwise specified) 

Symbol Parameter 

lcEx Output Leakage Current 

VcE(sus) Collector-emitter 
Sustaining Voltage 

VcE(sat) Collector-emitter 
Saturation Voltage 

l,(on) Input Current 

v,(on) Input Voltage 

Is Supply Current 

tPLH Turn-on Delay Time 

tPHL Turn-ott Delay Time 

lA Clamp D1ode Leakage 
Current 

VF Clamp Diode Forward 
Voltage 

SCHEMATIC DIAGRAM 

4/8 
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Test Conditions 

for ULN20698 - ULN20718 
VeE =80 V 
VeE = 80 V Tamb = 70 oc 
for ULN20698 - ULN20718 
lc = 100 mA v, = 0.4 v 

for ULN20698 
lc =500 mA v, = 2.75 v 
lc =750 mA v, = 2.75 v 
lc = 1 A v, =2.75 v 
lc = 1.25 A v, =2.75 v 
lc = 1.5 A v, = 2.75 v 
for ULN20718 
lc = 500 mA v, =5 v 
lc = 750 mA v, =5 v 
lc = 1 A v, =5 v 
lc = 1.25 A v, =5 v 
lc = 1.5 A v, =5 v 

tor ULN2069B v, = 2.75 v 
tor ULN2069B v, =3.75 v 
tor U LN2071 B v, = 5 v 
tor ULN2071 B v, = 12 v 

VeE = 2 V lc = 1.5 A 
tor ULN2069B 
for ULN2071 B 

tor ULN2069B 
lc = 500 mA v, = 2.75 v 
tor ULN2071 B 
lc =500 mA v, =5 v 

0.5 V, to 0.5 V0 

0.5 V, to 0.5 V0 lc = 1.25 A 

~rULN2069B- ULN2071B 
VR = 80 V 
VA = 80 V T amb = 70 °C 

IF= 1 A 
IF= 1.5 A 

RIN~C 6 o---rc:=r~ * 7.2 K!l 
I 3K!l 

stB E 
S-592 4 

ULN20758 : R1N = 350 Q 
ULN20778 : R1N = 3 kQ 

Min. Typ. Max. 

100 
500 

50 

1 .1 
1.2 
1.3 
1.4 
1.5 

1.1 
1.2 
1.3 
1.4 
1.5 

550 
1000 
400 
1250 

2.75 
5 

6 

4.5 

1 

1.5 

50 
100 

1.75 
2 

Unit Fig. 

I! A 
1 

!lA 

v 2 

v 
v 
v 2 
v 
v 

v 
v 
v 
v 
v 

I! A 
>LA 4 
>LA 
I! A 

v 5 

mA 
8 

mA 

>LS 

>LS 

!lA 
!lA 6 

v 
v 7 



U LN20658-U LN20678-U LN2069 8-U LN2071 8-U LN2075 8-U LN20778 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified ) 

Symbol Parameter 

IcE X Output Leakage Current 

VcE(sus) Collector-emitter 
Sustammg Voltage 

VcE(sat) Collector-emitter 
Saturation Voltage 

l,(on) Input Current 

v,(on) Input Voltage 

IPLH Turn-on Delay Time 

IPHL Turn-of! Delay T1me 

TEST CIRCUITS 

Figure 1. 

Figure3. 

OPEN 

5·5927 

Test Conditions Min. Typ. 

for ULN2075B - ULN20778 
VeE= 80 V 
VcE=80V T amb = 70 °C 

for ULN2075B - ULN20778 
lc=100mA v, = 0.4 v 50 

lc = 500 rnA Is = 625 11A 
lc = 750 rnA 18 =935!!A 
lc = 1 A Is= 1.25 rnA 
lc = 1.25 A Is= 2 rnA 
for ULN2075B - ULN20778 
lc = 1.5 A Is= 2.25 rnA 

for ULN2075B v, = 2.4 v 1.4 
for ULN2075B v, =3.75 v 3.3 
for ULN20778 v, =5 v 0.6 
for ULN2077B v, = 12 v 1.7 

for ULN2075B 
VeE =2 V lc = 1 A 
VeE =2 V lc = 1.5 A 
for ULN2077B 
VeE =2 V lc = 1 A 
VeE = 2 V lc = 1.5 A 

0.5 V, to 0.5 V0 

0.5 V, to 0.5 V0 

Figure 2. 

Figure4. 

Max. Unit Fig. 

100 !!A 1 500 !lA 

v 2 

1.1 v 3 
1.2 v 
1.3 v 
1.4 v 

1.5 v 

4.3 rnA 4 
9.6 rnA 
1.8 rnA 
5.2 rnA 

5 
2 v 

2.5 v 

6.5 v 
10 v 

1 !IS 

1.5 !IS 

OPEN 

OPEN 

OPEN 
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U LN2065 8-U LN20678-U LN2069 8-U LN2071 8-U LN2075 8-U LN20778 

Figure 5. 

OPEN 
0 

i 
4 

Figure 7. 
~~--~---- ~-------~~ -----~-

Figure 9 : Input Current as a Function of 
Input Voltage. 

15 20 '15 JQ ]5 40 I.!J 50 V1 (V) 

6/8 

1134 

Figure 6. 

Figure 8. 

OPEN 
o---

Figure 10 :Input Current as a Function of 
Input Voltage. 

t, 
(mA) 

7 

-l--
1 

'----.J----l.----l.____i.__j_~ _ _L 
10 11 V, (V) 



ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

Figure 11 : Collector Current as a Function of 
Input Current. 

1c 
(A) 

1 5 

10 

0.5 

G- UJJ 

~~~~~--~~--~~ 

10 2.0 3.0 11 (mAl 

MOUNTING INSTRUCTIONS 
The RthJ·amb can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit 
board (Fig. 12) or to an external heatsink (Fig. 13). 

The diagram of figure 14 shows the maximum dis­
sipable power Ptot and the Rth J·amb as a function of 
the side "=" of two equal square copper areas ha­
ving a thickness of 35 J.l (1.4 mils). 

Figure 12: Example of P.C. Board Area which is 
Used as Heatsink. 

(QPP(R AREA 3'lp THI:::KN[55 

P ( BOARD 

During soldering the pins temperature must not ex­
ceed 260 ac and the soldering time must not be lon­
ger than 12 seconds. 

The external heatsink or printed circuit copper area 
must be connected to electrical ground. 

Figure 13 :External Heatsink Mounting Example. 

718 
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ULN2065B-ULN2067B-ULN20698-ULN2071 B-ULN20758-ULN2077B 

Figure 14 : Maximum Dissipable Power and Junc­
tion to Ambient Thermal Resistance 
vs. Side "1". 

10 10 30 l.O I {mm) 

818 
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Figure 15: Maximum Allowable Power Dissipa­
tion vs. Ambient Temperature. 

-50 50 100 larnb("C) 



• EIGHT DARLINGTONS WITH COMMON EMIT-
TERS 

• OUTPUT CURRENT TO 500 mA 
• OUTPUT VOLTAGE TO 50 V 
• INTEGRAL SUPPRESSION DIODES 
• VERSIONS FOR ALL POPULAR LOGIC FAMI­

LIES 
• OUTPUT CAN BE PARALLELED 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY BOARD LAYOUT 

DESCRIPTION 

The ULN2801A-ULN2805A each contain eight dar­
lington transistors with common emitters and Inte­
gral suppression diodes for inductive loads. Each 
darlington features a peak load current rating of 600 
mA (500 mA continuous) and can withstand at least 
50 V in the off state. Outputs may be paralleled for 
higher current capability. 

Five versions are available to simplify interfacing to 
standard logic families : the ULN2801 A is designed 
for general purpose applications w1th a current limit 
resistor: the ULN2802A has a 10.5 KQ input resis­
tor and zener for 14-25 V PMOS : the ULN2803A 
has a 2. 7 KQ input resistor for 5 V TTL and CMOS ; 

CONNECTION DIAGRAM (top view) 

IN I 

IN 2 

IN 3 

IN ' 4 

IN 5 5 

IN 6 

IN 7 

IN B B 

GNO 9 

September 1988 

ULN2801A 
ULN2802A ULN2803A 
ULN2804A ULN2805A 

EIGHT DARLINGTON ARRAYS 

the ULN2804A has a 10.5 KQ input resistorfor6-15 
V CMOS and the ULN2805A is designed to sink a 
minimum of 350 mA for standard and Schottky TTL 
where higher output current IS required. 

All types are supplied m a 18-lead plastic DIP with 
a copper lead from and feature the convenient in­
put-opposite-output pinout to simpl1fy board layout. 

18 OUT 1 

17 OUT 2 

14 OUT 5 

1J OUT 6 

11 OUT 7 

11 OUT B 

DIP-18 
(Plastic) 

1/6 
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U LN2801 A·ULN2802A-U LN2803A·ULN2804A-U LN2805A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vo Output Voltage 

v, Input Voltage for ULN2802A, 2803A, 2804A 
for ULN2805A 

lc Continuous Collector Current 

Ia Continuous Base Current 

Ptot Power D1ss1patton (one Darlington pa1r) 
(total package) 

Tamb Operating Amb1ent Temperature Range 

T stg Storage Temperature Range 

SCHEMATIC DIAGRAM AND ORDER CODES 

For ULN2801A (each driver for PMOS-CMOS) 

For ULN2803A (each driver for 5 V, TIUCMOS) 

.. -{)(OM 

27k0 ~----- _j 
IN()--,--~ - T --t...- . j 

: i ~~ t"' 
: L.F•nJ..l•n~ • 

"'f"--oour 

L ~ 1 
EACH DRIVER 

For ULN2805A (each driver for high out TIL) 

~ {)COM 

2/6 
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Value Unit 

50 v 
30 v 
15 v 

500 mA 

25 mA 

1 0 w 
2.25 w 

- 20 to 85 'C 

I -55 to 150 'C 

For ULN2802A (each driver for 14-15 V PMOS) 

I ¥-OCOM 

I 

""" 14 ~n ~ < 1-- -{---;oo"' 
12•n Jkn , 4. 

y J -L-} 1 ~ 

[AC~ r:RI:E;-- --- -- ±- ~~ ·~~c 

For ULN2804A (each driver for 6-15 V 
CMOS/PMOS 

L . ~ 

EliCH DRIVER 



ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

THERMAL DATA 

Max. 55 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig. 

lcEx Output Leakage Current VeE =50 V 50 !lA 1a 
T amb = 70 'C VeE =50 V 100 !lA 1a 
T amb = 70 'C 
for ULN2802A 
VeE =50 V v, =6 v 500 !lA 1b 
for ULN2804A 

I VeE =50 V v, = 1 v 500 !lA 1b 

VcE(sat) Collector-emitter lc=100mA Is = 250 11A 0.9 ! 1.1 I v 
Saturation Voltage lc = 200 mA Is= 350 11A 1.1 I 1.3 I v 2 

lc =350 mA Is = 500 11A 1.3 I 1.6 v I 

l,(on) Input Current for ULN2802A v, = 17 v 0.82 I 1.25 I mA 
for ULN2803A v, = 3.85 v 0.93 

I 
1.35 I mA 

for ULN2804A v, =5 v 0.35 0.5 I mA 3 
' v, = 12 v 1 1.45 I mA 

lor ULN2805A v, =3 v 1.5 2.4 I mA 

l,(off) Input Current T amb = 70 °C lc = 500 11A 50 65 !lA 4 

v,(on) Input Voltage for ULN2802A 
VeE = 2 V lc = 300 mA 13 v 
for ULN2803A 
VeE= 2 V lc = 200 mA 2.4 v 
VeE = 2 V lc = 250 mA 2.7 v 
VeE = 2 V lc = 300 mA 3 v 
for ULN2804A 5 
VeE = 2 V lc = 125 mA 5 v 
VeE = 2 V lc = 200 mA 6 v 
VeE = 2 V lc=275mA 7 v 
VeE = 2 V lc = 350 mA 

I 
8 v 

for ULN2805A 
VeE = 2 V lc = 350 mA I 2.4 v 

hFE DC Forward Current Gain for ULN2801 A 
11000 VeE = 2 V lc = 350 mA - 2 

C, Input Capacitance 15 25 I pF -

tPLH Turn-on Delay Time 0.5 V, to 0.5 V0 0.25 I 1 !lS -

tPHL Turn-off Delay Time 0.5 V, to 0.5 V0 0.25 I 1 I ~IS -

IR Clamp D1ode Leakage VR =50 V 
I I 

50 ~tA 6 
Current T amb = 70 'C VR =50 V I I 100 ~tA 

VF Clamp Diode Forward IF= 350 mA I 1.7 I 2 v 7 
Voltage I I 

3/6 

1139 



ULN2801 A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

TEST CIRCUITS 

Figure 1a. Figure 1b. 

Figure 2. Figure 3. 

OPEN OPEN 

OPEN 

S· 19ft0 

Figure 4. Figure 5. 

~-'~4-,: --I 
~J 

Figure 6. Figure 7. 

l 

L_------~~-~--- ~-~--~---

4/6 W'J 5(;5-TiiOMSON ----~~----~--. ~ .,, I':O~Ii::Cl©rn~rn©m©li!~li::® - -- ~---
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U LN2801 A-U LN2802A-U LN2803A-U LN2804A-U LN2805A 

Figure 8 : Collector Current as a Function of 
Saturation Voltage. 

Figure 10: Allowable Average Power Dissipation 
as a Function of Ambient Temperature. 

20 
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\ 

15 1\ 

! '~. 
~<;. ,__ '--
~ 

10 

! \ 
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! i \ 

: I 

05 

50 100 150 

Figure 12: Peak Collector Current as a Function 
of Duty. 

Figure 9 : Collector Current as a Function of 
Input Current. 

,, 
(mA Jr- - --

'0 0 

20 0 

-
-- It 

'" 
I I h-LY+· c-:--r . 
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Figure 11 :Peak Collector Current as a Function 
of Duty Cycle. 

'c 
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Figure 13: Input Current as a Function of Input 
Voltage (for ULN2802A). 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

Figure 14: Input Current as a Function of Input 
Voltage (for ULN2804A) 
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Figure 16 : Input Current as a Function of Input 
Voltage (for ULN2805A) 
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Figure 15 : Input Current as a Function of Input 
Voltage (for ULN2803A) 

'• 
(mA 

2 0 

15 

10 

0 5 

) 

.< 
~ 

~ ~ 
~ ~~' 

G 4!2! 

/ I 
/ I 

.,/ : 
~~ ,/' I •" <;;'( I , .. 

--t-
/ . t ! ! I -1- -~-
~-- _ ____. _ __J__ 

i , I I ! 
~~-~-'---
! j i I ! 

20 25 30 35 40 45 50 55 60 V1 (V) 



• SEVEN DARLINGTONS PER PACKAGE 
• OUTPUT CURRENT 500 mA PER DRIVER 

(600 mA PEAK) 
• OUTPUT VOLTAGE 50 V 
• INTEGRAL SUPPRESSION DIODES FOR IN­

DUCTIVE LOADS 
• OUTPUT CAN BE PARRALLELED FOR HI­

GHER CURRENT 
• TIUCMOS/PMOS/DTL COMPATIBLE INPUTS 
• INPUTS PINNED OPPOSITE OUTPUTS TO 

SIMPLIFY LAYOUT 

DESCRIPTION 

The ULQ2001 R, ULQ2002R, ULQ2003R and 
ULQ2004R are high voltage, high current darlington 
arrays each containing seven open collector darling­
ton pairs with common emitters. Each channel is ra­
ted at 500 mA and can withstand peak currents of 
600 mA. Suppression diodes are included for induc­
tive load driving and the inputs are pinned opposite 
the outputs to simplify board layout. 

The four versions interface to all common families. 

I 
J.!L02001 f'l Gener<JI_Purpos-e._DTS_!TL, CMOS I 

UL02002R 15-25 V PMOS i 

LLJI,.02003R 5 V TTL, CMOS ___ _ 

UL02004R 6-15 V CMOS, PMOS 
- - -- -- -- - --- -- -

These versatile devices are useful for driving a wide 
range of loads including solenoids, relays DC mo­
tors, LED displays, filament lamps, thermal prin­
theads and high power buffers. 

The ULQ2001 R, UL02002R, UL02003R and ULQ 
2004R are supplied in 16 pin ceramic DIP packages. 

. lc 
~--lo 

r-_T_amb 
T S1g 

Continuous Collector Current 

Contmuous Base Current 

Operating Ambrent Temperature Range_ 

Storage Temperature Range 

September 1988 

ULQ2001 R/2R 
ULQ2003R/4R 

SEVEN DARLINGTON ARRAYS 

I 
I 

DIP-16 Ceramic 

PIN CONNECTION 

IN 1 16 OUT 1 

IN 2 2 15 OUT 2 

IN 3 3 14 OUT 3 

IN 4 OUT 4 

IN 5 OUT 5 

IN 6 6 OUT 6 

IN 7 10 OUT 7 

GND 9 ~~~~3~G ~~JciEs 
.-,_\97711 

l __ , ___________ _ 

Value Unit 

50 v 
30 v 

---- ---- --- --

500 rnA 

25 mA 

- 20 to + 85 c 
-55 to 150 c 

1/4 
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SCHEMATIC DIAGRAM 

I 
I 
I 
I 
I 
L-J+---------
EACH DRIVER 

Series ULQ2001 R 
(each driver) 

L -j4----------
EACH DRIVER 

Series ULQ2003R 
(each driver) 

THERMAL DATA 

I 
I 

COM 

5- Jt,89 

COM 

~ 

5- 1989 

I 
I 

I 

L -14---------­
EACH DRIVER 

Series ULQ2002R 
(each dnver) 

I 
L--14---------­
EACH DRIVER 

Senes ULQ2004R 
(each driver) 

COM 

COM 

5-1574 

I Rth j-amb I Thermal Resistance Junction-ambient ---~)(__ ___ 1~- -- _[ °CIW I 
L_~-~-------------------

2/4 

1144 



ULQ2001 R-ULQ2002R-ULQ2003R-ULQ2004R 

ELECTRICAL CHARACTERISTICS (T amb= 25° C unless otherwise specified) 

, Symbol ' Parameter 

i 

I 
i 

I 

I 
I 

I 

lcEx Output Leakage 
Current 

I 
VeE (sat) 1 Collector-emitter 

1 Saturation Voltage 

! 

l,(on) 1 Input Current 

l,(off) Input Current 

Vl(on) ! Input Voltage 

~ DC Forward Current 
I . - Gain 
---------- - -

i C, Input Capacitance 

[t~~;~ -T~rn-on Delay Time 

1

1

_ tPHILA_,_ ~n-()_ff_[Je!ay Time 

Clamp Diode Leakage 
Current 

Clamp Diode Forward 
Voltage 

I 

Test Conditions 

VeE =50 V 
T amb = 70 oc VeE =50 V 
T amb = 70 oc 

for ULQ2002R 
VeE =50 V 
for ULQ2004R 
VeE =50 V 

lc = 100 mA 
I 200 mA e = 
lc =350 mA 

for ULQ2002R 
for ULQ2003R 
for ULQ2004R 
v, = 12 v 
T amb = 70 °C 

for ULQ2002R 

v, = 6 v 

V, = 1 V 

Is =250 11A 
I 350 11A S = 
Is = 500 11A 

v, = 17 v 
v, = 3.85 v 
v, =5 v 

lc = 500 11A 

VeE= 2 V lc = 300 mA, 
for ULQ2003R 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 
for ULQ2004R 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 
VeE = 2 V 

for ULQ2001 R 
VeE = 2 V 

0.5 V, to 0.5 Vo 
----- -- - ---

0.5 V, to 0.5 V0 

VA =50 V 

I 

lc = 200 mA 1 

le = 250 mA 
lc = 300 mA 

lc=125mA 
lc = 200 mA 
le = 275 mA 
lc =350 mA 

le = 350 mA 

I 

T amb = 70 oc . VA =50 V 

IF = 350 mA 

Min. 

50 

1000 

Typ. 

0.9 
11 
1.3 

0.82 
0.93 
0.35 

1 

65 

15 

0.25 

0.25 

1.7 

Max. 

50 
100 

500 

500 

1.1 
1 3 
1.6 

1.25 
1.35 
0.5 
1.45 

13 

2.4 
2.7 
3 

5 
6 
7 
8 

25 

50 
100 

2 

Unit I FiQ.I 
11A 1a 
11A 1a 

llA 

llA 

v 
v 
v 

mA 
mA 
mA 
mA 

11A 

v 

v 
v 
v 

v 
v 
v 
v 

pF 

I 

I 

I 

I 

llS _ 1 
j.lS 

llA 
llA 

v 

1b 

1b 

2 
2 
2 

3 
3 
3 
3 

4 

5 

5 
5 

5 

5 
5 
5 

2 

6 
6 

7 
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TEST CIRCUITS 

Figure 1a. 

Figure 2. 

S- 1960 

'--~~~--~--

Figure 4. 

Figure 6. 

4/4 
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Figure 1b. 

Figure 3. 
-------~-- --~--~~~-~-- -l 

OPEN 

I 

I 

Figure 5. 

L___ _____ _ 

Figure 7. 

OPEN ~-. 

I 

s- 1987 
I 

- ------ -----------
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