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voltage lockout contro! circuit, and output control
circuitry.

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

*These combinations are not defined by this data sheet.
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LINEAR . TYPES TL593, TL594, TL595
INTEGRATED PULSE- WIDTH- MODULATION CONTROL CIRCUITS
CIRCUITS D2712, APRIL 1983—REVISED DECEMBER 1983
- ® Complete PWM Power Control Circuitry - TLEB3M . ..J )
TLE93C ... N
® Uncommitted Outputs for 200-mA Sink or ) DUAL-IN-LINE PACKAGE (TOP VIEW)
Source Current . . _ .. B . - Ve CURRE
ERROR _J NONINV INPUT[}1 U e[JNONINV INPUT RENT
® Output Control Selects SIngle-Ended or © AMP1 { INVINPUTE]2  1s[JINV INPUT }L,M,T AMP
Push-Pull Operation . - ok FEEDBACK[]s  14[JREF OUT .
® Intornal Circultry Prohibits Double Pulse at DEAD-TIME °°“T“3;E; 5 5’3‘;"‘” CONTROL
Either Output Seio . Rrs - nhc2 .
® Variable Dead-Time Provldes Control Over - B GNDL7 - 10[JE2 .
Total Range B e - _c1 8 . oJer.
® Internal Regulator Provldes a Steble S-V o TLE9AM .. .d
_Reference Supply Trimmed to 1% " TLB9AI, TLESAC .. J ORN
® Circult Architecture Allows Easy DUAL-IN-LINE PACKAGE {TOP VIEW}
Synchronization ERROR J NoNINV INPUT[]T e[ NONINY INPUT | ERROR
® Under-Voltage Lockout for Low Voo AMP1 INVINPUTC]2  s5[JINV INPUT AMP 2
Conditions FEEDBACK[]s  14[JREF OUT
DEAD-TIME CONTROL[Ja  13][JOUTPUT CONTROL
® TL593 has Output Current-l.lmit Sensing = crlds 12dVee
® TL595 has.On-Chip 39-V Zener and External - G:;E: . :;%g
Control of Output Steering cills  sher
® ' Improved Direct Replacements for” TL493 TLESEC ... N |
TL494, and TL495 B e :
. : DUAL-IN-LINE PACKAGE (TOP VIEW)
description
NP
The TLE93, TL594, and TLE9E devices, each i;*;‘:“{-”“'l:‘é INpUTH: e v ieoT | panRoR - 2
incorporats on a single monalithic chip aft the functions Feepsack[Js  1s[JrReFouT 9
required In the construction of a pulse-width- DEAD-TIME CONTROL[]4 - s[JVz E
modulation control circuit. Designed primarily for . - - CrOs 14[JOUTPUT CONTROL =
powaér supply control, these devices offer the systems * , GR‘[I;E 5 :3 %‘SITEER‘NG INPUT g
engineer the flexibility to tailor the power supply l:“EB :] c;:c o
contro! clrcultry to his epplication. The TLE93, TLE94, eilds  1w6E2 ®
and TL595 are improved direct replacements for the - o
TL493, TL494, and TLA9E. DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES  _ §9
The TL593 contalns an arror amplifier, current-hmhmg 71693 | 71694 | 11695 [=]
amplifier, an on-chip adjustable oscillator, a dead-time Tso—m| 3 ~5 v >
control comparator, pulse-steering control flip-flop, TLE9—I . UN A
6-volt regulator with a precision of 1%, an under- . TLE9—C N JN N
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FUNCTION TABLE

limit amplifier exhibits 8 common-mode voltage range z
-from —0.3 volts to Vo —6 volts with an offset INPUTS

voltage of approximately 80 millivoits in ssries with OUTPUT STEERING :

the Inverting input to ease circuit design requirements. CONTROL INPUT OUTPUT FUNGTION

The dead-time control comparator has a fixed offset s (TLE9E 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 R {pin 6) to the reference Vi>24V ] Vi<04V’ PWM Output at Q1
output and providing a sawtooth Input to Ct | M >24V ] Vi >24V - PWM Output at 02

{pin B, or it may be used to drive the common circuitry )

in synchronous multiple-rail power supplies.
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TYPES TL593, TL594, TI.595
PULSE-WIDTH- MODULATION CONTROL CIRCUITS

g . . - -

description {continued) * } )

The uncommitted output transistors provide sither 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-pult operatlon

. The under-vottage lockout control circuit locks the outputs off until the internal circuitry is operational; )

The TL593 and TL594 are 5|mlla_r except that an additional error amplifier is included in the TL694 instead of a current-"
limiting amplifier. The TL695 provides the identical functions found in the TL594. in addition, the TLE95 also contains
an on-chip 39-volt zener diode for high-voltage applications where V¢ is greater than 40 volts, and an output meenng
contro! that overndes the internal control of the pulse-steering flip-flop. Lo

: The TL593M .and TLE94M are characterized for operation over the full military temperature range from ~55°C to
12B6°C. The TL594I is characterized for operation from —25°C to 85°C. The TL593C TLE94C, and TLE95C are

charactenzed for operation from 0°C to 70°C. . ' ] .

* functional block diagram - . .- . ’ T I -
T - { STEERING INPUT | OUTPUT CONTROL R .
e TLESS ONLY (SEE FUNCTION TABLE)  ~ .
N AR | {SEE FUNCTION TABLE) | }
- ‘ 7 i s T
[ S I I
OSCHLATOR -
cr —AMA
< DEAD TIME CONTROL T Lo
. COMPARATOR -
o peap ~O1V 1
s TIME ~——{
CONTROL
(8 ' ERROR AMPLIFIER o—
: : PULSESTEERING
et NONINVERTING [ FLIP-FLOP
) INVERTING ___-
«Q YT A——
c ERROR AMPLIFIER | | e ——— .
= i | . vee
] NONINVERTING. » N { 1 1 UNDER VOLTACE cc
o INVERTING _| _2 ' l REFERENCE CONTROL :
w INPUT 1 N | {1 REGULATOR g
0 L _TL694 AND TLE9E ~ i ” -
T CORRENTAIT — ) [ ! : Vegr
NONINVERTING | AMPLIFIER -1 GND
INPUT + I o .
=~0.08V 2 [ X} 07mA| { .
INVERTING | i _ iy ] B
INPUT ) H - L Zmsesomy |
L__msssomy _ |
FEEDBACK - : - s
e EIR
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' TYPES TL593, TL694, TL595
: PULSE-WIDTH-MODULATION CONTROL CIRCUITS
' absolute maximum ratings over'uperaﬂng' free-air temperature range (unless otherwise noted)
TL593C
. . - ﬁg:i: TLE94] TL594C UNIT
' ) TLBI5EC
" Supply voltage, Vo (see Note 1) 41 41 41 \
Amplifier input voltages Vee+0.2 | Vee+0.3 | Vo +0.3 \
Collector output voltage 41 41 41 v
Collector output current - 260 250 250 mA
Continuous totat dissipation at {or balow)
26 °C free-air temperature (see Note 2} . 1000 1000 1000 mW
Operating free-air perature range -561t0 125/ -25t0 86| Oto 70 °Cc
Storage temperature range . —66 to 160/-65 to 1650|—-65 to 160] °C
Lead temperature 1,6 mm (1/18 inch) from case for 60 seconds: J package 300 300 300 °Cc
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: N package 260 260 °C
NOTES: 1. Afl voltage values, except differantial voltages, are with respect to tha natwork ground terminal.
- 2. For operation above 26 °C free-air tem rafer to Dissij Dersting Table. In the J package, the TLE93M and TLE94M chips are alloy
mounted; TLES4l and TLEI4C chips are glass mounted. )
DISSIPATION DERATING TABLE
- i : POWER DERATING ABOVE
PACKAGE RATING FACTOR TA .
‘ - _ J (Alloy-Mounted Chip} 1000 mW  11.0 mW/°C 659°C »
J (Glass-Mounted Chip} 1000 mW 8.2 mw/°C 28°C e
1000mW 8.2 mW a1°¢ - 8
- S
, o - 3
X . (=)
recommended operating conditions g
TLE93C
[
b &::i: : TL59_4| TLE94C UNIT )]
. . TLEIEC S
" MIN MAX MIN MAX MiN MAX 3
Supply voitage, Vge 7 40 7 40 7 40 \ >
Ampilifier input voltages, Vi -0.3 Vec~2 | -0.3 Vee—-2 | -0.3 Vee-2 \4
Collector output voltage, Vg 40 40 40 \' g
Collector output current {each transistor) 200 200 200 mA 6 :
Current Into feedback terminal 0.3 " 03 03 | mA (MR
TimIng capacitor, Ct 0.47 10 000 0.47 10000 0.47 10000 nF
Timing resistor, RT 1.8 600 1.8 600 1.8 500 ki
Oscillator frequency 1 300 1 300 1 300 | kHz
Operating free-alr temperature, TA -6b 125 - 286 85 [)] 70 °C
. ..
1283 =
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TYPES TL693, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS
electrical characteristics over recommended operating free-alr teinperature range, VCC = 16V, f = 10 kHz
(unless otherwise noted)
reference section
. TL593C
: - TLE93M L6241, TLEIAC
PARAMETER TEST CONDIT_IONS‘ TLEO4M TLE9EC UNIT
: MIN_ TYPt MAX | MIN TYP? MAX
Output voltage (Vyef) o = 1 mA, Ta = 26°C 4.95 5 5,05 | 4.86 5 5.06 \'2
Input regulation Vec =7V1040V, Ta = 25°C 2 26 2 26 mV
Qutput regulation 10 = 110 10 mA, TA = 26°C 14 35 14 36 mV
. Output voltage change - B
. with temperature ATA = MIN to MAX 0.2 1 0.2 1 %
. Short-cireult output currentd Vigt = 0 10 - 36 60 |. 10 36 60 | mA
oscillator section (see Figure 2) .
N TLE93C
TLES3M TLES4!, TLESAC
PARAMETER TEST CONDITIONSt TLE94M UNIT .
. TLE9EC
MIN TYP! MAX | MIN TVP! MAX
Frequency ) - 10 10 kHz
Standard deviation of frequencyy | All values of Vg, CT. RT. TA constant 10 10 %
Frequency change with voitage Vee = 7V1040V, Ty = 26°C 0.1 0.1 %
Frequency change with temparature] ATA = MIN to MAX 12 12] %
(=) .
= amplifier sections (see Figure 1)
(g PARAMETER TEST CONDITIONS MIN _ TYPY MAX | UNIT
[ ] Error 2 10
s ) Input offset voltage |current-limit | Feedback pinat 25V 80 mv
1) . (TLE93 only) | .,
(g Input offset current Feedback control at 2.6 V 25 260 nA
- Input bias current Feedback control at 2.6 V 0.2 1 pA
! 0.3
-, -0.
2 . . - |Error ) . o
A ity FECES PSSO oo v
ge rang Current-limit |- ;o
.(TL593 only} Vee-6
Open-loo N Error . . . 70 95
P mu: % lcunrentiimit | avp = 3V, Vo =05Vt 3.5V o a8
ampfitication (TL593 only)
Unity-gain bandwldth . 800 kHz
o o Error 66 80
T Current-limit | Voo = 40V, TA = 26°C 7 d8 |
rejaction ratio (TL593 hnly) - - i
Output sink current {pin 3) Vip = ~165mVto ~6V, Feedback control at 0.5 V 0.3 0.7 mA
QOutput source current {pin 3) Vip=16mVtobV, Feedback at 3.6 V -2 mA
1For conditions shown as MIN or MAX, use the appropriate value spacifisd under d "] di
Al typlcal values except for p h, with p a0 at Tp = 26°C. E (xpq— X)2
$puration of the short-circuit should not excead one second. ] =1 n
Istandsrd deviation i3 a of the statistical distribution sbout the mean as derived from the fomula © = N1
- 1283
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS
electrical characteristics over recommendod operating free-alr temperatuve range, Ve = 16 V, f = 10 kHz
(unless otherwise noted) . :
dead-time contro! sectlon (see Figure 2) -
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
Input blas current (pin 4) V) = 0to 5,26 V -2 -10 pA
M. im duty cycle, each output Dead-time control at O V 45
Fraghald valt Zero duty cycle 3 3.3
Iaput 1 g (pin 4} MaxImum duty cycle 0 v
output section ° ' -
TLE93C
TLEO3M
TL694), TLES4C" .
PARAMETER TEST CONDITIONS N TLES4M - | UNIT
_ TL695C
MIN TYPY MAX | MIN TYP! MAX
VeE = 40 V, Vee = 40V 2 100 2 100
Vg = 16V, VE=O0V,
Collector off-state current
Vee =103V, 4 200 4 200 _"A
Dead-tims and output control p‘ns atov ) I .
Emitter off-state current Vee=Ve =40V, VE=0 - 150 -100 A N
Coll itter |C Vg=0, Ic = 200 mA 1.1 1.6 1.1 1.3 v
saturation voltage |Emitter-follower [Vg = 16V, Ig = =200 mA 1.5 2.5 1.6 2.6 i
Output control input cument Vi = Vief . 3.5 3.6 mA
' »
pwm comparator section (see Figure 2) ) s
PARAMETER - TEST CONDITIONS MIN TYPE MAX | unIT ?U'
Input threshold voltags {pin 3} Zero duty cycle 4 48 \ 3
input sink current (pin 3} Vipin 3) = 0.5V ~ 03 0.7 mA [=)]
” ()
o©
under-voltage lockout section (see Figure 2) %
TLE93M TL693C s
. . TLE94I, TLE94C b
PARAMETER TEST CONDITIONS TLE94AM TLE95C UNIT g
’ MIN _ TYP MAX | MIN TVP MAX
Ta = 26°C 6 6 '
Threshold voltage ATA = MIN to MAX 3 ~ 69| 35 go | Y 6
Hysterasis| 30 . 100 i mV s
'
total device (see Figure 2)
PARAMETER TEST CONDITIONS MIN TYPY MAX | UNIT
s Pin @ at Vref. Vee = 16V ' 9 15
Standby supply current All other inputs mA
and outputs open Ve =40V 1 18
Dead-time Control at.2 V,
Average supply current Ses Figure 2 . _ ) 124 mA
For conditions shown a8 MIN or MAX, uss the appropriate valus épacified under ded operating
Al typicel valuas sxcept for p h with temp are ot Tp = 25°C.
{Hysteresis is the difference botwaon the positive-going input threshold voltage and the neg going input threshold voitage
6-131
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TYPES TL693, TL594, TL595 . ,
PULSE-WIDTH-MODULATION CONTROL CIRCUITS
switching characteristics, TA = 26°C_ .
PARAMETER TEST CONDITIONS MIN TvPt wmax | unr
Qutput veltage rise time Common-emitter configuration, - 100 200 e
Output voltage fall time Sse Figure 3 . - ) 30 100
Output voltage rise time : * Emitter-follower configuration, . 200 400 ns
Output voltage fall time T Ses Figure 4 S . 45 100

$AN typloal velues are 6t To = 26°C.

PARAMETER MEASUREMENT INFORMATION

AMPLIFIER
UNDER TEST

o S +

o . . - FEEDBACK
- . TERMINAL _
Vo U - . " wo

s —0 :

- . ) -
Vm' o——‘ -— R

. , OTHER

R - AMPLIFIER

T _FIGURE 1 — AMPLIFIER CHARACTERISTICS
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Texas
INSTRUMENTS

POST OFFICE BOX 226012 & DALLAS, TEXAS 75266 N




TEXAS INSTR LI

N/T

NTFC} 55 DE]

8961724 0034630 7 r

8961724 TEXAS INSTR (LCIN/INTEGT —

PULSE-WIDTH-MODULATION CONTROL CIRCUITS
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TYPES TL693, TL594, TL595

PARAMETER MEASUREMENT INFORMATION

Ve =15V
2150 22150 0
s2ws2w
|7 . . Vee
. DEAD-TIME c1 Ol‘_'TPUT 1
TEST €1
INPUTS o 1
et FEEDBACK "~ - =
A — ay c2 OUTPUT 2
T g; cr E2 )
=001 uF (4] STEEAING |__ = opens
- CONTROL TLES5 .
T (nAMPURERS oren f ONY
- = (-]
REF
- ) QUTPUT ouTRUT .
YR CONTROL .
1 GND
' L
TEST CIRCUIT . ’
. r r i _ . -Vee
[7]
. VOLTAGE - : hd
ATCl . i o
- -
: | N ' o 3
f ' [ 1 r ===--Vec o
VOLTAGE o 1 ()
. . Lo @
. o N g
1]
VOLTAGE -4
ATCy e e}
DEAD-TIME THRESHOLD VOLTAGE == 6
CONTROL ( .
. INPUT .
: 1
oV |
. ] - .
: THRESHOLD VOLTAGE — —
FEEDBACK I ) . :
. . ! - |
orv + - 1
ouTY ] f—e-max . fes—0% =
CYCLE o%—f—om]
VOLTAGE WAVEFORMS

FIGURE 2--OPERATIONAL TEST CIRCUIT A-ND WAVEFORMS
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- TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS:
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PARAMETER MEASUREMENT INFORMATION
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Dot - ' . BN

g A
I {eacHouTeuT - 1
| circum | )
| O © OUTPUT
i |
' | «l CL*=16pF
| - | TN (Includes probe and
| ) R - _jig capacitance)
| }
' N
. i
) L ———————— 4. 'L
TEST CIRCUIT ° s ’ OUTPUT VOLTAGE WAVEFORM
< " FIGURE 3-COMMON-EMITTER CONFIGURATION
(=)
—
-
[+)]
«Q 1BV
o - Q
X —— e
o I 1
@ . | (EACHOUTPUT 1
[~ | CIRCUIT) i -
o | O— ,
ct | | . .
- | B R RO
172 | - - | R -
| ! :
| i .
| O oUTPUT
| |
. 68 q,
e e e 4 . 2w
CL~15pF
{includes prabe and
jig capacitance)
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
. FIGURE 4~EMITTER-FOLLOWER CONFIGURATION
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TYPES TL593, TL594, TL595

T - PULSE-WIDTH-MODULATION CONTROL CIRCUITS

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY and
. . FREQUENCY VARIATIONT vs
TIMING RESISTANCE

100k =
= Veo=16V \
40k Ta=25°C
—_2% - ~~ \~ 1 1 11
1 o 10k bt LA J-{-FHIe,] _L_JL
I =i SE TS
4% oo =20
g ,‘ Y 0% ,ﬂk N 1!
T -
: g w e, LITMBCATTITIN
E 3 = ,Q\A'::" 1 %L\:
A 400 - | - N
. 0 PN AT =1 %]
= NS 7 N
" & 100 Inen! N
40 . ==
| IN IN
Ny N
10
. 1k 4k 10k 40k 100k 400k 1M
* . RT—Timing'Resistance-2 .
FIGURE G
AMPLIFIER VOLTAGE AMPLIEICATION
vs ’
FREQUENCY
100 —
50 - Vee=15V
\ AVQ=3V
o 80 TaA=25°C
170 AN
8 \
g 60
, . 8 N
2% RN
< - - .
a
"8 g \
3 1\,
20 \
0. - : =
1 10 100 1k. 10k ™

f—Frequency—Hz

__ . FIGURE®

’Fraquency variation (Af} Is the change In oscillator fraquency that occurs over the full temparature range. )

Texas .
INSTRUMENTS

POST QFFICE BOX 225012 ® DALLAS,

TEXAS 76265

Voltage Regulators




