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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVE074E — JAMUARY 1083 — REVISED JULY 1009

® Complete PWM Power Control Circuitry D, N, NS, OR PW PACKAGE

® Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current 1IN+ [] 1 U 16 [ 21N+

® Qutput Control Selects Single-Ended or 1IN-] 2 15 [] 2N-
Push-Pull Operation FEEDBACK [| 3 14 [| REF

® [nternal Circuitry Prohibits Double Pulse at DTC[] 4 13]] QUTPUT CTRL
Either Qutput ctlls  12flvec

® Variable Dead Time Provides Control Over RT[]& mflcz
Total Range GND[]7  w0flE2

® |[nternal Regulator Provides a Stable 5-V cilfe 4=

Reference Supply With 5% Tolerance

® Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering contral flip-flep, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from -0.3 ¥ to Voo — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the comman
circuits in synchronous multiple-rail power supplies.

The uncommitted cutput transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-cantrol function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494| is characterized for operation from
—40°C to 85°C.

FUNCTION TABLE

INPUT TO
QUTPUT CTRL

W =GND Single-ended or parallel output
W)= Wref Mormal push-pull opsration

OUTPUT FUNCTION
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AVAILABLE OPTIONS
PACKAGED DEVICES

CHIP

T smALL | prastic | smalL | Form
A OUTLINE DIP OUTLINE Y
OUTLINE ()

(D) "y (ns) o)

O°CCIo70°C | TL494CD | TL4B4CN | TL424CNS | TL4G4CPW | TL494Y

A0CI0BE°C | TL4GHD | TLAGAIN — — —

The D, NS, and PVW packages are available taped and regled. Add the suffix Rtodevice type (e.g.,

TL49£C0R). Chip forme are tested at 25°C.

functional block diagram

RT
cT

OTC

1IN+
1IN-

21N+
2IN-

FEEDBACK

16
15

3

Oscillator

Dead-Time Control
Comparator

OUTPUT CTRL
(see Function Table)
13
1D
=1

Error Amplifier 1

4+

Error Amplifier 2

+

PWM

al g

D DG
= E1

Cc2
' E2
Pulse-Steering
Flip-Flop
12
Veeo
Reference 14
Regulator REF
7
—() GND
—
0.7 mA



73

TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TL494 UNIT

Supply valtage, Vior (see Note 1) 41 WV
Amplifier input voltage, V) Vepetdd ] W
Collector output voltage, Vi 41 v
Collector output current, 10 250 mA

[ package 73
Package thermal impedance, 6 (s Notes 2 and 3] M package il

NS package 84

PV package 108
Lead temperaturs 1.6 mm {1/16 inch) from case for 10 seconds D, M, or PW package 20| °C
Storage temperature range, Tsig -E5t0150| °C

T Siresses leyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other condificns beyond those indicated under ‘recommended operaling conditions™ is not
mplied. Exposure to absolute-maximum-rated conditions for extended pericds may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

]

2. Mazximum power dissipation is a function of Tyimax), 8,4, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is P = (T jimax) - Ta )8 4. Operafing at the absclute maximum T of 150°C can impact reliability.
3. The package thermal impedance iz calculated in accordance with JESD 51, except for through-hole packages, which use a frace

length of zero.

recommended operating conditions

TL4%4

TR UMIT
Supply voltage, Vg [ al v
Amplifier input voltage, V) =03 Vpe2) W
Collzctor output voltage, Vo a1 v
Collector output current {each transizstor) 2001 maA
Current into fesdback temina 03] maA
Oscillator frequency, foap 1 00| kHz
Timing capacitor, CT 047 10000| nF
Timing registor, RT 1.8 S00| kL

, ) TL4G4C 0 ]

Operating free-air temperature, T, TLaod) 0 o C
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electrical characteristics over recommended operating free-air temperature range, Vcc =15V,
f =10 kHz (unless otherwise noted)

reference section

PARAMETER TEST CONDITIONST TLANE, TLAS4 UNIT
MIN TYPE  MAX
Output voltage {REF) lg=1mA 475 5 535 W
Input reguiation Vop=TVioddV 2 Bl mv
Output regulation lp=1mAto 10 ma 1 15 mv
Output voltage changs with temperature ATy = MIN to MaX 2 10 mvh
Short-circuit output current® REF=0V 25 m
T For conditionz shown as MIN or M&X, use the appropriate value specified under recommended operating conditions.
£ Al typical values, except for parameter changes with temperature, are at Ty = 25°C.
§ Duration of the shart circuit should not exceed one second.
oscillator section, C1=0.01 uF, Ry =12 k{} (see Figure 1)
TL494, TL494|
PARAMETER TEST CONDITIONST UNIT
MIN TYPE  mAX
Frequency 10 kHz
Standard deviation of frequencyT All values of Voo, CT, RT, and Ty, constant 100 HzkHz
Frequency change with voltage Voo =7V 1040V, Ta=25°C 1 HzfkHz
Frequency change with temperature# AT = MIN to MAX 10 | Hz/kHz
T For conditions shown as MIN or M&X, use the appropriate valus specified under recommended operating conditions.
£ Al typical values, except for parameter changes with temperaturs, are at Ty =23°C.
Y standard deviation is & measure of the statistical distribution about the mean as derived from the formula;
i =
#Temperature coefiicient of iming capacitor and iming resistor are not taken into account.
error-amplifier section (see Figure 2)
TL494, TL494]
PARAMETER TEST CONDITIONS W TYPE WAX UNIT
Input offest voltage Vo (FEEDBACK) =25V 2 0] my
Input offeet current Vo (FEEDBACK) =25V 25 2501 nA
Input bias current Vo (FEEDBACK) =25V 0.2 1 WA
Common-mode input voltage range | Ve =7Vt 40V _ég_tg Y
Open-locop voltage amplification Mn=3V, R =2k} Vp=05Vio3sV 70 95 dB
Unity-gain bandwidth Vp=053Viodsy R =2kl 800 kHz
Comman-mode rejection ratio M =40V, Ta=25°C 63 a0 dB
Output sink current (FEECBACK) Vip=-15mVta -5V,  (FEECBACK) =07V 0.3 0.7 mé
Output source current (FEECBACK) | Vip=13mVio 3V, W (FEEDBACK) =35V -2 ma

£ All typical values, except for parameter changes with temperature, are at Ta =25°C.
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electrical characteristics over recommended operating free-air temperature range, Voo =15V,
f=10 kHz, Tp = 25°C (unless otherwise noted)

reference section

PARAMETER TEST CONDITIONST TLasay UNIT
MIN  TyrT MAX
Qutput voitage (REF) lg=1m& 5 W
Input requlation Vec=TVio 40V 2 mY
Qutput regulation lg=1mifa 10 mA 1 my
Short-circuit output current® REF=0V 25 mA
Tau typical valuss, except for parameler changes with temperature, ars at Ty = 25°C.
1 Duration of the short circuit should not exceed one second.
oscillator section, Ct = 0.01 pF, Ry =12 k2 (see Figure 1)
TL494Y
PARAMETER TEST CONDITIONS T N TvPT MAX UNIT
Frequency 10 kHz
Standard deviation of frequenc,@ All values of Voo, CT, RT, and Ta constant 100 HzikHz
Frequency change with voltage Voo =TVioddV 1 HzikHz
Tal fypical values, except for parameter changes with temperature, are at Tp, = 25°C.
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:
a =
error-amplifier section (see Figure 2)
TL494Y
PARAMETER TEST CONDITIONS MH_ TYPT  MAX UNIT
Input offset voltage Vo (FEEDBACK) =25V 2 my
Input offset current Vo (FEEDBACK) =25V 25 né
Input bias current Vi (FEEDBACK) =25V 0.2 A
Open-loop voltage amplification AVg =3V, R =2kl Vo=05Vio3d5 a5 dB
Unity-gain bandwidth Vo =05Vio3s5y R =2ki) 800 kHz
Commeon-mode rejection ratio Ag=40V a0 dB
Qutput sink current (FEEDBACK) Vip=-15m¥to-5Y V(FEEDBACK) =07V 07 m

T Al typical values, except for parameter changes with temperature, are at Ta=25°C.
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PARAMETER MEASUREMENT INFORMATION

Voo =15V
12 % 150 02 150 (2
Voo 2W 2W
4 8
Test — | DTC Cc1 Output 1
nputs 1 3 | FeepBACK g1)-2 ol
12k " =
—v—— RT c2 Qutput 2
—_ }—5 cT [ L.
L 0.01pF =
- 1
s b
16 Error
2IMN+ [ Amplifiers
= o Blon
—_13] ouTPUT rer |14
CTRL
sk % GND
17
TEST CIRCUIT

o 1Y O 1 1 | "
- I o 1 | O S "
= MV

Threshold Voltage — —

DTC |

|
ov | |
|
| I Threshold Voltage —— ——
FEEDBACK | | |
0TV : I |
Duty Cycle 0% _H_..r‘—"‘l— MAX lq— 0% —p

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

V] '-)

Other Amplifier

Figure 2. Amplifier Characteristics

68 0

| Each Output
I Circuit Output
| ——— CL=15pF
I [(See Note A)
e —— | =
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: Cpincludes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V
F———
| Each Cutput
| Circuit

A Output

[ A 68 0

CL=15pF == 2w
|See Note A)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NOTE A: Cpincludes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

vi (D FEEDBACK

Other Amplifier

Figure 2. Amplifier Characteristics

680

F |
| Each Qutput
= Circuit Output
| —— CL=15pF
: (See Note A)
e | =
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

MOTE A- Cp includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

F————————
| Each Qutput
| Circuit
| -
| ————
| A Output
|
- 68

CL=15pF == 2w

(See Note A)
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

MNOTE A €| includes probe and jig capacitancs.

Figure 4. Emitter-Follower Configuration
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TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
Vs
TIMING RESISTANCE

5:: 100 k -
c Voo =15V
S 40k E Ta=25Cc
2 : L
g 2% ML AT T, o.001pF
. 10k = 1% b I UV L
o =
= 1 . _—

~— 0.01 uF
3 4k e o i v
a !
= I AT
T 1k ] b 0.1 UF e
o T '_—ﬁ
. . T =
S 400 1 =
§ h B Df'= 12 N |
L;E_ 100 [ [Hh
= —F Cr=1uF - —
E 40 <t =
‘G I~ -
< I hi
.10 D
- 1k 4k 10k 40k 100k 400k 1M

Ry — Timing Resistance — (2
T Frequency variation (Af) is the change in oscillator frequency that ocours over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION
Vs
FREQUENCY
100

|
s0[— o3V
a0 \ Tp = 25°C

70 \
&0 \
50 \

30 \\
20 \
10 \
0
1 10 100 1k 10k 100k 1M
f — Frequency — Hz

A - Amplifier Voltage Amplification — dB8

Figure 6
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
o venfy, hefore placing orders, that information being relied on is current and complete. All products are sold
subject fo the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicahble at the time of sale in
accordance with TI's standard warranty. Testing and other quality control technigues are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by govermment requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPFORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liahility for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, maching, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright @ 1999, Texas Instruments Incorporated
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2. 29smealuneama iwes KIMBO50NG60P

SEMICONDUCTOR KMBO0SON60OP
KE E TECHNICAL DATA N CHANNEL MOS FIELD

EFFECT TRANSISTOR

General Description

This planar stripe MOSFET has better characteristics, such as fast
switching time, low on resistance, low gate charge and excellent

avalanche characteristics. It is mainly suitable for active power factor I
: . : | DiM | MILLIMETERS |
correction , electronic lamp ballasts based on half bridge topology and A saoz
5 n n B 1595 MAX
switching mode power supplies. T omom
4] D5+0.1
B # 36+02
F | 2840,
FEATURES ¥ e
- Vpes= 60V, Ip=50A f o
- Drain-Source ON Resistance : K Las
L 1A+D.1
Rpson=0.022 8 @Vgs =10V M| izeo |
+ Qgltyp.)=32nC E | -“.‘;: no: |
+ Improved dv/dt capacity, high Ruggedness P | aavez |
: . Q 92+ 02
» Maxamum Junction Temperature Range (175C) LGATE )
:.‘ DRAIN
1 SOURCE
TO-220AB
MAXIMUM RATING (Te=25%)
CHARACTERISTIC SYMBOL RATING UNIT
Drain-Source Voltage Viss [5i1] A
Gate-Source Voltage Vass +20 vV D
@Te=25¢ 50
Ip
Drain Current @T=1007 35 A —
— 1
Pulsed {(Notel) Ipp 200 G —
Single Pulsed Avalanche Energy .
(Note 2) Eas 493 mJ
Repetitive Avalanche Energy F N s
(Note 1) AR 12 mJ
Peak Diode Recovery dv/dt . -
(Note 3) dv/dt 7.0 Vins
Drain Power Te=257¢ P 120 W
P . D
Dissipation Derate above 25¢C 08 w/e
Maximum Junction Temperature T; 175 T
Storage Temperature Range Tag -55-~175 ko]
Thermal Characteristics
Thermal Resistance. Junction-to-Case Riuc 1.24 oW
Thermal Resistance, Case-to-Sink Rics 0.5 TwW
Thermal Resistance, hunction-to- =
. Riga 62.5 oW
Ambient

2006. 4. 24 Revision No : 1 KEL 16



KMBOSON60P

82

ELECTRICAL CHARACTERISTICS (Te¢=257)

CHARACTERISTIC SYMBOL TEST CONDITION ] MIN, | TYP. ] MAX. | UNIT

Static
Drain-Source Breakdown Voltage BVpss Ip=250 A, Vge=0V 60 - - v
Breakdown Voltage Temperature Coefficient ABVpes/ 4T Ip=250 4\, Referenced to 2571 - 0.07 - vie
Dirain Cut-of f Current Ipss Vpg=00V, V=0V, - - 10 A
Gate Threshold Voltage Vin Vps=Vas, Ip=250pA 20 - 40 v
Gate Leakage Current Lass Vas=+20V, Vpe=0V - - +100 nA
Drain-Source ON Resistance Rpsion Vas=10V, Ip=25A - 0.018 | 0.022 0
Dynamic
Total Gate Charge Q - 32 42

Vps= 48V, Tp=50A
Gate-Source Charge Qs Voel0V (Noted.5) . 8 . nC
Gate-Drain Charge di. - 12 -
Tum-on Delay time Laton) - 20 50
Tumn-on Rise time te Vpp= 30V - 100 210

Ip=25A ns
Tumn-off Delay time ajom Ryg= 250 (Noted,5) - 80 170
Turn-off Fall ime 1y - BS 180
Input Capacitance Cies - 1050 1365
Reverse Transfer Capacitance B Vps=15V, Vge=0V, =1.0MHz . 70 90 pF
Output Capacitance Cons - 460 600
Source-Drain Diode Ratings
Continuous Source Current Is - - 50

Vas<Vin A
Pulsed Source Current Isp - - 200
Diode Forward Voltage Vsp Ig=50A, Vgs=0V - - 1.5 v
Reverse Recovery Time - Is=50A, Vge=0V, - 50 - ns
Reverse Recovery Charge Qn dls/dt=100A/ s - 70 N P

Note 1) Repetivity rating : Pulse width limited by junction temperature,
Note 2) L=230mH, I¢=50A, Vpp=25V, Rg=25 4, Starting T=25%C.
Note 3) Is < 50A, dl/dt<300A/us, Vpp<BVpgs, Starting T=25'C.
Note 4) Pulse Test : Pulse width < 300 us, Duty Cyele <2%.
MNote 5) Essentially independent of operating temperature.

2006. 4. 24 Revision No: 1

KELC
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Ip-Vpg Ip-Vgs
—--‘% Vpg 30V
" i 107 250us pulse test
" i =
= s <
K A Hi— =
— il e s il I M —
5 I | Lt 'g 175°% 7///
2 e
: — o
= = = — zs'c_f.f_,L= 35°C
E [is I E 1
10® i 10° L { /{ L L L
10! 10° 101 2 4 [ 8 10
Drain - Source Voltage Vg (V) Gate - Source Voltage Vg (V)
BVpss - Tj Rpsion) - Ip
wi
2 12 0.08
= Vg — OV = L
Lyg = 250uA o}
& o 004
2 1 =
@ V= 10V
i / & 0.0
g N
g 10 / 8 / Vas~ 20V
; g /
?ﬁ / g 00 e
ﬁ " g "
=
& s . 001
£ s 1
& ggl— . s s n L 0.00 " L L .
Z 100 .50 0 50 00 150 200 0 50 100 150 200
Junetion Temperature Tj ('C) Drain Current I (A)
Is - Vsp Rpsion - Tj
5
Vos OV
Vg — 10V
= 2 | 250us pulse test [
2 s = I
s ¥a 2 20
& S/ g i
E VARV g 15
8] / / = /
EREU / = i
& / / g 10 s Pl
o | =
Z ! I E /
H 175" 25 c 035 i
~ ! Z.
107 — 1 f . . . a0 ) . . L L .
02 04 06 08 10 12 14 16 L0050 0 50 100 150 200
Source - Drain Voltage Vp (V) Junction Temperature Tj ('C)

2006. 4. 24 Revision No: 1 KEE
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C-Vpg Qg« Vas
3500 12
Frequency 1MHz i 35" 30,
3000 £ 10 7
5 i Coss @ : Vpg 30V
i 2500 S =2 | ™ /
c N 8 Vpg 48V
a " D8 7
2000 e . I & I
g I iss ---.__% E 6
=]
5 1500 =
§' “:“"n 8 4 {/
5 7 g
o L000 Cras Sua 1 Ug) /
500 T~ - L2
| L ™ ]
0 ——— [&] 0 L L L L . "
107 10" 10! 0 0 15 20 25 30 35
Drain - Source Voltage Vg (V) Gate - Charge Qg (nC)
; Ip-Tj
Safe Operation Area D=l
60
10* Operation in this -
arca is limited by R
~ is limited by Rpgrag, _ s0
= T £ < -
= . AL T | oo o ™~
£ 1 = 5 ==z ) ~
e i =
E A 10ms 3 E ~
© 1 o | 1 I
£ 1 g 20
5 S i
Te 25°C 10
T 150C -
o | Sinple nonrepetitive pulse 0 i " " L L L
g7 10° 10! 10* 25 50 75 100 125 150 175
Drain - Source Voltage Vpg (V) Junction Temperature T; “0)
Rin
-l il
R L =
o 1
3 02 —=urr
4 mme T E =
g il e
E ] sl L+ Pom
'ET 101 Fo 0 === = i
-
2 - i
‘n/n( AL
ay; - Duty Factor, D= /1,
{“ / Siegle Pulse = RMC = .?l@.“..f__..} -To
- | >
10°% 104 1073 1 10! 100 10
Square Wave Pulse Duration (sec¢)
2006. 4. 24 Revision No: 1 KELC A6



- Gate Charge
VGs
'y
10V | "
Fast |
Recovery
Ip Diode A
— 0.8xVpss +
h
1.0 mA
il
I— | } Vbs Qgs Qpd
||~ le
+ [ Qe
Vs | ¥
- Single Pulsed Avalanche Energy
1 2 BVnss
g T BVpss - Vpp
BVpss
L
Ias :
= sV % \
» i \\\
Ity .~
P v
/ % I“l
Vop S Vpstt)
\
/ \"
I-. - - Time
P
- Resistive Load Switching
Vis
90%
§ RL
__;__ 0.5x Vpgs +
109
30 /] Vas = NE
= V ] o
W—— %3 DS o Sl
tan Yot
10V Vas T
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- Source - Drain Diode Reverse Recovery and dv /dt

g 0.8xVpsgs

+
put Body Diode Forword Current
I—} VDS =
=
i l
' Is Body Diode Reverse Current
Vps Body Diode Recovery dv/dt
(DUT) N

driver r
9 e

10V

VDD

Body Diode Forword Voltage drop
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