


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UAB/UAF4718

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).

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.

Figure 3
@ o * x a3 é
411515
@E o ry x L@
- - 04
3 I,——A
SENSING
RLSISTOR
LOGIC INPUTS

There are four logic inputs
. J2, J1, Jo select the current direction in the bridges
. Inh disables both bridges.

Table 1: Logic Inputs Operation.

Inh 42 a1 Jo Bridge ab Bridge cd
0 X X X 0 0
1 0 0 0 | -1
1 0 0 1 | 0
1 0 1 0 | |
1 0 1 1 0 |
1 1 0 0 - :
1 1 0 0 - 0
1 1 1 ! N ]
1 1 1 0 0 -l
X :Irrelevant
| : Current from Ma to Mb
or from Mc to Md
| : Current from Mb to Ma
or from Md to Mc.
7/8
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UAB/UAF4718

THERMAL OVERLOAD PROTECTION

If internal dissipation becomes too high (typically Tj ~ a decrease of the junction temperature (typically
> 170 °C), the two output stages are disabled. After 30 °C), the outputs are again enabled.

TYPICAL APPLICATION

EXAMPLE OF APPLICATION tors and 1 capacitor). On the figure below, lo A per

A complete application can be built with only one  OutPut, the switching frequency is 35 KHz.
UA.4718 and three external components (2 resis-

Figure 4.
+5v +50Vv
7 " 9
vee  Viet Vmm
5|2 ma |2
6l n Mb 3
FROM a1 €ab |V 20
MICHOFROCLSSOR Z
12 ted | 5 Z
Inh -
Mc 13
10 | 0SC Mg [ 14
2nF I GND
s STEPPER MOTOR
A\
858 L3y SGS-THOMSON
Y/ wicrozEcTRONICS
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DUAL 2 A LOW DROP OUT INTELLIGENT POWER SWITCH

ADVANCE DATA

» LOW POWER DISSIPATION (LOW VsaT : 0.6 V —
@2A) MULTIWATT-15

« ALL INPUTS ARE OPERATIONAL WITH
CONTROL SIGNALS HIGHER THAN Vce

» ALLINPUTS WITHSTAND VOLTAGES LOWER
THAN GROUND

= HIGH OUTPUT CURRENTS

= PROTECTION OF OUTPUT TRANSISTORS
(UPTO + 32 V)

= THE OUTPUTS CAN WITHSTAND VOLTAGES
LOWER THAN GROUND

s WITHSTAND ON Vcc SPIKES UP TO (60 V, ORDER CODES :
10 ms) UAF1780SP
= DIFFERENTIAL INPUTS UAF1782SP
: UAF1780HSP
UAF1782HSP
DIP-16/2
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

ORDER CODE:
UAF1780DP-1781DP

for the detection of overloads and short-circuits, and PIN CONNECTIONS

a thermal protection feature.

Corresponding output is turned off in case of prolon- \J

ged desaturation or excessive internal dissipation. nput 1 (11 16[7 Delay 1
This condition is reflected by a low level on ALARM Reset []2 15[ Output 1
output terminal. This protection unit can be reacti- swobe M3 3

vated by applying a logic low signal to RESET input. tr T1apd Alarm 1
However, for inductive loads, a delay is imposed on Ground []4 130 vee
signal applied to this RESET input so as to prevent Current fimit []5 12[] Reference
a rapid and premature conduction of output transis- adjust

tors. Oscillator (6 13 Alarm 2
A logic high signal applied to STROBE input will di- Viawo {7 10 J Output 2
sable both power outpu’Fs. Input 2 (8 o[J velay 2
The devices operates within a supply voltage range

of+8Vto+32V.

September 1988 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

{ O ? 1 -Oscillator 9-Vce
2 -V(aux) 10 ‘OUtpUt 1
3-Input 2 11-Alarm 1
4-Delay 2 12-Delay 1
T | 5-Alarm 2 13-Input 1
l I l ] I 6 -Reference 14 -Reset
M 7 -Output 2 15-Strobe
2 6)18|10]12 8-Ground
1 3 5 7 9 11 13 15
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee (*) | Supply Voltage + 35 \'
Vi Input Voltages 30 to + 55 \
Viz
Vreset
Vstmbe
lo Output Current Internally Limited A
I Current In DC/DC Converter Inductance 0.4 A
Piot Total Power Dissipation Internally Limited w
Toper | Operating Free-air Temperature Range —40to + 85 °C
T; Junction Temperature + 150 °C
* +60V (10mS)
THERMAL DATA
Rin(j-c) | Maximum Junction—case Thermal Resistance  DIP.16 25 | °C/W
Multiwatt 25
Rth(j-a) | Maximum Junction—ambient Thermal DIP.16 70 °C/W
Resistance Multiwatt 40 |
26 (37 SGS-THOMSON
Y/ icroELEcTRONICS
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SOINOYLIZTHOHIIN
NOSWOHL-SIS

9/€

Oscillator Vee l Viaux)  GND 10 Adjust
1+r B
) ] l
S I S— .
-
DC - DC 4 I 1 1
CONVERTER I lo ADJUST i |
L L |
__________________________ PO S —— S
 —
o— — & .@
DW —e
Output 1
-E-E —EHO
Delay 1
LT <
—1
& | " @T
h &
21 IDisch
M M M é _ [5
] LS | S | S
Reference Alarm 1 Input 1 STROBE Reset input 2 Alarm 2

Only in CB-78 package version

Output 2

Delay 2

-
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UAF1780-1781-1782

ELECTRICAL CHARACTERISTICS
Ve =+24 'V, —40 °C, < Tamp < + 85 °C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voltage 8 32 \
lcc Supply Current mA

Input 1 = Input 2 : Low - 7
Input 1 =Input 1 : High, lo =2 x2 A 25 32
I Input Current (all inputs)
Vi > Viet 15 50
V) < Viet 0
loHA High Level Alarm Output Leakage Current (VAo =+ 10 V) 0 10 uA
VoLa Low Level Alarm Output Voltage (Ia =+ 10 mA) 11 1.3 Vv
Vce — Vo | Power Outputs Dropout Voltage )
lo=05A 0.15 0.25
lo=1A 0.3 0.4
lo=2A 0.6 0.7
loL Power Outputs Leakage Current 100 UA
treset Reset Pulse Duration ( C1 = C2 =1 uF) 400 mS
tg Delay Time before Desaturation Monitoring Unit Becomes mS
Active (C1 = C2 = 1uF)
Veec = Vo =+12V 20
Vee - Vo =+24V 10
Vcc - Vo =+32V 5
Vet Reference Input Voltage 1.4 55 Vv
lret Reference Input Current (Viet = 1.4 V) uA
All Inputs < Vet 80 150
All Inputs > Vet -1 0 +1
lo Available Output Current
UAF1780DP  Rgp = 25 A
Ro =2 KQ 1
UAF1780SP 25
UAF1781DP  Rg =< 2
Ro =2 KQ 1
UAF1782SP 2
Vee = Vo | Maximum Output Voltage Swing - 50 \
Vaux — Vcc | DC/DC Output Voltage
0.5A < lp <2 A (each output) CO =47 pF, L =100 pH - 1.25 - \Y

4/6
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UAF1780-1781-1782

OUTPUT CURRENT(R)

POWER DISSIPATION (W

INPUT AND OUTPUT VOLTAGE (V)

Fig. 1 - DIP. 16 PACKAGE Fig 2- MULTIWATT PACKAGE.
E) 44— T l
> !
o | T b
: HRERES
With
N % - J = hoa:smk L“
o ] t (1o°uiw) Jl
4 Without J |
g 4 heatsink —
8 1 |
a I~ [
BN )
it ]
0 i [
2% 50 75 2% 50 75 100 125 150
AMBIENT TEMPERATURE (°C) AMBIENT TEMPLRATURF (°C)
Fig. 3 - AVAILABLE OUTPUT CURRENT VS
EXTERNAL RESISTANCE VALUE
DIP. 16 PACKAGE.
Fig 4 - SATURATION VOLTAGE VS
OUIPUI CURRENT .
P
UAF 1/88DP z'2 T _}“_"7#—_
w
J 2 L A _‘/ |
I
i
] WITHOUT DC/DC
UAF 17810P Q08
- z
e T =
<
/ /J/ < 04
pul
[=
’/ < - WITHDC/DC |
0 = l [ l l
8.5 1 1.5 2 2.5 0 A 8 1.2 16 2
R1 RESISTOR UALUE(Kohm) OUTPUT CURRENT (A)
Fig 5 - RESPONSE TIME Fig.6  RESPONSE TIME.
‘1 _ -
2
w
2
5 1o - 2A 10=054
o
> o
= I
2 '
2
&
2 —
o
[=]
Z
< 0
-
2
o
1 z
0 04 08 0 2 a 6 8 10
TIME () TIME (4S)
‘ SGS-THOMSON
Y/ saicroELECTRONICS
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UAF1780-1781-1782

Figure 7 : Typical Application.

Vee &

GND

* R only necessary with DP package

Alarm 1 Alarm 2

UAF1780

Delay 1

Dz1 |Dz2 |C3

B
U

Vee
oc/oc [}

Viref)

Viaux) [_]

output 1]

Output 2
Delay 2

LOADS

2

&01 &cz
A\ R\

- Loand Co are the external elements of the dc/dc
converter. Typical values and characteristics of
these components are as follows :

For Lo : - inductance = 100 uH (tolerance
+10%)
- maximal current > 400 mA

Size Evaluation For dc/dc Inductance

10 max. 5 max.

For Co : The value of this capacitor is not critical,
a capacitor of C1 247 F, Vn > 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 Vcc and leaving
"Oscillator" pin floating.

i Ly SGs-THOMSON

- C1 and Cz 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.
tg = C-35V
7 uA
With C2 = C3 = 1 uF, 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.

- Dzi1 and Dzz 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.

MICROELECTRONICS
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ucC1840
uCc2840
UC3840

PROGRAMMABLE, OFF-LINE, PWM CONTROLLER

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

» LOW-CURRENT, OFF-LINE START CIRCUIT

= FEED-FORWARD LINE REGULATION OVER 4
TO 1 INPUT RANGE

= PWM LATCH FOR SINGLE PULSE PER PE-

RIOD

PULSE-BY-PULSE CURRENT LIMITING PLUS

SHUTDOWN FOR OVER-CURRENT FAULT

NO START-UP OR SHUTDOWN TRANSIENTS

= SLOW TURN-ON AND MAXIMUM DUTY-CY-
CLE CLAMP

= SHUTDOWN UPON OVER-OR UNDERVOL-
TAGE SENSING

» LATCHOFF OR CONTINUOUS RETRY AFTER
FAULT

= REMOTE, PULSE-COMMANDABLE START/
STOP

= PWM OUTPUT SWITCH USABLE TO 1A 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 ofter built-in protection from
over-voltage, under-voltage, and over-current fault
conditions. This monitoring circuitry contains the ad-
ded features that any fault will initiate a complete
shutdown with provisions for either latch off or auto-
matic restart. In the latch-off mode, the controller
may be started and stopped with external pulsed or
steady-state commands.

September 1988

-

DIP-18
(Plastic and Ceramic)

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

The UC1840’s PWM output stage includes a latch
to insure only a single pulse per period and 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 UC1840 is characterized for operation over the
full military temperature range of —-55°C to +125°C.
The UC2840 and UC3840 are designed for opera-
tion from —25°C to +85°C and 0°C to +70°C, respec-
tively.

110
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UC1840-UC2840-UC3840

PIN CONNECTION AND ORDER CODES

$-6L1001

.

COMPENSATION [ ' 16]] NON v inPUT

START/ UV L 2 | INV INPUT

0V SENSE K xe] 5V REF

stoe I il soee Type Plastic Ceramic

RESET s 1] orwer eras UC1840 _ UC1840J
UC2840 UC2840N UC2840J

Thacsnoo 6 u] GROUND UC3840 UC3840N UC3840J

CURRENT scuse[ 12{] pwm outPuT

stow-start [| a] V, SENSE

Ryl Cy [ 5 10 ] RAMP

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test Conditions Unit
Vi Supply Voltage + V; (pin 15)
Voltage Driven 32 \
Current Driven 100 mA Maximum Self Limiting
Vo PWM Output Volage (pin 12) 40 Vv
lo PWM Output Current, Steady-state (pin 12) 400 mA
Eop PWM Output Peak Energy Discharge 20 uJ
Driver Bias Current (pin 14) —-200 mA
lo(REF) Reference Output Current (pin 16) -50 mA
Slow Start Sink Current (pin 8) 20 mA
Vi Sense Current (pin 11) 10 mA
Current Limit Inputs (pin 6, 7) —-05t0 +55 Vv
Comparator Inputs (pins 2, 3, 4, 5, 17, 18) ~031to+32 \
Ptot Power Dissipation at Tamp =70 °C 1000 mW
Tj Junction Temperature Range - 55 to + 150 °C
Top Operating Ambient Temperature Range : UC1840 - 5510+ 125 °C
uC2840 —-25t0 + 85 °C
UC3840 Oto+ 70 °C
Tstg Storage Temperature - 651to + 150 °C
THERMAL DATA
Rth j-amb Thermal Resistance Junction-ambient 80 °C/W |
210 L3y SGS-THOMSON
Y/ ncroELECTRONIGS
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UC1840-UC2840-UC3840

BLOCK DIAGRAM

M
@
O ginse
RAMP
AM
GEN @nawe
cLock 4
Ricy (— osc. SUPPLY
e
A CIRCUY
cour  (D- —{ Swicn POWER
A ‘\_QDDmVER
INv.INPUT @) > ::j
ERR>
P S oy NS pwm ouTPUT
NLINPUT D) o CoME, 2 LATCH
B
STARTILV. (D~
200uh ca} 1 REFERENCE}——— () 5.0 V. REF
H 1= Keov| ANO
o[ stanr| —1%0) | o, %
0 30 V.REF
LATCH
reo - [ @onoue

® S S |ReseT —_— SLow
@ LATCH 1 ® 3rarn
1 oV DUTY CYCLE
CLAMP
3.0V REF — d o} :DQIQ B

Ext. sTOP (D)—— 1> e QR UMIT
coms —® SR
L [ o
OV. SENSE s..,..;
FUNCTIONAL DESCRIPTION
[ Name I Function W

PWM CONTROL

OSCILLATOR

Generates a fixed-frequency internal clock from an external Rt and Cr.

where K¢ is a first-order correction factor =

Frequency =
7071
0.3 log (CT x 10'2).

RAMP GENERATOR

Develops a linear ramp with a slope defined externally by
_dv__ sense voltage |
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.

Cg is normally selected < Ct and

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 %.
40 V clamp zener for chip 0. 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 ) o

SEQUENCING FUNCTIONS

~ START/U. V. SENSE

l 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 uA hysteresis current.

At the U. V. threshold, it also resets the Error Latch if the Reset Latch has been
set.

START LATCH

DRIVE SWITCH Disables most of the chip to hold internal current consumption low, and Driver
| Bias OFF, until input voltage reaches start threshold.
DRIVE BIAS Supplies drive current to external power switch to provide turn-on bias.
SLOW START

Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs
for slow increase of output pulse width.
Also used to clamp maximum duty cycle with divider Rs Rpc.

Keeps low input voltage at initial turn-on from being defined as a U. V. fault. Sets |
at start level to monitor for U. V. fault.

[

\

[ S
‘ RESET LATCH

|
\
s

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

CURRENT LIMITING

4/10

|
|
|
|
|
|
— e
|
|

t When set by momentary input, this latch insures immediate PWM shutdown and

I
| hold off until reset. |
l Inputs to Error Latch are : |
| a. U. V. low (after turn-on) ‘
| b.O.V. high |
| c. Step low y‘
d. Current Sense 400 mV over threshold

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

Differential input comparator terminates individual output pulses each time sense
\ voltage rises above threshold.

| When sense voltage rises to 400 mV above threshold, a shutdown signal it sent

| to Error Latch. i

\
Error Latch resets at U. V. threshold if Reset Latch ]
\
\
\

924
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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; V, = 20 V, Ry = 20 KQ, C1 = 0.001uF, Cg = 0.001 puF, current limit

hreshold 200 mV)

~ uctsao

1 1
| | ‘
! 384 | I
Symbol Parameter |  Test Conditions _ UC2840 ‘ . :j_c 8 0 | Unit |
L l [ min. “Typ. max. | min. [Typ. Max, l
POWER INPUTS
IsT Start-up Current V‘ =30V,Pin2=25V," ‘ J | ;
e |ss|m
“Start-up Current TC.| V, —,39! Pin2 -2 2| . =011-02]%"C,
I; Operating Current Vi=30V,Pin2=3 5V ] 10 ”‘" 5 ' 10 T_1 5 J‘ mA
_ Vsov__| Supply O.V. Clamp li=20m A 33 | 40 ,L?? 40 | 48 | V|
REFERENCE SECTION
Vagr | Reference Voltage T, =25 °C 495 5 505 49 | 5 51 v |
AVRer Line Regulation V 8t 30V /.10 15 | |10 20 J ,”,N_,J
AVRer Load Regulation | I|_ =0to20mA | 10 ' 20 | _4|_‘10_ 30 | mv |
AAVREE/ATi ]’emperaturg Cogff. l der Op. Tempr. Range : +04 | i 0.4 FnV/°01
Isc Short Circuit Curr. | Vggg =0, Tj =25 °C -80 - 100 | -80 -100| mA |
OSCILLATOR
fs rNomlnaI Frequency ‘ Tj=25°C 47 56ﬁ75§ *E | 56 '“55' KI:EAI
; —1
- \ Voltage Stability 1 Vi=81030V 1 1‘ g‘i*—LT“‘“’r 05 | 1 | % |
i "Temperature Coeff. | Over  Op. Temp. Range $£08 [ 08 | %°C |
fs(max) | Maxim. Frequency RT =2 KQ, Cr =330 pF| 500 | | | 500 [ KHz |
RAMP GENERATOR
~Ramp Current Min. ‘ Isense =— 10 pA i —11 =14 | T _p;‘!
PR P LUITE ; |
Ramp Current Max.  Isense = 1 mA ‘J’_—_o:g_ -095 |09 -095 | mA |
Ramp Valley 03 05 07 | 0305 07 | V |
Ramp Peak Clamping Level 39 42 45 | 39 | 42 45 | V |
SGS-THOMSON 510

&7

MICROELECTRONICS
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UC1840-UC2840-UC3840

ELECTRICAL CHARACTERISTICS (continued)

ucC1840 UC3840
Symbol Parameter Test Conditions uc2s40 Unit
Min. | Typ. I Max. Min.—[ Typ.—[ Max.
ERROR AMPLIFIER
Vos Input Offset Voltage Vem =5V 0.5 2 10 mV
Iy Input Bias Current 0.5 1 5 HA
los Input Offset Current 0.5 0.5 UA
Gy Open Loop Gain AVo =11t03V 60 66 60 66 dB
Output Swing (max Minimum Total Range 0.3 35 0.3 35 \
Out < Ramp Peak —
100 mV)
CMR Common Mode Vem =151t055V 70 80 70 80 daB
Rejection
SVR Supply Voltage Vi=8t030V 40 50 40 50 dB
Rejection
Isc Short Circuit Current | Veomp =0V -4 | =10 -4 | =10 | mA
B* Gain Bandwidth T;=25°C, Gy =0dB 1 2 1 2 MHz
SR* Slew Rate T;j=25°C, Gy =0dB 0.8 0.8 V/us
PWM SECTION
*Continuous Duty Min. Total Cont. Range
Cycle Range Ramp Peak < 4.2 V 5 95 5 95 %
(other than zero)
Vosaty | Output Saturation “lo =20 mA 02 | 04 02 | 04 \Y
Vo (sat) Output Saturation lo =200 mA 1.7 2.2 1.7 2.2 \
loL Output Leakage Vo =40V 0.1 10 0.1 10 uA
Tq *Comparator Delay Pin 8 to pin 12 300 | 500 300 | 500 ns
Tj=25°C, R =1 KQ
SEQUENCING FUNCTIONS
Vr Comparator Pins 2, 3, 4,5 2.8 3 3.2 2.8 3 3.2 \
Threshold
Ip Input Bias Current Pins 3, 4, 5 =0V -1 -3 -1 -3 uA
Start/UV Hysteresis Pin2=25V, Tj=25°C| 120 | 180 | 240 | 120 | 180 | 240 uA
Current
Input Leakage Vi=20V 0.1 10 0.1 10 uA
Driver Bias Saturation| lg =— 50 mA 2 3 2 3 \
Voltage
Vin—VoH
Driver Bias Leakage | Vg =0V -01|-10 -01|-10 | pA
Slow-start Saturation | Is =2 mA 0.2 0.5 0.2 0.5 \
Slow-start Leakage Vs =45V 0.1 2 0.1 2 HA
610 L3y SGS-THOMSON
Y/ siicroELECTROMICS

926




UC1840-UC2840-UC3840

ELECTRICAL CHARACTERISTICS (continued)

uc1840 UC3840
Symbol Parameter Test Conditions uc2840 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
CURRENT CONTROL
Current Limit Offset 0 5 0 10 mV
Current Shutdown 340 | 400 | 440 | 340 | 400 | 440 | mV
Offset
Iy Input Bias Current Pin7 =0V -2 | -5 -2 | -5 uA
*Common mode -03 3 -03 3 \
Range
Tg* Current Limit Delay T;=25°C, Pin7to 12 200 | 400 200 | 400 ns
RL =1 KQ
* Guaranteed by design. Not 100 % tested in production.
Figure 1 : Open Loop Test Circuit.
SUPPLY
VOLTAGE Rg[]100K 0 Rs[]180K0 goe 24x0
2 T
VIN Cs 1pf
16 Vper. SLOW ST. 8 +
Rt ﬁ‘}anvm SENSE DRIV. BIAS 14 IZ
RL=|KQ
out
[ 9Ry/Cy PWM OUT 12 MOt
' uc1840
{10 RAMP GND 13
RY| (20K N
2 START/ UV STOP 4 |——0
RZDSKA
3.0V SENS RESET 5f——"%
R,Eg,m Cr COMP.  INV. NI C/(-) CIL(+)
] 1 17 18
II‘\F
10K
VRer .
—_—O1uf voxn%—‘(%l— kh Kh
I PWM
ADJ. 10
2Ka Ké]l-.PRRENT SENSE
S—6412 TEST
Nominal frequency = ———— =50 kHz O.V. fault voltage =3 (F1+R2+R3) _ 45
RrCt . R3
Current limit = 200mV
R1+R2 + R3
Start voltage = 3 L—R2~+—R3—~) +02R1=12V Current fault voltage = 600mV
(R1 + R2 + R3) Duty cycle clamp = 50%
U.V. fault voltage =3 -+ e+ 19 _gy
9 RO+ R3
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UC1840-UC2840-UC3840

Figure 2 : Start U.V. Hysteresis Current.
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Figure 4 : Oscillator Frequency.
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Figure 6 : Error Amplifier Open-loop Gain and

Phase.
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Figure 3 : PWM Output Saturation Voltage.
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Figure 5 : PWM Output Minimum Pulse Width.
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Figure 7 : Shutdown Timing.
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UC1840-UC2840-UC3840

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

OC INPUT LINE

Rp | |RiN
CONTROL VOLTAGE
AC VREF
INPUT *ViN VREF ouT CiN
" I
o R4 T
Cr
prec| |rame
C i 0SC.1 | rer. GEN.
Cf -L Cr
YIN I
=
F K R
DRIVE 8 <o
o -+
v AME. R
R1 RS REF D o
s
TURN
ON VReF
SN PWM R8
o uve RS

UC1840
ovP \F
DC LINE
3 R7
Rs
> 4 [REMOTE ’ D Res
START/ SLow

_rﬁﬁ STOP START -L
— ICs Rpc
L .

In this application [see Fig.8] complete control is The UC1840 will readily accept digital start/stop
maintained on the primary side. Control power is commands transmitted from the secondary side by
provided by Rin and Cin during start-up, and by a means of optical couplers.

primary-referenced low voltage winding. N2, for ef- - Not shown are protective snubbers or additional in-
ficient operation after start. The error amplifier loop terface circuitry which may be required by the choice
is closed to regulate the DC voltage from N2 with of the high-voitage switch, Qs, or the application
other outputs following through their magnetic cou-

pling - a task made even easier with the UC1840’s

feed-forward line regulation.

| stop

hew  S-641311
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UC1840-UC2840-UC3840

Figure 9 : Power Sequencing Functions.

A B C DE F G HI ) K L MN O P QRS T U v
I | I [} ! 1 (B I 1 [ | [ 1 1 1
v _/\”_\/\/\/\/—‘\/\/\/\’_
(NOTE 1)
DRIVER l l l l ' I I I I l |
BIAS

SLOW-
START

71
i
I

PWM
ouTPUT
EXT.
SToP

RESET
1 | [} [ [t | 1
B8 C DE F G HIJ K L

S-641

Notes : 1. VC 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 UC1840.

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 Time| Event i - 41’
A Initial Turn-on, V. Rises with Light Load L Return to Normal Run State ’
1
B Start Threshold. Driver Bias Loads Vo M Reset Latch Set Signal Removed f
C Operating PWM Regulates V, N Error Latch Set with Momentary Fault B
D Stop Input Sets Error Latch Turning off o Error Latch does not reset as Reset Latch is|
PWM reset ‘
E getv Low Threshold. Error Latch Remain l g Ve and Driver Bias Recycle with no Turn-on.
F Start Tums.on Driver Bias Bus Error Latch ‘1 R Reset Latch Set is Set with Momentary ﬁ\
Still Set | Reset Signal ‘
|
a V¢ and Driver Bias Continue to Cycle | S Ve must Complete Cycle to Turn-on
- ‘ T Start and Error Latches Reset
|| Stop Command Removed U | Normal Start Initiated
J Error Latch Reset at U V. Low Threshold Vv Return to Normal Run State ‘
K Start Threshold Now Removes Slow-start
Clam R
1010 L7 SGS-THOMSON
Y/ sicroELECTRONICS
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UC1842/3/4/5
uUC2842/3/4/5
UC3842/3/4/5

OPTIMIZED FOR OFF-LINE AND DC TO DC
CONVERTERS
LOW START-UP CURRENT (< 1 mA)

= AUTOMATIC FEED FORWARD COMPENSA-

TION

PULSE-BY-PULSE CURRENT LIMITING
ENHANCED LOAD RESPONSE CHARACTE-
RISTICS :
UNDER-VOLTAGE LOCKOUT WITH HYSTE-
RESIS

DOUBLE PULSE SUPPRESSION

HIGH CURRENT TOTEM POLE OUTPUT
INTERNALLY TRIMMED BANDGAP REFE-
RENCE

500 KHz OPERATION

LOW Ro ERROR AMP

DESCRIPTION

The UC1842/3/4/5 family of control ICs 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-

CURRENT MODE PWM CONTROLLER

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 MOSFETSs, is low in the off-state.

Differences between members of this family are the
under-voltage lockout thresholds and maximum du-
ty cycle ranges. The UC1842 and 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 UC1843 and UC1845 are 8.5 V and
7.9V. 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.

ring start-up current less than 1 mA, a precision re- Minidip Plastic SO-14 J DIP-14 Plastic
ference trimmed for accuracy at the error amp input, and Ceramic
logic to insure latched operation, a PWM compara- -
BLOCK DIAGRAM (toggle flip flop used only in UC1844 and UC1845)

7(12)

vi O
2
R 3av yveo 1 (w8
5(9) - l"::>’ ls’“;42? | Vé:i

GROUND

5v
lNTBE&!;AL 50mA

VRer
G000
LOGIC

4(7)

-

Rr/¢y O | osc. [~

ERROR
:l: AMPR
2 (3)
Ve

1(1)
comp O

3(5)
O—

CURRENT
SENSE

POWER
CURRENT

SENSE GROUND
COMPARATOR

5770512
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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 \Y%
Vi Supply Voltage (l; < 30 mA) Self Limiting
lo Output Current +1 A
Eo Output Energy (capacitive load) 5 o]
Analog Inputs (pins 2, 3) - 0.3106.3 \%
Error Amplifier Output Sink Current 10 mA
Ptot Power Dissipation at Tamp < 50 © C (minidip, DIP-14) 1 W
Ptot Power Dissipation at Tamp < 25 ° C (SO-14) 725 mwW
Tstg Storage Temperature Range — 65 to 150 °C
TL Lead Temperature (soldering 10 s) 300 °C
* All voltages are with respect to pin 5, all currents are positive into the specified terminal.
BLOCK DIAGRAM (top view)
DIP-14 / SO-14. Minidip Plastic and Ceramic.
come. [|1 wl] Veer
N.C [ 2 3 ] N.C. \J
come |1 8 ] Veer
VFB [ 3 12 ] Vi
Ve ‘ 2 7 ] v
ve e n ] Ve
ISENSE[ 3 6 ] ouTPUT
ISENSE lj 5 10 ]OUTPUT
Rp/Cy ‘4 5 lGROUND
N.C [ 6 9 ]GROUND
5.7706
wer 7 o] ks
$-9473
ORDERING NUMBERS
PLASTIC CERAMIC
TYPE MINIDIP MINIDIP DIP-14 $0-14
uc1842 uc1842J
uc1843 uC1843J
uC1844 uC1844J
uc1845 uC1845J
uc2842 UC2842N uc2s42J uC2842B uc2842D
uC2843 UC2843N uC2843J uC2843B uc2843D
uC2844 UC2844N uC2844J UC2844B uC2844D
ucC2845 UC2845N uC2845J uC2845B ucC2845D
uC3842 UC3842N uc3842J UC3842B uC3842D
UC3843 UC3843N uC3843J UC3843B UC3843D
uC3844 UC3844N uC3844J UC3844B UC3844D
uC3845 UC3845N UC3845J UC3845B UC3845D
2/8
‘_ SGS-THOMSON
Y/ wicroELEcTRONICS
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

THERMAL DATA

Ceramic Pla:ﬂic DIP-14 s0-14
Minidip Minidip Plastic
Rih j-amb l 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
< Tamp £ 125 °C for UC184X ; — 25 < Tamp < 85 °C for UC284X ; 0 < Tamp < 70 °C for UC384X ; Vi =15V

(Note 5) ; Rt =10 K; Cy = 3.3 nF)
) USTE T yoasax ||
Symbol Parameter Test Conditions Unit
Min.] Tpr Max. | Min. | Typ. |Max.
REFERENCE SECTION
VRer Output Voltage Ty =25°C o =1mA 495 | 5.00 | 5.05 | 490 | 5.00 | 5.10 \
A VRer Line Regulation 12V<V;<25V 6 20 6 20 mV
A Vger Load Regulation 1<l <20 mA 6 25 6 25 mV
A VRep/AT | Temperature Stability (Note 2) 0.2 0.4 0.2 0.4 | mV/°C
Total Output Variation Line, Load, Temperature (Note 2) 4.9 5.1 4.82 5.18 \
en Output Noise Voltage 10 Hz < f< 10 KHz Tj = 25 °C 50 50 uv
(Note 2)
Long Term Stability Tamb = 125 °C, 1000 Hrs (Note 2) 5 25 5 25 mV
sc Output Short Circuit -30 | -100 | -180 | - 30 [ -100|-180 | mA
OSCILLATOR SECTION
fs Initial Accuracy T; =25 °C (Note 6) 47 | 52 | 57 | 47 | 52 | 57 | KHz
Voltage Stability 12<V;<25V 0.2 1 0.2 1 %
Temperature Stability | Tmin < Tamb < Tmax (Note 2) 5 5 %
V4 Amplitude Vping Peak to Peak 1.7 1.7 \
ERROR AMP SECTION
Vs, Input Voltage Vpint = 25V 2451250 | 255|242 |2.50|2.58 \
Iy Input Bias Current -03| -1 -03| -2 | uA
AvoL 2<V,<4V 65 | 90 65 | 90 dB
B Unity Gain Bandwidth | (Note 2) 0.7 1 0.7 1 MHz
SVR Supply Voltage 12<V;<25V 60 | 70 60 | 70 dB
Rejection
lo Output Sink Current Vping =27 V Veing =11 V]| 2 6 2 6 mA
lo Qutput Source Current | Vpinz =2.3 V Vpint =5V |-05(-0.8 -05|-0.8 mA
Vout High Vping = 2.3 V; 5 6 5 6 \
RL =15 KQ to Ground
Vout Low Veineg =27 V; 0.7 | 1.1 0.7 | 141 \
R.=15 KQ to Pin 8
477 S5STHOMSON
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

ELECTRICAL CHARACTERISTICS (continued)
uC184X
uc384Xx
Symbol Parameter Test Conditions uc284x Unit
Min.l Typ. lMax. Min. | Typ. |Max.
CURRENT SENSE SECTION
Gy Gain (Notes 3 & 4) 2.85 3 3.156 | 2.8 3 3.2 VNV
Vs Maximum Input Signal Vpint = 5 V (Note 3) 0.9 1 1.1 0.9 1 1.1 \Y
SVR Supply Voltage Rejection |12 < V; <25 V (Note 3) 70 70 dB
lp Input Bias Current -2 (=10 -2 | =10 uA
Delay to Output 150 | 300 150 | 300 ns
OUTPUT SECTION
Isink =20 mA 0.1 | 04 0.1 | 04
loL Output Low Level Y,
Isink =200 mA 1.5 | 22 15 | 22
| =20 mA 13 | 135 13 [ 135
lon Output High Level SOURCE Y
Isource =200 mA 12 (135 12 [135
ty Rise Time Tj=25°C C_=1nF 50 | 150 50 | 150 ns
(Note 2)
tt Fall Time Tj=25°C C_=1nF 50 | 150 50 | 150 ns
(Note 2) '
UNDER-VOLTAGE LOCKOUT SECTION
X842/4 15 16 17 |145| 16 [17.5
Start Threshold Vv
X843/5 78 | 84 |90 |78 |84 |90
Min. Operating Voltage | X842/4 9 10 | 11 [ 85 | 10 [11.5 v
After Turn-on X843/5 70 |76 |82 |70 |76 |82
PWM SECTION
X X842/3 93 97 | 100 | 93 | 97 | 100
Maximum Duty Cycle Y%
X844/5 44 | 48 | 50 45 | 48 | 50
Minimum Duty Cycle 0 0 %
TOTAL STANDBY CURRENT
Ist Start-up Current 0.5 1 0.5 1 mA
li Operating Supply Vping = Vping =0V 11 20 11 20 mA
Current
A Zener Voltage li =25 mA 34 34 \"
Notes : 2. These parameters, although guaranteed, are not 100% tested in production.
3. Parameter measured at trip point of latch with Venz = 0.
4. Gain defined as :
A= AVEN L ocvos<08V
A Veing
5. Adjust Viabove the start threshold before setting at 15 V.
6. Output frequency equals oscillator frequency for the UC1842 and UC1843.

4/8

Output frequency is one half oscillator frequency for the UC1844 and UC1845.
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

Figure 1 : Error Amp Configuration.

25v
05mA

N

Error amp can source or
sink up to 0.5mA

5-7708

Figure 2 : Under Voltage Lockout.

ON/OFF COMMANO
TO REST OF 1C

uC1842 | UC1843 <17mA I
UC1844( UCIBLS

v, v | 84V
ON <imA v
cc

Vore YoN

Ve 1ov 7.6V

5-7707/2

During Under-Voltage Lockout, the output driver is to prevent activating the power switch with extra-
biased to sink minor amounts of current. Pin 6 neous leakage currents.
should be shunted to ground with a bleeder resistor

Figure 3 : Current Sense Circuit .

2R

CURRENT
R w SENSE
COMPARATOR

5-770911

PEAK CURRENT (Is) IS DETERMINED BY THE FORMULA

| 1.0V
S max = RS
A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS.
Ly7 SGS-THOMSON 5/8
’ MICROELECTRONICS
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

Figure 4.
1
1
I
Yrer  (B)
I
bR
I
|
Ry/Cy °
|
i Cy
H
GROUND ()
:'
IR
1.72
for Rr > 5KQ f= Ao

Figure 6 : Timing Resistance vs. Frequency.

Figure 5 : Deadtime vs. Ct (R1 > 5KQ).
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(ps) 2 r
!
i

22 Cr(nF)

Figure 7 : Output Saturation Characteristics.
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Figure 8 : Error Amplifier Open-loop Frequency
Response.
G-57688 '
GY .
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o8 (37 SGS-THOMSON
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

Figure 9 : Open Loop Test Circuit.

O Vrer
Ry
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ADJUST SENSE
47KQD
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er -

s-7m

|

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

Figure 10 : Shutdown Techniques.

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.

TO CURRENT
SENSE RESISTOR

s-1m2i1

comP

SHUTDOWN,

Shutdown of the UC1842 can be accomplished by
two methods ; either raise pin 3 above 1V 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-

‘7_’ SGS-THOMSON

down condition at pins 1.and/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.

7/8
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UC1842/3/4/5-UC2842/3/4/5-UC3842/3/4/5

Figure 11 : Off-line Flyback Regulator.
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Power Supply Specifications

1. Input Voltage : 95 VAC to 130 VAC
(50 Hz/60 Hz)
2. Line Isolation : . 3750 V

3. Switching Frequency : 40 KHz
4. Efficiency @ Full Load : 70 %

Figure 12 : Slope Compensation.

5. Output Voltage :
A +5V,£5%:1Ato4 Aload
Ripple voltage : 50 mV P-P Max.
B.+12V,+3%:0.1 Ato 0.3 A load
Ripple voltage : 100 mV P-P Max.
C.—-12V,+3% :0.1 At0o 0.3 Aload
Ripple voltage : 100 mV P-P Max.

Vref

AT/CT (4
uc1842/3

R2 l i Isense

Isense ﬁs}

4
AT it

SLOPEC: : LIB

Rsense

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 %.

8/8
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Note that capacitor, C, forms a filter with Rz to su-
press the leading edge switch spikes.
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UCN4301A

= HIGH-VOLTAGE, HIGH-CURRENT OUTPUTS

s OUTPUT TRANSIENT PROTECTION

= CMOS, PMOS, NMOS, TTL COMPATIBLE IN-
PUTS

= INTERNAL PULL-DOWN RESISTORS

= LOW-POWER CMOS LATCHES

DESCRIPTION

The UCN4801A 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)

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.

DIP-22
(Plastic)

ORDER CODE : UCN4801ADP

-

:]22

]

© 0y oA W N =

ininininicsininisiat

=]

¥

-

[
i
N W &

- 0OWoOoO NGO~ WN =

- Clear 22- Output enable
- Strobe 21-Vce

- Input 1 20 - Output 1
- Input 2 19- Output 2
- Input 3 18- Output 3
- Input 4 17 - Output 4
- Input 5 16 - Output 5
- Input 6 15- Output 6
- Input 7 14- Output 7
- Input 8 13- Output 8
- GND 12- Common

September 1988

1/4

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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UCN4801A

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Output Voltage 50 \
Vee Supply Voltage 18 Vv

A Input Voltage Range —0.3t0 Vgec + 0.3 \Y
lc Continuous Collector Current 500 mA
Piot Power Dissipation* 2.0 w
Top Operating Ambient Temperature Range - 20to + 85 °C
Tstg Storage Temperature —55t0 + 125 °C

" Derate at the rate of 20 m/'C above Tam = + 25 ‘C

SCHEMATIC DIAGRAM

Inputn O

Output enable

Vee 00—

W\
\

o o |
|
|
I

Clear !
|
|
1
|

\ COMMON MOS TYPICAL MOS TYPICAL BIPOLAR

CONTROL

LATCH - DRIVER

O Outputpy

2/4
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UCN4801A

ELECTRICAL CHARACTERISTICS T, = + 25 °C, V¢ = 5V (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. | Unit
lo Output Leakage Current (Vo =50 V) A
Tamb =+25°C - - 50
Tamp =+ 70 °C - - 100
Vo(sat) Collector-emitter Saturation Voltage Vv
lo =100 mA - 0.9 11
lo =200 mA - 11 1.3
lo =350 mA, Ve =7V - 3 1.6
Vi) Input Voltage - - 1 \
Vi) Vee =15V 135 - -
Vee =10V 85 - -
Vee =5V - (note 1) 35 - -
Rin Input Resistance KQ
Ve =15V 50 200 -
Ve =10V 50 300 -
Ve =5V 50 600 -
lccion) Supply Current - Outputs Open mA
(each stage) Voo =15V - 1 2
Vee =10V - 0.9 1.7
Vee =5V - 0.7 1
lcc(ofhy All Drivers off, All Inputs =0 V - 50 100 UA
Ir Clamp Diode Leakage Current (Vg =50 V) HA
Tamb =+ 25 °C - - 50
Tamb =+ 70 °C - - 100
Vg Clamp Diode Forward Voltage Ir = 350 mA - 1.7 2 \
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 "I".

TRUTH TABLE

Output OUTy

INN Strobe | Clear | Enable |t-1 | t
0 1 0 0 X |OFF
1 1 0 0 X |ON
X X 1 X X |OFF
X X X 1 X |OFF
X 0 0 0 ON | ON

1= previous output state

X =irrelevant
t-
t

= present output state

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.

L7 S5s-THOMSON s/

MICROELECTRONICS
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UCN4801A

TIMING CONDITIONS

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

CLEAR

)«04,34—

STROBE__—J—_—L——J—_—_—L———— ____________ _J———l__
~.|AL-C—;IB
OUTPUT

ENABLE

R
—

o

-

VS [ S I S N S

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

4/4

=5."C

450

400

350

300

250

ALLOWABLE COLLECTOR CURRENT IN mA AT Tamb

100 ns
100 ns
300 ns
500 ns
500 ns
300 ns
500 ns
T T I
\ Tor 2
N \ \\ \\ N
N Y 3
A ok
\\\ A .
‘\ AL N
N ™
JELL ™~
Number of outpu .!s ~
qonducting
stmu: lav:eorslyL , —
LT[
10 20 30 40 50 60 0 80 90 100

PERCENT DUTY CYCLE
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UEB4732

A.C. PLASMA PANEL DRIVER

= 32-BIT SHIFT REGISTER WITH LATCHES - T
= DECODING LOGIC CIRCUIT \
» LOWTOHIGH VOLTAGE INTERFACE FORDI- ‘ DIP-40
RECT CONNECTION TO 32 ELECTRODES (Plastic)
|
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 \ ORDER CODE : UEB4732DP
common amplifiers for rows and columns of the pa- ‘
nel. The whole network is driven by a few CMOS lo- \
gical signals. J
* Bipolar CMOS and complementary DMOS on same chip. L B
PIN CONNECTION
Clock E 1 s0[] Ve
Inverting input E 2 39 :] DI
Strobe []3 38 [] Ground (logic)
Output 1 [] 4 37[] Output 32
Output 2 [ 36 [] Output 31 |
Output 3 [6 35 % Output 30 |
Output4 []7 34 [] Output 29 . P . |
Output 5 g 8 23 [ outpur 20 . ét(r)ol\kﬂ)eosln(i/ompatlble logic inputs : DI, Clock,
Output 6 [ 9 327 Output 27 ’ :
Output 7 [] 10 31 [] Output 26 + 32 totem pole 100 V outputs, with clamping
Output 8 [ 11 30 [ Output 25 diodes to the VA2 and VA3 inputs.
Output 9 []12 29[] Output 24 « Logic supplies (Ground and Vcc1) separated
Output 10 []13 28 [ Output 23 from hight voltage (VA2, VA3) to avoid distur-
Output 11 []14 27 [ output 22 bances.
Output 12 []15 26 [] Output 21
Output 13 [16 25 [] Output 20
Output 14 [17 24 (] Output 19
Output 15 [: 18 z ] Output 18
Output 16 [|19 22 [] Output 17
va3 []20 21[] vaz
September 1988 1/6
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UEB4732

TYPICAL APPLICATION

Power supply
(Gnd, 1 12 v, + 100V, — 100 V) Logical command

I

L

HV UEB
Power supply
7777777 | )
AMPLI
v Floating
power
Translator % supply ll H
COLUMNS
UEB
F E—
0 4732
a
t
|
n
g
|
0
g Gnd |
¢ veer| VBB >
7 vAz o 4732 - To032
VA3 electrodes g AC
s - w PLASMA PANEL
4 — s
n O =
a Clock —¥ -
L Strobe - e
InV —& >
>
2
r SGS-THOMSON
Y/ iucroslECTROMIES
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UEB4732

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vet Logic Supply Voltage 18 \
Va2 Va2 Voltage (Va2 = Vaz) 120 Vv
Vas Va3 Voltage 10, e N v
Vi Input Voltage Range —-03toVger +03 v
NOTE: Voltage values are with respect to network ground terminal (ground logic).
SCHEMATIC DIAGRAM
Inverting
Clock DI Strobe nput VA2 VA3
Y
1 b—»—| Latch O;;z:' o o
>
J For 1 output
>
32bnt
shift
register
|
I
1
1
I
-
ELECTRICAL OPERATING CHARACTERISTICS (over recommended operating range)
Symbol Parameter Min. | Typ. | Max. | Unit
Vow High Level Dropout Voltage (for one output) Vao > 20 V \
—lon =—10mA 5 10
—lon =—20mA 10 20
VoL Low Level Dropout Voltage (for one output) Vas = Ground \%
—loL =10 mA 5 10
—loL =20 mA 10 20
Vok Dropout Clamp Voltage \
—lo =+ 100 mA in One Output 2
—lo =+ 100 mA Simultaneously in the 32 Outputs 3
felock Maximum Clock Pulse Frequency 4 8 MHz
" Al typical values are at Vect = 12V, Tamo = 25 °C.
L7 SGS-THOMSON 36
Y/ GacrorEcTRONICS
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UEB4732

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

Symbol Parameter Min. | Typ. | Max. | Unit
Vee Logic Supply Voltage 10 15 \
Va2 Va2 Voltage (VA2 > VA3) - 0.6 120 \Y
Vas Vas Voltage - 06 10 | \%

lo Peak Current (for one output) mA
— High Level Va2 > 20 V - 20
— Low Level Va3 = Ground 20
lo Peak Clamp Current (for one output) + 100 mA
Tamb Operating Free Air Temperature °C
UEB4732 0 +70
FUNCTION TABLE
. Inputs Shift Register Latchs Outputs
Functions | Data Strobe
Clock | Inv. R1 | R2 [R32 | L1 | L2 [L32 | 01 | 02 [o032
LOAD H T X X H Ri1n | R31n | R1s | R2s | R32s | Levels at 01 through
L T X X L R1n | R31n| R1s | R2s | R32s | 032 depend on Inv.
and strobe (see
"strobe”).
LATCH X H L { Rin | R2n | R32n | R1n | R2n | R32n | Rin | R2n | R32n
X H H 2 Rin | R2n [ R32n| Rin | R2n | R32n | Rin | R2n | R32n
STROBE X X L L Levels at R1 through| R1s | R2s | R32s | R1s | R2s | R32s
X X H L R32 depend only on | R1s | R2s | R32s | R1s | R2s | R32s
X X L H data and clock (see | R1 R2 R32 L L L
X X H H "load"). R1 R2 R32 H H H
H = High level L = Low level X = Irrelevant

T = Low to high transition

For the outputs, the high level (H) is Vaz, the low level (L) is Vaa.
R1....R32 = Levels currently at internal outputs of shift register.

R1n....R32n = Levels at shift register outputs R1 through R32, respectively, before the most recent T
transition of clock.

R1s....R32s = Levels at shift register outputs R1 through R32, respectively, before the most recent ¢
transition of strobe (levels currently stored by the 32 latchs L1 through L32).

Ris...R32s = Logical inversion of R1s.....R32s.

J = High to low transition

4/6
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UEB4732

SCHEMATIC OF ONE OUTPUT STAGE

VAj
OUTPUT
FROM
LOGIC
VA3

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.100 V, referred to logic ground) Vaz is equal
to logic ground, and the output is selectively
adressed by complementary by DMOS stage.

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.

"_I SGS-THOMSON

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 Vas supply in-
puts. These diodes are designed to provide the peak
current of the sustaining signal (typ. 100 mA/output)
without distorsion of the signal.

5/6
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UEB4732

TIMING DIAGRAM

TYPICAL OPERATIONG SEQUENCE

Clock
Strobe ‘I l—
VA2 \
VA2 x A /_l_
mode
\ T
Output 'l Y P 1
Y
o e U Ve Vel W
\
Output Ve
i
‘

+100 v
ov

+100 V
ov

+100 V
ov
100 v

A\ e . 4 ) . J/
D I
Sustain Write Erase
Note : X mode circuits are referred to ground.
Y mode ones are floating on sustaining voltage.
In X mode, Inv. input is low.
In'Y mode, Inv. input is high.
&/ L3 SGS-THOMSON
Y7  GiicROELECTRONICS
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L[Sy SGS-THOMSON ULN2001A-ULN2003A
Y ichoslEcTRONICS ULN2002A-ULN2004A

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

» OUTPUTS CAN BE PARALLELED FOR HI-
GHER CURRENT

» TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

» INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

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

The four versions interface to all common logic fa-
milies :

ULN2001A | General Purpose, DTL, TTL, P\MBE,“}

| |CMOoS . |
(ULN2002A | 14-25 V PMOS - ‘
ULN2003A | 5V TTL, CMOS

|ULN2004A | 6-15 V OMOS, PMOS

ABSOLUTE MAXIMUM RATINGS

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
ULN2001D/2002D/2003D/2004D.

DIP-16 Plastic
(0.25)

S0O-16J

ORDER CODES :
ULN2001A/2A/3A/4A (DIP-16)
ULN2001D/2D/3D/4D (SO-16)

Symbol|  Paameter | Value | it |

Vo Output Voltage 50 v

Vie | Input Voltage (for ULN2002AID - 2003AID - 2004AD) | 30 | Vv |

le Continuous Collector Current ‘ 500 | mA |

Iy Continuous Base Current [ 25 i mA ]
Tamb Operating Ambient Temperature Range v —-20t0 85 [ °C
Tstg Storage Temperature Range i i -55to 150"7' °C
T Junction Temperature ] | 150 °C

September 1988 1/4
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ULN2001A-ULN2002A-ULN2003A-ULN2004A

PIN CONNECTION

INT ADO—T]W
IN 2 Zl% s
IN 3 3(——l>c LN.. }u.
IN 4 L[% }13
IN 5 5[———D@L’H }12
IN & GI—D&LN_‘ }!1
RN I J10
GND al e |

5-1977/1

out 1

ouT 2

out 3

ouT 4

ouT 5

out §

ouT 7

[} 9 COMMON  FREE
WHEELING DIODES

SCHEMATIC DIAGRAM

EACH DRIVER S~ 389

Series ULN-2001A
(each driver)

O COoM

oout

I
|
|
I
|
L - ————————
EACH DRIVER

Series ULN-2003A
(each driver)

EACH DRIVER

Series ULN-2002A
(each driver)

I
!
|
[
1
L - ——— —— ———

EACH DRIVER

Series ULN-2004A
(each driver)

THERMAL DATA

DIP-16

SO-16

Rihj-amb | Thermal Resistance Junction-ambient

Max. 70 °C/W

165 °C/W

2/4
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ULN2001A-ULN2002A-ULN2003A-ULN2004A

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

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
lcex Output Leakage Current Vce =50V 50 uA 1a
Tamp =70°C  Vce =50V 100 uA 1a
Tamb = 70 °C
for ULN2002A
Vee =50V Vi=6V 500 A 1b
for ULN2004A
Vee=50V V=1V 500 uA 1b
Vcesay | Collector-emitter lc = 100 mA I = 250 pA 0.9 1.1 \Y 2
Saturation Voltage lc =200 mA  Ig = 350 pA 1.1 1.3 " 2
lc =350 mA  Ig = 500 pA 1.3 1.6 v 2
liton) Input Current for ULN2002A V; =17V 0.82 1.25 mA 3
for ULN2003A V; =3.85V 0.93 1.35 mA 3
for ULN2004A V=5V 0.35 0.5 mA 3
V=12V 1 1.45 mA 3
lioy | Input Current Tamb =70°C  Ic =500 pA | 50 65 A 4
Vion) Input Voltage for ULN2002A
Vee=2V lc = 300 mA 13 \ 5
for ULN2003A
Veg =2V Ic = 200 mA 2.4 % 5
Vee=2V Ic = 250 mA 2.7 \ 5
Veg=2V Ic =300 mA 3 % 5
for ULN2004A
Vee =2V lc = 125 mA 5 \Y 5
Vee =2V Ic =200 mA 6 \ 5
Vee=2V lc =275 mA 7 \ 5
Vee=2V Ic = 350 mA 8 Vv 5
hre DC Forward Current Gain | for ULN2001A
Veg=2V Ic =350 mA | 1000 2
Ci Input Capacitance 15 25 pF =
tpLH Turn-on Delay Time 0.5V t0 0.5V, 0.25 1 us -
tpHL Turn-off Delay Time 0.5Vit0 0.5V, 0.25 1 us
Ir Clamp Diode Leakage Vg =50V 50 uA 6
Current Tamp =70°C Vg =50V 100 pA 6
Ve | Clamp Diode Forward Ir = 350 mA ' 1.7 2 % 7
Voltage
SGS-THOMSON o4
&7 55
Y/ iicroE ECTRONICS
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ULN2001A-ULN2002A-ULN2003A-ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN Vce OPEN  Vcg
Icex
OPEN

$-5725

Figure 2. Figure 3.
S- 1980

Figure 4.

OPEN

Vce

5-1987

Figure 6. Figure 7.
VR
Ir
OPEN
$-5727
44
‘ SGS-THOMSON
Y/ wicrozLECTRONMICS
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ULN2064B ULN2070B
ULN2066B ULN2074B
ULN2068B ULN2076B

SGS-THOMSON
MICROELECTRONICS

<71

= OUTPUT CURRENT TO 1.5 AEACH DARLING-
TON

= MINIMUM BREAKDOWN 50 V

= SUSTAINING VOLTAGE AT LEAST 35V

« 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
mA. 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-

50V-1.5 A QUAD DARLINGTON SWITCHES

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.

POWERDIP
12+24+2

PIN CONNECTIONS (top view) and ORDER CODES

12 6N sus sl -5“5
I _
i | [E— 8 GE"?

—s 3
ab
1

NC 7 . E —Jo < € 7]1;, o &

,ﬂl_ ] ¢ 8 l:} L, ._i_]g K c e[.- _J )9 c
ULN2064B ULN2068B ULN2074B
ULN2068B ULN2070B ULN2076B

September 1988
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vcex Output Voltage - 50 Vv
Vcesus) | Output Sustaining Voltage 35 \
lo Output Current 1.75 A
Vi Input Voltage for ULN2066B/70B/74B/76B 30 \"
for ULN2064B/68B 15 \

lj Input Current 25 mA
Vs Supply Voltage for ULN2068B 10 Vv
for ULN2070B 20 Vv

Pitot Power Dissipation : at Tamp = 90 °C 4.3 w
at Tamp =70 °C 1 w

Tamb Operating Ambient Temperature Range - 20 to 85 °C
Tstg Storage Temperature - 5510 150 °C

SCHEMATIC DIAGRAM

$-5920

ULN2064B :Rn= 35Q
ULN2066B : Rin = 3 kQ

2/8
Kyy S5S;THOMSON
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

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

Symbol | Parameter | TestConditons | Min. | Typ. |Max.| Unit | Fig |
lcex Output Leakage Current for ULN2064B — ULN2066B
VCE =50V 100 LlA 1
Vee =50V Tamp =70 °C 500 A
Vcesus) | Collector-emitter for ULN2064B — ULN2066B
Sustaining Voltage lc =100 mA ) v |2
Vcesay | Collector-emitter Ic =500 mA 1.1 \Y
Saturation Voltage lc =750 mA 1.2 \ 3
lc=1A 1.3 \
lc=125A | 1.4 ,,V
liton) Input Current for ULN2064B V; =24V 1.4 | 43 mA
for ULN2064B V,; =375V 3.3 9.6 mA 4
for ULN2066B V=5V 0.6 1.8 mA
for ULN2066B V=12V | 17 52 | mA |
Viion) Input Voltage for ULN2064B
Vee =2V lc=1A 2 \
Veg =2V lc=15A 2.5 \Y
for ULN2066B 5
Veeg =2V lc=1A 6.5 \
Veg =2V lc=15A ol 1y
tpLH Turn — on Delay Time 0.5 V;to 05V, o 1 LEYS_
tpHL Turn — off Delay Time 0.5 Vi to 0.5V, 1.5 us
IR Clamp Diode Leakage for ULN2064B — ULN2066B
Current Vg =80V 50 A 5
) Vg =80V Tamp =70°C | | 100 HA |
Ve Clamp Diode Forward le=1A 1.75 \% 7
Voltage lr=15A 2 vV
Notes : 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
Vs
Rs
K
8 C
1
i
X
1
b
5-5922
ULN2068B : Rin = 2.5 kQ Rs = 900 Q
ULN2070B : Rn= 11.6 kQ Rs = 3.4 KHQ
(37 SGS-THOMSON 8
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

ELECTRICAL CHARACTERISTICS (Vs =5V for ULN2068B, Vs = 12 V for ULN2070B, T, =25 C
unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig
lcex Output Leakage Current for ULN2068B — ULN2070B
Vce =50V 100 uA 1
Vece =50V Tamp =70 °C 500 | pA
Vcesus) | Collector-emitter for ULN2068B — ULN2070B
Sustaining Voltage lc =100 mA Vi=04V 35 \Y 2
Vcesaty | Collector-emitter for ULN2068B
Saturation Voltage Ic =500 mA V=275V 1.1 \
Ic =750 mA Vi=275V 1.2 \
Ilc=1A Vi=275V 1.3 \Y
lc=125A Vi =275V 14 \Y
for ULN2070B 2
Ig =500 mA Vi=5V 1.1 \Y
Ig =750 mA Vi=5V 1.2 \
lg=1A Vi=5V 1.3 Y
. lg =1.25A Vi=5V 14 \Y
ligon) Input Current for ULN2068B V; =275V 550 | uA
for ULN2068B V; =3.75V 1000 | pA
for ULN2070B V=5V 400 | pA 4
for ULN2070B V; =12V 1250 | pA
Vion) Input Voltage Veg =2V lc =15A
for ULN2068B 2.75 \ 5
for ULN2070B 5 \
Is Supply Current for ULN2068B '
lc =500 mA Vi=275V 6 mA
for ULN2070B 8
lc =500 mA Vi=5V 45 mA
tpLH Turn-on Delay Time 0.5 Vit0 0.5V, 1 us
tpuL Turn-off Delay Time 05V;to 05V, Ic=125A 15 us
IR Clamp Diode Leakage for ULN2068B — ULN2070B
Current Vg =50V 50 UA 6
Vg =50V Tamb =70 °C 100 | dA
Ve Clamp Diode Forward lg=1A 1.75 \Y 7
Voltage lF=15A 2 \Y
SCHEMATIC DIAGRAM
ULN2074B : Rn = 350 Q
ULN2076B : Rin = 3 kQ

4/8
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

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

Symbol Parameter Test Conditions Min. | Typ. M;(._VUnit Fig
lcex Output Leakage Current for ULN2074B — ULN2076B
VCE =50V | 100 |.lA 1
N Vce =50 V Tamp =70 °C 1 500 [ A |
Vcesus) | Collector-emitter for ULN2074B — ULN2076B |
Sustaining Voltage lc =100 mA Vi=04V 35 \ 2
VCE(sat) Collector-emitter Ic =500 mA lg =625 A | 1.1 \Y
Saturation Voltage Ic =750 mA lg =935 uA | 1.2 ‘ \Y
lc=1A Ig =1.25 mA IR 3
lc=125A ls =2 mA [ 14 | v
liomy | Input Current for ULN2074B V; =24V 14 T 43 [ ma
for ULN2074B V; =3.75 V 33 | 96 | mA
for ULN2076B V=5V 0.6 [ 18 | mA | 4
for ULN2076B V; =12V 1.7 | §.2 mA
Vi(on) Input Voltage for ULN2074B |
Vee =2V lc=1A | 2 Y
Ve =2V lc=15A l 25 v
for ULN2076B | 5
Veg =2V lc=1A 6.5 Y
Veg =2V lc=15A 10 Vv
teLH Turn-on Delay Time 0.5 V; to 0.5 V, 1 us
tPHL Turn-off Delay Time 0.5Vito 0.5V, 15 us
TEST CIRCUITS
Figure 1. Figure 2.
OPEN V(g OPEN [
i
!
OPEN cex l
V= Vee e '
5-5725 I 5-5926 |
Figure 3. Figure 4.
OPEN |
I
| l
K Vee fe
L
$-5927 -
(37 SGS-THOMSON 58
Y/ wicrosLEcTRONICS
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

Figure 5. Figure 6.
OPEN VR
)
OPEN
Vee | Ic fo —
Viz= | :
l 5-1987 5-5727
Figure 7. Figure 8.

OPEN
(} e
$-1983

S-5928

Figure 9 : Input Current as a Function of

Input Voltage.
G-4834
" T [ T
(mAa) B |
1 1 + - -
¢ ULN 20648 T L
ULN 20748 i !
12 ' - | i 1
|
10 }— T i
8 r 7&\; —
&
6 A\< —t g
o b \ >,J./_J_ 1
AREA OF NORMAL
© A IRRR N e
//J W COW-SPEED TTL
0

15 20 25 30 35 4.0 45 50 Vi(v)
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Figure 10 : Input Current as a Function of

Input Voltage.
Y
(mA)
? ULN 20668
ULN 20768
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H -
4
3 7
LA
A
L -
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

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

lc G-4936
(A)
15 — T
| | MAXIMUM .f:— . F -
REQUIRED 1
AL
ULN 2064/668
Y | ,PLN 2074/76!5% _
0.5 f— // —F = : —
— t
| O B
o 1.0 2.0 3.0 I, {(ma)
TYPICAL APPLICATIONS
Figure 12 : Common-anode LED Drivers. Figure 13 : Common-cathode LED Drivers.
)
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ULN2064B-ULN2066B-ULN2068B-ULN2070B-ULN2074B-ULN2076B

MOUNTING INSTRUCTIONS

The Rithj-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 Pt and the Rih j-amb a@s a function of
the side "o" of two equal square copper areas ha-
ving a thickness of 35 i (1.4 mils).

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

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.

COPPER AREA 35 THICKNE SS

\ s

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

6-3558

Ptot Ren
(w) (*CIW)
4 -t ——1— —+——1 80

=
\Qh j-amb
3 N - —t= 60
A B T T S
~~_ T
2 b T e
]
b - e X

/Pm, (Tamp =70°C) i
[ St S e S P

S
NEEREN .
0 10 20 30 40 1 (mm)

8/8

‘ﬁ SGS-THOMSON

Figure 17 : Maximum Allowable Power Dissi-
pation vs. Ambient Temperature.
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ULN2065B ULN2067B
ULN2069B ULN2071B
ULN2075B ULN2077B

= OUTPUT CURRENT TO 1.5 AEACH DARLING-
TON

= MINIMUM BREAKDOWN 80 V

= SUSTAINING VOLTAGE AT LEAST 50 V

= INTEGRAL  SUPPRESSION DIODES
(ULN2065B, ULN2067B, ULN2069B and
ULN2071B)

= ISOLATED DARLINGTON PINOUT (ULN2075B
and ULN2077B)

= VERSIONS COMPATIBLE WITH ALL POPU-
LAR LOGIC FAMILIES

DESCRIPTION

Designed to interface 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
ULN2071B 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, ULN2071B and ULN2077B are compa-

PIN CONNECTIONS AND ORDER CODES

80 V- 1.5 AQUAD DARLINGTON SWITCHES

tible with 6-15 VCMOS and PMOS. The ULN2069B
and ULN2071B include a predriver stage to provide
extragain, reducing the load on control logic.

———————————————

12+2+2

l
l
l
l
i
l
l
l
l
! POWERDIP
|
|
|
|
|
|
L

U /S
K|t :

;{ r}\s ¢ K v[
|

s 3]

6N 4

ono s

8 6

c 1|]—

K 1

SEEER 1S
4

vt ]\5 c c o
s -4

o o

2 ¢

5 &

»

g ¢

@ @

o s

|
=j q
Y S

ol
P

e

s §

®
®
L
n e

4
| {13 ono GND 4 N
“]\2 GNO GND 5 —I‘-J‘! !
: _,]n 8 B 6[—-D1];;r\q.<
]

SuUB

]m NC NC 7 ( It o ¢ € 7
s ¢ ¢ 8 lﬂi——‘ E‘ o K c s ¢
S-5921 $-592) S-5925
ULN2065B ULN2069B ULN2075B
ULN2067B ULN2071B ULN2077B

September 1988

1/8

961



ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

ABSOLUTE MAXIMUM RATINGS

symbol|  Pparameter Value '_VL(J@
| Veex | OutputVoltage | 80 LoV
Vcesus) | Output Sustaining Voltage B N 50 \
Jo | OuputCurent 1T A
Vi Input Voltage for ULN2075B — 2077B | 60 \
for ULN2067B — 2071B | 30 \%
for ULN2065B — 2069B | 15 Vv
| Iy Input Current | 25 mA
| Vs Supply Voltage for ULN2069B i 10 Vv
| for ULN2071B | 20 v
f Piot Power Dissipation : at Tpins =90 °C ! 4.3 w
! at Tamp =70 °C ! 1 w
Tamb VOperatring Ambier_'n Temperature Range | — 20 to 85 °C
Tstg Storage Temperature | - 551t0 150 | °C

SCHEMATIC DIAGRAM

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

28 L7 SGS-THOMSON

MICROELECTRONICS
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ULN2065B-ULN2067B-ULN2069B-ULN2071 B-ULN207SB-ULN\2\6\

ELECTRICAL CHARACTERISTICS (Tamp = 25 °C unless otherwise specified )

Symbol

lcex

VCE(sus)

VCE(sai)

lijon)

Vl(on)

tPLH

| teHL

Ve

_ ... Parameter
Output Leakage Current

Collector-emitter
Sustaining Voltage

Collector-emitter
Saturation Voltage

Input Current

Vlnput Voltaéé

Turn-on Delay Time
_Turn-off Delay Time
Clamp Diode Leakage

Current

Clamp Diode Forward
Voltage

- B Test Cbnditions
for ULN2065B — ULN2067B

Vee =80V

Vce =80V Tamp =70 °C
for ULN2065B — ULN2067B
le = 100___mA V=04V

Ic =500 mA lg =625 A
Ic =750 mA Ig =935 pA
lc=1A lg =1.25 mA
lc =125 A lg =2 mA
for ULN2065B — ULN2067B
lc =15A lg =2.25 mA
for ULN2065B V=24V
for ULN2065B V; =3.75V
for ULN2067B V=5V

for ULN2067B V, =12V
for ULN2065B

Veg =2V c=1A
Vee =2V lc=15A
for ULN2067B

Veg =2V lc=1A
Vee =2V lc=15A
0.5 Vi to 0.5 V,
05Vito05V,

for ULN2065B — ULN2067B
Vg =80V

VR =80V Tamp =70 °C
lF=1A

lF=15A

Min.

I,

Typ.

|

100
500

6.5
10

]
15

50
100

175

2

\
\

us
us
UA
A
\

v 7

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

rence is ground for all other types.

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

SCHEMATIC DIAGRAM

ULN2069B : Rin =

2.5 KQ,
ULN2071B:Rn= 11.6 KQ,

Rs= 900 Q
Rs= 3.4 KQ

3/8
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35B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

-ECTRICAL CHARACTERISTICS (V, =5V for ULN2069B, V, = 12 V for ULN2071B,
Tamb =25 °C unless otherwise specified )

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lcex Output Leakage Current for ULN2069B — ULN2071B
Vee =80V 100 | pA 1
Vee =80V Tamb =70 °C 500 | pA
Vce(sus) | Collector-emitter for ULN2069B — ULN2071B
Sustaining Voltage Ic =100 mA Vi=04V 50 \ 2
Vce(saty | Collector-emitter for ULN2069B
Saturation Voltage Ic =500 mA Vi=275V 1.1 Y
Ic =750 mA Vi=275V 1.2 \%
lc=1A Vi=275V 1.3 Vv 2
lc=125A Vi=275V 1.4 Vv
Ilc=15A Vi=275V 1.5 Vv
for ULN2071B
lc =500 mA Vi=5V 1.1 Vv
lc =750 mA Vi=5V 1.2 Y
Ilc=1A Vi=5V 1.3 Vv
lc =125A Vi=5V 14 \Y
lc=15A Vi=5V 15 Vv
liton) Input Current for ULN2069B V; =275V 550 UA
for ULN2069B V; =3.75 V 1000 | pA 4
for ULN2071B V=5V 400 | pA
for ULN2071B V=12V 1250 | pA
Vion) Input Voltage Vee =2V Ic=15A
for ULN2069B 2.75 \Y 5
for ULN2071B 5
Is Supply Current for ULN2069B
Ic =500 mA Vi=275V 6 mA
for ULN2071B 8
lc =500 mA Vi=5V 45 mA
tpLH Turn-on Delay Time 0.5V;to 05V, 1 us
tPHL Turn-off Delay Time 05Vito 05V, Ic=125A 1.5 us
Ir Clamp Diode Leakage for ULN2069B — ULN2071B
Current Vg =80V 50 uA 6
Vg =80V Tamb =70 °C 100 | uA
Ve Clamp Diode Forward lg=1A 1.75 \ 7
Voltage lr=15A 2 \
SCHEMATIC DIAGRAM
ULN2075B : Ry = 350 Q
ULN2077B : Rin= 3 kQ

4/8
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

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

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lcex Output Leakage Current for ULN2075B — ULN2077B
VCE =80V 100 HA 1
Vce =80V Tamb =70 °C 500 | pA
VcE(sus) | Collector-emitter for ULN2075B — ULN2077B
Sustaining Voltage lc =100 mA Vi=04V 50 \ 2
Vcesat) | Collector-emitter lc =500 mA lg =625 yA 1.1 \Y 3
Saturation Voltage lc =750 mA Ig =935 pA 1.2 \Y
lc=1A Ig =1.25 mA 1.3 \
lc =125A Ig =2 mA 1.4 Vv
for ULN2075B — ULN2077B
lc=15A Ig =225 mA 1.5 \Y
liton) Input Current for ULN2075B V; =24V 1.4 4.3 mA 4
for ULN2075B V; =375V 33 9.6 mA
for ULN2077B V; =5V 0.6 1.8 mA
for ULN2077B V; =12V 1.7 5.2 mA
Vion) | Input Voltage for ULN2075B 5
Vee =2V lc=1A 2 \
Vee =2V lc=15A 25 \Y
for ULN2077B
Vee =2V lc=1A 6.5 \Y
Vee =2V lc=15A 10 \Y
teLH Turn-on Delay Time 0.5V to 0.5V, 1 us
tpuL Turn-off Delay Time 0.5V;t0 0.5V, 15 us
TEST CIRCUITS
Figure 1. Figure 2.
OPEN V(g OPEN
OPEN fcex
5-5725 5-5926
Figure 3. Figure 4.
OPEN
I
y -LVCE e
S$-5927
Ly7 SGS-THOMSON 58
Y/ icroELECTRONICS
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

Figure 5.

Figure 6.

i

OPEN

5-1987

VR

Figure 7.

Figure 8.

Figure 9 : Input Current as a Function of

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

Input Voltage.
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

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

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

The diagram of figure 14 shows the maximum dis-
sipable power Pt and the Rin j-amb as a function of
the side "«" of two equal square copper areas ha-
ving a thickness of 35 pu (1.4 mils).

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

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.

COPPER AREA 1355 THICKNESS

P

P C.BOARD

J70mm
™
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ULN2065B-ULN2067B-ULN2069B-ULN2071B-ULN2075B-ULN2077B

Figure 14 : Maximum Dissipable Power and Junc- Figure 15 : Maximum Allowable Power Dissipa-
tion to Ambient Thermal Resistance tion vs. Ambient Temperature.
vs. Side "I".
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ULN2801A
ULN2802A ULN2803A
ULN2804A ULN2805A

u EIGHT DARLINGTONS WITH COMMON EMIT-
TERS

=« OUTPUT CURRENT TO 500 mA

» OUTPUT VOLTAGE TO 50 V

s INTEGRAL SUPPRESSION DIODES

= VERSIONS FOR ALL POPULAR LOGIC FAMI-
LIES

= OUTPUT CAN BE PARALLELED

= INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY BOARD LAYOUT

DESCRIPTION

The ULN2801A-ULN2805A each contain eight dar-
lington transistors with common emitters and inte-
gral suppression diodes for inductive loads. Each
darlington features a peak load current rating of 600
mA (500 mA continuous) and can withstand at least
50 V in the off state. Outputs may be paralleled for
higher current capability.

Five versions are available to simplify interfacing to
standard logic families : the ULN2801A 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 5V TTL and CMOS ;

CONNECTION DIAGRAM (top view)

EIGHT DARLINGTON ARRAYS

the ULN2804A has a 10.5 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)

out 1

out 2

out 3

ouT 4

14
i« our s

1l
13 out 6

1
J1z out 7

outT 8

0 COMMON FREE

WHEELING DIODES

S —34901

September 1988
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Output Voltage - 50 \Y
Vi Input Voltage for ULN2802A, 2803A, 2804A 30 \
for ULN2805A 15 Vv

lc Continuous Collector Current 500 mA

Ig Continuous Base Current 25 mA
Pit | Power Dissipation (one Darlington pair) 1.0 w
(total package) 2.25 w

Tamb Operating Ambient Temperature Range — 20 to 85 °C
Tstg Storage Temperature Range - 551to 150 °C

SCHEMATIC DIAGRAM AND ORDER CODES
For ULN2801A (each driver for PMOS-CMOS)

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

EACH DRIVER < w0

r PH-Ocom

10.5k0 - ”—~$ —r-ﬂiOUY
INO—y- 4 {3 '( 4( !
- 1
| 72k 3kn | ‘
e T S
- - —— - ———— g

EACH DRIVER -— 5 198

For ULN2803A (each driver for 5 V, TTL/CMOS)

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

P Ocom |

+—Oout

27k0
INO—p——F — ‘(

| \m

(
2
2260 | 3k ‘

}

€ -
EACH DRIVER

r P—Ocom
10.5k0 "l‘? —Oout
INO——C3-- v K S|
. h
1 I ?
1 7Zkﬂ kN
‘ A
I
U [
EACH DRIVER [

2/6
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A

THERMAL DATA

lij_amb[ Thermal Resistance J;ri:tionr:érmrbién{ - Max.1| 755 ‘ °C/W ]
ELECTRICAL CHARACTERISTICS (T mp = 25 °C unless otherwise specified)
Symbol Parémeler _Test Conditions Min. Typ.‘ l!lfax Unit F|g
lcEx Output Leakage Current Vce =50V 50 HA 1a
Tamb =70 °C VCE =50V 100 MA 1a
Tamp =70 °C
for ULN2802A
Vee =50V Vi=6V 500 uA 1b
for ULN2804A
Vee =50V Vi=1V ] 500 MA | 1b |
Vcesat) | Collector-emitter lc =100 mA Ig =250 pA 0.9 1.1 Vv
Saturation Voltage lc =200 mA Ig =350 pA 11 1.3 Vv 2
lc =350 mA lg =500 pA ___5‘17.3 1.6 \
licon) Input Current for ULN2802A V, =17V 082 | 1.25 mA
for ULN2803A V; =385V 0.93 | 1.35 | mA
for ULN2804A V=5V 035 | 05 mA 3
Vi=12V 1 1.45 | mA
for ULN2805A V=3V 1.5 24 mA
liot)y | Input Current Tamb =70°C  Ic =500 pA 50 65 uA 4
Viion) Input Voltage for ULN2802A
Vee =2V Ic =300 mA 13 \
for ULN2803A
Vee =2V Ic =200 mA 24 \
Veg =2V Ic =250 mA 2.7 \
VCE=2V |C=300 mA 3 Vv
for ULN2804A 5
Veg =2V Ic =125 mA 5 \
Ve =2V Ic =200 mA 6 Y
Veg =2V Ic =275 mA 7 v
Vee =2V Ic =350 mA 8 \Y
for ULN2805A
Vee =2V Ic =350 mA 24 v
hre DC Forward Current Gain for ULN2801A
Vee =2V lc =350 mA 1000 - 2
Ci Input Capacitance 15 25 pF -
tpLH Turn-on Delay Time 0.5 V;t0 0.5 V, 0.25 1 us -
tPuL Turn-off Delay Time 0.5 V;t0 0.5V, 0.25 1 us -
Ir Clamp Diode Leakage Vg =50V 50 uA 6
Current Tamp =70 °C Vg =50V 100 uA
Ve Clamp Diode Forward Ir =350 mA 1.7 2 \ 7
Voltage
36
r SGS-THOMSON
Y/ icromEcTRONICS |
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A

TEST CIRCUITS
Figure 1a. Figure 1b.

1
OPEN CEX

5-5725

Figure 2. Figure 3.

5-1980

Figure 4. Figure 5.

Figure 6. Figure 7.

OPEN

S5-5727
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A

Figure 8 : Collector Current as a Function of
Saturation Voltage.

6 - 4922
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Figure 10 : Allowable Average Power Dissipation

as a Function of Ambient Temperature.
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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)
I; - 4928
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Figure 16 : Input Current as a Function of Input
‘ Voltage (for ULN2805A)
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Figure 15 : Input Current as a Function of Input

Voltage (for ULN2803A)
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ULQ2001R/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

= TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DIP-16 Ceramic

—
DESCRIPTION PIN CONNECTION
The ULQ2001R, ULQ2002R, ULQ2003R and )
ULQ2004R are high voltage, high current darlington i
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 N [k—1 >QT]‘6 out 1
600 mA. Suppression diodes are included for induc- ;
tive load driving and the inputs are pinned opposite w2 2> 1 s our 2
the outputs to simplify board layout. w3 [> 31 4 ouT 3
The four versions interface to all common families. LDH
o S IN 4 ‘['——DOE» 13 our 4
| ULQ2001R | General Purpose, DTL, TTL, CMOS | E N2
——— e — IN5 5 12 ouT
| ULQ2002R | 15-25 V PMOS > LAt ’
; ULQ2003R | 5V TTL, CMOS IN 6 GI%MI" ouT 6
| ULQ2004R | 6-15 V CMOS, PMOS - W P o our 7
These versatile devices are useful for driving a wide oo 8 I o coMMON_ FREE
range of loads including solenoids, relays DC mo- E 7} wheEUNG DiopEs
tors, LED displays, filament lamps, thermal prin- S197701
theads and high power buffers.
The ULQ2001R, ULQ2002R, ULQ2003R and ULQ
2004R are supplied in 16 pin ceramic DIP packages. |
ABSOLUTE MAXIMUM RATINGS
Symbol | B Parameter - = Value | Unit |
Vo [ Output Voltage f 50 _V___'
Vin Input Voltage (for ULQ2002R/2003R/2004R) | 30 .
le Continuous Collector Current | 500 mA
lo Continuous Base Current : 25 mA
Tamb Operating Ambient Temperature Range 5 —20to + 85 °C
| Tetg | Storage Temperature Range | -8sw150 | <C

September 1988
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R

SCHEMATIC DIAGRAM

EACH DRIVER S- 3689

Series ULQ2001R
(each driver)

| S— K. _________
EACH DRIVER
Series ULQ2003R
(each driver)

L - —- - ————-=

EACH DRIVER

Series ULQ2002R
(each driver)

EACH DRIVER

Series ULQ2004R
(each driver)

THERMAL DATA

I T - - ;
| Rth j-amb | Thermal Resistance Junction-ambient

Max |

150

“CW_ |

2/4
&7
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R

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

Symbol|  Parameter | TestConditions | Min. | Typ. Max. Unit | Fig. |
lcex | Output Leakage Vee =50V | I . 50 uA ta |
Current Tamb =70 °C Vce =50V | ! 100 BA | 1a |
Tamb = 70 °C | ‘ \ |
for ULQ2002R ! | | |
Vee =50 V Vi=6V [ | 500 uA 1 |
for ULQ2004R | | |
I R Voe =50V Vi=1V | ‘ 50  wA | 1o |
rV(;E (sat) | Collector-emitter lc =100 mA g =250 uA } 0.9 1.1 \Y } 2 ’
Saturation Voltage lc =200 mA lg =350 pA | 1.1 1.3 \Y [ 2 |
L _ lc=350mA lg=500pA | ;18 16 | V |_2 |
liton) Input Current for ULQ2002R V=17V 082 | 125 mA | 3 |
for ULQ2003R V; =385V 1093 1.35 mA | 3 ’
for ULQ2004R V=5V 03 | 05 mA ! 3 ;
Vi=12V - | 1 145 mA | 3 |
lioty | Input Current Tamp =70°C I =500 pA 50 . 65 | uA ‘i_f‘_ |
Vien) | Input Voltage for ULQ2002R \ j,
Vee =2V Ic =300 mA 13 vl
for ULQ2003R i | |
Vee =2V lc =200 mA } 2.4 v 5 }
Vce =2V Ic =250 mA i 2.7 \Y 5 ‘
Vee =2V Ic =300 mA | 3 Vv ‘
for ULQ2004R 5 |
Ve =2V Ic =125 mA | 5 \% ‘
Vee =2 V Ic =200 mA | 6 v 5 |
| Ve =2V Ic =275 mA | 7 v 5 |
Vee =2V |<; =,_350 mA | 8 Vv 5 1
hee DC Forward Current for ULQ2001R
JGan | Vee=2V lc =350 mA | 1000 j - 2
~ Gi | Input Capacitance | | 15 | 25 PF | -
tpLH Turn-on Delay Time 05Vito 05V, ) 025 . 1 | ps | -
tpHL Turn-off Delay Time 05Vito 05V, L 025 | 1 s ; -
Ir Clamp Diode Leakage | Vg =50 V \ | 50 UA 6
Current Tamb =70 °C VR =50V | 100 uA 6
Vg Clamp Diode Forward | I =350 mA | i 1.7 2 Vv 7 |
Voltage | |
SGS-THOMSON 34
57 %5
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ULQ2001R-ULQ2002R-ULQ2003R-ULQ2004R

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN Vce
1
OPEN cex
O
$-5725
Figure 2. Figure 3.
B OPEN
O
OPEN
Vi =
S$-1980 l
Figure 4. Figure 5.
T e ]
[ J_ Vee | Ic
\ Vi
1
] 5-1987
Figure 6. Figure 7.
$-5727
4/4
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ISTR i

VB100

HIGH VOLTAGE DUTY CYCLE

CONTROLLER

INTEGRATED 450V POWER DARLINGTON

OUTPUT CURRENT UP TO 5A

HIGH IMPEDANCE DIFFERENTIAL INPUTS

e PROGRAMMABLE DRIVER CURRENT

DUTY CYCLE CONTROL LINEARITY

WITHIN 1.5%

SWITCHING FREQUENCY UP TO 100 kHz

THERMAL PROTECTION

¢ INTEGRATED PROTECTION AT
COMPARATOR INPUTS

o 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-
lington 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

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 150°C with
a 5V supply.

MULTIWATT-11

Vee

THERMAL
SHUT-DOWN

SC-0313

September 1988

117

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

Vee Power Darlington collector voltage 450 v
lc Power Darlington collector current 8 A
Vp Driver stage supply voltage 15 Y
Vg Control stage supply voltage 15 \"
Ip Driver stage current 350 mA
VinVni Comparator input voltage Vg to —10 \Y
Piot Power dissipation internally limited

Top Junction operating temperature —45 to 150 °C
Tstg Storage temperature —55 to 150 °C
THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.0 °C/W

CONNECTION DIAGRAM (Top view)

5
j

/
O

AN

TAB CONNECTED TO PIN 6

O

@)

“NWHrNON®®O S

)

PC-0290

2/7 R
L7, SG5 THOMSON
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VB100

PIN FUNCTION

NO

NAME

FUNCTION

1

10

11

Vg; High voltage Darlington
emitter

Vgn1 Signal negative supply
voltage

Vgne High current negative
supply voltage

Vp Driver stage supply
voltage

Vg Control circuit power

supply

Ve High voltage output col-
lector

Vin  Inverting input

Ve Non inverting input

Vg Biasing Resistor

GND Analog ground

Vg, High voltage darlington
emitter

Output stage ground n.1. It must be short circuited with
Veo; 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 Vg4 and Vg, and power ground
and the filtering capacitor must be connected between
ground and high voltage supply.

This pin is connected to the PWM ground and to the con-
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 Vgno.

This pin is connected to the driver ground. Supply range
is from 0 to —5V. An applied negative supply, speeds-up
the output Darlington.

This pin supplies the base current for the darlington dri-
ver during tgy (output darlington on-time)

Ib o= (Vs =V say)/Rp-

Supply voltage input. Being the internal reference voltage
taken from Vg a 5V +5% D.C. supply is required.

This pin is internally connected to package header. It is
the high voltage open collector output.

Input of the PWM comparator. A D.C. value between Vg,
and V¢ sets the output duty cycle from minimum to ma-
ximum value.

Non inverting input of the PWM comparator and external
capacitance pin. The capacitance Cgyy (togheter with
Rex7) fixes the sawtooth generator frequency (fog.). A low
leakage capacitance is necessary for a linear operation.
The relationship between frequency and Cgyt Rexr is:

foso= 1.1/(Rext X Cexr)

It fixes the current |, of the current generator which chan-
ges according to the following relation:
len= 0.56 x Vg/Rexr

It is the control circuit ground: for a reliable circuit opera-
tion only few millivolt drop (< 10mV) are allowed between
this pin and Cgyt, Rgxt common point.

Output stage ground n 2. It must be short circuited with
Vgy; 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 Vg; and Vg, and power
ground and a filtering capacitor must be connected bet-
ween power ground and high voltage supply.

o7 SGS-THOMSON 37
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VvB100

ELECTRICAL CHARACTERISTICS: Vg = 5V; Voo = 300V; V= 2V; Vg= OV; Ry = 10k; Rgyr = 50KQ;
RCC= 889; RD= 3309; RCH= 1009; TC= Tcase= 25°C
See fig. 1. - unless otherwise specified.

Parameters Test Conditions Min. | Typ. | Max. | Unit
Vee Voltage between 450 \
pins 6 and 1
Ic jeaky  High voltage collector Vo= 350 V 1 mA
leakage current
VCE (say Saturation voltage of the | Vg= 2V Va=0
output Darlington Ic=3A Ip= 150 mA 2.5 2.9 \%
(between pins 6 and 1) lc=5A Ip= 250 mA 27 | 83 \Y
Vp saty ~ Saturation voltage Vg= 2V Vp= 0 28 | 35 v
between pins 4 and 1 Ip= 50 mA lc= 2A
Vg Control circuit power 4.75 5.0 | 525 \'
supply
Is off Control circuit current 20 30 45 mA
Is on Control circut current Vg=2V Vp= 0 25 6 10 mA
VinthH  PWM comparator high Vg= 2V Veg= 50V
threshold Tc= —40to 130°C 0 120 mV
VA= 0—-3V_1T
(see fig. 2)
VinTut ~ PWM comparator low Vg= 2V Vg= 50V 100 260 | mV
threshold Tg= —40to 130°C
Va=3V-0T1
(see fig. 2)
VinTH(hysty PWM comparator Vg=2V Ve= 50V 50 250 | mV
hysteresis To= —40to 130°C
(see fig. 2)
N PWM comparator input Vg= 2V Veg= 03V 1 10 A
bias current Tc= —40to 130°C
VGHH High level threshold Vpo=0V ~->32V_1 Vg=03V 245 | 255 | 28 \%
sawtooth generator
Veuo Low level threshold Vpo=32V->0V 1o 04 | 05 | 07 \%
sawtooth generator
IcH— Ig External capacitor Ig= 50 to 110 xA
| charging current, Vpa= 1V Vg= 03V -7 +7 %
R pin 8 versus Ig, pin 9
a7 (37 SGS-THOMSON
V7. WicRoELECTRONICS
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vB100

ELECTRICAL CHARACTERISTICS:

Parameters Test Conditions Min. | Typ. | Max. | Unit
lcy* 1 Capacitor charging Va= 1V Vg= 03V ppm
BT Iop Current change with lg= 100 pA Tg= —40to 130°C 300 |—

temperature (pin 8) c
Vg Reference bias voltage Ig= 100 A 2.7 2.8 2.92 \

pin 11
t, Rise time of the Ip= 150 mA lc=38A 0.25 us

Darlington collector

current, | (see fig. 3)
tg Storage time of the lc=3A Ip= 150 mA

Darlington collector Vgn= -5V 1.5 us

current, | (see fig. 3) Vgn= 0V 8.0 us
t Fall time of the lc=3A lp= 150 mA

Darlington collector Vgn= -5V 0.2 us

current, I (see fig. 3) Vgn= 0V 1.0 us
toN (min)  Minimum duration of the | Ic= 3 A Ip= 150 mA

Darlington collector Vgn= -5V 2.0 us

current, Ig (see fig. 3) Vgn= 0V 10.0 us

lch™ = lgy (180°C) — lgy (—40°C)
N.B.* pulsed operation: trepA = 10 ms ton= 100 us
Fig. 1 Test Circuit
Ro Rc
I l I
s} lvs b vntlvc ~
Rext VRl 5 & 6
1T 9
R l _J
GND
v T VB100 L v
Rew' Ve 6
en l 2 3 111 7
v Vst Ver JVEZ Vin
A Vsnz R
v IN
SC-0312
5/7

ST Al
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VB100

Fig. 2 Comparator threshold hysteresis

Fig. 3 Switching waveforms

VaiV)
Ve Py P
OFF -
a LA
v (%)
inTH(hist.), [/} PSP B S PR
| Vestsan _ oN " \
N i ke el ettt st Rl
VinTHH VinTHL Vin-Ven tg |t ts )t
sC-0251/2 ton
SC-0252/3
Fig. 4 Switching waveforms
T | v
Ll
' :
i 1
len 1 X \
ch1 f———————————————
~ 0.10mA
0 >
~ -10mA
kwpg [-----
J' SC-0315

6/7
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VB100

APPLICATION INFORMATION

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

fosc= 1.1/(Rext. X Cexr)

in the ranges:

23.3kQ < Rgyy < 100 kO
05Hz < f, < 100kHz

The input voltage V) sets the duration of toy for

Fig. 5 Application Circuit

the output stage. As Vy increases tpy increases
following the relationship:
Rext. % Cexr.

ton= te+t+t,+0.91 x X Vi
ONT s ' (Vern—Vend

in the range:

0.5Hz < f,. < 5kHz with Vgy= 0

0.5Hz < foo < 20 kHz  with Vgy=—-5V

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.

Vee
TACHOMETER
Vg=+5V
Rg
MOTOR
B - Rg
R Y
2 BYT30P-800
Vs [ Vp Ve
v,
Veu
V. l
" VB100 gﬁ'g M e [Rer & Ry
Ve
C R b
Ry = -
L[ g B
B
SC-0314
Ry;= 100 Rs= 100 k@ Ry = 50 kQ Cy= 1nF
R,= 33 0 Rg= 1.8 kQ Ryo= 3.3 k C,= 1nF
Ry= 1 kQ R,= 2 k@ Ry = 4.7 k@ Cs;= 33 nF
Ry= 0.15 Q Rg= 100 k@ Rexr= 50 k@ Cexr= 1.8 nF
£— - N 717
Y/, %&s%@g@g%&?@s
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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 thermal
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 of the thermal
performance of an IC package, Rth (j-a) (junction 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, AP, and is given by the equation:

R = AT _ AT
th = "Ap T 2Q
At

where: AQ = heat
At =time

Thermal capacitance, Ctn, is a measure of the
capability of accumulating heat, like a capacitor
accumulates a charge. For a given structural element,
Cth depends on the specific heat, 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:

AT = AQ/Cih

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:

7=RC

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

= cHP .

S-10621

Rthsi R th frame R th mold
R th
Tamb
C th si C th frame C th mold
» $-10622

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 lcw thermal
capacitance, in the order of a few mJ/°C. The thermal
resistance between the junction and the silicon/slug
interface is of about 0.2 to 2 °C/W, depending 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 silicon/frame interface to the frame periphery.
In power packages, where the die is often soldered
directly to the external 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.

Atfter 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:

AT =R Pq[1 -e /7))

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)

SINGLE

18

PUL SE

package

=
Vi

T

%dlng

compound ;
1

fra

TEMPERATURE RISE ( R.U. )

sil

n

7
Va

8.ee1 8.e1 8.1

1

TIME OR PULSE WIDTH C R.U.)

18 1ee 1809
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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 present, only draft specifications
exist, 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 element, 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
(imited by thermal resistance and by max operating
temperature of the plastics).

a) P432 Test Die

D.C. _ D.C.
SUPPLY Lﬁ f] [|] SUPPLY
D.C. FAST
SUPPLY r DVM

PULSE _] -|< K f —l_ STORAGE
GENERATOR [ , SCOPE
P432 -L :
-—inm S—-10623/

b) P432 Measurement System

7. ST

3/14
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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:

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) .

Fig. 5
a) H029 Test Die
D.C. D.C.
SUPPLY ﬁ f] SUPPLY
D.C. FAST
SUPPLY [_‘ DVM
e Uk
Puse || H H ][ srorace
GENERATOR SCOPE
HO029 .L
- S -10624/1
b) H029 Measurement System
4/14 (Y7 SGS-THOMSON
Y/. mu@@@@m@%@@ﬁ@@
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Fig. 6 - Set-up for Rth (j - c) Measurement

CONNECTION
THIN WIRES

PRESSURE CLIPPING

]

1

WATER-COOLED
COPPER BLOCK

\__THERMAL

GREASE

THERMOCOUPLE

$-9785

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.

The single pulse transient thermal impedance was
measured in still air by applying a single power pulse
of duration t, 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, ATmax, reached
at time t,, is lower than the steady state temperature
calculated from the junction to ambient thermal
resistance. The transient thermal impedance R, is
obtained from the ratio ATmax/Pd-

Fig. 7 - Transient Thermal Response for a Single Pulse

Tmax 1
Tam b
Pq
N S o
$-9784
N7 SGS-THOMSON 5/14
Y/, fICROELECTRONICS
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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 of the same height, Pg, 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:

Pdavg = Pd DC

Fig. 8 - Transient Thermal Respdnse for Repetitive
Pulses

Tmax

T

avg -~

Tmin.

Tamb
Fa

LT

$-9786

ton tott

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:

ATjavg = Rth Pdavg

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

Rthp = ATmax/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 higger 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

6/14

‘ﬂ SGS-THOMSON

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) MULTIWATT assembly

R th mold

Rthsi R th frame

C th mold

R

th

C thsi C th frame Tamb

S$'-10625

b) Equivalent Thermal Circuit

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

P432 Rth (j - ¢) = 2°C/W

H029 Rth (j - c) = 0.4°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.

MICROELECTRONICS
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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 MULTIWATT the DC thermal resistance of the

Fig. 10 - Transient Thermal Response MULTIWATT

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 HO29 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.

Package

5B

P432

[ die size|= 35.800 sp.mils

B sq.mils

18

on die gssiputh\q Ereu = 2.0

E Pd = 2 UWatt flooting in air

//

A

//

Zaun

He 2

/

on die di

TRANSIENT THERMAL RESISTANCE ( C/W )

/

Pd = 2 Ua

die size = 34.808 pq.mils
sipating cfrea = 16,6?8 sq.mils:

t maunted| on board

o

9.001

8.81 0.1 1 10
TIME OR PULSE WIDTH ( s )

108 1008

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 external heat sink
on the circuit board by adding a second RC cell in
parallel with the cell corresponding to the molding
compound.

57 SGS-THOMSON

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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Fig. 13 - Rth (j - a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip
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As a comparison, figure 14 compares the thermal thermal resistance may be similar, the MULTIWATT
performance of the power DIP and the MULTIWATT is superior in its performance for pulsed applications.
package. It is clearly seen that even though the DC

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

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.

<=

S -10627

a) DIP Package Mounted on PCB
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b) Equivalent Thermal Circuit DIP Package on PCB
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R th frame
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C th frame

5-1062811 C th board
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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(j-a) | °C/W
& Material floating | on board
DIP 8 (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.

10/14
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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 05 to 0.7 W in steady state
conditions. However, the transient thermal impedance
for short pulses is low (11°C/W for ty = 100 ms) and
almost 7 Watts can be dissipated for 100 ms while .
keeping the junction temperature rise below 80°C.

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 4.3°C/W. This
allows the device to dissipate an 18 Watt power pulse
while keeping the temperature rise below 80°C.

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 ¢f the frame.
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Fig. 16 - Transient Thermal Impedance DIP 20 (Alloy 42)

108 =]

SINGLE PULSE /

t Pd = 1 Udtt mounted on board ]

— T

TRANSIENT THERMAL RESISTANCE ( C/U )
>

/]
[ on die dissipoting arjea = 2.000(sq.mils ]
F die pad = {125 x 160 4q.mils B
b 4
1 —
0.001 0.01 8.1 1 10 100 . 1008

TIME OR PULSE WIDTH ( s )

Fig. 17 - Transient Thermal Impedance 0.4 mm Copper Frame DIP Packages

10a
[ on die [dizssipoting ares = 20P3 zq.mils
r mounted on hoord
- | Pd = 2 labt
= L
K:V -
w
& L J
e ~
o ~7DiP do
o
L]
; 1
T 4
@ 4
Wl 4
=
= 4
- J
o]
=]
@ DIP &8 —h 1
T ¢ die pod |= 1080 x 134 sq.mils
= DIP 14 — ]
DIF 26 die pod = 148 x 226 sg.mils
1
@, 061 B.a1 a.1 1 18 188 1002

TIME OR PULSE WIDTH ( s 3

. . 11/14
&7, 355 THomson



Fig. 18 - Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages
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Fig. 20 - Transient Thermal Impedance 0.25 mm Copper Frame SO14 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

14/14
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allowing better thermal design and possibly reducing
or eliminating expensive external heat sinks when they
are oversized or useless.
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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) - (305) 577-1883

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

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

FOR RF AND MICROWAVE
POWER TRANSISTORS CONTACT
THE FOLLOWING REGIONAL
OFFICES IN THE USA.

CA
Hawthorne - (213) 675-0742

NJ
Totowa - (201) 890-0884

PA
Montgomeryville - (215) 362-8500

TX
Carroliton - (214) 466-8844

WEST GERMANY

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

D-8011 GRASBRUNN BEI MUNCHEN
Bretonisher Ring 4

P.B. 1122

Tel.: (49-89) 460060

Telex: 528211

Telefax: (49-89) 4605454

3000 HANNOVER 1
Eckenerstrasse 5

Tel. (49-511) 634191
Teletex: 175118418
Telefax: (49-511) 633552

8500 NURNBERG 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
its use. 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-
sly supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems -
without express written approval of SGS-THOMSON Microelectronics.
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