LINEAR TYPES TL593, TL594, TL5395
INTEGRATED PULSE-WIDTH-MODULATION CONTROL CIRCUITS
CIRCUITS 02712, APRIL 1983 —REVISED DECEMBER 1983
® Complete PWM Power Control Circuitry TLE93M . . . J
. TLE93C ... N
* -
Uncommitted Qutputs for 200-mA Sink or DUAL-IN-LINE PACKAGE (TOP VIEW)
Source Current o
. £RROR J NONINV INPUT([]1 U1s[JNONINY INPUT § CURRENT
@ Output Control S_elects Single-Ended or AMP 1 { NV INPUTO2  150JINV INPUT }LIMIT AMP
Push-Pull Operation FEEDBACK[]3  1a[JREF OUT
® Internal Circuitry Prohibits Double Pulse at DEAD-TIME CONTRng-E; " %%:PUT CONTROL
. 1
Either Output rRrfse  n[lc2
@ Variable Dead-Time Provides Control Over Gno(7  10[JE2
Total Range cil{s _ sllE1
® Internal Regulator Provides a Stable 5-V TL594M . . . J
Reference Supply Trimmed to 1% TL5941, TL594C . . . JORN
® Circuit Architecture Allows Easy DUAL-IN-LINE PACKAGE (TOP VIEW)
Synchronization ERROR f noniNv INPUT [T Ursl]NoNINY INPUT | ERROR
® Under-Voltage Lockout for Low VcC AMP 1 INV INPUT(2  15[JINV INPUT AMP 2
Conditions FEEDBACK[]3s  14[JREF OUT
DEAD-TIME CONTROL[Ja  13[JOUTPUT CONTROL
® TL593 has Output Current-Limit Sensing CTE5 120 Vee
® TL595 has On-Chip 39-V Zener and External GS;C: :;%gg
Control of Output Steering cills o1 E1
@ Improved Direct Replacements for TL493,
TL494, and TLA95. TLE9SC - . - N
: DUAL-IN-LINE PACKAGE (TOP VIEW)
description
. erroR J NONINV INPUT [t TJ18[NONINV INPUT | eRROR %)
The TL593, TL694, and TL595 devices, each AMP 1 { INV INPUT []2 17E]INV INPUT AMP 2 3
incorporate on a single monolithic chip all the functions FEEDBACK[]2  16[JREF OUT -
required in the construction of a pulse-width- DEAD-TIME CONTROL []4 15[JVz _ﬂ;
modulation control circuit. Designed primarily for cr(]s 1s[JOUTPUT CONTROL -
power supply control, these devices offer the systems RT E: 13(] \SITEER'NG INPUT 8’
engineer the flexibility to tailor the power supply GNC?E@ :?'_:'!jcgc o
control circuitry to his application. The TL693, TL594, e1lls 1o[]E2 P
and TL595 are improved direct replacements for the )
TL493, TL494, and TL495. DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES S
The 1_'%593 contam.s an _error amplifl.er, current‘limff)ng Ti593 | U594 | TLB9S [=}
amplifier, an on-chip adjustable oscillator, a dead-time TL59—M 3 5 - >
control comparator, pulse-steering control flip-flop, TLES—1 . IN .
5-volt regulator with a precision of 1%, an under- TLB9—C N N N

voltage lockout cantrol circuit, and output control
circuitry.

The error amplifier exhibits a common-mode voltage
range from —0.3 volts to VCC — 2 volts. The current-
limit amplifier exhibits a common-mode voltage range

*These combinations are not defined by this data sheet.

FUNCTION TABLE

1283

This Materi al

from —0.3 volts to Vcc —6 voits with an offset INPUTS
voltage of approximately 80 millivoits in series with OUTPUT STEERING
the inverting input to ease circuit design requirements. CONTROL INPUT OUTPUT FUNCTION
The dead-time control comparator has a fixed offset {TL595 only}
that provides approximately 5% dead time when Vi <04V Open Single ended or parallel output
externally altered. The on-chip oscillator may be VI > 24V Open Normal push-pull operation
bypassed by terminating RT (pin 6} ta the reference Vi>24V | V<04V PWM Output at Q!
output and providing a sawtooth input to CT V) >24V | V)>24V PWM Output at 02
{pin 5), or it may be used to drive the common circuitry
in synchronous multiple-rail power supplies.
Copyright © 1983 by Texas Instruments Incorporated
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

description (continued)

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

The TL593 and TL594 are similar except that an additional error amplifier is included in the TL594 instead of a current-
limiting amplifier. The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains
an on-chip 39-volt zener diode for high-voltage applications where VG is greater than 40 volts, and an output steering
control that overrides the internal control of the pulse-steering flip-flop.

The TL5S3M and TL594M are characterized for operation over the full military temperature range from —55°C to
125°C. The TL534l is characterized for operation from —25°C to 85°C. The TL593C, TL594C, and TL595C are
characterized for operation from 0°C to 70°C.

functional block diagram

Fr———————
|  STEERING INPUT _} OUTPUT CONTROL

TLE95 ONLY (SEE FUNCTION TABLE)
| (SEE FUNCTION TABLE) |
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TL693C
;t::i: TLE94I 1| TLE94C | UNIT
- TLE9EC
Supply voltage, VcC (see Note 1) 41 41 41 \4
Amplifier input voltages Vec+0.3 | Veg+0.3 | Vee+0.3 3
Collector output voltage 41 41 41 Vv
Collector output current 250 250 250 mA
Continuous total dissipation at {(or below)
25°C free-air teamperature {see Note 2) 1000 1000 1000 mwW
Operating free-air temperature range -551t0 125/ -25t0 85| Oto 70 °C
Storage temperature range -85 to 150|—65 to 150|—65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 300 °C
Lead temperature 1,6 mm (1/18 inch) from case for 10 seconds: N package 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the netwark ground terminal.
2. For operation above 25 °C frae-air temperature, refer to Dissipation Derating Table. In the J package, the TLE93M and TL594M chips are ailoy
moaunted; TLES4| and TL594C chips are glass mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR TA
J {Alloy-Mounted Chip) 1000 mW  11.0 mW/°C 59°C

PACKAGE

J {Glass-Mounted Chip) 1000 mW 8.2 mW/°C 28°C '\’.’
N 1000 mW 9.2 mw 41°C ]
m
=)
o
recommended operating conditions g
meeM | | mssec 8
TLE95C umr 3
MIN MAX MIN MAX MIN MAX 'a
Supply voltage, Ve 7 40 7 40 7 40 \ >
Amplifier input voitages, V| -0.3 Vge-2 -0.3 vgg-2 -0.3 Vec-2 Vv
Collector output voltage, Vo 40 40 40 4
Collactor output current {each transistor) 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Timing capacitor, C1 0.47 10000 0.47 10 000 0.47 10 000 nF
Timing resistor, RT 1.8 500 1.8 500 1.8 500 kQ
Oscillator frequency 1 300 1 300 1 300 kHz
Operating free-air temperature, TA ~55 125 -25 85 0 70 °C
1283
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vee = 15V, f = 10 kHz
(unless otherwise noted)

reference section

_TL593M Soat TL893C
~ - .
~ . TLE94L, TLES4C
PARAMETER TEST t
E ST CONDITIONS TL594M TLE9SC UNIT
MIN-. TYP! -MAX | MIN _TYP! MAX
Output voltage {Vef) Io = 1mA, Ta = 256°C 4.95 5 5.05 | 4.95 5§ 5.06 v
Input regulation Vcec=7Vto40V, Tp =25°C 2 25 2 25 mV
Output regutation 1o =1t 10 mA, Ta = 25°C 14 35 14 35 mV
Output voitage change
ATA = MIN to MAX .
with temperature A ° 0.2 1 0.2 1 %
Short-circuit output current$ Vigf = 0 10 35 60 10 35 50 mA
oscillator section {see Figure 2}
TLE93 TLE93C
METE TEST CONDITIONS TLES " TL94I. TLESAC
PARA R L694M TLB9SC UNIT
MIN_TYP} MAX | MIN _TYP! MAX
Frequency 10 10 kHz
Standard deviation of frequency{ All values of Vo, Cr. AT, Ta constant 10 10 %
Frequency change with voltage Ve = 7V1040V, T4 = 26°C 0.1 0.1 %
Frequency change with temperature] ATA = MIN to MAX 12 12 %
=]
= amplifier sections (see Figure 1)
8 PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
1] Error 2 10
w Input offset voltage |current-limit Feadback pin at 2.5 V ) 80 mV
[1°3 (TLE93 only)
‘E fnput offset current Feedback control at 2.5 V 25 250 nA
F Input bias current Feedback controf at 2.5 V 0.2 1 uA
- -0.3
2 Errar to
- il t -
[’ Coll;nmnn made inpu Ve = 7 V1040 V Vco(;3 2 v
voltage range Current-limit ;o
(TL593 only} Vee-6
QOpen-loop voltage (Ereor____| 70 95
ar: e :on 98 [currentlimit | avg = 3V, Vo =05Vt 35V % d8
pitice {TLE3 only)
Unity-gain bandwidth 800 kHz
Common-mode Error 88 80
Current-limit | Ve = 40V, Ta = 26°C 70 dB
rejection ratio (TL593 only)
Output sink current {pin 3} VIp = —16 mVto -5V, Feedback control at 0.5 V 0.3 0.7 mA
Qutput source current {pin 3) ViD= 156mVto 8V, Feedback at 3.5 V -2 mA
TFor conditions shown as MIN or MAX, use the appropriate value ified under Ing conditions.
Al typical values except for parameter changes with temperature are at T = 25°C.
SDuration of the short-circuit should not exceed one second.
YStanderd deviation is 8 measure of tha statistical distribution about the mean as derived from the formula 2 *
1283
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TYPES TL593, TL594, TL535
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vcc = 15V, f = 10 kHz

{uniess otherwise noted}

dead-time control section {see Figure 2)

1283

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Input bias current (pin 4} V) = 0t0 525V -2 -10 pA
Maximum duty cycle, each output ‘Dead-time control at O V 45 %
Zero duty cycle 3 3.3
in 4
tnput threshold voltage (pin 4} Maximum duty cycle ) v
output section
TL593C .
TLE93M TL594!, TL594C
PARAMETER TEST CONDITIONS TLE9AM i UNIT
TL696C
MIN TYP* MAX | MIN Tyr? MAX
VCE = 40 V, Vee = 40 V 2 100 2 100
= Vg = 0V,
Caollector off-state current Ve 15V, € A
Ve =1t 3V, 4 200 4 200
Dead-time and output control pins at O V
Emitter off-state current Ve =Vg =40V, Vg =0 - 150 - 100 pA
Collector-emitter [Common-emitter|VE = O, Ic = 200 mA 1.1 1.5 1.1 1.3 v
saturation voitage lEmittar-fcllower Vg = 16V, Ig = -200 mA 1.5 2.5 1.6 2.5
Qutput control input current V| = Vief 3.5 3.5 mA
pwm comparator sectlon (see Figure 2} g
PARAMETER TEST CONDITIONS MIN TYP! MAX [ UNIT s
Input threshold voltage {pin 3) Zero duty cycle 4 4.5 \% -='
input sink current (pin 3} Vipin3) = 0.6V 0.3 0.7 mA [«)]
Q
[+
under-voltage lockout section (see Figure 2) g
TL693C 1]
TL693M 4
TL694I, TLE94C b
PARAMETER TEST CONDITIONS TL694M UNIT [=]
TL696C >
MIN TYP MAX | MIN TYP MAX
) Ta = 26°C 6 6
Threshoid voltag ATA = MIN to MAX 3 69| 3.5 8o | Vv
Hysteresis | 30 100 mV
total device (see Figure 2)
PARAMETER TEST CONDITIONS MIN TYP} MAX | UNIT
Pin 6 at Vref, Vee = 18V 9 15
Standby supply currant All other inputs mA
and outputs open Ve = 40V 11 18
A I ant Dead-time Control at 2 V, 12.4 A
verage supply current See Figure 2 .
tEor conditions shown as MIN or MAX, use the appropriate vaius specified under recommended operating conditions.
tAll typical values except for paramater changes with temperature are st Ta = 26°C.
| Hysteresis is the difference between the positive-going input threshold voitage and the negative-going input threshold voltage.
6-131
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TYPES TL593, TL594, TL585
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

switching characteristics, To = 26°C

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Output voitage rise time Common-emitter configuration, 100 200
Output voitage fall time Ses Figure 3 30 100 ne
Dutput voltage rise time Emitter-follower configuration, 200 400
Output voltage fall time See Figure 4 45 100 ne

Al typical values are 8t T = 26°C.

PARAMETER MEASUREMENT INFORMATION
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FIGURE 1 — AMPLIFIER CHARACTERISTICS
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TYPES TL583, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION
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FIGURE 2—OPERATIONAL TEST CIRCUIT AND WAVEFORMS
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TYPES TL593, TL594, TL535
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

(inctudes probe and

jig capacitance)

15V
68 q,
r———— —— — =9 2w
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FIGURE 3-—COMMON-EMITTER CONFIGURATION
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FIGURE 4—EMITTER-FOLLOWER CONFIGURATION
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TYPES TL5693, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY and
FREQUENCY VARIATION® vs
TIMING RESISTANCE

100 k e
:: Vcc= 15V H
40k 7 H ‘TA=25°C H
29 R ] [ N
] N A == LN O J:
N 10k = = 3%,
Zf 4k — z oo ;} 7S==
> ? ;
R = et T
g 1k : ‘\Q,Q_EE - i
Y 400 ; a——
2 Cr NOEATT=1%
% \\\‘, II N N
6 100 NS N
~ oS
40 S
N
- S
10 N

1k 4k 10k 40k 100k 400k 1M
RT—Timing Resistance-2

Voltage Regulators

FIGURE S
AMPLIFIER VOLTAGE AMPLIFICATION
vs
FREQUENCY
100 T
90 N . Vee=15V |
AVp=3V
TA=25°C A
o 80 \ A
i 70
c
.2 \
=
3 60 \
= 50
3 \
<
@
£ 30 N
o
> \
20 ‘\
o AN
1 10 100 1k 10k ™
f—Frequency—Hz
) FIGURE 6
'Fvequancv variation {Af) is the change in oscillator frequency that occurs over the fuil temperature range.
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