
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UAB/UAF4718 

WAVEFORMS 

Figure 2 .. 

VMa -" VMb g. VMb - VMa 

NORMALIZED 

,-----., - - - - - - ---,.--...,--

.. " 
1" 

v •• 
tON THE COMPARA TORI 

--- �-�-�-�~� E=:: 
td : delay time of comparator + logic + H-bridge, 

ref 
toft: delay time between (Vab < -) and the next 
rising edge of the oscillator. 10 

TIMING DIAGRAM 

The oscillator frequency applied on S input is typi­
cally 60 KHz (with an external capacitor equal to 1 
nF). This frequency can be adapted to the charac­
teristics of the motor by a different value of Cext. 

THE COMPARATORS , 
The two comparators ar of PMOS type. The high in­
put impedance of such a comparator allows the in­
tegration of an RC-filter which avoids errors on pa­
rasitic voltages. 

OUTPUT STAGES 

The two H-bridges are identical. Each output stage 
contains four Darlington transistor and four diodes, 
connected in an H-bridge. The two sinking transis­
tors are used to switch the power supplied to the 

6/8 

912 

1 

Vref 
t n + t ft = T, T = oscillator period, V'ref =­
o 0 10 

70 
This switching frequency is f (KHz) # �~�~�~� 

C (nF) 

To prevent current spikes from friggering the com­
parator when the sink stage is switched on, aMOS 
switch short-circuits the comparator input to ground 
during these current spikes. 

motor winding, thus driving a constant current 
through the winding. 

It should be noted, however, that it is not permitted 
to short-circuit the outputs. 



OPERATION OF ONE H-BRIDGE 

To energize the motor winding, the current flows 
from the power supply Vmm to the ground through 
the source transistor, the motor winding and the sink 
transistor (arrow n. 1) until the voltage drop in the 
current sensing resistor exceeds the reference volt­
age of the comparator. Then the RS flip-flop is re­
set and its output turns off the sink transistor. The 
current flows through the source transistor, the mo­
tor winding and the free wheeling diode (arrow n. 2). 

Figure 3 

UAB/UAF4718 

Then, the rising edge of the oscillator signal sets the 
RS flip-flop and turns on the sink transistor. 

To reverse the current in the winding, a fast current 
decay solution is used (arrow n. 3). 

When the output stage is switched off by the inhini­
tion input or by the thermal protection, the fast cur­
rent decay solution is used too. 

--------------- ...... _._- _._ .. ---------_. 

o. 

0' 

LOGIC INPUTS 

There are four logic inputs 

S(N!)ING 

MlS,ISTOA 

"'0 

. J2, J1 , Jo select the current direction in the bridges 

. Inh disables both bridges. 

Table 1: Logic Inputs Operation. 

Inh 

a 
1 
1 
1 
1 
1 
1 
1 
1 

X : Irrelevant 
I : Current from Ma to Mb 

or from Me to Md 
I : Current from Mb to Ma 

or from Md to Me. 

J2 

x 
a 
a 
a 
a 
1 
1 
1 
1 

J1 JO 

x x 
a a 
a 1 
1 a 
1 1 
a a 
a a 
1 1 
1 a 

~ SIiS·1HOMSON 
/Ii. "f I ~oOC:DI(gmJ~'ii'Ii!@i1!O©ii! 

Bridge ab Bridge cd 

a a 
1 -I 
1 a 
1 1 

a 1 

-I 1 

-I a 
-I -I 
a -I 
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UAB/UAF4718 

THERMAL OVERLOAD PROTECTION 

If internal dissipation becomes too high (typically Tj 
> 170°C), the two output stages are disabled, After 

TYPICAL APPLICATION 

EXAMPLE OF APPLICATION 

A complete application can be built with only one 
UA.4718 and three external components (2 resis-

Figure 4. 
,---- ----

8/8 
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fROM 

MICHOI'HOCl:>SOR 

5 n 

• .Kl 

" 
'0 OS<; 

a decrease of the junction temperature (typically 
. 30°C), the outputs are again enabled. 

tors and 1 capacitor). On the figure below, 10 A per 
output, the switching frequency is 35 KHz. 

Mb ~J~ _________ -. 

E.b 1-' ---1=1-0 

Md ~" _____ --, o 
SHYf'l R MOTOH 



UAF1780-1781-1782 

DUAL 2 A LOW DROP OUT INTELLIGENT POWER SWITCH 

• LOW POWER DISSIPATION (LOW VSAT: 0.6 V 
@2A) 

• ALL INPUTS ARE OPERATIONAL WITH 
CONTROL SIGNALS HIGHER THAN Vee 

• ALL INPUTS WITHSTAND VOLTAGES LOWER 
THAN GROUND 

• HIGH OUTPUT CURRENTS 
• PROTECTION OF OUTPUT TRANSISTORS 

(UPTO + 32 V) 
• THE OUTPUTS CAN WITHSTAND VOLTAGES 

LOWER THAN GROUND 
• WITHSTAND ON Vee SPIKES UP TO (60 V, 

10 ms) 
• DIFFERENTIAL INPUTS 

DESCRIPTION 
The UAF1780-1781-1782 are dual interface circuits 
delivering high output currents and capable of dri­
ving any type of load. 

An on-chip dc/dc conversion unit in conjuction with 
a few low-cost external components (a low value in­
ductor and a low voltage capacitor) are implemen­
ted to limit the saturation voltage thereby optimizing 
the efficiency. 

The devices are particularly well protected against 
destructive overloads. Each output implements a 
current limit circuitry, a desaturation monitoring unit 
for the detection of overloads and short-circuits, and 
a thermal protection feature. 

Corresponding output is turned off in case of prolon­
ged desaturation or excessive internal dissipation. 
This condition is reflected by a low level on ALARM 
output terminal. This protection unit can be reacti­
vated by applying a logic low signal to RESET input. 

However, for inductive loads, a delay is imposed on 
signal applied to this RESET input so as to prevent 
a rapid and premature conduction of output transis­
tors. 

A logic high signal applied to STROBE input will di­
sable both power outputs. 

The devices operates within a supply voltage range 
of + 8 V to + 32 V. 

September 1988 

ADVANCE DATA 

MUL TIWATT-15 

ORDER CODES: 
UAF1780SP 
UAF1782SP 
UAF1780HSP 
UAF1782HSP 

DIP-16/2 

ORDER CODE: 
UAFI780DP-1781DP 

PIN CONNECTIONS 

Input 1 Delay 1 

Reset Output 1 

Strobe Alarm 1 

Ground Vee 

Current limit Reference 
adjust 

Oscillator Alarm 2 

V(aux) 

Input 2 

1/6 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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UAF1780-1781-1782 

PIN CONNECTIONS 

2 6 8 10 12 14 

3 5 7 9 11 13 15 

ABSOLUTE MAXIMUM RATINGS 
-

Symbol Parameter 
~ .. -. 

Vcc n Supply Voltage 

V I1 Input Voltages 
Vl2 

Vreset 
V strobe 

10 Output Current 

I L Current In DC/DC Converter Inductance 

Ptot Total Power Dissipation 

Toper Operating Free-air Temperature Range 

TJ Junction Temperature 

• + 60 V (10 mS) 

THERMAL DATA 

RthIJ-c) Maximum Junction-case Thermal Resistance 

Rth(J-a) Maximum Junction-ambient Thermal 
Resistance 

216 

916 

1 -Oscillator 
2 -V(aux) 

3 -Input 2 
4-Delay 2 
5-Alarm 2 
6 -Reference 
7 -Output 2 
8-Ground 

I 
9-Vcc 

10-0utput 1 
11-Alarm 1 
12-Delay 1 

13 -!!!.2.~.U 
14-Reset 
15-Strobe i 

_J 
--

Value Unit 
- ,------~--

+ 35 V 

30 to + 55 V 

Internally Limited A 

0.4 A 

Internally Limited W 

- 40 to + 85 'C 
--- --

+ 150 'C 

DIP.16 

I 

25 'C/W 
Multiwatt 2.5 
DIP.16 70 'C/W 
Multiwatt 40 
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...., 

~ 
;!SUI 
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~i! 
~o 
~! 
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~ 

Oscillator 

I 
I 

CONVERTER 

L ___________ _ 

Reference Alarm 1 Input 1 

,. --_.1.._--, 
I 
I 10 ADJUST I 

I L ___ ...,.____ I 

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

STROBE Reset Input 2 Alarm 2 

Only in CB·79 package \/ersion 

III 
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" c 
i> 
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UAF1780-1781-1782 

ELECTRICAL CHARACTERISTICS 
Vee = + 24 V, - 40 DC, <:: Tamb <:: + 85 'C (unless otherwise specified) 

Syv::~ I-Supply Voltage parameter _______ tMi~ ___ TYp. ___ t=M:2x- . ~u~~~ 
r--'-"---+-------~--~---- --------------+----+----+---_+--__1 
I Icc Supply Current I!I mA 

__ ~p~=lnput 1 : High, 10 ~_~X_2_A_. _____________ +__--+_-2-5-+1-3-2-_t_--__1 ~ 
Input 1 = Input 2 : Low - 7 

1, Input Current (all inputs) I 
V,>Vcel , 15 I 50 
V, < Vcel a i 

10HA High Level Alarm Output Leakage Current (V A = + 10 V) a 10 flA 

00LA ~. Level Alarm Output Voltage (IA = + 10 mAl ___ ~_I' __ 1~__1-1---,3--+----V--__1 
I Vee - Vo- Po~er Outputs Dropout Voltage I V 
I 10 = 0,5 A I' 0.15 I 0.25 
i 10 = 1 A 0,3 0,4 
I 10 = 2 A __________ ----1-- 0,6 I 07_"----_ 
f-i_--_I-O-L-_~-+-~~o-w-e-r-o-!'=_tP~u-~t-s=L=e=a-k_a=_g-e-C_-u--rr-e~_ . L I 100 I flA-

tcese ! Reset Pulse Duration ( C1 = C2 = 1 flF) I 400 mS 
Delay Time before Desaturation Monitoring Unit Becomes--- -- --~-T-- ------I-- mS-

Active (C1 = C2 = 1flF) 
Vcc- Vo=+12V 
Vce- Vo=+24V 
Vcc - Vo = + 32 V 

Vcel Reference Input Voltage 1,4 

Icel I Reference Input Current (Vcel = 1,4 V) 

I All Inputs < Vcel 
All Inputs> Vee I - 1 

10 Available Output Current 
UAF1780DP Ro = = 

Ro = 2 KQ 
2,5 

UAF1780SP I 2
1
5 

! 
20 

I 10 

I 5 

55 V 

I flA 

I 80 150 
a + 1 

A 

II UAF1781 DP Ro = = I' 2~ 
Ro = 2 KQ 

_______ 1----_______ ~ __ ~ ___ U_A_F_1_7_8_2_S_P ______ _+I-------------.---t----1 
r-V~c~c_-_V~0-t-_M_a_x_im_u_m_O_u_t~p_ut_V_o_l_ta~g~e_S_w_i_ng~ ___________ ~ ____ -+-____ -+ ___ -_+_-50-+--V-~ 
Vaux - Vcc DC/DC Output Voltage I 

0.5 A < 10 < 2 A (each output) CO = 47 flF, L = 100 flH i 1.25 V 
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Fig 1 - DIP. 16 PACKAGE. 
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Fig 2 - MUL TIWATI PACKAGE 
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UAF1780-1781-1782 

Figure 7 : Typical Application. 

Vee ~-------------------r----'---.-------r-----.---r---r--,r--, 

• RO only necessary with DP package 

_ Lo and Co are the external elements of the dc/dc 
converter. Typical values and characteristics of 
these components are as follows: 
For Lo : - inductance = 1 00 ~H (tolerance 

±10%) 
- maximal current :2: 400 mA 

Size Evaluation For dc/dc Inductance 

10 max. 5 max. 

f 
For Co : The value of this capacitor is not critical, 
a capacitor of C1 :2: 47 F, Vn :2: 6.3 V will be sui­
table for the majority of the applications. 

_ The on-chip dc/dc converter can be disabled by 
connecting V(aux) terminal to Vec and leaving 
"Oscillator" pin floating. 

6/6 
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_ C1 and C2 implement two distinct functions: 
- response time required by the desaturation 

monitoring unit to become active. 
time delay imposed on each power output 
prior to conduction. 

t _ C· 3.5 V 
d - 7 ~A 

With C2 = C3 = 1 ~F, the outputs are protected 
against voltage transients of as high as + 32 V 
and the response time of the desaturation moni­
toring unit is 400 ms. 

_ DZ1 and DZ2 Zener Diodes are required in the 
case of inductive loads. Vz of these diodes should 
be < 60 V. 

_ Ro determines the value of maximum output cur­
rent (DIP package). Its value is given in curve 3, 
where output current values are plotted against 
the corresponding values of this resistor. 



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 

Sf-:jUTDOWN 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 
• 500 kHz 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 otter built-in protection from 
over-voltage, under-voltage, and over-current fault 
conditions. This monitoring circuitry contains the adc 

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 

-- ----- ------- --I 

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 is 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 UC 1840 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. 

1/10 
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UC1840-UC2840-UC3840 

PIN CONNECTION AND ORDER CODES 

~ 
COMP(NSATION , 1(\ NON INV INPUT 

START I UV 11 INY INPUT 

a v SENSE '6 S v REF 

STOP " 
.Vi SUPPLY 

RESET 1L DRIVER BIAS 

cuRRENT 13 GROUND 
THRESHOLD 

CURRENT SENSE 11 PWM OUTPUT 

5LDW- START ,,~ V I SENSE 

RT' C T [ S '0 P RAMP 

5-6"001 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vi Supply Voltage + Vi (pin 15) 
Voltage Driven 
Current Driven 100 mA Maximum 

Vo PWM Output Volage (pin 12) 

Type 

UC1840 
UC2840 
UC3840 

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

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

lo(REF) Reference Output Current (pin 16) 
Slow Start Sink Current (pin 8) 
Vi 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 OC 

Tj Junction Temperature Range 

Top Operating Ambient Temperature Range: UC1840 
UC2840 
UC3840 

Totg Storage Temperature 

THERMAL DATA 

Thermal Resistance Junction-ambient 

2110 

922 

Max 

Plastic 

UC2840N 
UC3840N 

Ceramic 

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 

o to + 70 

- 65 to + 150 

80 

Unit 

V 

V 

mA 

~ 
mA 

mA 
mA 
mA 
V 
V 

mW 

°C 

°C 
°C 
°C 

°C 



UC1840-UC2840-UC3840 

BLOCK DIAGRAM 

SENSE 

~--~--------------------------~10R4MP 

®>---~~~~~ 

COIolP 

INY.INPUT 

N.l.INPUl 

srART/UV 

RE50El 

--,J-:-@OJRU"" lHRESHOLD 

- 7 ~~~iNT 

'OOm'" 

FUNCTIONAL DESCRIPTION 

Name Function 

PWM CONTROL 

OSCILLATOR Generates a fixed-frequency internal clock from an external RT and CT. 
Kc where Kc is a first-order correction factor ~ Frequency = ~~ 

RTCT 
0.3 log (CT x 10 '2 ). 

RAMP GENERATOR Develops a linear ramp with a slope defined externally by 
dv sense vOltage CR is normally selected <; CT and 
dt - RR CR 

its value will have some effect upon valley voltage. 
CR terminal can be used as an input port for current mode control. 

ERROR AMPLIFIER Conventional operational amplifier for closed-loop gain and phase compensation. 
Low output impedance: unity-gain stable. 

REFERENCE GENERATOR Precision 5.0 V for internal and external usage to 50 mA. 
Tracking 3.0 V reference for internal usage only with nominal accuracy of ± 2 'Yo. 
40 V clamp zener for chip O. V. protection, 100 mA maximum current. 

PWM COMPARATOR Generates output pulse wich starts at termination of clock pulse and ends when 
the ramp input crosses the lowest of two positive inputs. 

PWM LATCH Terminates the PWM output pulse when set by inputs for either the PWM 
comparator, the pulse-by-pulse current limit comparator, or the error latch. 
Resets wich each internal clock pulse. 

PWM OUTPUT SWITCH Transistor capable of sinking current to ground wich is off during the PWM 
on-time and turns on to terminate the power pulse. Current capacity is 400 mA 
saturated with peak capacitance discharge in excess of one amp. 

3/10 
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UC1840-UC2840-UC3840 

FUNCTIONAL DESCRIPTION (continued) 

Name 
.-------.----.--~-.-.---.----------.----, 

Function _ I 

SEQUENCING FUNCTIONS 

START/U. V. SENSE 

i------

[

I O:I:I:::II::H 

SLOW START 

! 

L--· 

START LATCH 

! RESET LATCH 

I 
I 

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 J.lA hysteresis current. 
At the U. V. threshold, it also resets the Error Latch if the Reset Latch has been 

_ls EJt _________ ---- _ --------- -- _ ---j 
I Disables most of the chip to hold internal current consumption low, and Driver I 

.1.B~s..0F'F':_urltil input_vol~ge reacl1e~tartt.hreshold_. ___________ --.--1 
I Supplies drive current to external power switch to provide turn-on bias. I 
I Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsC s 

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

Keeps low input voltage at initial turn-on from being defined as a U. V. fault Sets I 

at start level to monitor for U. V fault 

When reset, this latch insures no reset signal to either Start or Error latches so 
that first 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 

r-- CURRENTLIMITING 

I 

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 high 
c, Step low 
d, Current Sense 400 mV over threshold 

Error Latch resets at U, V, threshold if Reset Latch is set. 

Differential input comparator terminates individual outp~tpu-I~e;;_-~;~hti~~ensel 
voltage rises above threshold, I 
When sense voltage rises to 400 mV above threshold, a shutdown signal it sent 
to Error Latch, 



UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (refer to the test circuit. Unless otherwise stated, these 
specifications apply for T, = - 55 to + 125 'C for the UC1840, - 25 'C to + 85 'C for the UC2840 
and 0 to + 70 'C for the UC3840; Vi = 20 V, RT = 20 Kn, CT = 0,001JlF, CR = 0,001 JlF, current limit 
threshold = 200 mV) 

POWER INPUTS 

liST Start-up Current I V, = 30 V, Pin 2 = 2 5 V, 

1

1_ _ _ _ ~Start-ufl. Cu!ren~T c'I:~ :~~ Z~_~ =_ 2~5_V L __ -, ~ -:,1 ' _5052 

r----" ___ tOPeratII19Cur':Elr1t ___ V,"'3°v,Pln2_=35V: 5 1_1~ 15 5 

l~_ ~~pply ~ ~ ~arl1P_ _ -" = ~O _ m A _ _ _ 33 40 L ___ 3_3 __ , ___ _ 

REFERENCE SECTION 

Unit 

I 
VREF , Reference Voltage I T J :-2S;'C --- -- -1~95 ,- 5 - ~5~05T 4.9- r -5-----:5:1:-"'-1 

~~::; ~~:d RR;:::::::, i :::::: ~~A [_ ... i%-. ::-1- +i:- :~ -I ~: 
---.---~------------~----- ---~. -,---+---+- --1----···--

!1V.REF~!1 ~'LTemperature cae. ft'. : over .. oP.' TemP ..... ' Range ". . .'. .... i .+.-.. 0. A.I. . I . ± 0.4 j mV;oC 
Isc I Short Circuit Curr, _'--\.Irl EF -'" ~2!-", ~5--"-~ ______ -_8~~-_100L ____ I - 80 . - 100 I mA 

OSCILLATOR 

RAMP GENERATOR 

5110 
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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 

Ib Input Bias Current 0.5 2 1 5 !JA 

los Input Offset Current 0.5 0.5 !1A 
Gv Open Loop Gain i'1Vo = 1 to 3 V 60 66 60 66 dB 

Output Swing (max Minimum Total Range 0.3 3.5 0.3 3.5 V 
Out S; Ramp Peak -
100 mV) 

CMR Common Mode VCM = 1.5 to 5.5 V 70 80 70 80 dB 
Rejection 

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

Isc Short Circuit Current Vcomp = OV -4 -10 -4 - 10 mA 

B' Gain Bandwidth Tj = 25°C. Gv = 0 dB 1 2 1 2 MHz 

SA' Slew Rate T J = 25°C, Gv = 0 dB 0.8 0.8 V/!1s 

PWM SECTION 

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

Volsat ) Output Saturation . 10 = 20 mA 0.2 OA 0.2 OA V 

Volsat ) Output Saturation 10 = 200 mA 1.7 2.2 1.7 2.2 V 

10L Output Leakage Vo = 40 V 0.1 10 0.1 10 !1A 
Cd 'Comparator Delay Pin 8 to pin 12 300 500 300 500 ns 

Tj = 25°C, RL = 1 KG 

SEQUENCING FUNCTIONS 

VT Comparator Pins 2, 3, 4, 5 2.8 3 3.2 2.8 3 3.2 V 
Threshold 

I b Input Bias Current Pins 3, 4, 5 = OV - 1 -3 -1 -3 !1A 

StartlUV Hysteresis Pin 2 = 2.5 V, Tj = 25°C 120 180 240 120 180 240 !1A 
Current 

Input Leakage Vi = 20 V 0.1 10 0.1 10 !1A 
Driver Bias Saturation IB =-50 mA 2 3 2 3 V 
Voltage 
V1N-VOH 

Driver Bias Leakage VB = OV - 0.1 - 10 - 0.1 -10 !1A 

Slow-start Saturation Is = 2 mA 0.2 0.5 0.2 0.5 V 

Slow-start Leakage Vs = 4.5 V 0.1 2 0.1 2 !1A 
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UC1840-UC2840-UC3840 

ELECTRICAL CHARACTERISTICS (continued) 

UC1840 

Symbol Parameter Test Conditions UC2840 UC3840 

Min. I Typ. I Max. Min. J Typ.! Max. 

CURRENT CONTROL 

Current Limit Offset 0 5 0 10 

Current Shutdown 340 400 440 340 400 440 
Offset 

Ib Input Bias Current Pin 7 = OV -2 -5 -2 -5 

'Common mode - 0.3 3 - 0.3 3 
Range 

'td' Current Limit Delay Tj =25 °C, Pin 7 to 12 200 400 200 400 
RL = 1 KO 

• Guaranteed by design. Not 100 % tested in production. 

Figure 1 : Open Loop Test Circuit. 

PPlV su 
VOL rAGE 

1 
RR 1,00KIl 

16 VREF. 

RT 0:° OA~ l1V1N SENSE 

CT£-
9RT'CT 

::I:' nF 
R' 20K.ft. 

r- 10 RAMP 

2 START J UV 

R2 9KIl 

3.0V SENS 

R' 'OA CR~ COMP. , INV. 

'7 _ _ l:nF 
GoJ VREF 

fO"I'F 10KA L...-....I Ilt 'OKA 

PWM 
ADJ. 

S-6101l 

Nominal frequency = 
RTCT 

= 50 kHz 

Start voltage = 3 (R1 + R2 + R3) + 0.2 RJ = 12 V 
R2+R3 . 

U.v. fault voltage = 3 (R1 + R2 + R3) = 8 V 
R2+R3 

'5 
V'N 

SLOW ST. 8 

DRIV. BIAS 14 

PWM OUT 12 

RS[ 180Kll ROC 2 

Cs 
r---<----o + 

OR L=1Kfl. 
OUT 
MOl 

UC1840 

N.!. ,. 

GNO 13 

STOP 4 --
RESET 5 --

C/L(-) e/L(+) -6 7 

I 4" )t. KIl KIl 
L.... 

).o,,---i )1° KJl 
CURRENT SENSE 

-I.. .~ TEST 

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

Current limit = 200mV 
Current fault voltage = 600mV 
Duty cycle clamp = 50% 

Unit 

mV 

mV 

!lA 
V 

ns 
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UC1840-UC2840-UC3840 

Figure 2 : Start U.V. Hysteresis Current. 

'H 
(,tJAI 

G-!)364/1 

275 -~-+''V::-;n-020:::C-V-~+--+-----j--+-+--1 

250r-_r~~;;n~2~O_2_.5_V+-----j_~_-r_~_+-~ 

125 f-- -,~ 

100 L--_L-----'_--'-_-'-_-"--_L----'._-' 

-50 -25 25 50 7S 100 Tj (·C) 

Figure 4 : Oscillator Frequency. 

10 20 50 100 200 RT(Io(!l) 

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

60 

40 

20 
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-
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t---~-

- "--- - -

"' ~ 
-----r- f\--- 1 

r- PHASE 

-"""'r-

80 

270 

360 
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Figure 3 : PWM Output Saturation Voltage. 

VCE(sat 
'V) 

) 

t---

~ 

I-- T"..-55"C 

Tj=25"C -I: ~ -
1// 
v 

100 200 

Go 5365 -

Vin=20V 
LOW DUTV-C~LE 

~ 

PULSE TEST 

./ 
.L -

-:::: p::= 

300 400 10 (mAl 

Figure 5 : PWM Output Minimum Pulse Width. 

10 20 30 SO 100 200 fo (KHz) 

Figure 7 : Shutdown Timing. 

V4 
'V) 

V8 5 
'V) 
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-
INPUT loJXT. STOP 

DUTy CYClE l '" c5>0 
CLAMP VOLTAGE " 

Cs = 0 " 
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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 RIN and CIN 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 UC 1840's 
feed-forward line regulation. 

The UC 1840 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 
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UC1840-UC2840-UC3840 

Figure 9 : Power Sequencing Functions. 

A D E G HI J "N 0 Q R S 
I I I I III I I I I I I 

Vc 
(NOTE!) 

DRIVER 
BIAS 

SLOW-
START 

PWM 
OUTPUT 
EXT. 
STOP 

RESET U 
I I III I I I I I I I I 
o E H I J M N 0 Q R S U v 

Notes: 1. VG represents an analog of the output voltage generated by a primary·referenced secondary winding of the power transformer. It is 
the voltage monitored by the start/U.V. comparator and. in most cases, is the supply voltage, Vi, for the UG1840. 

2. Although input to External Stop, Pin 4, is shown, results are the same for any fault input which sets the Error Latch. 

POWER FREQUENCY FUNCTIONS 
-- -- --- --- --- -~--

Time Event 

A Initial Turn-on, Vc Rises with Light Load 
ITi~e Event 

-- .... -... --.--~--

Return to Normal Run State 

B Start Threshold. Driver Bias Loads Vc 
-

C Operating PWM Regulates V c 

I M Reset Latch Set Signal Removed 

i 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 

F Start Turns on Driver Bias Bus Error Latch 
Still Set 

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

reset I 

I P Vc and Driver Bias Recycle with no Turn-on I 

1-

Q 

R Reset Latch Set is Set with Momentary I 
Reset Signal 

G V c and Driver Bias Continue to Cycle H 
~~ - -- - -

I 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 

~ 

I 
V Return to Normal Run State i -

Clam 
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UC1842/3/4/S 
UC2842/3/4/S 
UC3842/3/4/S 

CURRENT MODE PWM CONTROLLER 

• OPTIMIZED FOR OFF-LINE AND DC TO DC 
CONVERTERS 

• LOW START-UP CURRENT « 1 mAl 
• 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 
• 500 KHz OPERATION 
• LOW Ro ERROR AMP 

DESCRIPTION 
The UC 1842/3/4/5 family of controllCs 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 UC 1842 and UC 1844 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 UC 1843 and UC1845 are 8.5 V and 
7.9 V. The UC1842 and UC1843 can operate to du­
ty cycles approaching 100 %. 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 50-14 J 
and Ceramic 

01 P-14 Plastic 

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

September 1988 

Vi 

5(9) 

GROUND 

2(3) 
VFS 

1(1} 
COM. 0------' 

3(5) 

CURRENT 
SENSE 

VREF 
5V 
SOmA 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

ABSOLUTE MAXIMUM RATINGS' 

Symbol Parameter Value Unit 

Vi Supply Voltage (low impedance source) 30 V 

Vi Supply Voltage (Ii < 30 mAl Self Limiting 

10 Output Current ± 1 A 

Eo Output Energy (capacitive load) 5 iJJ 
Analog Inputs (pins 2, 3) - 0.3 to 6.3 V 

Error Amplifier Output Sink Current 10 mA 

Ptot Power Dissipation at Tamb"; 50 ° C (minidip, DIP-14) 1 W 

Ptot Power Dissipation at Tamb"; 25 ° C (SO-14) 725 mW 

Tstg Storage Temperature Range - 65 to 150 °C 

TL Lead Temperature (soldering 10 s) 300 °C 

• All voltages are w~h respect to pin 5, all currents are positive into the specified terminal. 

BLOCK DIAGRAM (top view) 

DIP-14/ SO-14. Minidip Plastic and Ceramic. 

r--v 
COMPo t 

N.C. 2 

VFB 3 

N.C. 4 

ISENSE 5 

N.C. 6 

RT/C T 7 

ORDERING NUMBERS 

TYPE 

UC1842 
UC1843 
UC1844 
UC1845 

UC2842 
UC2843 
UC2844 
UC2845 

UC3842 
UC3843 
UC3844 
UC3845 

218 

932 

14 VREF 

13 N.C. 

12 Vi 

11 Vo 

10 OUTPUT 

9 GROUND 

8 POWER 
GROUND 

5-9"'3 

PLASTIC 
MINIDIP 

UC2842N 
UC2843N 
UC2844N 
UC2845N 

UC3842N 
UC3843N 
UC3844N 
UC3845N 

CERAMIC 
MINI DIP 

UC1842J 
UC1843J 
UC1844J 
UC1845J 

UC2842J 
UC2843J 
UC2844J 
UC2845J 

UC3842J 
UC3843J 
UC3844J 
UC3845J 

Gi SGS·1HOMSON 
~ I ~n©IIOO1!.I<©"irIl@llln©$ 

COMP 

ISENSE 3 OUTPUT 

5 GROUNO 

DIP-14 50-14 

UC2842B UC2842D 
UC2843B UC2843D 
UC2844B UC2844D 
UC2845B UC2845D 

UC3842B UC3842D 
UC3843B UC3843D 
UC3844B UC3844D 
UC3845B UC3845D 



UC1842/3/4/5-U C2842/3/4/5- UC3842/3/4/5 

THERMAL DATA 

Ceramic Plastic DIP-14 SO-14 
Minidip Minidip Plastic 

Rth j-amb I Thermal Resistance Junction-ambient 200°C/W 100°C/W 100°C/W 165°C/W 

ELECTRICAL CHARACTERISTICS (unless otherwise stated, these specifications apply for - 55 
<:: Tamb <:: 125 'C for UC184X , - 25 <:: Tamb <:: 85 'C for UC284X ; 0 <:: Tamb <:: 70 'C for UC384X ; V, = 15 V 
(Note 5) ; RT = 10 K ; CT = 3.3 nF) 

I Symbol I Parameter Test Conditions 
UC184X I UC384X I I 284X Unit 

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

REFERENCE SECTION 

VREF Output Voltage TJ ~ 25 DC 10 ~ 1 mA 4.95 5.00 5.05 4.90 5.00 5.10 V 

'" V REF Line Regulation 12 V ,; Vi'; 25 V 6 20 6 20 mV 

'" VREF Load Regulation 1,; 10 '; 20 mA 6 25 6 25 mV 

'" VREF/"'T Temperature Stability (Note 2) 0.2 0.4 0.2 0.4 mV/oC 

Total Output Variation Line, Load, Temperature (Note 2) 4.9 5.1 4.82 5.18 V 

eN Output Noise Voltage 10Hz,; f ,; 10KHz TJ ~ 25°C 50 50 ~V 

(Note 2) 

Long Term Stability T amb ~ 125°C, 1000 Hrs (Note 2) 5 25 5 25 mV 

I" Output Short Circuit -30 -100 -180 - 30 -100 -180 mA 

OSCILLATOR SECTION 

Is Initial Accuracy T J = 25°C (Note 6) 47 52 57 47 52 57 KHz 

Voltage Stability 12~Vi~25V 0.2 1 0.2 1 % 

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

V4 Amplitude V P IN4 Peak to Peak 1.7 1.7 V 

ERROR AMP SECTION 

V2 Input Voltage VPIN1 = 2.5 V 2.45 2.50 2.55 2.42 2.50 2.58 V 

Ib Input Bias Current - 0.3 - 1 - 0.3 -2 IlA 

AvoL 2~Vo~4V 65 90 65 90 dB 

B Unity Gain Bandwidth (Note 2) 0.7 1 0.7 1 MHz 

SVR Supply Voltage 12 ~ V, ~ 25 V 60 70 60 70 dB 
Rejection 

10 Output Sink Current V PIN2 = 2.7 V VPIN1 = 1.1 V 2 6 2 6 mA 

10 Output Source Current VPIN2 = 2.3 V VPIN1 =5 V - 0.5 - 0.8 - 0.5 - 0.8 mA 

VOUT High V PIN2 = 2.3 V; 5 6 5 6 V 
RL = 15 KQ to Ground 

VOUT Low V PIN2 =2.7 V; 0.7 1.1 0.7 1.1 V 
RL=15 Kn to Pin 8 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions 

CURRENT SENSE SECTION 

Gv Gain (Notes 3 & 4) 2.85 

V3 Maximum Input Signal VPIN1 = 5 V (Note 3) 0.9 

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

Ib Input Bias Current 

Delay to Output 

OUTPUT SECTION 

ISINK = 20 rnA 
IOL Output Low Level 

ISINK = 200 rnA 

ISOURCE = 20 rnA 13 
IOH Output High Level 

ISOURCE = 200 rnA 12 

tr Rise Time Ti = 25°C CL = 1 nF 
(Note 2) 

tf Fall Time Ti = 25°C CL = 1 nF 
(Note 2) 

UNDER-VOLTAGE LOCKOUT SECTION 

X842/4 15 
Start Threshold 

X843/5 7.8 

Min. Operating Voltage X842/4 9 
After Turn-on X843/5 7.0 

PWM SECTION 

X842/3 93 
Maximum Duty Cycle 

X844/5 44 

Minimum Duty Cycle 

TOTAL STANDBY CURRENT 

1st Start-up Current 

I, Operating Supply VPIN2 = VPIN3 = 0 V 
Current 

Viz Zener Voltage 1,=25mA 

Notes: 2. These parameters, although guaranteec, are not 100%testec in production. 

4/8 
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3. Parameter measured at trip point of latch with VPIN2 = O. 
4. Gai n definec as : 

A= dVPIN1 ;0,;VPIN,,,0.8V 
d VPIN3 

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

OUlput frequency is one half oscillator frequency for the UC1844 and UCI845. 

3 3.15 2.8 3 3.2 VN 

1 1.1 0.9 1 1.1 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 rnA 

11 20 11 20 rnA 

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 
sink up to O.5mA 

Figure 2 : Under Voltage Lockout. 

VON 

"OFF 

UC1842 
UClS44 

16V 

10V 

2.5V 

lee 

UC1843 <t7mA 
UC1845 

8.4V 
<1mA 

Vee 

7.&11 "OFF VON 

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 

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

Figure 3: Current Sense Circuit. 

2R 

PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA 

ISmax~ 1.0 V 
Rs 

5-770911 

A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS. 
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5 

Figure 4. 

Rr'Cr 4 
I 
I 
: Cr 

'~"H 
I ______ 1 

Figure 6 : Timing Resistance vs. Frequency. 

RT~~r-Tr'-Tr~-'rr--'-~~-. 
(KnJ 

10 

'0' 10' 10' 10' f (Hz) 

Figure 8 : Error Amplifier Open-loop Frequency 
Response. 

G_5781 . 

GV t" (dB) 

80 

60 -45 

40 -90 

20 _,35 

-'80 

'0 '00 'K 10K lOOK 1M f(HZ) 
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Figure 5 : Deadtime vs. Cr (Rr > 5KQ). 

10 

I 

i I ---i--
I 
l 

0.3 '-------'-------'----'----------'-----' 

2.2 4.7 10 22 

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

Figure 9 : Open Loop Test Circuit. 

COMP VREF • 

VFB v, lW 

UC1842 
lKfi 

ISENSE OUTPUT OUTPUT 

RTfC r GROUND 

---~O GROUND 
Cr 

'--, ______________________________ ~.~~_" _________________ "" ___ J 
High peak currents associated with capacitive loads 
necessitate careful grounding techniques. Timing 
and bypass capacitors should be connected close 

Figure 10: Shutdown Techniques. 

SHUTDOWN 

3 iSENSE 

TO CURRENT 
SENSE RESISTOR 

5-111111 

Shutdown of the UC1842 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-

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. 

l 

1 COMP 

down condition at pins 1and/or 3 is removed. In one 
example, an externally latched shutdown may be 
accomplished by adding an SCR which will be reset 
by cycling Vi 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. 
---------------------------- -- -- --- -------

'2 
56"" 
2W 

"3 
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C5 

UOl .... "U1QJ\Q, 
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'~"""~--+-

R!llHQ 

Q, 

..-- 5GSPJ6i 

R13 RWl 

201';0 0.55.0 , .. 

co 
"",F 
600' 

"" H0613 27K.Q , .. 

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

Power Supply Specifications 
1. Input Voltage: 95 VAC to 130 VAC 

(50 Hz/50 Hz) 

2. Line Isolation: 3750 V 

3. Switching Frequency: 40 KHz 

4. Efficiency @ Full Load: 70 % 

Figure 12 : Slope Compensation. 

S-9461 

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

Ripple voltage: 50 mV P-P Max. 
g. + 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. 

~ Isense 

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. 

1- Clear 
2- Strobe 
3- Input 1 
4-lnput2 
5- Input 3 
6-lnput4 
7 - Input 5 
8- Input 6 
9- Input 7 

DIP-22 
(Plastic) 

ORDER CODE: UCN4801ADP 

22 - Output enable 
21- Vcc 
20- Output 1 
19- Output 2 
18- Output 3 
17 - Output 4 
16- Output 5 
15- Output 6 
14- Output 7 

14 

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

11 12 
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change withou1 notice. 
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UCN4801A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vo Output Voltage 50 V 

Vee Supply Voltage 18 V 

VI Input Voltage Range - 0.3 to Vee + 0.3 V 

Ie Continuous Collector Current 500 mA 

Ptot Power Dissipation' 2.0 W 

Top Operating Ambient Temperature Range - 20 to + 85 °C 

Tstg Storage Temperature - 55 to + 125 °C 

• Derate atthe rate of 20 mrc above T,mb ~ + 25·C 

SCHEMATIC DIAGRAM 

Input N Common 

/----.-~ Output N 
Strobe 

Clear 

Outpu t enalje 

CONTROL LATCH . DRIVER 
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UCN4801A 

ELECTRICAL CHARACTERISTICS Tamb = + 25 ae, Vee = 5 V (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

10 Output Leakage Current (Va ~ 50 V) [LA 
Tamb ~ + 25 'C - - 50 
Tamb ~ + 70 'C - - 100 

VOISa!) Collector-emitter Saturation Voltage V 
10 ~ 100 mA - 0.9 1.1 
10 ~ 200 mA - 1.1 1.3 
10 ~ 350 mA, Vee ~ 7 V - 1.3 1.6 

Vila) Input Voltage - - 1 V 
V '(1 ) Vec ~ 15 V 13.5 - -

Vee ~ 10 V 8.5 - -

Vee~5V-(note1) 3.5 - -

R'N Input Resistance KU 
Vee ~ 15 V 50 200 -

Vee ~ 10 V 50 300 -

Vee ~ 5 V 50 600 -

leelon) Supply Current - Outputs Open mA 
(each stage) Vee ~ 15 V - 1 2 

Vee ~ 10 V - 0.9 1.7 
Vee ~ 5 V - 0.7 1 

leeloll) All Drivers off, All Inputs ~ 0 V - 50 100 [LA 

IR Clamp Diode Leakage Current (VR ~ 50 V) [LA 
Tamb ~ + 25°C - - 50 
T amb ~ + 70°C - - 100 

VF Clamp Diode Forward Voltage IF ~ 350 mA - 1.7 2 V 

Note: 1. Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to Insure the minimum 
logic '"["'. 

TRUTH TABLE 

INN Strobe 

0 1 

1 1 

X X 

X X 

X 0 

x = irrelevant 
t-1 = previous output state 
t = present output state 

Clear 

0 

0 

1 

X 

0 

Output 

Enable 

0 

0 

X 

1 

0 

OUTN 

t-1 t 

X OFF 

X ON 

X OFF 

X OFF 

ON ON 

Information present at an input is transferred to its latch when the 
STROBE is high. A high CLEAR input will set all latches to the output 
OFF condition regardless of the data or STROBE input levels. A high 
OUTPUT ENABLE will set all outputs to the OFF condition regardless 
of any other input conditions. When the OUTPUT ENABLE is low, the 
outputs depend on the state of their respective latches. 
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UCN4801A 

TIMING CONDITIONS 
,---------------------------------------------------------

(Logic levels are Vcc and GND) Vcc = 5 V, Tamb + 25'C 

CLEAR--------------------------------

STROBE-----' 

~~~~~~---4--+------+---~-------t-----J 

-• Er--
OUTN ___ -' '-____ --'IIL __ .-J I I 

~------------- ------ ---- ------~ 
A. Minimum data active time before strobe enabled (data set-up time) 
B. Minimum data active time after strobe disabled (data hold time) 
C. Minimum strobe pulse width 
D. Typical time between strobe activation and output on to off transition 
E. Typical time between strobe activation and output off to on transition 
F. Minimum clear pulse width 
G. Minimum data pulse width 

o~ 
II 

~ 450 
f-
f-

400 « 
« 
E 

!" 350 

f-

~ 300 

...... :\ 1'\1\ 
1\ 

\ 1\- r"\ '\, 
r-e- l\.t\. 

a: 
a: 
:> 250 u 
a: ~ll'-
0 

200 f-

~ 
-' 150 
0 

+-- /fB 
r-e- Number of outputs 

conducting r-e- simultaneously 
u 
w 

100 -' I I J J 

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

0 

I 
lor 2 

I'-... 3r'--

4 ..... 
I' r-- ,... 
I' 
r'-- "' -""1"'> 

"'-
r--
r--f'::: 

'" «. 10 20 30 40 50 60 70 80 90 100 

'" g 
-' PERCENT DUTY CYCLE 

'" 
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• 32-BIT SHIFT REGISTER WITH LATCHES 
• DECODING LOGIC CIRCUIT 
• LOW TO HIGH VOLTAGE INTERFACE FOR DI­

RECT CONNECTION TO 32 ELECTRODES 

DESCRIPTION 
UEB4732 is a BIMOS* IC's especially designed to 
provide selective and sustain signals needed by the 
X and Y electrodes of an A.C. plasma panel. 

Realizing a complete A.C. plasma panel control sys­
tem requires only UEB4732 and two high voltage 
common amplifiers for rows and columns of the pa­
nel. The whole network is driven by a few CMOS lo­
gical signals. 
• Bipolar CMOS and complementary DMOS on same chip. 

PIN CONNECTION 

Clock 

Inverting input 

Strobe 

Output 1 

Output 2 

Output 3 

Output 4 

Output 5 

Output 6 

Output 7 

Output 8 

Output 9 

Output 10 

Output 11 

Output 12 

Output 13 

Output 14 

Output 15 

Output 16 

VA3 

September 1988 

VCC1 

01 

Ground (logic) 

Output 32 

Output 31 

Output 30 

Output 29 

Output 28 

Output Il 

Output 26 

Output 25 

Output 24 

Output 23 

Output Z2. 

Output 21 

Output 20 

Output 19 

Output 18 

Output 17 

VA2 

UEB4732 

A.C. PLASMA PANEL DRIVER 

1-------· .- ----- --.- ··---·--1 

i 

I 

I 

I 

I 

I 
I 

DIP-40 
(Plastic) 

ORDER CODE: UEB4732DP 

L-___ _ J 

4 CMOS compatible logic inputs: 01, Clock, 
Strobe, Inv. 

32 totem pole 100 V outputs, with clamping 
diodes to the VA2 and VA3 inputs. 

Logic supplies (Ground and VCC1) separated 
from hight voltage (VA2, VA3) to avoid distur­
bances. 
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UEB4732 

TYPICAL APPLICATION 

Power supply 

(Gnd, -I 12 V, + 100 V, - 100 V) Logica) command 

II 

V 
, 

HV U~B 
Power supply 

~ ~ 4737 
AMPLI 

Floating 

A. 
Translator 

power 

supplV 

~ 
UEB .. COLUMNS 

F 
I ..-

4732 () 

" I 
I 

11 
9 

1 ~-0 
!J 
I Vee UEB _ c 
a 

VA2 .. 
4732 _ To 32 

1 
electrodes K A.C 

VA3 .. - 0 
s - w PLASMA PANEL 
I S 

= 9 01 .. 
n 
a Clock ... = 1 Srrobe ..... ::: 5 

InV .... 
-+ 

i 
.. 

216 
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UEB4732 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit _. 

VCC1 Logic Supply Voltage 18 V 
._-------------_._-----

VA2 V A2 Voltage (V A2 ;" V A3) 120 V 

VA3 VA3 Voltage 10 V 
._-- ---------- ---- ... ---------

Vi Input Voltage Range - 0.3 to VCC1 + 0.3 V 
------ ------ ---_.-

NOTE: Voltage values are with respect 10 network ground terminal (ground logic). 

SCHEMATIC DIAGRAM 
,---------------------------------------~. 

Clock DI 

1 

31·blt 
shift 

register 

Invert ing 
Strobe mput VA2 VA3 

Output 
stage 

"----.... ~---~----.... ----~ 
For 1 outpuT 

, I) elp.(·, ndf'~ 

ELECTRICAL OPERATING CHARACTERISTICS (over recommended operating range) 

Symbol Parameter Min. Typ. Max. 

VOH High Level Dropout Voltage (for one output) V A2 > 20 V 
-IOH=-10mA 5 10 
-loH=-20mA 10 20 

VOL Low Level Dropout Voltage (for one output) V A3 = Ground 
- 10L = 10 mA 5 10 
-IOL = 20 (llA 10 20 

VOK Dropout Clamp Voltage 
- 10 = ± 100 mA in One Output 2 
- 10 = ± 100 mA Simultaneously in the 32 Outputs 3 

fclock Maximum Clock Pulse Frequency 4 8 

• All typical values are alVcc1= 12V, T"",= 25°C. 

Unit 

V 

V 

V 

MHz 
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UE84732 

RECOMMANDED OPERATING CONDITIONS (voltage values are referred to .logic ground of the Ie) 

Symbol Parameter 

Vee Logic Supply Voltage 

VA2 V A2 Voltage (VA2 ;0, VA3) 

VA3 VA3 Voltage 

10 Peak Current (for one output) 
- High Level V A2 > 20 V 
- Low Level VA3 = Ground 

10 Peak Clamp Current (for one output) 

Tamb Operating Free Air Temperature 
UEB4732 

FUNCTION TABLE 

Inputs Shift Register Latchs 
Functions Data Strobe 

Clock Inv. R1 R2 R32 L1 L2 

LOAD H l' X X H R1n R31n R1s R2s 
L l' X X L R1n R31n R1s R2s 

LATCH X H L J. R1n R2n R32n R1n R2n 
X H H J. R1n R2n R32n R1n R2n 

STROBE X X L L Levels at R1 through R1s R2s 
X X H L R32 depend only on R1s R2s 
X X L H data and clock (see R1 R2 
X X H H "load"). R1 R2 

H = High level L = Low level X = Irrelevant 

i = Low to high transition J. = High to low transition 

For the outputs. the high level (H) is VA2, the low level (L) is VA'. 

R1 ...... R32 = Levels currently at internal outputs of shift register. 

R1 n .... R32n = Levels at shift register outputs R1 through R32, respectively, before the most recent i 
transition of clock. 

R1 s .... R32s = Levels at shift register outputs R1 through R32, respectively, before the most recent J. 
transition of strobe (levels currenfly stored by the 32 latchs L 1 through L32). 

R1s ..... R32s = Logical inversion of R1s ..... R32s. 
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Min. Typ. Max. Unit 

10 15 V 

- 0.6 120 V 

- 0.6 10 V 

mA 
- 20 

20 

± 100 mA 

°C 
0 + 70 

Outputs 

L32 01 02 032 

R32s Levels at 01 through 
R32s 032 depend on Inv. 

and strobe (see 
"strobe"). 

R32n R1n R2n R32n -- -- --
R32n R1n R2n R32n 

R32s R1s R2s R32s -- -- --R32s R1s R2s R32s 
R32 L L L 
R32 H H H 



UEB4732 

SCHEMATIC OF ONE OUTPUT STAGE 
"----------------------_ .. 

...---t---i> OUTPUT 

FROM 

LOGIC 

------__ ~----------4_----~------VA3 

DESCRIPTION 
The UEB4732 is designed to provide easily the line 
and the column select operation of a plasma display 
panel. For an use on the X axis of the panel, the Inv. 
input is set at a steady low level, the outputs are nor­
mally low and are selectively switched high when 
the strobe input is low. For an use on the Y axis of 
the panel, the Inv. input is set at a steady high level, 
the outputs are normally high and are selectively 
switched low when the strobe input is low (the 32 bit 
data is inverted). 

The Inv. input may also be used as a sustain input: 
when strobe is high, if the Inv. input is switched low, 
all outputs switch low, if the Inv. input is switched 
high, all outputs switch high. 

During the sustaining signal, VA2 = VA3 and the 
current flows through the two clamp diodes. 

During the selective signals (write and erase on 
the plasma panel), VA2 is at high voltage 
(typ.1 00 V, referred to logic ground) V A3 is equal 
to logic ground, and the output is selectively 
adressed by complementary by DMOS stage. 

Data is enterred serially in the shift register, on the 
low to high level transition of clock. It is stored in the 
32 latchs on the high to low level transition of strobe, 
so the outputs are stable during the low level of 
strobe, regradless of the state of clock and data, and 
a new data can be enterred immediately. 

The logical voltage reference (ground logic) and the 
high voltage reference (VA3) are separated to avoid 
disturbances. 

All output stages are complementary DMOS and 
contain clamp diodes to the VA2 and VA3 supply in­
puts. These diodes are designed to provide the peak 
current of the sustaining signal (typ. 100 mNoutput) 
without distorsion of the signal. 
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UEB4732 

TIMING DIAGRAM 

TYPICAL OPERATIONG SEQUENCE 

32 pulses 32 pulses 

Clock 

r tit "" r",,--.;.tIt--_, 
UlJlJl ________ .r-LJ1JUl _________ Jr----,L 

DI 

StrObe 

LJ 

::: } m~de __________ ~/lL _________ /L ::00 v 

,,---t + 100 V 

OutpuT , , " \ 0 V 

VAJ 

VA> 

Output 

y roode 

Sustam Write 

~ ,'OOV 

_______ J ~ o:v 

-------~ 

---------~ 
'---..,y--';/ 

Erase 

Note: X mode circuits are referred to ground. 
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Y mode ones are floating on sustaining voltage. 
In X mode, Inv. input is low. 
In Y mode, Inv. input is high. 



• SEVEN OARLINGTONS 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/PMOSIDTL 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 mAo 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: 

I 
ULN2001A General Purpose, DTL, TTL, PMOS, I 

CMOS . _________ ~ 

ULN~002A~4-2~ V PMOS ____I 

ULN2003A 5 V TTL, CMOS ~ 

ULN2004A 6-15 V CMOS, PMOS _ I 

ABSOLUTE MAXIMUM RATINGS 

ULN2001A-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 (SO-16) as 
ULN20010/20020/20030/20040. 

1--------_._------------ 1 

I i 
I 1 

I I 
I I 

i DIP-16 Plastic : 

I (0.251 i 

I 
I 

I 

I 

ORD::-~:JDES. JI 
ULN2001AJ2A/3AJ4A (DIP-16) 
ULN2001 D/2D/3D/4D (SO-16) 

-~-

-S--Y--~o-bO-I+-O-u-tP~tV~lt;ge ------ ~<l~<lmeter -- --- --J - -,,:It _--~l-U~~t -l 
f--V--,iC'-n ---t_I--,;;P_trt Voltage (f~r ULN2002A1D~oo3A;D=~~4A/[)L=~-_-_~~_~-=-__ ]0 ____ ~l-",,--

Ie Continuous Collector Current i 500 I mA 
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ULN2001A-ULN2002A-ULN2003A-ULN2004A 

PIN CONNECTION 

IN 1 

IN 2 

IN 3 

IN 4 4 

IN 5 

IN 6 

IN 1 

GND 

SCHEMATIC DIAGRAM 

COM 

.,,----+-~~OUT 

I 
I 
L_j4_---------

EACH DRIVER 

Series ULN-2001A 
(each driver) 

5- ).r.B9 

COM 

2.1kll r_---+---<r-00UT 

L_,. ________ _ 
EACH DRIVER 

Series ULN-2003A 
(each driver) 

s- 1989 

THERMAL DATA 

Thermal Resistance Junction-ambient 

214 

950 

5-197711 

16 OUT 1 

15 OUT 2 

14 OUT 3 

13 OUT 4 

12 OUT 5 

11 OUT 6 

10 OUT 1 

9 ~~~~~~G ~7MES 

COM 

10.Skll ~---+-~r-OOUT 

L_,. ________ _ 
EACH DRIVER 

Series ULN-2002A 
(each driver) 

I 
I 

* 
_ J 

COM 

10.Skll 
IN~ 

____ ----+-~~OUT 

I 
L _,. ________ _ 

EACH DRIVER 

Max. 

Series ULN-2004A 
(each driver) 

DIP-16 

70°C/W 

5_2571. 

SO-16 

165°C/W 



U LN2001 A-ULN2002A-ULN2003A-ULN2004A 

ELECTRICAL CHARACTERISTICS (Tamb ~ 25°C unless otherwise specified) 

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

ICEX Output Leakage Current VCE = 50 V 50 ~A 1a 
Tamb = 70 cC VCE = 50 V 100 f.lA 1a 
Tamb = 70°C 
for ULN2002A 
VCE = 50 V Vi = 6 V 
for ULN2004A 

500 ~A 1b 

VCE = 50 V V, = 1 V 500 flA 1b 

V CE(sat) Collector·emitter Ic = 100 mA 18 = 250 f.lA 0.9 1.1 V 2 
Saturation Voltage Ic = 200 mA 18 = 350 f.lA 1.1 1.3 V 2 

Ic = 350 mA 18 = 500 ~A 1.3 1.6 V 2 

li(on) Input Current for ULN2002A Vi = 17 V 0.82 1.25 mA 3 
for ULN2003A Vi = 3.85 V 0.93 1.35 mA 3 
for ULN2004A Vi = 5 V 0.35 0.5 mA 3 
Vi = 12 V 1 1.45 mA 3 

li(off) Input Current Tamb = 70°C Ic = 500 ~A 50 65 ~A 4 

Vi(on) Input Voltage for ULN2002A 
VCE = 2 V Ic = 300 mA 13 V 5 
for ULN2003A 
VCE = 2 V Ic = 200 mA 2.4 V 5 
VCE = 2 V Ic = 250 mA 2.7 V 5 
VCE = 2 V Ic = 300 mA 3 V 5 
for ULN2004A 
VCE = 2 V Ic = 125 mA 5 V 5 
VCE = 2 V Ic = 200 mA 6 V 5 
VCE = 2 V Ic = 275 mA 7 V 5 
VCE = 2 V Ic = 350 mA 8 V 5 

hFE DC Forward Current Gain for ULN2001A 
VCE = 2 V Ic = 350 mA 1000 - 2 

C i Input Capacitance 15 25 pF -

tpLH Turn-on Delay Time 0.5 Vi to 0.5 Va 0.25 1 ~s -
tpHL Turn-off Delay Time 0.5 Vi to 0.5 Va 0.25 1 ~s -

IR Clamp Diode Leakage VR = 50 V 50 ~A 6 
Current Tamb = 70°C VR = 50 V 100 ~A 6 

VF Clamp Diode Forward IF = 350 mA 1.7 2 V 7 
Voltage 
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ULN2001 A-U LN2002A-ULN2003A-ULN2004A 

TEST CIRCUITS 

Figure 1a. Figure 1b. 

Figure 2. Figure 3. 

OPEN 

I I 
I I 
I I OPEN 

5-1980 

I vi'=" 

~1. S -1986 

Figure 4. Figure 5. 

Figure 6. Figure 7. 
- -
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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 
mAo The ULN2064B, ULN2066B, ULN2068B and 
ULN2070B contain integral suppression diodes for 
inductive loads have common emitters. The 
ULN2074B 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. 

~ .. c .... 

1VVirrrtr 

POWERDIP 
12 + 2 + 2 

PIN CONNECTIONS (top view) and ORDER CODES 

1I--~-"""...---lI16 , 
, 2 

B J 

GN04 

GNO 5 

B 6 

September 1988 

ULN2064B 
ULN2068B 

1S NC 

" B 

12 GND 

" B 

10 NC 

, , ,"7" , 
, 2 tJir :: ,: 

B 6 

ULN2068B 
ULN2070B 

13 GNO 

11 GNO 

ULN2074B 
ULN2076B 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCEX Output Voltage 

VCE(sus) Output Sustaining Voltage 

10 Output Current 

Vi Input Voltage for ULN2066B/70B/74B/76B 
for ULN2064B/68B 

Ii Input Current 

Vs Supply Voltage for ULN2068B 
for ULN2070B 

Ptot Power Dissipation: at T amb = 90 DC 
at T amb = 70 DC 

Tamb Operating Ambient Temperature Range 

T stg Storage Temperature 

SCHEMATIC DIAGRAM 

2/8 
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.;----+--0 C 
B o---L=.J 

I 

* I ..... 
S - 5 9 20 

ULN2064B : RIN = 35 U 
ULN2066B : RIN = 3 kU 

Value 

50 

35 

1.75 

30 
15 

25 

10 
20 

4,3 
1 

- 20 to 85 

- 55 to 150 

Unit 

V 

V 

A 

V 
V 

mA 

V 
V 

W 
W 

DC 

DC 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 
. ----------- .. --~- .. --- - --,----- -

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig 
-- -------- "----------- --- - --. --- - .-~-. ~----- ---_.-

ICEX Output Leakage Current for ULN2064B - ULN2066B 
VCE =50 V 100 >LA 1 
VCE =50 V T amb = 70°C 500 IlA 

VCE(sus) Collector-emitter for ULN2064B - ULN2066B 
Sust<iining Voltage Ic=100mA Vi = 0-4 V 35 V 2 

--------- --- -- ---- -
VCE(sat) Collector-emitter Ic = 500 mA Is =6251lA 1-1 V 

Saturation Voltage Ic = 750 mA Is = 935 IlA 1-2 V 
3 

Ic = 1 A Is = 1-25 mA 1.3 V 
Ic = 1.25 A Is = 2 mA 1-4 V 

--- -------~--- - ... ---- --
li(on) Input Current for ULN2064B Vi = 2-4 V 1-4 4.3 mA 

for ULN2064B Vi = 3.75 V 3.3 9.6 mA 
4 

for ULN2066B V, =5 V 0.6 1.8 mA 
for ULN2066B Vi = 12 V 1.7 5-2 mA ----_.- -_. -----------~ -- r----- -- .. _-"-

Vi(on) Input Voltage for ULN2064B 
VCE = 2 V Ic = 1 A 2 V 
VCE = 2 V Ic=15A 2.5 V 
for ULN2066B 5 
VCE = 2 V Ic = 1 A 65 V 
VCE = 2 V Ic=15A 10 V 

-- ... _- ---- r- .. _- --r-----
tpLH Turn - on Delay Time 0.5 Vi to 0.5 Vo 1 Ils ------- ----r-----
tpHL Turn - off Delay Time 0.5 Vi to 0.5 Vo 1.5 Ils 

---

IR Clamp Diode Leakage for ULN2064B - ULN2066B 
Current V R = 80 V 50 IlA 

VR = 80 V T amb = 70°C 100 IlA 
6 

-- - -- --
VF Clamp Diode Forward IF = 1 A 1.75 V 

Voltage IF = 1.5 A 2 V 7 

Noles: 1. Input voltage is with reference to the substrate (no connection to any other pins) for the ULN2074B and ULN2076B refe­
rence is ground for all other types. 

2. Input current may be limited by maximum allowable input voltage. 

SCHEMATIC DIAGRAM 

B ..-----+---(') C 

I 
I 
~ 

5-5922 

ULN2068B : RIN = 2.5 kQ 
ULN2070B : RIN = 11.6 kQ 

Rs= 9000 
Rs= 3-4 KHO 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

ELECTRICAL CHARACTERISTICS (V s = 5 V for ULN2068B, V s = 12 V for ULN2070B, Tamb = 25 "C 
unless otherwise specified) 

Symbol Parameter 

ICEX Output Leakage Current 

VCE(suS) Collector-emitter 
Sustaining Voltage 

VCE(sa!) Collector-emitter 
Saturation Voltage 

li(on) Input Current 

Vi(on) Input Voltage 

Is Supply Current 

tpLH Turn-on Delay Time 

tpHL Turn-off Delay Time 

IR Clamp Diode Leakage 
Current 

VF Clamp Diode Forward 
Voltage 

SCHEMATIC DIAGRAM 

B 
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Test Conditions 

for ULN2068B - ULN2070B 
VCE =50 V 
VCE =50 V T amb = 70 DC 

for ULN2068B - ULN2070B 
Ic = 100 mA Vi = 0.4 V 

for ULN2068B 
Ic =500 mA Vi = 2.75 V 
Ic = 750 mA Vi = 2.75 V 
Ic = 1 A Vi = 2.75 V 
Ic = 1.25 A Vi =2.75 V 
for ULN2070B 
Is =500 mA Vi =5 V 
'8 = 750 mA Vi =5 V 
Is = 1 A Vi =5 V 
'8 = 1.25 A Vi =5 V 

for ULN2068B Vi =2.75 V 
for ULN2068B Vi =3.75 V 
for ULN2070B Vi =5 V 
for ULN2070B Vi = 12 V 

VCE = 2 V Ic = 1.5 A 
for ULN2068B 
for ULN2070B 

for ULN2068B 
Ic =500 mA Vi = 2.75 V 
for ULN2070B 
Ic =500 mA Vi =5 V 

0.5 Vi to 0.5 Vo 

0.5 Vi to 0.5 Vo Ic = 1.25 A 

for ULN2068B - ULN2070B 
VR = 50 V 
VR = 50 V T amb = 70 DC 

IF = 1 A 
IF = 1.5 A 

~-....--oc 

S-5921. 

ULN2074B : RIN = 350 Q 
ULN2076B : RIN = 3 kQ 

E 

Min, Typ, Max. Unit Fig 

100 ~A 1 
500 ~A 

35 V 2 

1.1 V 
1.2 V 
1.3 V 
1.4 V 

2 
1.1 V 
1.2 V 
1.3 V 
1.4 V 

550 ~A 
1000 ~A 
400 ~ 4 

1250 ~A 

2.75 V 5 
5 V 

6 mA 
8 

4.5 mA 

1 ~s 

1.5 ~s 

50 ~A 6 
100 ~A 

1.75 V 7 
2 V 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

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

Symbol . Parameter i Test Conditions Min. Typ. 

~~1":J~1 I 

_0_-
ICEX Output Leakage Current for ULN20748 - ULN20768 

VCE=50V 
VCE = 50 V T amb = 70 "C --U---r -.. ----~~--- - -- - --

VCE(sus) Collector-emitter for ULN20748 - ULN20768 

ffl~ Sustaining Voltage Ic = 100 mA V, = 0.4 V 35 

VCF(sat) Collector-emitter Ic = 500 mA 18 =625 [lA 1.1 V 
Saturation Voltage Ic = 750 mA 18 = 935 [lA 

1 
I 1.2 I V ' 3 ' 

Ic = 1 A 18 = 1.25 mA 
1 

I 1.3 V 
Ic = 1.25 A 18 = 2 mA -+---- 1.4 V 

- - - - --- - -_.- ---

l'lon) Input Current for ULN20748 V, = 2.4 V i 1.4 4.3 mA 
for ULN20748 Vi =3.75 V I 

3.3 9.6 mA 
for ULN20768 V, =5 V 0.6 1.8 mA 4 

for ULN20768 Vi = 12 V ! 1.7 5.2 mA 
--1---- .----

V1(on) Input Voltage for ULN20748 
VCE = 2 V Ic = 1 A 2 V 
VCE = 2 V Ic=1.5A 2.5 V 

I 

for ULN20768 5 
VCE = 2 V Ic = 1 A 6.5 V 
VCE = 2 V Ic = 1.5 A 10 V 

tpLH .1 Turn-on Delay Tim-; 0.5 V, to 0.5 Vo 1 [ls 

tpHL Turn-off Delay Time 0.5 V, to 0.5 Vo i .L..1~ [ls 
----

TEST CIRCUITS 

Figure 1. Figure 2. 

I I--------;p~---~I 

I : 

I 
I 
! 
1 

Figure 3. 

OPEN 

Ie 

L-______ ~ _________ _ 

Figure 4. 

I 
1 

I 

I 

l 

OPEN 

OPEN 

5-1966 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

Figure 5. 

OPEN 

Figure 7. 

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

15 2.0 2.5 3.0 3.S 4_0 4.!J 5.0 Vj(VJ 

6/8 

958 

Figure 6. 

,.,A 

OPEN~ 
0- V--

5-5721 __ 

FigureS. 

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

10 11 



ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

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

Ie 
(AI 

1.5 ~ --+ 
MAXIMUM 
REQUIRED I, ~. 

I I 

. - L j 

0.5 

UlN 2064/66B 
ULN 207411681 

- ~T=r-t=~ 
J I 

1.0 20 

TYPICAL APPLICATIONS 

Figure 12: Common-anode LED Drivers. 

If;n,fl~l/t~,t/, 

"U,tlf/f; / 

Figure 13: Common-cathode LED Drivers. 

i 
I 

_____ J 
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B 

MOUNTING INSTRUCTIONS 

The Rthj-amb can be reduced by soldering the GND 
pins to a suitable copper area of the printed circuit 
board (Fig. 14) or to an external heatsink (Fig. 15). 

The diagram of figure 16 shows the maximum dis­
sipable power Ptot and the Rth j-amb as a function of 
the side "a" of two equal square copper areas ha­
ving a thickness of 35 Jl (1.4 mils). 

Figure 14: Example of P.C. Board Copper Area 
which is Used as Heatsink. 

(OPPER AREA 3'J)J THICKNfSS 

P. c. BOARD 

Figure 16: Maximum Dissipable Power and 
Junction to Ambient Thermal 
Resistance vs. Side "a". 

G 3558 

10 20 30 .t,O I (mm) 

8/8 
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During soldering the pins temperature must not ex­
ceed 260 'C 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 15: External Heatsink Mounting Example. 

I 

~ 

Figure 17 : Maximum Allowable Power Dissi­
pation vs. Ambient Temperature. 

G 1559 
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ULN2065B ULN2067B 
ULN2069B ULN2071 B 
ULN2075B ULN20778 

80 V - 1.5 A QUAD DARLINGTON SWITCHES 

• OUTPUT CURRENT TO 1.5 A EACH DARLING-
TON 

• MINIMUM BREAKDOWN 80 V 

tible with 6-15 VCMOS and PMOS. The ULN2069B 
and ULN2071 B include a predriver stage to provide 
extragain, reducing the load on control logic. 

• 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 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 
80 V and a sustaining voltage of 50 V. The 
ULN2065B, ULN2067B, ULN2069B and 
ULN2071 B contain integral suppression diodes for 
inductive loads and have common emitters ; the 
ULN2075B and ULN2077B feature isolated darling­
ton pinouts and are intended for applications such 
as emitter follower configurations. Inputs of the 
ULN2065B, ULN2069B and ULN2075B are compa­
tible with popular 5 V logic families and the 
ULN2067B, ULN2071 Band ULN2077B are compa-

PIN CONNECTIONS AND ORDER CODES 

POWERDIP 
12 + 2 + 2 

,---------~ - .. ~-~~,----,~,-----,- - - - - ~~---'----

September 1988 

ULN2065B 
ULN2067B 

: : _~tTIT:: : 
I, 

e J I . 1~ Vs 

GND ~ 1 I - 13 GND 

0"; J..I " G," 

B 6~ir 
,,7 I' JjL_ 
C B 

ULN2069B 
ULN2071 B 

C " 

ULN2075B 
ULN2077B 

1/8 
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

ABSOLUTE MAXIMUM RATINGS 

~SymbOI - - - Parameter I Value Unit 

f~ VCEX Output Voltage i 80 V 

I VCE!sus) Output Sustaining Voltage 50 V 

I 10 Output Cu rrent 1 .75 A 

\ Vi Input Voltage for ULN2075B - 2077B 60 V 
I for ULN2067B - 2071 B 30 V 
~. __ ~0~~~0~E3. ____ 206~B ____________ ~___ V I 
I II Input Current 25 mAl 

i - ~ Vs I Supply VoltaQ'efo;--ULN2069S------------ 1-- 10 V 

__ --+-- forULN2071B_________ ____ ~O _____ +-_V_~ 
Ptot i Power Dissipation: at T pins = 90°C 4.3! W I 

\ at T amb = 70°C 1 I W . 

T amb [Operating Ambient Temperature Range - 20 to 85 I °C I 
T stg [Storage Temperature - 55 to 150 \ °C I 

SCHEMATIC DIAGRAM 
,---------------------------------------

B 

2/8 

962 

/"'----+---0 c 

ULN2065B : RIN = 350 Q 
ULN2067B : RIN = 3 kQ 



" ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2~ 

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

Symbol Parameter Test Conditions Min. Typ.1 Max. U~itT~~ 
ICEX Output Leakage Current for ULN20658 - ULN20678 

I VCE = 80 V 100 ~lA ! 
VCE =80 V Tamb = 70 'C 500 flA 

VCE(sus) Collector-emitter for ULN20658 - ULN20678 
Sustaining Voltage Ic = 100 mA Vi = 0.4 V 50 V 2 

. ------.-~---.-

, VCE(sal) Collector-emitter Ic = 500 mA 18 = 625 ~A 1.1 V 
Saturation Voltage Ic = 750 mA 18=935~A 1.2 V 

Ic = 1 A 18 = 1.25 mA 1.3 V 3 
Ic = 1.25 A 18 = 2 mA 1.4 V 
for ULN20658 - ULN20678 
Ic = 1.5 A 18 = 2.25 mA 1.5 V 

li(on) Input Current for ULN20658 Vi = 2.4 V 1.4 4.3 mA 
for ULN20658 Vi = 3.75 V 3.3 9.6 mA 

4 for ULN20678 Vi =5 V 0.6 1.8 mA 
for ULN20678 Vi = 12 V 1.7 5.2 mA 

Vi(on) Input Voltage for ULN·20658 
VCE = 2 V Ic = 1 A 2 V 5 
VCE = 2 V Ic = 1.5 A 2.5 V 
for ULN20678 
VCE = 2 V Ic = 1 A 6.5 V 
VCE = 2 V Ic = 1.5 A 10 V 

tpLH Turn-on Delay Time 0.5 Vi to 0.5 Vo 1 ~s 

tpHL ..... :rul"n-off D~lay Time 0.5 Vi to 0.5 Vo 1.5 ~s 

IR Clamp Diode Leakage for ULN20658 - ULN20678 
Current VR = 80 V 50 ~A 

VR = 80 V T amb = 70 'C 100 ~A 
6 

VF Clamp Diode Forward IF = 1 A 1.75 V 
Voltage IF = 1.5 A 2 V 7 

._.----- ----_. ------_. -------_ .. _-
Notes: 1. Input voltage is with reference to the substrate (no connection to any other pins) for the ULN2075B and ULN2077B refe· 

renee is ground for all other types. 
2. Input current may be limited by maximum allowable input voltage. 

SCHEMATIC DIAGRAM 

B ~--+----() C 

: 
I 

* I 
I .... 

5-5922 

ULN2069B : RIN = 2.5 KQ, 
ULN2071 B : RIN = 11.6 KQ, 

Rs= 900Q 
Rs = 3.4 KQ 

3/8 
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35B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

_ECTRICAL CHARACTERISTICS (V s = 5 V for ULN2069S, V s = 12 V for ULN2071 S, 
T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICEX Output Leakage Current 

VCE(sus) Collector-emitter 
Sustaining Voltage 

VCE(sat) Collector-emitter 
Saturation Voltage 

li(on) Input Current 

Vi(on) Input Voltage 

Is Supply Current 

tpLH Turn-on Delay Time 

tpHL Turn-off Delay Time 

IR Clamp Diode Leakage 
Current 

VF Clamp Diode Forward 
Voltage 

SCHEMATIC DIAGRAM 

4/8 
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Test Conditions 

for ULN2069B - ULN2071 B 
VCE=80V 
VCE=80V T amb = 70°C 

for ULN2069B - ULN2071 B 
Ic=100mA Vi = 0.4 V 

for ULN2069B 
Ic=500mA Vi = 2.75 V 
Ic = 750 mA Vi =2.75 V 
Ic = 1 A Vi = 2.75 V 
Ic = 1.25 A Vi =2.75 V 
Ic = 1.5 A Vi =2.75 V 
for ULN2071 B 
Ic=500mA Vi =5 V 
Ic = 750 mA Vi =5 V 
Ic = 1 A Vi =5 V 
Ic =1.25A Vi =5 V 
Ic = 1.5 A Vi =5 V 

for ULN2069B Vi = 2.75 V 
for ULN2069B Vi =3.75 V 
for ULN2071 B Vi =5 V 
for ULN2071 B Vi = 12 V 

VCE =2 V Ic = 1.5 A 
for ULN2069B 
for ULN2071 B 

for ULN2069B 
Ic = 500 mA Vi = 2.75 V 
for ULN2071 B 
Ic = 500 mA Vi =5 V 

0.5 Vi to 0.5 Vo 

0.5 Vi to 0.5 Vo Ic = 1.25 A 

for ULN2069B - ULN2071 B 
VR = 80 V 
VR = 80 V Tamb = 70°C 

IF = 1 A 
IF = 1.5 A 

___ ---.,--0 c 

5-5924 

ULN2075B : RIN = 350 n 
ULN2077B : RIN = 3 kn 

E 

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. 

IlA 1 IlA 

V 2 

V 
V 
V 2 
V 
V 

V 
V 
V 
V 
V 

IlA 
IlA 
IlA 

4 

IlA 

V 5 

mA 
8 

mA 

!lS 

!lS 

IlA 6 IlA 
V 
V 7 



ULN20658-ULN20678-ULN20698-ULN20718-ULN20758-ULN20778 

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

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

IcEX Output Leakage Current for ULN2075B - ULN2077B 
VeE = 80 V 100 f.lA 
VeE =80V T amb = 70 'C 500 f.lA 

1 

VeE(,Us) Collector-emitter for ULN2075B - ULN2077B 
Sustaining Voltage Ic=100mA Vi = 0.4 V 50 V 2 

VeE(,at) Collector-emitter Ic = 500 mA 18 = 625 f.lA 1.1 V 3 
Saturation Voltage Ic = 750 mA 18 = 935 IlA 1.2 V 

Ic = 1 A 18 = 1.25 mA 1.3 V 
Ic = 1.25 A 18 = 2 mA 1.4 V 
for ULN2075B - ULN2077B 
Ic = 1.5 A 18 = 2.25 mA 1.5 V 

li(on) Input Current for ULN2075B V, = 2.4 V 1.4 4.3 mA 4 
for ULN2075B V, = 3.75 V 3.3 9.6 mA 
for ULN2077B V, = 5 V 0.6 1.8 mA 
for ULN2077B Vi = 12 V 1.7 5.2 mA 

V,(on) Input Voltage for ULN2075B 5 
VeE = 2 V Ie = 1 A 2 V 
VCE = 2 V Ie = 1.5 A 2.5 V 
for ULN2077B 
VeE = 2 V Ic = 1 A 6.5 V 
VCE = 2 V Ie = 1.5 A 10 V 

tpLH Turn-on Delay Time 0.5 Vi to 0.5 Va 1 f.ls 

tpHL Turn-off Delay Time 0.5 Vi to 0.5 Va 1.5 f.lS 

TEST CIRCUITS 

Figure 1. Figure 2. 

OPEN 

Figure 3. Figure 4. 

OPE.N OPEN 

OPEN 

5-5927 
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

Figure 5. 

Figure 7. 

Figure 9 : Input Current as a Function of 
Input Voltage. 
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Figure 6. 

Figure 8. 

l 
I 
I 
i 
I 
I 

_J 

I 

_J 
Figure 10 : Input Current as a Function of 

Input Voltage. 
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

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

Ie 
tAl 

1.5 

1.0 

0.5 

~~-~--~--e--+--+--+-

1.0 2.0 ).0 I, (mAl 

MOUNTING INSTRUCTIONS 
The Rth j-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 "oc" of two equal square copper areas ha­
ving a thickness of 35 Il (1.4 mils). 

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

(OPPER AREA ]5}' THICKNESS 

P c. BOARD 

During soldering the pins temperature must not ex­
ceed 260°C 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. 

~ SGS-niOMSON .. '1' I&iD©OOlll!.rn~OO@IlID©$ 
7/8 
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN2075B-ULN2077B 

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

Ptot r--r-,----,---,--,-r--r-.,-''''T''-JRt h 

(W) (-CfW) 

-+- -+--+--1 80 

-~ 60 

20 

10 20 30 .t,O I (mm) 
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Figure 15: Maximum Allowable Power Dissipa­
tion vs. Ambient Temperature. 
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• 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 ULN2801 A-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 with 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 1 1 

IN 2 2 

IN 3 3 

IN 4 4 

IN 5 5 

IN 6 6 

ULN2801A 
ULN2802A ULN2803A 
ULN2804A ULN2805A 

EIGHT DARLINGTON ARRAYS 

the ULN2804A has a 1 0.5 KQ input resistor for 6-15 
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 in a 18-lead plastic DIP with 
a copper lead from and feature the convenient in­
put-opposite-output pinout to simplify board layout. 

DIP-18 
(Plastic) 

'------------- ---.-........! 

I 

I 

18 OUT 1 

17 OUT 2 

I 

16 OUT 3 

-- 15 OUT 4 

14 OUT 5 

13 OUT 6 

I 
IN 7 7 r"""1-t--i1'2 OUT 7 

I 

IN 8 8 

GND 9 

11 OUT B 

'() COMMON FREE 
WHEELING OIOO£S I 

5-)1.90/1 ~ 
'-------------------------------_._------_.-

September 1988 1/6 
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UlN2801 A-U lN2802A-U lN2803A-UlN2804A-U lN2805A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value i Unit 

Vo Output Voltage 50 i V 

Vi Input Voltage for ULN2802A, 2803A, 2804A 30 
I 

V 
for ULN2805A 15 V 

Ie Continuous Collector Current 500 I mA 

18 Continuous Base Current 25 I mA 

Ptot Power Dissipation (one Darlington pair) 1,0 I W 
(total package) 2.25 I W 

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

I Tamb Operating Ambient Temperature Range - 20 to 85 °C r---.-1-- .--~~~. 

I T stg Storage Temperature Range - 55 to 150 °C 
~.-- ~--.~--. 

SCHEMATIC DIAGRAM AND ORDER CODES 

For ULN2801A (each driver for PMOS-CMOS) For ULN2802A (each driver for 14-15 V PMOS) 

, , L_,... ________ _ 

I 

L._~~~~~~~~~ _____ J 

For ULN2803A (each driver for 5 V, TTUCMOS) 

2.7kn <-----.------+ -"T--{)our 
INO----r-------c:::J- - T / 

: i -,--I:.., 
: L~o~o~ ... 

1 '''"' 
,. 

EACH DRIVER 

For ULN2805A (each driver for high out TTL) 
-~-l 

2/6 
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r -JIoI-----<)COM 

For ULN2804A (each driver for 6-15 V 
CMOS/PMOS 

I -Ji+--{)COM 

'N~~~O I ,~I '"0-1 J-I VO

"' 

-1~ ~-}-- I 

_~ __ __J 

EACH DRIVER 



ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

THERMAL DATA 

~-ambl T~ermal Resistance Ju~;ionamb~n; u-M~=_=---- -55 ---~-;'C!WJ 
------------------------

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

isymbol 
- - --- ---,---- --------,.- -- - ... 

Min;i-iyp. 

:~~~rTr':1 
Parameter Test Conditions 

i 
--_.----,-- ------

ICEX Output Leakage Current VCE = 50 V 
T amb = 70 cC VCE = 50 V I 

I 
I T amb = 70 °C 

for ULN2802A I ' 

VCE = 50 V V, = 6 V 
1 

500 ~IA 1b I 

for ULN2804A I 

VCE=50V V, = 1 V 
] 

500 flA 1b 
--- -- ------- --.,- -- --- - - - ---- - -- --- - 1- -

VCE(sa!] Collector-emitter Ic = 100 mA IB = 250 flA 0.9 1.1 V 
Saturation Voltage Ic = 200 mA IB = 350 flA 1.1 1.3 V 2 

Ic = 350 mA IB =500 flA 1.3 1.6 V 
1-- ---- -- ---- - ---------.-.---- -----.---- ---------------- ------- --- --

) I i(on) Input Current for ULN2802A Vi = 17 V 0.82 1.25 mA 
I for ULN2803A Vi = 3.85 V 

093 U" mA 
] 

for ULN2804A Vi =5 V 0.35 0.5 mA 3 

l Vi = 12 V 1 1.45 mA 
for ULN2805A Vi = 3 V 1.5 2.4 mA 

-------- ------ ,---- ---f----

~(Off] Input Current T amb = 70°C Ic = 500 flA 50 65 I IlA 4 

i Vilon) Input Voltage for ULN2802A 

I VCE = 2 V Ic = 300 mA 13 V 

] for ULN2803A 
] VCE = 2 V Ic = 200 mA 2.4 V 
I VCE = 2 V Ic = 250 mA 2.7 V 

I VCE = 2 V Ic = 300 mA 3 V 
] for ULN2804A 5 
I VCE = 2 V Ic = 125 mA 5 V 
I VCE = 2 V Ic =200 mA 6 V 

VCE = 2 V Ic = 275 mA 7 V 
VCE = 2 V Ic = 350 mA 8 V 
for ULN2805A 
VCE = 2 V Ic = 350 mA 2.4 V 

--

hFE DC Forward Current Gain for ULN2801A I 
VCE = 2 V Ic = 350 mA 1000 ! - 2 

Ci Input Capacitance 15 I 25 pF -
tpLH Turn-on Delay Time 0.5 Vi to 0.5 Va 0.25 I 1 fls -

tpHL Turn-off Delay Time 0.5 Vi to 0.5 Va 0.25 I 1 ~IS -

IR Clamp Diode Leakage VR = 50 V 50 IlA 6 
Current Tamb = 70 DC VR = 50 V 100 IlA 

VF Clamp Diode Forward IF = 350 mA 
------_·_--1 

1.7 2 V 7 
Voltage I 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 

TEST CIRCUITS 

Figure 1a. Figure 1b. 

--.-----------------~ 

Figure 2. Figure 3. 

CX'EN I OPEN 

I 
I 

l __ _ OPEN 

Figure 4. Figure 5. 

1- "2 
I ··f · .. 
L ,."" J 

------"--"------___ -._0 __ -

Figure 6. Figure 7. 
-----l 

I 

1-- --------------, 
I 

I 
I 

S· '5727 ! 
~----------------~ 
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U LN2801 A-ULN2802A-U LN2803A-U LN2804A-ULN2805A 

Figure 8 : Collector Current as a Function of 
Saturation Voltage. 
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Figure 10 : Allowable Average Power Dissipation 
as a Function of Ambient Temperature. 

It--r\ - DIEV!C~ lI~1T 
2.0 

\ 

15 
\ 

\~. 
10 (;..~- - -

\ 
0.5 

-+- \ 
\ 

i 
50 100 150 

Figure 12 : Peak Collector Current as a Function 
of Duty. 
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Figure 9 : Collector Current as a Function of 
Input Current. 
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Figure 11 : Peak Collector Current as a Function 
of Duty Cycle. 
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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) 

'f--l -J- - -- I -- -- --

i -T 
I 

V 

(mA 

1.5 

'0 

f----

~~ ---';-.0- r-------
k..-' ,/ I. c 

-- V /]~~ ~ r-------

~ -- .-
05 

r--- I- -

10 11 

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) 
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ULQ2001 R/2R 
ULQ2003R/4R 

SEVEN DARLINGTON ARRAYS 
---- -- --- -----------_.-- -------------------- -

• 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 
• TTUCMOS/PMOSfDTL 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. 

~
' lJL02001 R :_ Gen~ral pu.rpose, DTl, TTL, CMOS I 

Ul02002R ' 15-25 VPMOS i 

Ul02()03R _~2..\1.!2S.c;rv1..<:l~ ____________ I 

_Ul020.<J.-:Fl.~ _6-=-1~_V_~Cl..S-,-£,t,AOS ________ : 

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, ULQ2002R, ULQ2003R and ULQ 
2004R are supplied in 16 pin ceramic DIP packages. 

ABSOLUTE MAXIMUM RATINGS 

~ 
. .-.L;.:. 

....... -... '-... 

\ 

DIP-16 Ceramic 

PIN CONNECTION 

IN 1 1 

--------l 
16 OUT 1 I 

IN 2 2 >o-~-t--j1\5 OUT 2 

IN 3 3 >o-~-t--j114 OUT 3 

IN 4 4 .:>o-~--t--f113 OUT 4 

IN 5 5 >o-~-t--jI12 OUT 5 

IN 6 6 .:>o-~-t--fl" OUT 6 

IN 7 7 X>-~-+-~I'O OUT 7 

GND 

5-191711 

p~~11 - . Parameter Value ------IU-;;~-I 
I I 

Va : Output Voltage I 50 I V : ---.-----.------------- -,--- ----- ------r---~ 
1_ V" i 'OP","o""" (fm ULQ""RI'003R!"04R) i 30 ~_V __ 

Ie __ ~Continuous Collector Current -----+- 500 i mA i 
Ib I Continuous Base Current --------l------3~-----~~~ 

T amb I Operating Ambient Temperature Range I - 20 to + 85 i °C I 
-1------------j-----i 

__ T.stLl Storage Temperature Range__________ __l ____ =-~5Jo.~ ~O_ _ _ _!_ °c _ i 

September 1988 1/4 
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ULQ2001 R-ULQ2002R-ULQ2003R-ULQ2004R 

SCHEMATIC DIAGRAM 

COM 

~----+-..--DOUT 

INo-~----~;.. 

I 

L-J4---------- _J 

EACH DRIVER 5- Ji,89 

Series UL02001 R 
(each driver) 

2.7kO 

L _~ _________ _ 

EACH DRIVER 

Series UL02003R 
(each driver) 

THERMAL DATA 

COM 

5~ 1989 

COM 

1O.5kO -+---,r--oOUT 

L_~ __ 

EACH DRIVER 

Series UL02002R 
(each driver) 

_ J 

5-1384 

COM 

lO.SkQ ~---~-.--oOUT 
I N o--~--c=r----f-;" 

I 
I I 
I I L_* __________ J 

EACH DRIVER 

Series UL02004R 
(each driver) 

[Rth La-"'~I!~e-,"~~-=~~I~~~~~~~t~ol1~a~~~~~-=~-=~~=-~==~~~~-a== =--==1~~-_-= = .. __ 
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ULQ2001 R-ULQ2002R-ULQ2003R-ULQ2004R 

ELECTRICAL CHARACTERISTICS (T amb= 25° C unless otherwise specified) 

S~:OII ou::-;::;::;i
l

·· VCE = ::5: co~ciiti~n~-Min"--~ Typ._ M;OX. U>t:tl-F:::-1 
I Current Tamb = 70°C VCE = 50 V I 100 >tA I 1a i 
I T amb = 70°C II I 

for ULQ2002R 
I VCE=50V V,=6V 500 >tA 1b 
I for ULQ2004R 

I I VCE = 50 V V, = 1 V 500~_ Y~ ___ L __ ~ 
iV;;-;/:~le~tor-emitter Ic = 100 mA IB = 250 >tA 0.9 1.1 2 
I Saturation Voltage Ic = 200 mA I B = 350 IlA I ! 1.1 1.3 2 I 
f- ___ ~~_~ Ic=350mA IB=500IlA.l- ____ f_1.~_+1~6 __ 2 __ .J 
i I'/on) Input Current for U LQ2002R V, = 17 V I I 0.82 1.25 mA I 3 
II I I for ULQ2003R V, = 3.85 V I 0.93 1.35 mA I 3 

___ ---I- ___ I ~r =~~~OO~R_~,~~ V I 10~-4 _;~ .1- ; 
I'/Off) I Input Current I T amb = 70 'C Ic = 500 IlA 50 ----L~_+___-_-: _.J:l.~_1 __ ~_J 

vi;:,~-I-I~~tV~~;-~--TI.fur-ULQ2002R I ! 
VCE=2V Ic=300mA 13 V 15 I 

I
I i for ULQ2003R : 

I VCE = 2 V Ic = 200 mA 2.4 V 5 
I I VCE = 2 V Ic = 250 mA 2.7 V 5 

I VCE = 2 V Ic = 300 mA 3 V 
: I for ULQ2004R 

I I VCE=2V IC=125mAtt I I I VCE = 2 V Ic = 200 mA I 

I VCE = 2 V Ic = 275 mA I 

f--.. -.-.-t--~--.--.-~~---+-'Ic5- = 2....V. __ ~~5~A ____ -'~_ 
hFE DC Forward Current for ULQ2001 R 

Gain VCE =2 V Ic =350 mA 11000 ' 

C, Input Capacitance 15 ,-_. - _. - ----_ .. _-_._- .... _._- ._-

tpLH Turn-on Delay Time 0.5 V, to 0.5 Vo I 0.25 
- ---- ---

tPH~_ + Tljrn-of!.Delay Time 0.5 V, to 0.5 Vo. I 0.25 

5 
6 
7 
8 

25 

1 

5 

2 

IR I Clamp Diode Leakage i VR = 50 V I. I 50 IlA I 6 

I Current _t~"Cb = 70 '~.f1 = 50 V -L---L-~-l-..1.~-;--J!~~-~ 
VF I Clamp Diode Forward I IF = 350 mA I i 1.7 I 2 , V I 7 I 

l Voltage ~ ____________ L ___ ,-- I _ . ...L __ J 
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ULQ2001 R·ULQ2002R-ULQ2003R·ULQ2004R 

TEST CIRCUITS 

Figure la. Figure lb. 

Figure 2. Figure 3. 

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

OPEN 

I 

OPEN 

5-1980 $-1986 

Figure 4. Figure 5. 

OPEN OPEN 

5 -1987 

Figure 6. Figure 7. 
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• INTEGRATED 4S0V POWER DARLINGTON 
• OUTPUT CURRENT UP TO SA 
• HIGH IMPEDANCE DIFFERENTIAL INPUTS 
• PROGRAMMABLE DRIVER CURRENT 
• DUTY CYCLE CONTROL LINEARITY 

WITHIN 1.S% 
• SWITCHING FREQUENCY UP TO 100 kHz 
• THERMAL PROTECTION 
• INTEGRATED PROTECTION AT 

COMPARATOR INPUTS 
• MINIMUM EXTERNAL COMPONENT COUNT 

The VB100 is a monolithic integrated circuit which 
acts as a fully independent duty cycle controller 
with high voltage, high current open collector dar­
Ii ngton output. 

It is made using the innovative VI Power M1 tech­
nology merging a high voltage vertical discrete Dar­
lington transistor together with bipolar control 
circuitry. 

TEST AND APPLICATION CIRCUIT 

September 1988 

VB100 
HIGH VOLTAGE DUTY CYCLE 

CONTROLLER 
ADVANCE DATA 

The VB100 is mainly intended as a D.C. motor and 
high voltage inductive load driver. It is able to ad­
just the output voltage duty cycle as a function of 
the input control voltage, at a switching frequency 
set by an internal stable sawtooh generator. 

Built in thermal shut down switches off the power 
Darlington whenever the junction temperature ex­
ceeds an internally set value, typically 1S0°C with 
a SV supply. 

MULTIWATT-11 

1/7 

This is advanced information on a new product in development or undergoing evaluation. Details are subject to change without notice. 
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VB100 

ABSOLUTE MAXIMUM RATINGS 

VCE Power Darlington collector voltage 

Ic Power Darlington collector current 

VD Driver stage supply voltage 

Vs Control stage supply voltage 

ID Driver stage current 

V1N,VN1 Comparator input voltage 

Ptot Power dissipation 

Top Junction operating temperature 

Tstg Storage temperature 

THERMAL DATA 

Rthj _ case Thermal resistance junction-case 

CONNECTION DIAGRAM (Top view) 

o 
'-./ 11 o 10 

9 
8 
7 
6 
5 
4 

o 
r-"\ 

3 
2 
1 

TAB CONNECTED TO PIN 6 

450 V 

8 A 

15 V 

15 V 

350 mA 

Vs to -10 V 

internally limited 

-45 to 150 °C 

-55 to 150 °C 

max 3.0 °CIW 

) 

PC-0290 

_2/_7 _____________ ~ ~~~~m~TI~:J?©~ _____________ _ 
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VB100 

PIN FUNCTION 

N° NAME FUNCTION 

1 VE1 High voltage Darlington Output stage ground n.1. It must be short circuited with 
emitter VE2; if no current sensing is used, a filtering capacitor 

must be provided between this pin and the high voltage 
supply. If current sensing is required, a shunt resistor can 
be connected between pin VE1 and VE2 and power ground 
and the filtering capacitor must be connected between 
ground and high voltage supply. 

2 VSN1 Signal negative supply This pin is connected to the PWM ground and to the con-
voltage trol circuit substrate. Supply range is from 0 to - 5V. The 

applied negative supply voltage must be the most negati-
ve voltage of the device and must be the same voltage of 
pin VSN2' 

3 VSN2 High current negative This pin is connected to the driver ground. Supply range 
supply voltage is from 0 to - 5V. An applied negative supply, speeds-up 

the output Darlington. 

4 Vo Driver stage supply This pin supplies the base current for the darlington dri-
voltage ver during tON (output darlington on-time) 

10 (on) = (V s - V 0 (sat))/Ro' 

5 Vs Control circuit power Supply voltage input. Being the internal reference voltage 
supply taken from Vs a 5V ±5% D.C. supply is required. 

6 Vc High voltage output col- This pin is internally connected to package header. It is 
lector the high voltage open collector output. 

7 VIN Inverting input Input of the PWM comparator. A D.C. value between VCHL 
and VCHH sets the output duty cycle from minimum to ma-
ximum value. 

8 VCH Non inverting input Non inverting input of the PWM comparator and external 
capacitance pin. The capacitance ~EXT (togheter with 
REXT) fixes the sawtooth generator frequency (fose)' A low 
leakage capacitance is necessary for a linear operation. 
The relationship between frequency and CEXT REXT is: 
fose z 1.1/(REXT x CEXT) 

9 VR Biasing Resistor It fixes the current leh of the current generator which chan-
ges according to the following relation: 

leh = 0.56 x V siR EXT 

10 GND Analog ground It is the control circuit ground: for a reliable circuit opera-
tion only few millivolt drop « 10mV) are allowed between 
this pin and CEXT' REXT common point. 

11 VE2 High voltage darlington Output stage ground n 2. It must be short circuited with 
emitter VE1 ; if no current sensing is used, a filtering capacitor 

must be provided between this pin and the high voltage 
supply. If current sensing is required, a shunt resistor can 
be connected between pins VE1 and VE2 and power 
ground and a filtering capacitor must be connected bet-
ween power ground and high voltage supply. 

----------------------------~~~~~~?~~~J?©~ ___________________________ 3_/7 
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VB100 

ELECTRICAL CHARACTERISTICS: Vs= 5V; Vee= 300V; VA= 2V; VB= OV; RIN = 10kD; REXT = 50KD; 
Ree= 88D; Ro= 330D; ReH = 100D; Tc= Tcase= 25°C 
See fig. 1. - unless otherwise specified. 

Parameters Test Conditions Min. Typ. Max. Unit 

VeE Voltage between 450 V 
pins 6 and 1 

IC (leak) High voltage collector Vee= 350 V 1 mA 
leakage current 

VeE (sat) Saturation voltage of the VB= 2 V VA= 0 
output Darlington le= 3 A 10= 150 mA 2.5 2.9 V 
(between pins 6 and 1) le= 5 A 10= 250 mA 2.7 3.3 V 

Vo (sat) Saturation voltage VB= 2 V VA= 0 2.8 3.5 V 
between pins 4 and 1 10= 50 mA le= 2A 

Vs Control circuit power 4.75 5.0 5.25 V 
supply 

Is off Control circuit current 20 30 45 mA 

Is on Control circut current VB= 2 V VA= 0 2.5 6 10 mA 

VinTHH PWM comparator high VB= 2 V Ve= 50 V 
threshold Te= -40 to 130°C 0 120 mV 

VA= 0-+3V-1 
(see fig. 2) 

VinTHL PWM comparator low VB= 2 V Ve= 50 V 100 260 mV 
threshold Te= -40 to 130°C 

VA= 3V-+0~ 
(see fig. 2) 

Vi nTH (hyst.) PWM comparator VB= 2 V Ve= 50 V 50 250 mV 
hysteresis Te= -40 to 130°C 

(see fig. 2) 

liN PWM comparator input VB= 2 V Ve= 0.3 V 1 10 fJ-A 
bias current Te= -40 to 130°C 

VCHH High level threshold V A = 0 V -+ 3.2 V -1 VB= 0.3 V 2.45 2.55 2.8 V 
sawtooth generator 

VeHL Low level threshold VA = 3.2 V -+ 0 V ~ 0.4 0.5 0.7 V 

sawtooth generator 

ICH - IR External capacitor IR= 50 to 110 fJ-A 
---

charging current, VA= 1 V VB= 0.3 V -7 +7 % 
IR 

pin 8 versus IR' pin 9 

_4/_7 _____________ ~ ~~~~mg::~~cc:, _____________ _ 
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ELECTRICAL CHARACTERISTICS: 

Parameters 

ICH 
, 

1 Capacitor charging 

T X ICH current change with 
temperature (pin 8) 

VR Reference bias voltage 
pin 11 

tr Rise time of the 
Darlington collector 
current, Ic (see fig. 3) 

ts Storage time of the 
Darlington collector 

current, Ic (see fig. 3) 

tf Fall time of the 
Darlington collector 
current, Ic (see fig. 3) 

tON (min) Minimum duration of the 
Darlington collector 
current, Ic (see fig. 3) 

ICH' = ICH (130°C) - ICH (- 40°C) 
N.B.' pulsed operation: trep. = 10 ms 

Fig. 1 Test Circuit 

IR ~ 
Vs 

Test Conditions 

VA= 1 V Vs= 0.3 V 
IR= 100 ,"A Tc= -40t0130°C 

IR= 100 ,"A 

ID= 150 mA Ic= 3 A 

Ic= 3 A ID= 150 mA 
VSN = -5 V 
VSN = 0 V 

Ic= 3 A ID= 150 mA 
VSN = -5 V 
VSN = 0 V 

Ic= 3 A ID= 150 mA 
VSN = -5 V 
VSN = 0 V 

RO Rc 

REXT VR 5 4 6 
9 

GND 
VB100 

RCH VCH 

VA 

VB 

S[-0312 

VB100 

Min. Typ. Max. Unit 

300 
ppm 
~-

°C 

2.7 2.8 2.92 V 

0.25 ,"s 

1.5 ,"s 
8.0 ,"s 

0.2 ,"s 
1.0 ,"S 

2.0 ,"s 
10.0 ,"s 

Vcc 

~-------------~~~~~~?~~~~n ~ ____________ 5/_7 
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VB100 

Fig. 2 Comparator threshold hysteresis 

OFF 

VinTHfhist.l 

_ ~C~ • .!l _ +-__ ---+--O-N--

S(-0251/2 

Fig. 4 Switching waveforms 

Fig. 3 Switching waveforms 

1(1%1 
90 

10 --
/ 

:: z---------~ O~----_.------------------~-----+ 

ICH 

ICHl 
-v O.10mA 

0 

~H2 
rv -lOrnA 

5C-0315 
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APPLICATION INFORMATION 

The VB100 is mainly intended as a quarter bridge 
controller. The sawtooth generator frequency is set 
by two external components, REXTand C EXT.: 

fose = 1 .1/(REXT. x CEXTJ 

in the ranges: 

23.3 kl] 
400pF 
0.5 Hz 

< REXT. 
< CEXT. 
< fose. 

< 100 kl] 
< 200 ftF 
< 100kHz 

The input voltage VIN sets the duration of tON for 

Fig. 5 Application Circuit 

R1 = 100 
R2 = 33 I] 
R3= 1 kl] 
R4= 0.15 I] 

R, 

R2 
V V 

MOTOR 

VB100 

R5= 100 kl] 
Rs= 1.8 kl] 
R7= 2 kQ 
Rs= 100 kQ 

Vee 

VB100 

the output stage. As VIN increases tON increases 
following the relationship: 

REXT. x CEXT. 
tON = ts+tf +t,+0.91 x x VIN 

(VCHH - V CHL) 

in the range: 

0.5Hz < fose. < 5 kHz 
0.5Hz < fose. < 20 kHz 

with VSN = 0 
with V SN = - 5 V 

If an inductive load is used, it is necessary to pro­
vide a current limiting circuit. The device can form 
part of a closed loop control by just adding a few 
external components; fig. 5 shows a typical appli­
cation example. 

TACHOMETER 

Rs 

S[-03'4 

R9 =50kQ 
R10 = 3.3 kQ 

R11 = 4.7 kQ 
REXT = 50 kl] 

R" 

C1 = 1 nF 

C2 = 1 nF 
C3 = 33 nF 
CEXT = 1.8 nF 

----------- ru'l SGS-THOMSON 'J, '" J:lJU(gIiil©~r"~C::1fIiil©UIlU(g:i! --------------
7/7 
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TECHNICAL NOTE 

DESIGNING WITH THERMAL IMPEDANCE 
by T. Hopkins, C. Cognetti, R. Tiziani 

REPRINT FROM "SEMITHERM PROCEEDINGS" S. DIEGO (U.S.A.) 1988. 

ABSTRACT 
Power switching techniques used in many modern 
control systems are characterized by single or 
repetitive power pulses, which can reach several 
hundred watts each. In these applications where the 
pulse width is often limited to a few milliseconds, cost 
effective thermal design considers the effect of thl3rmal 
capacitance. When this thermal capacitance is large 
enough, it can limit the junction temperature to within 
the ratings of the device even in the presence of high 
dissipation peaks. This paper discusses thermal 
impedance and the main parameters influencing it. 
Empirical measurements of the thermal impedance of 
some standard plastic packages showing the effective 
thermal impedance under pulsed conditions are also 
presented. 

INTRODUCTION 
Power switching applications are becoming very 
common in many industrial, computer and automotive 
ICs. In these applications, such as switching power 
supplies and PWM inductive load drivers, power 
dissipation is limited to short times, with single or 
repeated pulses. The normal description ofthe thermal 
performance of an IC package, Rth U-a) Uunction to 
ambient thermal resistance), is of little help in these 
pulsed applications and leads to a redundant and 
expensive thermal design. 

This paper will discuss the thermal impedance and the 
main factors influencing it in plastic semiconductor 
packages. Experimental evaluations of the thermal 
performance of small signal, medium power, and high 
power packages will be presented as case examples. 
The effects of the thermal capacitance of the packages 
when dealing with low duty cycle power dissipation 
will be presented and evaluated in each of the example 
cases. 

THERMAL IMPEDANCE MODEL FOR PLASTIC 
PACKAGES 
The complete thermal impedance of a device can be 
modeled by combining two elements, the thermal 
resistance and the thermal capacitance. 

TN 204/0588 

The thermal resistance, Rth, quantifies the capability 
of a given thermal path to transfer heat. The general 
definition of resistance of the thermal path, which 
includes the three different modes of heat dissipation 
(conduction, convection and radiation), is the ratio 
between the temperature increase above the reference 
and the heat flow, L,P, and is given by the equation: 

L,T L,T 
Rth = L,P = L,Q 

where: L,Q = heat 
L,t = time 

L,t 

Thermal capacitance, Cth, is a measure of the 
capability of accumulating heat, like a capacitor 
accumulates a charge. For a given structural elemen~ 
Cth depends on the specific hea~ c, volume V, and 
density d, according to the relationship: 

Cth=cdV 

The resulting temperature increase when the element 
has accumulated the heat Q, is given by the equation: 

L, T = L,Q/Cth 

The electrical analogy of the thermal behavior for a 
given application consisting of an active device, 
package, printed circuit board, external heat sink and 
external ambient is a chain of RC cells, each having 
a characteristic time constant: 

To show how each cell contributes to the thermal 
impedance of the finished device consider the 
simplified example shown in figure 1. The example 
device consists of a dissipating element (integrated 
circuit) soldered on a copper frame surrounded by a 
plastic compound with no external heat sink. Its 
equivalent electrical circuit is shown in figure 2. 

1/14 
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Fig. 1 - Simplified Package Outline Fig. 2 - Equivalent Thermal Circuit of Simplified Package 

MOLD 

r-----=------'-- CH IP < ~:rFRAME 
5-10621 

The first cell, shown in figure 2, represents the thermal 
characteristics of the silicon itself and is characterized 
by the small volume with a correspondingly lew thermal 
capacitance, in the order of a few mJ/oC. The thermal 
resistance between the junction and the siliconlslug 
interface is of about 0.2 to 2 °C/W, dependin~l on die 
size and on the size of the dissipating elements existing 
on the silicon. The time constant of this cell is typically 
in the order of a few milliseconds. 

The second cell represents the good conductive path 
from the siliconlframe interface to the frame periphery. 
In power packages, where the die is often soldered 
directly to the extemal tab of the package, the thermal 
capacitance can be large. The time constant for this 
cell is in the order of seconds. 

From. this point, heat is transferred by conduction to 
the molded block of the package, with a large thermal 
resistance and capacitance. The time constant of the 
third cell is in the order of hundreds of seconds. 

R th si R th frame R th mold 

C th si C th frame C t h mold 

5-10622 

After the plastic has heated, convection and radiation 
to the ambient starts. Since a negligible capacitance 
is associated with this phase, it is represented by a 
purely resistive element. 

When power is switched on, the junction temperature 
increase is ruled by the heat accumulation in the cells, 
each following its own time constant according with 
the equation: 

6T = Rth Pd [1 - e (tl T) 1 

The steady state junction temperature, Tj, is a function 
of the Rth (j _ a) of the system, but the temperature 
increase is dominated by thermal impedance in the 
transient phase, as is the case in switching applications. 

A simplified example of how the time constants of each 
cell contribute to the temperature rise is shown in figure 
3 where the contribution of the cells of figure 2 is 
exaggerated for a better understanding. 

Fig. 3 - Time Constant Contribution of Each Thermal Cell (Qualitative Example) 
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When working with actual packages, it is observed that 
the last two sections of the equivalent circuit are not 
as simple as in this model and possible changes will 
be discussed later. However, with switching times 
shorter than few seconds, the model is sufficient for 
most situations. 

EXPERIMENTAL MEASUREMENTS 

When thermal measurements on plastic packages are 
performed, the first consideration is the lack of a 
standard method. At presen~ only draft specifications 
exi~ proposed last year and not yet standardized (1). 

The experimental method used internally for evaluations 
since 1984 has anticipated these preliminary recomen-

Fig. 4 

dations to some extent, as it is based on test patterns 
having, as dissipating elemen~ two power transistors 
and, as measurement element, a sensing diode placed 
in the thermal plateau arising when the transistors are 
biased in parallel. 

The method used has been presented elsewhere (2) 
for the pattern P432 (shown in figure 4), which uses 
two small (1000 sq mils) bipolar power transistors and 
has a maximum DC power capability of 40W (limited 
by second breakdown of the dissipating elements). 
A similar methodology was followed with the new H029 
pattern, based on two D-Mos transistors (3) having a 
total size of 17,000 sq mils and a DC power capability 
of 300 W on an infinite heat sink at room temperature 
(limited by thermal resistance and by max operating 
temperature of the plastics). 

a) P432 Test Die 

D.C. D.C. 
SUPPLY SUPPLY 

D.C. FAST 
SUPPLY DVM 

PULSE STORAGE 
GENERATOR SCOPE 

b) P432 Measurement System 
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Using the thermal evaluation die, four sets of 
measurements were performed on an assortment of 
insertion and surface mount packages produced by 
SGS-Thomson Microelectronics. The complete cha­
racterization is available elsewhere (4). The four 
measurements taken were: 

Fig. 5 

1) Junction to Case Thermal Resistance (Power 
Packages) 

2) Junction to Ambient Thermal Resistance 
3) Transient Thermal Impedance (Single Pulse) 
4) Peak Transient Thermal Impedance (Repeated 

Pulses) 

a) H029 Test Die 

b) H029 Measurement System 
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Fig. 6 - Set-up for Rth (j _ c) Measurement 

CONNECTION 
THIN WIRES 

PRESSURE CLIPPING 

WATER-COOLED 
COPPER BLOCK 

~THERMAL 
GREASE 

The junction to case thermal resistance measurements 
were taken using the well known setup shown in figure 
6 where the power device is clamped against a large 
mass of controlled temperature. 

The junction to ambient thermal resistance in still air, 
was measured with the package soldered on standard 
test boards. described later. and suspensed in 1 cubic 
foot box. to prevent air movement. 

5-9785 

THERMOCOUPLE 

The single pulse transient thermal impedance was 
measured in still air by applying a single power pulse 
of duration to to the device. The exponential 
temperature rise in response to the power pulse is 
shown qualitetively in figure 7. In the presence of one 
single power pulse the temperature. 6 T max. reached 
at time to. is lower than the steady state temperature 
calculated from the junction to ambient thermal 
resistance. The transient thermal impedance Ro. is 
obtained from the ratio 6 T max/Pd. 

Fig. 7 - Transient Thermal Response for a Single Pulse 
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The peak transient thermal impedance for a series of 
repetitive pulses was measured by applying a string 
of power pulses to the device in free air. When power 
pulses ofthe same height, P d, are repeated with a given 
duty cycle, DC, and the pulse length, tp, is shorter than 
the total time constant of the system, the train of pulses 
is seen as a continuous source with mean power level 
given by the equation: 

Fig. 8 - Transient Thermal Response for Repetitive 
Pulses 
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On the other hand, the silicOn die has a thermal time 
constant of 1 to 2 ms and the die temperature is able 
to follow frequencies of some kHz. The result is that 
Tj oscillates about the average value: 

t::. Tjavg = Rth Pdavg 

The resulting die temperature excursions are shown 
qualitatively in figure 8. The peak thermal impedance, 
Rthp, corresponding to the peak temperature, t::. T max, 
at the equilibrium can be defined: 

Rthp = t::. T max/Pd = F (tp, DC) 

The value of Rthp is a function of pulse width and duty 
cycle. Knowledge of Rthp is very important to avoid 
a peak temperature higher than specificed values 
(usually 150°C). 

EXPERIMENTAL RESULTS 
The experimental measurements taken on several of 
the packages tested are summarized in the following 
sections. 

MULTIWATT Package 
The MULTIWATT (R) package, shown in figure 9a, is 

a multileaded power package in which the die is 
attached directly to the tab of package using a soft 
solder (Pb/Sn) die attach. The tab of the package is 
a 1.5 mm thick copper alloy slug. The thermal model 
of the MULTIWATT, shown in figure 9b, is not much 
different from that shown in figure 2. The main 
difference being that when heat reaches the edge of 
the slug, two parallel paths are possible; conduction 
towards the molding compound, and convection and 
radiation towards the ambient. After a given time, 
convection and radiation taked place from the plastic. 

Fig. 9 

a) MULTIWATTassembly 

R th mold 

Tamb 

C th 5' C th frame L---C::J---

S --10625 

b) Equivalent Thermal Circuit 

Using the two test die, the measured junction to case 
thermal resistance is: 

P432 Rth U - c) = 2°C/W 
H029 Rth (j - c) = O.4°C/W 
The measured time constant is approximately 1 ms 
for each of the two test patterns, but the two devices 
have a different steady state temperature rise. 
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The second cell shown in figure 9 is dominated by 
the large thermal mass of the slug. The thermal 
resistance of the slug, Rthslug is about 1 °C/W and the 
thermal time constant of the slug is in the order of 1 
second. 

The third RC cell in the model has a long time constant 
due to the mass of the plastic molding and its low 
thermal conductivity. For this cell the steady state is 
reached after hundreds of seconds. 

For the M U L TIWATT the DC thermal resistance of the 

package in free air, Rth j _ a, is 36°C/W with the P432 
die and 34.5°C/W with the H029 die. 

Figure 10 shows the single pulse transient thermal 
impedance for the MULTIWATT with both the P432 
and H029 test die. As can be seen on the graph, the 
package is capable of high dissipation for short periods 
of time. For a die like the H029 the power device is 
capable of 700 to 800 W for pulse widths in the range 
of 1 to 10 ms. For times up to a few seconds the 
effective thermal resistance for a single pulse is still 
in the range of 1 to 3°C/W. 

Fig. 10 - Transient Thermal Response MULTIWATT Package 
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The peak transient thermal impedance for the 
MULTIWATT package containing the P432 die in free 
air is shown in figure 11. 

Power DIP Package 
The power DIP package is a derivative of standard 
small signal DIP packages with a number of leads 
connected to the die pad for heat transfer to external 
heat sinks. With this technique low cost heat sinks can 
be integrated on the printed circuit board as shown 
in figure 12a. The thermal model of the power DIP, 
shown in figure 12b accounts for the extemal heat sink 
on the circuit board by adding a second RC cell in 
parallel with the cell corresponding to the molding 
compound. 

In this model, the second cell has a shorter time 
constant than for the MULTIWATT package, due in 
large part to the smaller quantity of copper in the frame 
(the frame thickness is 0.4 mm compared to 1.5 mm). 
Thus the capacitance is reduced and the resistance 
increased. 

The increased thermal impedance due to the frame 
can partially be compensated by a better thermal 
exchange to the ambient by adding copper to the heat 
sink on the board. The DC thermal resistance between 
the junction and ambient can be reduced to the same 
range as the MULTIWATT package in free air, as 
shown in figure 13. 
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Fig. 11 - Peak Thermal Resistance MULTIWATT Package 
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Fi~. 13 - Rth (i - a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip 
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As a comparison, figure 14 compares the thermal 
performance of the power DIP and the MULTIWATT 
package. It is clearly seen that even though the DC 

thermal resistance may be similar, the MULTIWATT 
is superior in its performance for pulsed applications. 

Fig. 14 - Transient Thermal Impedance for Single Pulses in Power DIP and MULTIWATT Packages 
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Standard Signal Packages 
In standard, small signal, packages the easiest thermal 
path is from the die to the ambient through the molding 
compound. However, if a high conductivity frame, like 
a copper lead frame, is used another path exists in 

Fig. 15 

t 

5-10627 

parallel. Figure 15 shows the equivalent thermal model 
of such a package. The effectiveness of a copper frame 
in transferring heat to the board can be seen in the 
experimental results in DC conditions. 

R th mold 

lamb 

a) DIP Package Mounted on PCB b) Equivalent Thermal Circuit DIP Package on PCB 

Table 1 shows the thermal resistance of some standard 
signal packages in two different conditions; with the 
device floating in still air connected to the measurement 
circuit by thin wires and the same device soldered on 
a test board. 

Table 1 - Thermal Resistance of Signal Packages 

Package Frame Thickness Rth O-a) DC/W 
& Material floating on board 

DIP8 (0.4 mm Copper) 125-165 78-90 
DIP 14 (0.4 mm Copper) 98-128 64-73 
DIP 16 (0.4 mm Copper) 95-124 62-71 
DIP 20 (0.4 mm Copper) 85-112 58-69 
DIP 14 (0.25 mm Copper) 115-147 84-95 
DIP 20 (0.25 mm Copper) 100-134 76-87 
DIP 24 (0.25 mm Copper) 67-84 61-68 
DIP 20 (0.25 mm Alloy 42) 158-184 133-145 
SO 14 (0.25 mm Copper) 218-250 105-180 
PLCC 44 (0.25 mm Copper) 66-83 48-72 

The transient thermal resistance for single pulses for 
the various packages are shown in figures 16 through 
20. 

The results of the tests, as shown in the preceding 
figures, show the true capabilities of the packages. For 
example, the DIP 20 with a Alloy 42 frame is a typical 
package used for signal processing applications and 
can dissipate only 0.5 to 0.7 W in steady state 
conditions. However, the transient thermal impedance 
for short pulses is low (11DC/W for tp = 100 ms) and 
almost 7 Watts can be dissipated for 100 ms while. 
keeping the junction temperature rise below 80DC. 
The packages using a 0.4 mm Copper frame have 
a low steady state thermal resistance, especially in the 
case of the DIP 20. The thicker lead frame increases 
the thermal capacitance of the die flag, which greatly 
improves the transient thermal impedance. In the case 
of the DIP 20, which has the largest die pad, the 
transient Rth for 100 ms pulses is about 4.3DC/W. This 
allows the device to dissipate an 18 Watt power pulse 
while keeping the temperature rise below 80DC. 
As with the previous examples the peak transient 
thermal impedance for repetitive pulses depends on 
the pulse length and duty cycle as shown in figure 
14. With the signal package, however, the effect of the 
duty cycle becomes much less effective for longer 
pulses, due primarily to the lower thermal capacitance 
and hence lower time constant of the frame. 
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Fig. 16 - Transient Thermal Impedance DIP 20 (Alloy 42) 
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Fig. 17 - Transient Thermal Impedance 0.4 mm Copper Frame DIP Packages 
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Fig. 18 - Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages 
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50 

:3 , 
u 

I:l z: 
~ 
~ 

sn GLE PULSE ~ 
mounl donSI1PC 5 board V Pd - Watt 

V 
'" 19 
'" '" 
..J 

~ 
'" ~ ... 
~ / 

V 
di. ad - 269 269 sq.mi s 

die ize • 35. 8fJ aq.mils 

'" z: 
8i ... V on die dl sipating 0 eo = 2.08e sq.mils 

9.001 0.91 B.l 1 19 100 1990 

TII1: OR PULSE UIDTH ( s ) 

_12..;.I_l_4 ____________ l.U ~~~~mg~:~~~, --------------
1000 



Fig. 20 - Transient Thermal Impedance 0.25 mm Copper Frame 5014 Package 
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CONCLUSION 
This paper has discussed a test procedure for 
measuring and quantifying the thermal characteristics 
of semiconductor packages. Using these test methods 
the thermal impedance of standard integrated circuit 
packages under pulsed and DC conditions were 
evaluated. From this evaluation two important 
considerations arise: 

1) The true thermal impedance under repetitive pulsed 
conditions needs to be considered to maintain the peak 
junction temperature within the rating for the device. 
A proper evaluation will result in junction temperatures 
that do not exceed the specified limits under either 
steady state or pulsed conditions. 

2) The proper evaluation of the transient thermal 
characteristics of an application should take into 
account the ability to dissipate high power pulses 

allowing better thermal design and possibly reducing 
or eliminating expensive extemal heat sinks when they 
are oversized or useless. 
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SWEDEN 

S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel.: (46-8) 7939220 
Telex: 12078 THSWS 
Telelax: (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVE) 
Chemin Fran90is-Lehmann, 18/A 
Tel. (41-22) 7986462 
Telex: 415493 STM CH 
T elelax: (41-22) 7984869 

TAIWAN 

KAOHSIUNG 
7FL-2 No 
5 Chung Chen 3Rd Road 
Tel. (886-7) 2011702 
Telelax: (886-7) 2011703 

TAIPEI 
6th Floor, Pacilic Commercial Building 
285 Chung Hsiao E. Road - SEC, 4 
Tel. (886-2) 7728203 
Telex: 10310 ESGIE TW 
Telelax: (886-2) 7413837 

UNITED KINGDOM 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel.: (44-628) 890800 
Telex: 847458 
Telelax: (44-628) 890391 



U.S.A. 

WORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1 000 East Bell Road 
Phoenix, AI. 85022 
(1)-(602) 867-6100 

SALES & REPS COVERAGE BY STATE 

AL 
Huntsville - (205) 533-5995 
Huntsville (Rep) - (205) 881-9270 

AZ 
Phoenix - (602) 867-6340 

CA 
Fountain Valley (Rep) - (714) 545-3255 
Irvine - (714) 250-0455 
Los Angeles (Rep) - (213) 879-0770 
San Diego (Rep) - (619) 693-1111 
San .Jose - (408) 452-8585 
Santa Clara (Rep) - (408) 727-3406 

CO 
Longmont - (303) 449-9000 
Wheat Ridge (Rep) - (303) 422-8957 

FL 
Altamonte Springs (Rep) - (305) 682-4800 
Deerfield Beach (Rep) - (305) 426-4601 
SI. Petersburg (Rep) - (813) 823-6221 

GA 
Norcross - (404) 662-1588 
Tucker (Rep) - (404) 938-4358 

IL 
Schaumburg - (312) 490-1890 

IN 
Fort Wayne (Rep) - (219) 436-3023 
Greenwood (Rep) - (317) 881-0110 
Kokomo - (317) 459-4700 

IA 
Cedar Rapids (Rep) - (319) 362-2526 

MD 
Glen Burnie (Rep) - (301) 761-6000 

MA 
Waltham - (617) 890-6688 

MI 
Southfield - (313) 358-4250 
Southfield (Rep) - (313) 358-4151 

MN 
Bloomington (Rep) - (612) 884-6515 

MO 
Florissant (Rep) - (314) 839-0033 
Kansas City (Rep) - (816) 436-6445 

NC 
Charlotte (Rep) - (704) 563-5554 
Morrisville (Rep) - (919) 469-9997 
Raleigh - (919) 790-9804 

NJ 
Voorhees - (609) 772-6222 

NY 
Binghamton (Rep) - (607) 772-0651 
E. Rochester (Rep) - (716) 381-8500 
Hauppauge - (516) 435-1050 
Jericho (Rep) - (516) 935-3200 
Pittsford (Rep) - (716) 381-3186 
Poughkeepsie - (914) 454-8813 
Skaneateles (Rep) - (315) 685-5703 

OH 
Chagrin Falls (Rep) - (216) 247-6655 
Dayton (Rep) - (513) 866-6699 

OR 
Beaverton (Rep) - (503) 627-0838 
Tigard - (503) 620-5517 

PA 
Butler (Rep) - (412) 285-1313 
Horsham (Rep) - (215) 441-4300 

TN 
Jefferson City (Rep) - (615) 475-9012 

TX 
Austin - (512) 451-4061 
Carrollton - (214) 466-8844 

UT 
Salt Lake City (Rep) - (801) 269-0419 

WA 
Bellevue (Rep) - (206) 451-3500 
Seattle - (206) 524-6421 

CANADA 
Burnaby (Rep) - (604) 421-9111 
Mississauga (Rep) - (416) 673-0011 
Nepean (Rep) - (613) 825-0545 
Quebec (Rep) - (514) 337-5022 
Winnipeg (Rep) - (204) 783-4387 

COLUMBIA 
Bogota (Rep) - (011) 57-1-257-8824 

MEXICO 
Mexico City (Rep) - (905) 577-1883 

PUERTO RICO 
Rio Piedras (Rep) - (809) 790-4090 

URUGUARY 
Montevideo (Rep) - (011) 598-2-594-888 

SALES OFFICES 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A. 

CA 
Hawthorne - (213) 675-0742 

NJ 
Totowa - (201) 890-0884 

PA 
Montgomeryville - (215) 362-8500 

TX 
Carrolhon - (214) 466-8844 

WEST GERMANY 

6000 FRANKFURT 71 
Rennbahnstrasse 72-74 
Tel. (49-69) 6708191 
Telex: 176997 689 
Telefax: (49-69) 674377 

0-8011 GRASBRUNN BEl MONCHEN 
Bretonisher Ring 4 
P.B. 1122 
Tel.: (49-89) 460060 
Telex: 528211 
T elefax: (49-89) 4605454 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel. (49-511) 634191 
Teletex: 175118418 
Telefax: (49-511) 633552 

8500 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 
Telefax: (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Str. 22a 
Tel. (49-241) 660 84-86 
Telex: 889510 
Telefax: (49-241) 67584 

7000 STUTTGART 1 
Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 
Telex: 721718 
Telefax: (49-711) 691408 



Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for 
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from 
itsuse. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica­
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previou­
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