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TL5941, TL594C, TL595C
PULSE-WIDTH-MODULATION CONTROL CGIRCUITS

D2712, APRIL 1983 —REVISED OCTOBER 1988

e Complete PWM Power Control Circuitry TLE941, TLES4C . . . D, J, OR N PACKAGE :
e Uncommitted Outputs for 200-mA Sink or {TOP VIEW) T_sg.u-m 4
Source Current ERROR {NONINV eyt NONINV INPUT} ERROR :
o Output Control Selects Single-Ended or AMP 1 INV INPUT [ INV INPUT AMP 2
Push-Pull Operation FEEDBACK [ REF OUT
DEAD-TIME CONTROL [J OUTPUT CONTROL
¢ Internal Circuitry Prohibits Double Pulse at cr O Voo
Either Output Rt O c2-
GND [ E2
o Varlable Dead-Time Provides Control Over c1 O E1
Total Range
 Internal Regulator Provides a Stable 8-V DUALI;?E&%‘,’,AQKAGE
Reference Supply Trimmed to 1% (TOP VIEW)
e Clrcuit Architecture allows Easy ERROR {NONINV INPUT [}t 18] NONINV |NPUT} ERROR ﬂ
Synchronization AMP 1 { INVINPUT (]2 170 INV INPUT AMP 2 8
e Under-Voltage Lockout for Low VCC DEAD.TIM;EE':EQ%’: Ei :: % s;F our £
Conditions cr{ds  14[J OUTPUT CONTROL @
e TL595 has On-Chip 39-V Zener and External : o Ej 2 % STEERING INPUT g
cC
Control of Output Steering cifle nhcz a
description Etlle_tollE2
The TL594 and TL595 devices each incorporates FUNCTION TABLE

on a single monolithic chip all the functions NEUTS
required in the construction of a pulse-width-

madulation control circuit. Designed primarily for OUTPUT ha NG OUTPUT FUNCTION
power supply control, these devices offer the CONTROL INPUT
systems englneer the flexibllity to tailor the power (TL595 ONLY) i
supply control cireuitry to his application. Vi=0 Open Single-ended or parallel output
V) 2 Vief QOpen Normal push-pull operation
V) 2 Vief Vi<o PWM Output at Q1

Vi 2 Vit Vi 2 Vief PWM Output at Q2

The TL594 contains two error amplifiers, an on-
chip adjustable oscillator, a dead-time control
comparator, pulse-steering control flip-flop, 5-V
regulator with a precision of 1%, an under-
voltage lockout control circult, and output control
circuitry. '

The error amplifiers exhibit a common-mode
voltage range from —0.3V to Voc —2V. The
dead-time control comparator has a fixed offset
that provides approximately 5% dead time when
externally altered. The on-chip oscillator may be
bypassed by terminating Ry (pin6) fo the
reference output and providing a sawtooth input
to CT (pin 5), or It may be used to drive the
common circuitry In synchronous multiple-rail
power supplies.

The uncommitted output transistors provide
either common-emitter or emitter-follower output
capability. Each device provides for push-pull or
single-ended output operation with selection by

PRODUCTION DATA documents contain Information Copyright © 1983, Texas | ts 1

current a3 of publication date, Products canfarm te i i e
arclﬂutlons per tha terms of Texas Instruments

standard warranty. Production processing doss nat

necessarily include testing of all parameters. INSTRUMEN’TS S

POST OFFICE BOX 855012  DALLAS, TEXAS 75265



http://www.dzsc.com/icstock/224/TL594CJ.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

TEXAS

INSTR (LIN/INTFC) L4E D WM 39kl72y4 Uﬂ?‘lS‘lE 6 W

TL594l, TL594C, TL595C
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

T-58-11-31

description (continued)

sjaays eleq u

means of the output-contra! function. The architecture of these devices prohibits the possibility of either
output belng pulsed twice during push-pull operation. The undervoltage lockout control circuit locks the
outputs off until the internal circuitry is operational.

The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains an on-chip
39-V zener diode for high-voltage applications where VGG fs greater than 40 V, and an output steering control
that overrides the internal control of the pulse-steering flip-flop.

The TL594] Is characterized for operation from —25°C to 85°C. The TL594C and TL595C are characterized for
operation from 0°C to 70°C.

functional block diagram

:- STEERING INPUT 1
TL595 ONLY OUTPUT CONTRO
:‘SEE FUNCTION T‘“"-E'I (SEE FUNCTION TABLE)
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‘ PULSE-WIDTH-MODULATION CONTROL GIRCUITS
T-58-11-31
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
TL594C
TL5941 TLsesC UNIT
Supply voltage, Voo (see Note 1) M 41 v
Amplifier input voltages Veoot+0.3 Veg+0.3 \
Collector output voltage 41 41 v
Collector output current 250 250 mA
Continuous total dissipation See Dissipation Rating Table
Operating fre¢-air temperature range ~25t0 85 0to 70 °C
Storage temperature range —65 to 160 —65 to 150 °C
Lead temperature 1,8 mm (/16 inch) from case for 60 seconds: J package 300 300 °C 2
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: D or N package 260 260 °C
NOTE 1: All voltage values, except differential voltages, are with respect fo the network ground terminal. »
b
DISSIPATION RATING TABLE g
PACKAGE Ta s 25°C DERATING DERATE Ta = 70°C Ta = 85°C 5
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING
) 950 mW 7.6 mWFG %0 608 mW T 8
J 1000 mW 8.2 mW/°C 28°C 656 mW 533 mW O
N 1000 mW 9.2 mWrC 41°C 736 mW 598 mW a
recommended operating conditions
TL594C
LS4l TL595C UNIT®
MIN MAX MIN MAX
Supply voitage, Voo 7 40 7 40 Vv
Amplifier input voltages, V} -03 Vee-2 -03 Vgo-2 v
Collector output voltage, Vo 40 40 \
Collector output current (each transistor) 200 200 mA
Current into feedback termina! 0.3 0.3 mA
Timing capacitor, CT 0.47 10000 '0,47 10000 nF
Timing resistor, Rt 1.8 500 1.8 500 kQ
Oscillator frequency 1 300 1 300 kHz
Operaling fres-air temperature, TA -25 85 0 70 °C
%
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electrical characteristics over recommended operating free-air temperature range, VOC = 15V

(untess otherwise noted)
reference section

'

PARAMETER TEST CONDITIONST MIN  TYP¥ MAX | UNIT
Quiput voltage (Vef) lo = 1mA, TA = 25°C 4.95 § - 505 v
Input regulation Vog =7Vt 40V, Ta = 26°C 2 251 mv
Qutput regulation lo =1t 10mA, TA = 25°C 14 35 mv
Output voltage change AT = MIN to MAX 02% 1%
with temperature
Short-circuit output currentS Vigt =0 10 35 50| mA
osgclllator sectlon (see Flgure 2)
PARAMETER TEST CONDITIONST MIN ﬁP* MAX | UNIT
Fraquency 10 kHz
Standard deviation of fraquency’ All values of Vee, C. R TA constant 10%
Frequency change with valtage Voo =7V1io40V, Tp = 26°C 0.1%
Frequency change with temperature | ATA = MIN to MAX 12%
amplifier sections (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPE MAX | UNIT
Input offset voltage, error amplifier Feedback pinat2.5V 2 10 mv
Input offset current Feedback control at 2.5 V 25 250 nA
Input bias current Feedback control at 2.5V 0.2 1 A
) -0.3 ]
E;n}?f;:rn-mode input voltage range, error Voo =7Vio 40V to v
P Voc-2
Open-loop voltage amplification, error AVg =3V, -
amplifier AL = 2k Vo=05Vto3sV 70 95 dB
Unity-gain bandwidth Vo=05Vto35V, RL=2k0 800 kHz
Common-mode rejection ratio, grror amplifier |Vog = 40V, Ta = 25°C 65 80 dB
Qutput sink current {pin 3) Vip=-15mVto -5V,  Feedback control at 0.5V 0.3 0.7 mA
Output cource current (pin 3) Vip = 15mVto5V, Feedback at3.5V -2 mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values except for parameter changes with temperature are at Tp = 25°C.
§ Duration of the short-circuit should not exceed one second.

1 Standard deviation Is a measure of the statistical distribution about the mean as derived from the formula

y
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- TL594l, TL594C, TL535C
PULSE-WIDTH-MODULATION CONTROL GIRCUITS

]
ii
electrical characteristics over recommended operating free-air temperature range, VCC = 15V %
(unless otherwise noted) . %
dead-time control sectlon (see Figure 2) T-58-11-31 *
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Input bias current (pin 4) Vi=0t0525V -2 -10 pA
Maximum duty cycle, each output Dead-time contro} at 0 V 45% .
. Zero duty cycle 3 33 :
Input threshold voltage (pin 4) Maximiarn duty ycle 3 v i
<
output section ]
TEST CONDITIONS MIN  TYPT MAX | UNIT %
VoE =40V, Voo =40V 2 100 0 "3
Vg =15V, VE=0V, b4 :
Collector off-state current Vog = 1103V, 4 200 RA 8
Dead-time and output control pins at 0 vV £
Emitter off-state current Vocg=Vg =40V, Vg=0 -100 pA U2
Collector-emitter Common-emitter VE=0, Ic =200 mA 1.1 1.3 v 1]
saluration voltage Emitter-follower Vg =15V, Ig = —200 mA 1.5 25 ‘a
Oulput control input current V| = Vref 35| mA ()
pwm comparator section (see Figure 2)
PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
Input threshold voitage (pin 3) Zero duty cycle i 4 45 v,
Input slnk current (pin 3) V(pin3) = 0.5 \) 0.3 0.7 mA
under-voftage lockout section (see Figure 2)
PARAMETER TEST CONDITION? MIN MAX UNIT
Ta = 25°C 6
Threshold voitage ATA = MIN to MAX 35 X A
Hysteresis? 100 mv
total device (see Figure 2)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Pin 6 at Vyef, Voo = 16V 9 15
Standoy supply current All other inputs and outputs open Voo =40V 1 18 mA
Dead-time Control at 2 V,
Average supply current Seo Figure 2 124 mA
1 All typical values except for parameter changes with temperature ere at TA = 25°C.
4 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ Hysteresis is the difference between the positive-going input threshold voltage and the negative-going input threshold voitage.
EXAS {I’ ,
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switching characteristics, Tp = 25°C

PARAMETER TEST CONDITIONS MIN 'TYFf MAX | UNIT
Output voltage rise time Common-emitter configuration, 100 200 ns
Qutput voltage fall time See Figure 3 30 100
Output voltage rise time Emitter-follower configuration, 200 400 ns
QOutput voltage fall time See Figure 4 45 100
1 Al typlcal values are at T4 = 25°C.
PARAMETER MEASUREMENT INFORMATION
AMPLIFIER
UNDER TEST
FEEDBACK
TERMINAL

sje9yg eled u

o

Veet

OTHER
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FIGURE 1. AMPLIFIER CHARACTERISTICS
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TL594l, TL594C, TL595C
PULSE-WIDTH-MODULATION CONTROL GIRCUITS

PARAMETER MEASUREMENT INFORMATION

T-5%-11-3)
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FIGURE 2. OPERATIONAL TEST CIRCUIT AND WAVEFORMS
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TL594I, TL594C, TL595C
PULSE-WIDTH-MODULATION CONTROL CIRCUITS
T55-)1-31

PARAMETER MEASUREMENT INFORMATION

l(_EACH OUTPUT 7
|ctreuIm) ouTPUT

Cp = 15 pF
{includes probe and
Jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 3. COMMON-EMITTER CONFIGURATION
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FIGURE 4. EMITTER-FOLLOWER CONFIGURATION
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TL594I, TL594C, TL595C
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

TYPICAL CHARACTERISTICS T'S?" | ‘3)

OSCILLATOR FREQUENCY and AMPLIFIER VOLTAGE AMPLIFICATION
FREQUENCY VARIATIONT vs vs
TIMING RESISTANCE FREQUENCY
100 k = = . 100 T
o= Veg = 15V . Vee = 15V
40k — ; Ta = 25°C {] 90 \ AVQ =3V
__'2% # 3 ‘---N ooi AR ® 80 TA-25°C-
10 k Lt L A7 TP TR
IT %\'1%::'?/ oé:“ ; 0’4 .Z 70 \
g 4% =R o7 g N\
£ i TN “R N g 60 -
- e, (AT < N
2 1 k 4 ,",‘l:—_= E‘ 50
i e < A\
5 400 g - 40
g O IRk Af=1%1 ) N\
g NS 717 : £ 30
& 100 N = s »0 \
40 - 5 \
N N 10
10 I 0
1k 4% 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M
Ry—Timing Resistance—Q f—Frequency —Hz
FIGURE 5 FIGURE 6

1 Frequency varlation (Af) is the change in oscillator frequency that occurs over the full temperature range.
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