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Stopped 3 2008/07 /25 170219

AUTOSET : : : : :
EXEC UNDO
=Filter= =0ffsel= =Record Length= =Trigger=
Smoolhing : OFF CH1 ; ooV Main - 10K Mode : AUTO
BYW © FULL CH2 : 0.00v Zoomr : 10K Type : EDGE CHT &
Delay : D.0ns

Hold OFF {  MINIMUM

@

37 91 31lussdurreeniiff lmda 90%

Stepped

2008/07 /25 18:01:00

10usfdiv
1 (Mlusfdiv)

4 aYEN NORMCT0IMS /s
=Tracel= P-P 24,00V Rmz  11;DEV Freq —
......... Wi ——— S

: : : : : : CH1
CHl Coupling Probe | Inveri JACQ Ho| | OTFSEt
AC D GND 114 oN on | Boov
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHT : 0.0V Main : 10K  Mode : AUTO
BW @ FULL CH2: 0DOY  Zoow : 10K Type : EDGE CH1 &
Delay : 0.0ns

Hold OFF :  MINIMUM
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Stepped 3 2008/07 725 17:21:45
CH1=50.0V : : : . : :
DC 1011

AUTOSET E : : £ : : £
EXEC \ uNpo | —
=Filter= =Offsel= =Record Length= =Trigger=
Smoothing @ OFF CH1 : nov Main ; 10K Mode @ AUTO
BW : FULL CH2 : D.00v Zoom I 10K Type : EDGE CH1 4
Delay * 0.Gns

Hotd OFF |  MINIMUM

Ed

7ilf 0-3 uussduareniiad lmaa 80%

Stopped 3 2008/07/25 15,00:05
CH}=5.00V : : : : 10usdiv

DE¢ 101 I (1Bus4div)
: NORM:10BMS /s

CH1 Couplin Probe Invert CG Hold
AL D> GND 1r 0 OM ON

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o0y Main @ 10K Mode © AUTO
BW © FULL CH2 : a.0ov Zoom 10K Type : EDGE CH1 &
Delay - 0.Ons

Hold OFF :  MINIMUM
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CHIS500V T 10us/div
DC 11 Ous./div}

AUTOSET|
EXEC
=Filler= =0ffsel= =Record Lenglh= =Trigger=
smoothing : OFF CH1:  ©06Y  Main: 10K  Mode : RUTO
BW : FULL CH2 : B.00v Zoom : 10K Type ! EDGE CH1
Delay 0.0ns
Hold OFF : MINIMUM
= w da dy oo
3 a5 31luseAuvIRRnAIR lnfia 70%

Stopped | 2008707 /25 17:59:29
¢ 10usadiv
1 (Wusgdiv)
NORM:10DRIS /s

=Tracel=s P-P 2840V Rnis 10:42¥ Freq 96,15kHz
i Duty 5.6% . f
] . : : : : .: CH1
CH1 Coupling [Probe | mnvert |ACQ Hold| | OFfseEl
Nl G |t el
=Filter=s =0ffset= =Record Length= =Trigger=
Smoothing © OFF CH1 ¢ 0Loov Main : 10K Made ; AUTO
BW | FULL CH2 : 00y Zoom : 10K Type : EDGE CH1 &
Delay © D.Ons
Hold OFF :  MINIMUM
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[ CHI=500V :

3 2008/07/25 1720117
T : T 1bus/div

=Fiiter=
Smeolhing © OFF
BW © FULL

=Offsel= =Record Lenglh= =Trigger=
cH 0.0v Main : 10K  Mode : AUTO
CHz ; o.oov Zoom : 10K Type ; EDGE CH1 &
Delay : 00ns
Hold OFF |  MINIMUM
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Stopped
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| 2008/07/25 175841

s (E

g.fvazv . Freq 99i58KHz
il .« P AN L
CH1 Coupling Probe | Invert JACQ HoIdJ Offset
AC D GND 1:1 oN on Joav
=Filter= =0ffsel= =Record Eength= =Trigger=
Smoothing I OF CH1 & 0.oov Maln : 10K Mode . BUTO
BW © FULL CH2 : ooov Zoam : 10K Type : EDOE CH1 £
Delay : 0.0ns
Hotd OFF : MINIBAUR
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b
7% 28 julussdviivunaveaiiaif lmaa 60%
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Stopped
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CHI=50.0V :
DG 10:1

© 10us/div
: (10us/div)
NORM:100MS/s

=Fiiter= agfiget= =Record Lengihe =Triggers
Smoothing : OFF CH1 ! ooV Main : 1K  Mode . AUTOD
BW @ FULL CHZ a.00v Zoom : 10K Type . EDOE CH1 4
Delay : 0.0ns
Hold OFf : MINTMUR

¥

3 09 sluseduaeniiaIg lefa 50%

p-p

=Tracel=

H . ; : : ; : CH1
CH1 Coupling Probe | invert [AcG Hod| | OFfSEL
Sl oo | o \Eaov [[Eow | ew
=Filter= =0ffset= =Record Length= =Trigger=
Smnothing : OFF CHY : 0.00v Main 10K Mode @ AUTO
BW @ FULL CHZ2 : t.00v Zoom @ 10K Type : EDOE CHT &
Deky : Mins
Hold GFF @ MINIMUM

¥
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Stopped q 2008/07/25 17:18:13
CHI=50.0V : : : : T 10us/div

: : : : (10us/div)
RM

AUTOSET : B 3 H :

=Filiers =OHsels =Record Length= =Triggers
Smoothing : OFF CHI @ 0.0v Main I 10K Mode © AUTO
BW : FULL CH2 : 0.00v Zoom @ 10K  Type : EDQE CH1 £

Delay : 0.0ns
Hoid OFF - MINIMUM

v r ¥
37 a1 gulusaduvieeniialn landia 40%

Stopped
CH
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CH1 Coupling ‘ Probe

i lﬁvert ; CQ Hold
oN ON

AC DC ¢

=Filter= =0ffset= =Recerd tength= =Trigger=
Smoothing : OFF CHY : a.00v Main I 10K Mode @ AUTO
BW : FAL CH2 : 0,00V Zoom : 10K  Type : EDOE CH1 &

Detay : 0.0ns
Hold Off :  MINDJAUM
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CRINGOOV :

ous/div
L (10ussdivy
NORM:10{MS /5

=Tracel= PP  162.0V
: buty ==

AUTOSET|

k48997

EXEC
=Filter= =Otfsel=
Smoothing : OFF CHY 0.ov
BYY : FULL Cch2 ; 0.00v

=Record Length= =Trigger=

Malp © 0K Mode [ AUTO
Zoom @ 10K Type @ EDGE CH1 &

¥
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71 013 Juussduvieeniiaan luda 30%

=Tracel= P-P  29;80¥
H Duly S50;0%

; : < E CH1

A1 Goupiin Probe || invert [ACG Hold OFTSBHE
AC D CND ri on |[[E@on 1 M0
=Filtera =Offset= =Record Length= =Trigger=

Smoolhing : OFF CH1: GO0V
BW © FULL cH2 1 000V

Main ;10K Mode : RUTO

Zoom 10K Type : EDGE CH1 F
Delay & D.ins
Hold OFF @ MINIMUM
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[ CHI=E0OV : © 10us/div
bc 11 1 (10usisdiv)
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AUTOSET | UNDO 3
EXEC
=Fiiter= =0Ffset= =Recard Length= =Trigger=

Smoothing : OFF CH1 : oy Main @ 10K  Mede : AUTO

EW : FULL CH2 0.00v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFf :  MINIMUM
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Freq 1.667Miz

CH1

CH1 Coupling Probe | Invert JACQ Hora_j OFfear
AC D CND e Doov
=Filter= =0ffsel= =Record Lenglh= =Trigger=
Smoothing : OFF CH1 @ D.00v Main : 10K  Mode : AUTO
BW @ FULL CH2 0.00v Zoom - K Type : EDGE CHT 4
Delay 0.0ns
Hold OFF :  MINIMUM
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Main 1 10K Mode : AUTO
Zoom [ 10K Type : HDGE CHl &
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Hold OFf :  MINIMUM
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CH1 Coupling Probe Invert JACQ Hold Ofjset
SOl ow | 1 oN on | TV
=Filter= =0ffset= =Record Length= =Trigger=
Smouthing - OFF CH1 : o.oov Maln o 10K Mode : AUTO
BW [ FULL CH2 : 0.00v Zogm @ 10K Type : EDGE CH1 &
Delay 0.ons
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0C 101
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CH1
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=Filter= =(ffsel=
Smoothing © OFF CHI) : ooV
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Zoom :
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TLA94
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

® Complete PWM Power-Contro) Circuitry D, DB, N, NS, OR PW PACKAGE

® Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current 1N+ 1 “J 16 {] 2IN+

® OQutput Control Selects Single-Ended or 1IN-[} 2 15[] 2IN-
Push-Pull Operation FEEDBACKE 3 14 [] REF

® Internal Circuitry Prohibits Double Pulse at DTC[] 4 13[] QUTPUT CTRL
Either Output cTH s 120 vee

® Variable Dead Time Provides Control Over RT[] 6 1 cz2
Total Range GND[f7 10fle2

® Internal Regulator Provides a Stable 5-V cilys ofl et

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 controt (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —0.3 V 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 common
circuits in synchronous multiple-rail power supplies.

The uncommitted output 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-control function. The architecture of this device prohibits the possibility of either output beirg pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from

—40°C to 85°C.
AVAILABLE OPTIONS
PACKAGED DEVIGES
SMALL | PLASTIC SMALL RHRINK JJ TRINGUGINK
Ta SMALL SMALL

OUTLINE DIP OUTLINE

& o s OUTLINE OUTLINE

(DB) (PW)
0°C to 70°C | TL494CD | TLAGACN | TLA94CNS | TL494CDB | TL494CPW
40°C to 85°C | TLAG4ID | TL494IN . = =

The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g.,
TL494CDR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA Information la current ae of publication date,

Products conform o specifications per the terme ot Texas Instruments y
testing ol':ﬂaa'r‘?rﬁ;tsrs. " B does not Vyinclude ” TEXAS
INSTRUMENTS

POST OFFICE BOX 6565303 ® DALEAS, TEXAS 75265 1

Copyright ® 2002, Texas Instruments Incorporated




TLA94

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D ~ JANUARY 1983 — REVISED MAY 2002

I |
FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V= GND Single-ended or parallel output
VI = Vief Normal push-pull operation
functional block diagram
OUTPUT CTRL
{see Function Table}
RT 2 Oscillat; i
eT. 5 scillator al
1D C1
Dead-Time Control . 9
4 =01V \Comparator E1
pTC ik - L~ J\!, -
\ PWM Qz 1
Error Amplifier 1 Comparator D—Jb c2
1+ 2 + [ 10
L E2
1IN- 2 _ Pulse-Steering
Flip-Flop
Error Amplifier 2 12
Vce
2in+ 18 +
15 d
2IN— _ Refarence 14 REE
Regulator
+—(D— T eND
3 !
FEEDEACK 0.7 mA
3 1,
EXAS
INSTRUMENTS

POST CFFICE BOX 655301 ® DALLAS, TEXAS 75265



TLA494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002
—— —

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

Supply voltage, Ve (seeNote 1) ..ot i, 41V
Amplifier input voltage, V| ..o e e Voo +0.3V
Collectoroutput voltage, Vo ... o e e 41V
Collectoroutput current, lo ... .o e e e e e, 250 mA
Package thermal impedance, 9 s (see Note 2and 3):Dpackage ...........covviniiiitn 73°CIwW
DBpackage ... ... .. it 82°Ciw
Npackage .........ccooiiiiiiiaiia., 67°C/W
NSpackage ........ccooiiiiiiiiinnnn. 64°C/W
PWpackage .......................... 108°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10 Seconds . .....oevvrnevnerneeainannn.n. 260°C
Storage temperature range, Tgpg o« ve e imr e -65°C to 150°C

t Stresses beyond those listed under “absolute maximum ralings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under *recommanded operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j{max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — Ta Y8 4. Operating at the absoiute maximum T j of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN MAX | UNIT
Yoo Supply voltage 7 40 v
V) Amplifier input voltage -0.3 Vgg-2 A4
Vo Collector output voitage 40 A
Cailector output current (each transistor) 200 mA
Gurrent into feedback terminal 0.3 mA
fosc Oscillator frequency 1 300 | kHz
Cr Timing capacitor 047 10000 nF
RT Timing resistor 1.8 500 k2
4 ) TL494C 0 70
Ta Cperating free-air temperature °c
TL494I -40 85
R

".’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

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

reference section

TL494C, TL494l
PARAMETER TEST CONDITIONST N TreE MAX UNIT
Qutput voltage (REF) io=1mA 4.75 5 525| Vv
tnput regulation Veg=7ViodoV 2 25| mv
Output regulation [o=1mAtg 10 mA 1 15 mv
Output voltage change with temperature ATp = MIN to MAX 2 10 | mviiv
Short-circuit output current$ REF=0V 25 mA

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

oscillator section, Ct = 0.01 uF, Rt = 12 k{2 (see Figure 1)

TLA94, TL494A!
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX
Frequency : 10 kHz
Standard deviation of frequencyfl Ali values of Vi, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Ve =7TViod0V, Ta = 25°C 1 Hz/kHz
Frequency change with temperature® ATa = MIN to MAX 10 | Hz/kHz

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T All typical values, except for parameter changes with temperature, are at Ta = 25°C.
1l Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

# Temperature coefficient of timing capacitor and timing resistor are not taken into account.

error-amplifier section (see Figure 2)

TL494, TL494
PARAMETER TEST CONDITIONS UNIT
MIN TYPE MAX

Input offset voltage Vo (FEEDBACK) =25V 2 10 my
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias currant Vo (FEEDBACK) =25V 0.2 1 pA
Common-mode input voltage range Voo =7 Viod0V \_;(0:2_“2) v
Cpen-locop voltage amplification AV =3V, RL =2k, Vp=05V1035V 70 95 dB
Unity-gain bandwidth Vo=05Vie35V, Ry =2k 800 kHz
Common-mode rejection ratio AVg =40V, Tp = 25°C 65 BO dB
Output sink current (FEEDBACK) Vip=—-15mVto -5V, V (FEEDBACK)}=0.7V 0.3 07 mA
Cutput source current (FEEDBACK) [Vip=15mVto &V, V (FEEDBACK)=35V -2 mA

T All typical values, except for parameter changes with temperature, are at T, = 25°C.

¢ TeEXAS
INSTRUMENTS
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS5074D — JANUARY 1983 — REVISED MAY 2002
e

electrical characteristics over recommended operating free-air temperature range, Vec =15V,

f= 10 kHz (unless otherwise noted)

output section

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Collector off-state current Ve =40V, Voo =40V 2 100 WA
Emitter off-state current Vog=Ve =40V, VE=0 —100 wA
. Common emitter | VE =0, I =200 mA 1.1 1.3
Collector-emitter saturation voltage v
Emitter follower Vo(ctorc2y=15V, Ig=-200mA 1.5 25
Qutput control input current V| = Vief 35 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section {see Figure 1)
PARAMETER TEST CONDITIONS MIN  TYPT MAX| UNIT
Input bias current {DEAD-TIME CTRL) Vi=0t05.25V -2 -10 uA
Maximum duty ¢ycle, each output V| (DEAD-TIME CTRL)=0, CT = 0.01 pF, RT =12 k{2 45%
Zero duty cycle 3 33
Input threshold voltage (DEAD-TIME CTRL) - v
Maximum duty cycle 0
T All typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Input threshold voltage {(FEEDBACK) Zero duty cycle 4 4.5 \4
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7V 03 0.7 mA
T All typical values except for temperature coefficient are at Tp = 25°C.
total device
PARAMETER TEST CONDITIONS MIN TyPT MAX| UNIT
; Voo =158V 6 10
Standby supply current RT = Vgr, All other inputs and outputs open mA
Vog=40V 9 15
Average supply current Vi (DEAD-TIME CTRL) =2V, See Figure 1 7.5 mA
T All typical values except for temperature coefficient are at T, = 25°C.
switching characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Rise time . . ) 100 200 ns
- Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time 100 200 ns
Emitter-follower configuration, See Figure 4
Fall lime 40 100 ns

T All typical values except for temperature coefficient are at T, = 25°C.

‘!? TEXAS
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

5LvS074D — JANUARY 1983 — REVISED MAY 2002
e -

PARAMETER MEASUREMENT INFORMATION

Ve =15V
12 % 150 Q 150 Q
v 2W 2w
CcC 8
DTC Cc1 Output 1
FEEDBACK E1 9 1
1 =
RT C2—8———— Qutput 2
cT Ez_lgtL
3 1IN+
6 1IN- Error
—[— 2IN+ [ Amplifiers
L ¢— Blon-
13] ouTPUT REF |14
CTRL
N 2& GND
50 k _|_
< T
TEST CIRCUIT

v® \ WA Y LIS AR ) 1]
e 1 o /]
= AN NANAAANY

Threshold Voltage — —

DTC |
|
ov | [
i
| I Threshold Voltage ————
FEEDBACK i | ' |
0TV l } I
Duty Cycle 0% _44__);‘ > MAX le— 0% —»

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms

*ﬂ’ TeEXAS
INSTRUMENTS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVE074D — JANUARY 1953 — REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test
Vi FEEDBACK
T Vrer
Other Amplifier
Figure 2. Amplifier Characteristics
15V
——e A 680
Each Output E 2w

] Circuit Output

= N CL=15pF

| ] (See Note A)

1 L7y W

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

Each Output
Circuit

: Output

o W, | N | 63 0

— e ey

90%

Wy — ! I 10%
{Sea Note A) | |
[
== —h— e ¢
TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

NGTE A: Ci includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISE-D MAY 2002
I

TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
v¥Ss

~ TIMING RESISTANCE
T 100k ; = : ==z
: — Vec =15V j
2 s0k[—f7 % Ta=25°C 1
= [ i
R
- 10k§§§§:4%===' I, 0.001uF LIl
%] " d— 2
5 . 1 0.01 pF =
g. 4k 0% Y o
@ 1¥ N ™
'S [ | '\. e b (]
2 1k o 0.1 pF =
L] T
oy % I
2 400 ] T
2 d Df = 1% N
g ) I
s 100 el =
3 Cr=11rF =g .
- . .y
s 40 ™~ N
3 : s
o N F‘-
I 10
= 1k 4k 10k 40k 100k 400k 1M

Rt - Timing Resistance — O
t Frequency variation (Af) is the change in oscillator frequency that occurs over the fult temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

Vs
FREQUENCY

100 -

TEEE—— Veg =15V
20 Y&\ Np=3V ]

Ta = 25°C

80 \ A —
70

60

40 \

20 Y

10 \
: N\

1 10 100 1k 10 k 100 k 1M
f— Frequency - Hz

A ~ Amplifier Voltage Amplification — dB

Figure 6
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the lime; of order acknowledgment.

Tl wamrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used {o the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor . Uit i
nit in mm

IGBT Gate Drive
Power MOS FET Gate Drive Shar

&
The TOSHIBA TLP250 consists of a GaAlAg light emitting dicde and a :{;
integrated photodetector. LI
This unit is 8-lead DIP package. ' Py _
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. pHEEEDZE LY tRsah,

¢ Input threshold current: [F=5mA{max.)

¢ Supply current (I¢C): 11mA{max.)

» Supply voltage (Vo) 10-35V

¢ Output current (Io): 1.5A (max.)

¢ Switching time (tpLH/tpHL): 1.5us{max.)

¢ lsolation voltage: 2500Vyms{min.)

¢ UL recognized: UL1577, file No.E67349

e Qption (D4 type
VDE approved: DIN VDE(0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note} When a VDE0884 approved type is needed,
please designate the "option (D4)"
* Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.}

: ¥

5
a: 225 L5
SIRCA

TOSHIBA 11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
s 1[0 15
_'_'; 2 [‘ 7
—
2+ Vo } —
Vg 3 3 [ D 6
3- Vo
4 E ] 5
- BilD 1:N.C.
A 0.1yF bypass capcitor must be 2 : Ancde
conhected between pin 8 and § (See Note 5). 3 : Cathode
4 :N.C.
5:GND
6 : Vo {Output)
7:Vo
8:Vee
Truth Table
™ Tr2
Input On On Off
LED of Oft On
1 2004-06-25



TOSHIBA

TLP230

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current Ir 20 mA
Forward current derating (Ta 2 70°C} Alp/ATa -0.36 mA /°C
@l Peak transient forward curent {Nole 1) IFpPT 1 A
Reverse vollage VR 5 v
Junction temperature T 125 °C
“H"peak output current (Pyy s 2.5ps.f s 15kHz) (Note 2} lopH -1.5
“L"peak output curent (Pyy s 2.5ps,f £ 15kHz) {Note 2) lopL +1.5
{Tas70°C) 35
QOutput voltage Vo \
5 (Ta = 85°C) 24
B (Ta s 70°C) 35
8 Supply voltage Voo A
(Ta=85C) 24
Qutput voltage derating (Ta z 70°C) AVl ATa -0.73 vi°C
Supply voltage derating {Ta = 70°C) AVl ATa -0.73 VieC
Junction temperature T 125 °C
Operating frequency (Noie 3) f 25 kHz
Operating temperature range Topr —20~85 “C
Storage temperature range Tsig -55~125 °Cc
Lead soldering temperature {10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.5 60%) {Note 5) BVg 2500 Vims

Note 1:  Pulse width Py < 1us, 300pps

Note 2.  Exporenential wavefom

Note 3:

Note 4:  ltis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH < -1.0A( < 2.5ps), lopL < +1.0A( < 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor{0.1uF} should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on {Note 7) IFON) 7 8 10 mA
Input voltage, off VFOFF) 0 —_ 0.8 v
Supply voltage Voo 15 - a0 | 20 v
Peak output current lopHlopL — _ +0.5 A
Cperating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25



Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max, Unit
cuit
Input forward voltage Ve — IF=10mA, Ta=25°C 1.6 1.8 \4
Temperature coefficient of _ _ . _ o
forward voltage AVE/ATa| — |lp=10mA 2.0 mv/°C
input reverse current Ir —_ Vr =5V, Ta=25°C — 10 HA
Input capacitance Cr - V=0,f=1MHz , Ta=25°C - 45 250 pF
o Ig =10 mA
H" level loPH 3 -0.5 -1.5 —
= V=4V
Qutput current g‘i";-" 3ov A
a IF=0 _
L” level lopL 2 Vo= 2.5V 05 2
. Voo = 15V, VEpq = 15V .
H” level VoM 4 R = 2000 Ir = 5mA 11 12.8
Output voltage » v
F . cct = 15V, VEgq = 15V iy _ ~
L" level VoL 5 R <2000, Vi = 0.8Y 142 12,5
Voo = 30V, I = 10mA X 7 _
“H” level lecH — [(Ta=25°C
Voo =30V, I = 10mA _ —_ 11
Supply current cC £ h mA
Ve = 30V, I = OmA 1 o -
“L” level lcoL — [Ta=25C
Voo = 30V, [ = OmA — .- 11
Thresheld input “Qutput i IFLH A Voot = +158V, VEgq = —15V _ 12 5 mA
current L—H Ry, = 2004}, Vg > OV
Threshold input “Qutput | Vgt = +15V, Ve = -15v
- FHL — 0.8 — — v
voltage H—L Ry =200Q, Vp <0V
Supply voltage Vece — 10 — 35 v
Capacitance c Vg=0,f=1MHz
S — — 1.0 20 F
{input—output) Ta= 25 - P
¢ . Vg =500V, Ta=25°C 12 14
Resistance(input—output) Rs -— RH.<80% 1=10 10 - 9
* All typical values are at Ta = 25°C  (*1): Duration of Ig time = 50us
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condilion Min. Typ.* Max. Unit
culit
Propagation L—H toLH — 0.15 0.5
delay time Hol toHL Ilr = 8mA (Note 7) — 0.15 0.5
6 Vet = +18V, VEg1 = —15V ps
Qutput rise time tr R = 20002 - — —
Qutput fall time 1 ) — — —
Common mode transient - =
immunity at high level Can 7 |JomZ SO0V Ik = pmd 5000 | — — |vius
output ce '
Common mode fransient = -
immunity ai low level CmL 7 \\';CM ;' ggsv.'rg:: 2%’?@ 5000 — — Vips
output cc '

* All typical values are at Ta = 25°C

Note 7: Input signal rise time {fall time) < 0.5 ps.
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TOSHIBA TLP250
Test Circuit 1 : Test Circuit 2 ; I0PL
1 D ]a 1 P ;
D [‘J :l = 0.1pF
1 [ -
4l 5 +[  'on Ves
Ve /l/ A

Test Circuit 3 : IOPH

gt

L=

oL

Test Circuit 5 : VgL

N
w1
L

4

Test Circuit 4 ; VOH

[
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TOSHIBA

TLP250

Test Circuit 6: tpH, tpHL tr te

l: L8,
1L«

!

1000 3 []

J_ Vee

0.1pF

I
~—
<

o]

R

T T

VEE1

Test Circuit 7: CpnH, Crar

dt
A o:
s

0.1pF
vee

LT 2

Gl
l

o]

oy ke -
IS
600V
y I~ 90%
CM o,
10% & %
— — —>
SW :A{lF=8mA)
\" 4 i
Vo J\_ av — 26V
CHL
SW B(IE=0)

i

Voo

N

G 480 (V)
b fus)

Coy - 2804V)
t (us)

CML(CmH} is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the oufput

voltage in the low (high) state.
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TOSHIBA

TLP250

Allowable forward current

Allowable peak output current

Forward current | {mA}

IF (mA)

lopH, lopL  (A)

400

50
30

10

0.5

a1

0.05
0.03

0.01
10

40

Ta=25°C

IF-VF

a

"Inq.

1.2 14 18 18 20

Forwardvoltage  VF (V)

IF-Ta

30

20

P

Q0 20 40 80 80 100

Ambient temperature Ta (°C)

lopH, lopL —Ta

T T T L]

PWe 25ps, f+ A5KHz

o 20 40 80 80 100

Ambient Temperature Ta {°C)

Forward voltage temperature
coefficiant « VE/ » Ta (mV f°C)

Allowable supply valtage Voo (V)

o Wl Ja-1p

40

03 05 1 3 5

Forward current I (mA)

Vo —Ta

10 30

30

20

10

0

20 40 80

Ambient temperature Ta (°C)

ao 100
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IRFP450

N - CHANNEL 500V - 0.33Q - 14A - TO-247
PowerMESH™ MOSFET

Rps(on Ip T
<04 Q 14 A

TYPE Vpss
IRFP450 500 Vv

= TYPICAL Rpsion) =0.33 Q

EXTREMELY HIGH dv/dt CAPABILITY
100% AVALANCHE TESTED

VERY LOW INTRINSIC CAPACITANCES
GATE CHARGE MINIMIZED

DESCRIPTION

This power MOSFET is designed using the
company’s consolidated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS
= HIGH CURRENT SWITCHING
s UNINTERRUPTIBLE POWER SUPPLY (UPS)

TC-247

INTERNAL SCHEMATIC DIAGRAM

« DC/DC COVERTERS FOR TELECOM, WTAR or 2)
INDUSTRIAL, AND LIGHTING EQUIPMENT.
£(1)
st3)
SCO7S80 J
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vbs Drain-source Voltage (Vgs = 0) 500 v
Vbgr | Drain- gate Voltage (Res = 20 k) 500 v
Vgs Gate-source Voltage * 20 v
I Drain Current (continuous) at Te = 25 °C 14 A
lo Drain Current {continuous) at T¢ = 100 °C 8.7 A
lom{*) |Drain Current {pulsed) 56 A
Piot Total Dissipation at T, = 25 °C 190 W
Derating Factor 1.5 e
dv/dt{1} |Peak Dicde Recovery voltage slope 35 Vins
Tsig Storage Temperature -65 to 150 °c
T Max. Operating Junction Temperature 150 °C
{*) Pulse width limited by safe operating area (1) Isp <14 A, difdt £ 130 Alus, Voo < Vierppss, Tj < Tamax
August 1598 1/8




IRFP450

THERMAL DATA

Rtnj-case |Thermal Resistance Junction-case Max 0.66 °Ciw
Rinj-amt | Thermal Resistance Junction-ambient Max 30 oC/W
Rihc-sink | Thermal Resistance Case-sink Typ 0.1 °Ciw
T JMaximum Lead Temperature For Soldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol L Parameter Max Value Unit
IAR Avalanche Current, Repetitive or Not-Repetitive 14 A
(pulse width limited by T; max}
Eas Single Pulse Avalanche Energy 800 mJ
{starting T; = 25 °C, Ip = lar, Vop = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit l
Visripss |Drain-source lo=250pA Ves=0 500 v
Breakdown Voltage
Ipss Zero Gate Voltage Vps = Max Rating 1 nA
Drain Current {Vgs = 0) |Vps = Max Rating T.=125°C 50 A
less Gate-body Leakage Ves =120V + 100 nA ‘
Current (Vps = 0)
ON {*)
Symbol Parameter T Test Conditions Min. | Typ. | Max. | Unit }
Vgsihy |Gate Threshold Vps = Ves Ip =250 pA 2 3 4 v
Voltage
Rpsion) | Static Drain-source On [Vgs = 10V Ip=8.4 A 0.33 0.4 Q
Resistance
ioeny | On State Drain Current | Vps > Ipeny X Rps(onymax 14 A
Ves =10V
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
91s (*) Forward Vps > Ipton} X RDs{on)max Ip=8.4A 9.3 13 S
L Transconductance
| Ciss  |Inpul Capacitance  |Vos=25V f=1MHz Ves =0 2600 pF
Coss Output Capacitance 330 pF
Crss Reverse Transfer 40 pF
| Capacitance
218 S74




IRFP450

ELECTRICAL CHARACTERISTICS (continued)
SWITCHING ON

SWITCHING OFF

-y |

—
Gymbol Parameter Test Conditions Min. nyp. Max. | Unit
tatony Turn-on Time Voo=250V Ip=7A 24 ns
tr Rise Time Ra=4.7Q Ves =10V 14 ns
{see test circuit, figure 1)
Qg Total Gate Charge Vop =400V Ip=14A Vgs=10V
Qqgs Gate-Source Charge
Qga Gate-Drain Charge

Symbol Parameter Test Conditions Min. | Typ. | Max Unit
trvoty 1 Off-voitage Rise Time |Vpp =400V Ip=14 A s ns
tr Fall Time Rg=4.70 Ves=10V 25 ns
tc Cross-over Time |{see test circuit, figure 3) 35 | ms
SOURCE DRAIN DIODE
Symbol ‘ Parameter Test Conditions Min. Typ. | Max Unit
Isp ’?ource—drain Current i4 A
lsom({e) |Source-drain Current 56 A
(pulsed) l
.
Vso () |Forward On Voltage  [lsp= 14 A Vgs = 0 1.4 v
trr Reverse Recovery !ISD =14 A di/dt = 100 A/us 680 T ns
Time |Voo =100V Tj=150 °C
Qrr {Reverse Recovery ‘(see test circuit, figure 3) 9 ucC
Charge ;
IrRM Reverse Recovery 26 A
| Current
(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %
{*)} Pulse width limiled by safe operating area
Safe Operating Area Thermal Impedance
GLC77430 K n OCHMED!
ID{A)S Eé = Pl ‘%' i d
4 — R
=] LI i s
T = "‘l M | ~ & d" e
s 3 i 0. A ot
10 S TN e AR, S i
sE= & 100 ps T oos EE
o ARG ‘ Gl i
of 9 X “ I &02’» 00 il ) ENERL
M ms it Iin= K Ry
z [ Ny . _
e 7ﬁ(‘ N N\ 1o-? |sweLe puLse §=1p/7
o 10ms === ; i l—] |—|
[ % 1 At Sum
* RN A N ' 1'PL"
" D.C, PERA_TFD‘N
! mTn
o’ : L‘UJ 2‘ = 1 B” - 'E - 1073 L_{:_ LLEIE e ‘ :
10° 16! 1 Vs (V) 107 107 10 107 107 1, (s)
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IRFP450

Output Charactenstics
GCEHR00
In{A)
-
40 n
35 v
VGS =1 OV-q
30
| 8v
25
20 g 7v
10 Ll
Bv
5
L Jovp o |

0 5 10 15 20 25 30 35 40 Vpe(V)

Transconductance
GE61590
s | i
gfs( ) , E
. | ( T)=-40°C |~
4!!““’-‘1 ‘_-"1:1Ef-'4
25% ||
15 /’ o
4]’4"1 -”4
—

S s
10 ’Z/ 7/ I

Vps=15Y
\ |

| B
0 ¢ 8 12 18 IpfA)

Gate Charge vs Gate-source Voltage

GL78970

Vos(V) [

10 Wﬁ

Yos= 400V

8 fe=14A

A ~

e
_4
T

a 20 46 60 8D 100 Qu(nC)
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Transfer Characteristics
GL6BE20
Ip (A) ] 1_1
25 !
Ve =25V

20 ﬂ

13

.

¢ 2 4 & g

Static Drain-source On Resistance

Vs (V)

Ras( ) — 6C61600
{-a]
(0 ;| |
Ve =10V
0.35\—- €
/
0.36 - — L
0.34 A b
—
%
i -
0.32 ’
S R 0 1
o 4 a8 12 16 Ip{A)
Capacitance Variations
GC6ESB10
C{pF} 1 I
f=1MHz
4000 Vg 2OV
3000 i
Ci:: L
)
2000
|
Cf!s
S \EERNE]
Com | V.
\JM ra
o 10 20 30 40 Vps(V)

74




IRFP450

Normalized Gate Threshold Voltage vs Normalized On Resistance vs Temperature
Temperature
VGS(ﬂ-l) T GLE1 630 RDS(“) GCE1641
(norm) J L (norm) r T } V.
Vos=Ves Ves=10V |
]D=250PLA |~ | :8-4A
1.2 S S - 2.0 S
NN | /
| uf
1.0 1.5
| i /"
N
_ .
I L
0.6 - 0.5 e :
I L
-50 0 50 100 T, (°C) —50 ] 50 100 T, (°C)
Source-drain Diode Forward Characteristics
GCE1680
Vep (V)
D f J l ?/
T,==-40°C L=
Q.9
L 25°C -
0.8{—<] P
v 7
.
0.7 /( j_w
125°C
0.6
7
0 4 8 12 16 gy (A)

3

5/8




IRFP450

Fig. 1: Unclamped Inductive Load Test Circuit

=

5003870

Fig. 1: Unciamped Inductive Waveform

UNCLAMFED INDUCTIVE WAVEFORMS

Vigr)pss

SC05950

Fig. 3: Switching Times Test Circuits For
Resistive Load

Fig. 4: Gate Charge test Circuit

Ry l2200 { 5.3
Ves - -
A ~ EUJZ{
[ — ). .

SCOe90

I,

—

12v

1g=CONST
Vi S20V=Veuux

Fig. 5: Test Circuit For Inductive Load Switching
And Dicde Recovery Times

PpPyea—|
!——-A —p gA
i wos l
— 1, DICDE FABT L=100uH
G g '3 I DIODE
.‘_{ i
&3 . 1050
uF Van
256G [—— [ N,
I -I-
ECoMENE
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IRFP450

TO-247 MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. | MiN. L Tve w\x.yj
A 47 53 0.185 0.209
D 22 26 0.087 0.102
E 04 0.8 0.016 0.031
F ] 1.4 0.039 0.055 J
r F3 2 24 0.079 0.094
L Fé4 3 3.4 Buidey o 0134 |
G 10.9 r 0.429
H 15.3 15.9 0.602 L 0.626
[ L 19.7 203 0776 | 0.779
L L3 14.2 14.8 0.559 0.413 0.582
! L4 34.6 | 1362
1 L5 55 | 0217
r M 7 3 0.079 0.118
]ﬁ Dia 3.55 3.65 0.140 0.144
L3
P025P

3
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