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HALF-BRIDGE VOLTAGE SOURCE RESONANT INVERTER
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ABSTRACT

- This paper presents a new. circuit fopology of half bridge inverter.The
proposed halff bridge inverter can b‘e-ro.perate in the load free wheeling 'rﬁdde‘s
The proposed half bridge inverter can be used for the power output control as
the full bridge phase shift control inverter. In this paper the operation principle
and electrical characteristics are described experimental  resull and  simulation

result are presented and discussed.
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. = p— (3.15)
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Characteristic impedance (7 )

I3 ]
Z, =, |- =0L=— (3.16)
C @ C

load Quality Factor(Q, )

Q, = r = = -2 = (3.17)
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- w,.
Q=g - (3.20)
w
R = Zcos®) (3.21)
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVE0748 - JANUARY 1983 - REVISED JULY 1999

Complete PWM Power Control Circuitry D, N, NS, OR PW PACKAGE
Uncommitted Outputs for 200-mA Sink or (TOP ViEW)

Source Current . 1N+ ] 1 U 16 [} 2iN+

Output Control Selects Single-Ended or 1IN-[j 2 15[} 2IN-
Push-Pull Operation FEEDBACK[}3 14| REF

Internal Circuitry Prohibits Double Pulse at DTC{] 4 13[] OUTPUT CTRL
Either Output c1{]s 12]] vee

Variable Dead Time Provides Controf Over RT{| 6 njlc2

Total Range GND {7 0] €2

Internal Regulator Provides a Stable 5-V : cille ol 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 fiexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-tme control (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 V. — 2 V. The dead-time controf
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 he selected through the
output-control 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 §°C to 70°C. The TL494l is characterized for operation from
—40°C to 85°C.

FUNCTION TABLE

INPUT TO

OUTPUT CTRL OUTPUT FUNCTION
Vi = GND Single-ended or parallel output
Vi = Vel Narmal push-pull gperation

Piease be aware that an important notice concerning avaiiability, standard warranty, and use in crilical applications of
Texas Instruments semiconducior producls and disctaimers thereta appears at the end of this data sheet.

PRODUCTION DRTA imformation is cument as of publication date.

Copyright & 1999, Texas Instruments Incorporated

Praducts comomm to specifications per the Lemms of Texas insiruments.

m::m%m processing does not necessarily include @ TEXAS
INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999

AVAILABLE OPTIONS

PACKAGED DEVICES
SHRINK CHIP
Ta. SMALL PLASTIC SMALL SMALL FORM
QUTLINE oip QUTLINE ¥
) N) NS) OQUTLINE Y}
(PW)
0°C 1o 70°C TL494CD TL494CN TL494CNS TLASACPW | TL494Y
—40°C 10 85°C TL4941D TL494IN — —_ -

The D, NS, and PW packages are available taped and reeled. Add the suffix R ic device type {e.g..

TL494CDR}. Chip forms are tested at 25°C.

functional block diagram

RT
CcT

DTC

1IN+

1IN-

2IN+
2IN~

FEEDBACK

QUTPUT CTRL
(see Function Table)
13
Oscillator al
1D Cc1
Dead-Time Control < s
=01V \Comparator E1
it rd > > C1
. PWM Q@214 c2
Error Amplifier Comparator | ’—_D_ 1
- [
* ra_10 E2
- ' Pulse-Steering
Flip-Flop
Error Amplifier 2 12
? Vee
Iy
4
- Reference 14
Regulator REF
7
+—D GND

0.7 mA

{” TeEXAS
INSTRUMENTS
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TLA9%4

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

5LVS074B - JANUARY 1983 — REVISED JULY 1999

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

TL494 UNIT
Supply vallage, Vri (see Note 1) 41 v
Amplifier input voltage, V| Veet0.3 \
Collector output voltage, Vg 41 v
Collector output current, 1o 250 mA
U package 73
. N package 88
Package thermal impedance, 84 (see Notes 2 and 3) =C
NS package 54
PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 0, N, or PW package 280 “C
Storage temperature range, Tgtg —55to 150 Y

1 Stresses beyond those listed under “absofute maximum ralings” may cause permanant damage to the device. These are stress ratings only, and
functiona! operation of the device al these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, excepl differential voltages, 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 aliowable
ambient temperatura is Pp = (T {max) — TaY0 4. Operating at the absolute maximum T4 of 150°C can impact reliability.
3. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a frace

length of zero.

recommended operating conditions

TL494
MIN MAX UNIT
Supply voltage, Ve 7 40 V
Amplifier input voltage, V)| 0.3 Vee-2 v
Collector output voltage, Vg 40 v
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
Oscillator fraquency, fgge 1 300 kHz
Timing capacitor, &1 0.47 10000 nF
Timing resistor, RT 1.8 500 kO
) ) TL494C 0 70 .

Operating free-air temperature, Ta e 0 v C

*3 7,

EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B ~ JANUARY 1982 - REVISED JULY 1999 .

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

reference section

TLA94C, TL494I
PARAMETER TEST CONDITIONST UNIT
MIN TYPT MAX
Qutput vottage (REF} ilop=1mA 4.75 5 525 v
input regulation Veo=7Viod0V 2 25 mv
Qutput regulation lo=1mAto 10 mA 1 15 my
Qutput voitage change with temperature ATa = MIN to MAX 2 10| mv/v
Short-circuit output current® REF=0V 25 mA
T For conditions shawn as MIN or MAX, use the appropriate value specified under recommended operating canditions.
T au typical vaiues, except for parameter changes with temperature, are at Tg = 25°C.
§ Duration of the short circuit should not exceed one second.
oscillator section, Ct = 0.01 uF, Ry = 12 k2 {see Figure 1)
TL494, TLA94!
PARAMETER TEST CONDITIONST UNIT
MIN TYpt MAX
Frequency 10 kHz
Standard deviation of frequency All values of Vo, CT, RT, and Tp, constani 100 Hz/kHz
Frequency change with voltage Ve =7Vio 4y, Ta =25°C 1 Hz/kHz
Frequency change with temperature® aTa = MIN to MAX T 10 | Hz/kHz
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values, except for parameter changes with temperalure, are at Ta = 25°C.
f Standard deviation is a measure of the siatistical distribution abaut the mean s derived from the farmuta:
g =
# Temperature coefficient of timing capacitor and timing resistor are not laken info account.
error-amplifier section (see Figure 2)
TLA494, TLA941
PARAMETER TEST CONDITIONS UNIT
MiN  TYPE MAX
Input offset voltage Vo (FEEDBACK) =25V 2 10 mVy
Input offset current Vg (FEEDBACK) =25V’ 25 250 | nA
Input bias current Vi (FEEDBACK) =25V 0.2 1 pA
. _ -0.3t0
Commaon-mode input voltage range Vo =7Viodd Vv Vo2 v
Open-loop voltage amplification AV =3 V. R =2k0, Vo =05VIio3oV 70 95 dB
Unity-gain bandwidth Vo=05Viods5V R = 2kQ 800 kHz ~
Comrmon-mode rejection ratio AV =40V, Ta =25°C 65 80 dB
Output sink current {FEEDBACK) Vip =-15mV te -5V, V (FEEDBACK) =07V a3 0.7 mA
Qutput source current (FEEDBACK) {VIp=15mVvtc 5V, V (FEEDBACK) = 3.5V -2 mA

1 Al typical values, except for parameter changes with temperature, are at Ta = 25°C.

{’f TEXAS
INSTRUMENTS
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

S5LVS074B - JANUARY 1963 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Ve =15V,
f=10 kHz, Tp = 25°C (unless otherwise noted)

reference section

TL494Y
PARAMETER TEST CONDITIONST UNIT
MIN Typt Max
Output voltage (REF) lo=1mA 5 Vv
input reguiation Vog=7Vioddv 2 my
QOutput reguiation io=1mA10 10 mA 1 mV
Short-circuit output currentf REF =0V 25 A
T All typicat values, except for parameter changes with temperature, are at T = 25°C.
{ Duration of the shorl circuit should not exceed ane second.
oscillator section, Cy = 0.01 uF, Ry = 12 kQ (see Figure 1)
TLAS4Y
PARAMETER TEST CONDITIONST UNIT
MIN TYPt MAX ,
Frequency oo kHz
Standard deviation of frequency$ All vatues of Vo . CT, RT. and Ta, constant 100 Hz/kHz
Frequency change with voltage Voo =7Viedd v % Hz/kHz
TAl typical values, except for parameter changes with temperature, are at Ta = 25°C.
§ Standard deviation is a measure of the statistical distribution aboui the mean as derived from the fermula:
o=
error-amplifier section (see Figure 2)
TLAS4Y
PARAMETER TEST CONDITIONS UNIT
MIN TyPT  MAX
Input offset voilage Vo (FEEDBACK) =25V 2 my
input offset current Vo {(FEEDBACK) =25V 25 nA
Input bias current Vo (FEEDBACK) =25V 0.2 A
Open-loap voitage amptification AVo =3V, Ry =2 kil Vo=05vta3sV 95 dB
Unity-gain bandwidth Vo=05Vto3sy, RL=2kKO 800 kHz
Coemmon-mode rejection ratio AVH =40V 80 dB
V(FEEDBACK)=0.7 V 07 mA

Qutput sink current (FEEDBACK)

Vip=-15mVto-5V,

¥ At typical values, except for parameter changes with temperature, are at Ta = 256°C.

“9 TEXAS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B ~ JANUARY 1983 - REVISED JULY 1999

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

f = 10 kHz (unless otherwise noted)

output section

TLA94, TL494Y

PARAMETER TEST CONDITIONS UNIT
MiN  TyPt  MaAx
Coliector off-state current Vep =40V, Voo =40V 2 100 A
Emitter off-state current Voo =vVe =40V, VE=0 -100 uA
. Common emitter {Vg=0, Ic = 200 mA 1.1 13
Collector-emitter saturation voitage - v
Emitter follower VO(C1 orC2)= 13V, |g=-200mA 1.5 25
Quiput control input current V| = Vref 35 mA
tal typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section (see Figure 1)
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT  max
input bias current {DEAD-TIME CTRL) VI=0te525V ) -10 wA
Maximum duty cycle. each output VI {DEAD-TIMECTRL)=0, Cy =0.1 uF, Ry = 12 k&2 45%
Zero duty cycie T3 33
tnput threshoid voltage (DEAD-TIME CTRL) - v
A Maximum duty cycle 0
T All typical values excepl for temperature coefficient are al Ty, = 25°C.
PWM comparator section (see Figure 1)
TL494, TL494Y
PARAMETER TEST CONDITIONS - UNIT
MIN TYPt MaX
Input threshold voitage (FEEDBACK) Zero duty cycle L] 45 Y
Input sink current (FEEDBACK) V (FEEDBACK)=0.7 V 0.3 0.7 mA
T All typicat values except for temperature coefficient are at Tg = 25°C.
total device
TL494, TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Vee =15V B 10
Standby supply current RT = Vaf. Ali ofther inputs and cutputs open mA
Voo =40V 9 15
Average supply current Vi (DEAD-TIMECTRL)=2V, ° See Figure 1 7.5 mA
T All typical values except for temperature coefiicient are at Tp = 25°C.
switching characteristics, Tp = 25°C
TL494, TL494Y URIT
PARAMETER TEST CONDITIONS g N
MIN TYPT MAX
Rise time ) 100 200 ns
- Comman-emitter configuration. See Figure 3
Fali time 25 100 ns
Rise time . ) 100 200 ns
- Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

T Al typical values except for temperature coefficient are at Tp = 25°C.

‘-’?‘ TexAS
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TLA94
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLvE0748 — JANUARY 1983 - REVISED JULY 1999

PARAMETER MEASUREMENT INFORMATION

Ve =15V
\ 1
12 % 150 (3 é 150 O
2w 2
Vce 6 1 W
pTC c1 * Output 1
9
FEEDBACK E1 —,L
" ”
RT c2 Output 2
CT E2 li .
£
fiN+
2
16 MWN-1{ Error
_[_——-C— 2IN+{ Amplifiers
L l}wr-—-h-“é- 2IN-
13¢ outPUT REF 14
CTRL
GND
50 k0 g T
. J_T
&
TEST CIRCUIT

e LT u Ul :ic
o U U "
= MMM

Threshold Voltage — —

|
|
DTC |
|
oV |
| .
| : Threshold Voltage — — — = |
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Figure 1. Operational Test Circuit and Waveforms
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TLA94
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS0748 — JANUARY 19683 - REVISED JULY 1999

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

y—— FEEDBACK

i@

Veef -1 -

Other Amplifier

Figure 2. Amplifier Characteristics

15V

|

| Each Output

| Circuit Output

I - Cp=15pF

| {See Note A)
I

OUTPUT VOLTAGE WAVEFORM

TEST CIRCUIT
NOTE A: C| includes probe and jig capacitance.
Figure 3. Common-Emitter Configuration

15V

— ety —— — e =

Each Qutput
Circuit
£

|

[

|

| Qutpyt
I

i 68 )

0%

2w

CL=15pF A=
{See Note A)

I
| i 10%
I

|
= M tr M
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NQTE A: C|_includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

S5LV5074B — JANUARY 1983 - REVISED JULY 1999

f — Oscillator Frequency and Frequency Variation — Hz

t Frequency variation {Af} is the change in oscillator frequency that occurs over the full temperature range

A — Amplifier Voltage Amplification ~ dB
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IMPORTANT NOTICE

Texas Instrumenis and its subsidiaries (T1) reserve the right to make changes ta their products or to discontinue
any product or service without notice, and advise customers to obtain the fatest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. Al products are sofd
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, palent infringement, and limitation of kability.

Ti warrants perforrmance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Ti's standard warranty. Testing and other qualily control technigues are utilized to the extent
Tideems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government 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-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF THPRODUCTS IN SUCH APPLICATIONS 1S UNDERSTCOD TO
BE FULLY AT THE CUSTOMER'S RISK.

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

Ti assumes no liability for applications assistance or customer product design. Tl does noi warran{ or represent
that any license, either express or implied, is granted ynder any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, 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 Tt's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments incorporated



itemational
#R| Rectifier

PD-9.512B

IRFP460

XFET® Power MOSFET

Yynamic dv/dt Rating
lepetitive Avalanche Rated
solated Central Mounting Hole
“ast Switching

:ase of Paralieling

simple Drive Requirements

scription

d Generation HEXFETs from Internationaf Rectifier provide the designer
the best combination of fast switching, ruggedized device design, low

’ Vpgs = 500V
S hj== E“J;\

esistance and cost-effectiveness,

TO-247 package is preferred for commercialHndustrial applications
re higher power levels preclude the use of TO-220 devices. The TO-247
milar but superior to the earlier TO-218 package because of its isolated
inting hole. It also provides greater creepage distance between pins to

it the requirements of most safety specifications.

solute Maximum Ratings

TO-247AC

Parameter Max. Units

? Te = 25°C Continuous Drain Current, Vas @ 10V 20

? Tc = 100°C | Continuous Drain Current, Vas @ 10 V 13 A
Pulsed Drain Current © 80 ] N

@ Tc=25°C | Power Dissipation 280 W
Linear Derating Factor 2.2 W/C
Gate-to-Source Vollage 120 v

- Single Puise Avalanche Energy @ 960 mJ
Avaianche Current © 20 A
Repetitive Avalanche Energy @ 28 mJ

it Peak Diode Recovery dv/dt @ 3.5 Vins
Operating Junction and -55 to +150

3 Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 {1.6mm from case)
Mounting Torque, 6-32 or M3 screw [ 10 Ibfein (1.1 Nem}

¥mal Resistance

Parameter Min. Typ. Max. Units

p Junction-to-Case — — 0.45

5 Case-to-Sink, Flat, Greased Surface — 0.24 — °CW

y Junction-to-Ambient — - 40

1025



IRFP460

IR

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vierjoss Drain-to-Source Breakdown Voltage 500 | — — V [ Ves=0V, Ip= 250uA
AVeripss/AT,| Breakdown Voltage Temp. Coefficient — |} 0.63 | — | V/°C | Reference to 25°C, Ip= 1mA
Rosqon) Static Drain-to-Souree On-Resistance — — | 027 ] Q |Ves=10V, Ip=12A @
Vas(y Gate Threshaold Voltage 2.0 — 4.0 V | Vps=Vas, Io= 250pA
Gts . Forward Transconductance 13 — — S | Vps=50V, Ip=12A @
Ioss Drain-to-Source Leakage Current el Wl RA Vos=500V, Vos=0V
— — 250 Vos=400V, Vgs=0V, T)=125°C
loss Gate-to-Source Forward Leakage — — 1 100 A V=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — | 210 (0=20A
Qgs Gate-to-Source Charge - —_ 29 nC | Vpg=400V
Qge Gate-to-Drain ("Miller”) Charge — — | 110 Vas=10V See Fig. 6 and 13 @
tatony Tum-On Delay Time - 18 — Vpp=250V
t Rise Time — 189 | — | o [lb=20A
tagor Tum-Off Belay Time — | 110§ — Re=4.3Q
( Fall Time — 58 —_ Rp=1302 See Figure 10 @
Lo Intérnat Drain Inductance — | 5.0 | — gﬁﬁe&? 2|e5?r§:| } —e
nH | from package C_E
Ls Internal Source Inductance — 13 | — and center of Etl__?
die contact s
 Ciss Input Capacitance — 4200 | — Vgg=0V
Coss Output Capacitance — 870 | — pF | Vps= 25V
“Crss Reverse Transfer Capacitance — 1380 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Ig Continuous Source Current _ _ 20 MOSFET symboal c
{Body Diode) A showing the ﬁ—\%
lsm Puised Source Current . — | g0 integral reverse Gl@_//
{Body Diode) @ p-n junction diode. Is
Vsp Diode Forward Voltage — — 1.8 V | T=25°C, Is=20A, Vgs=0V @
tre Reverse Recovery Time — | 570 | 860 | ns |{T,=25°C, lr=20A
Qnr Reverse Recovery Charge — 57 | 86 | uC |di/di=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is negtegible (turn-on is dominated by Ls+Lp)
Notes:

O Repetitive rating; pulse width firmited by
max. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=4.3mH
Re=2542, 1a5=20A (See Figure 12)

@ Isp=20A, difdt<160A/s, VODLV(BR)IDSS,

Ty<150°C

@ Pulse width < 300 us; duty cycle <2%.
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7.0V o 7.av pe""1
Z
moTTOM 4.8V . Jeorron 45y /‘___
A a8
= =
/ <
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o ’{ E 7 4.5V =
= 3
£
B m
4.5Y g P4
s |/
4
20us PULSE WIDTH 20us PULSE WIDTH
: Tc = 256cC T = 150°C
100 b _ + 10° .
100 10! 100 104
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tg=25°C ' Tc=150°C
3.5
eH] Iﬂ = 2DA
7 2 .
/ E 3.0
= :
/ g
Q
L 1500¢ 74 g 2.5 +
b o)
101 A 3 @ a0 //
i J — A
y A | o ®
7117 n E ,/
/i S 6 1.5 7
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® 1.0 P
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/ A1 5 0.5
Vpg = 5OV ‘ &
100: 20us PULSE WIOTH & . vgs = 10V
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Vas, Gate-to-Source Voltage (volts) T, Junction Temperature {°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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Isp, Reverse Drain Current (Amps)

Capacitance (pF)

10600 Veg = OV. f = 1Mz
Ciss = Cgs * Cga Cgs SHORTED
Cres = Cga
8000 < Coss = Cgs + Cgg
\\
N
b0oo \\\\ Ciss
\\\
h, n» N
\ I
000> .
\ N
e Cnss\
\\_‘ ] I ‘\M\\
2000 Lrgs T
4 | \
':.;\\\
. N
100 10!
Vps, Drain-to-Source Voltage (voits)
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
102 v
A ¥
/_/’
//
A
4

1500 /
/ J 250

Y

g / VGS = Ny
10}

0.6 0.8 1.0 1.2 1.4 1.6 1.8

Vsp, Source-to-Drain Voltage (volts)

‘Fig 7. Typical Source-Drain Diode
Forward Voltage

2.¢

# 1
I = 204
— Vpg = 400V T\
2 Vg = 250v ~\\\'
© 0s . ]
2 16 Vog = 100V 1o
[19]
o /}
8 ~
o //
- 1z
@
S v
A
/ B
& v/
e /
& Z
«© _
R
5 |/
O
> FOR TEST CIRCOUT
0 SEE FIGURE 13
0 40 60 120 160 200
Qg, Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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Fig 8. Maximum Safe Operating Area
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Vos » M

D.UT.
. T Vo

16 = 1iov
Pulse Width < 1us
Puty Factor € 0.1%
; \\ uty Facior 1 1
N Fig 10a. Switching Time Test Circuit
N
; A,

\\ .0 \/ \ [

|

!

| !

| l

10% + i

|
|
|
A \L

o J
25 50 75 100 125 150 VGSJ | -E\ 1
Te. Case Temperature (°C) taony  tr - ot
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
1 T i -
H 1 q
u—-"'"'-"
Fa a'adt I o T
2 e
[\_l’ ey —1 13
% 0.1 Bo.2 E d
8_ SRR -1 .
[71] »
Q L - -
E -U.Oﬂll; m /,
& o /::n' SINGLE PULSE i Rl
b 10 “po.ox (THERMAL RESPONSE) _
§ PDJ! l
7
ﬂ*@-}
NOTES:
1. DUTY FACTOR, O=ti/t2
_3“ 2. PEAK T]'=pE|H x Zthjc + Te
10
1078 1974 102 1072 0.1 1 10

t1, Rectangular Puise Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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L
Vary 13 to obtain Vbs >- (il
required las
h D.U.T. se0 ' |
T
r_-lf * oF 8.ch
A - :
T-VoD = 2000 3077oM 204 |
E
Ias -
T g’ 1600 \\
A 5 N \N
. , T D N
Fig 12a. Unclamped Inductive Test Circuit 2 120
[a
[*H)
ViBRIDSS D 80 AN \\\
f"‘t o “\\ \\\
’ :k %) NN
/ Vop u‘J( 400 . \\
/| ~R
Vbs / \ o VoD = 50V —
/ \ 23 50 75 100 125 150
/ \\ - Starting T, Junction Temperature(°C).
A — — L

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Reguiator

vl % ——
I - Qas -+— Qap
VG
P
Charge - CurreanSampﬁng ReEismrs
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit ~ See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 lntemational
1eR| Rectifier
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TOSHIBA TLP250

TOSHIBA PHOTOCOUFPLER GaAfAs IRED & PHOTO-IC

TLP250

TRANSISTOR INVERTER Unit in mm

INVERTER FOR AIR CONDITIONOR
1GBT GATE DRIVE
POWER MOS FET GATE DRIVE
3188
The TOSHIBA TLP25{) consists of a GaAfAs light emitting diode e
and a integrated photodetector. 15
This unit is 8-lead DIP package. b
TLP250 is suitable for gate driving circuit of IGBT or power MOS TSy
FET. 9.6640.25 :3:5 _762+025
¢ Input Thresbold Current : Ip=5mA (Max.) a
®  Supply Current (Ipc) : 11mA (Max,) —5
®  Supply Voltage (Vo) : 10-35V M0 2
®  Output Current (Ig) : £1.5A (Max.) 252018 <
®  Switching Time (L H/tpHL) : 1.545 (Max.) 254£0.25 o
¢ Isolation Voltage : 2500V g (Min.)
& UL Recognized : UL1577, File No.E67349
®  Option (D4) type
VDE Approved ; DIN VDE0884 /06,92, Certificate No.76823 1 ocs
Maximum Operating Insulation Voltage : 630Vpg - ) '
Highest Permissible Over Voltage : 4000Vpg TOSHIBA 11-10C4

Weight : 0.54g

(Note) When a VDEO0884 approved type is needed,
please designate the “Option (DM4)”

¢  Creepage Distance : 6.4mm (Min.)
Clearance : B8.4mm (Min.)
SCHMATIC PiN CONFIGURATION (TOP VIEW)
Iec
l "g Voo 1[0 s
I (Trl)
¥ o5 17
2+ —© Vo >
VF < >— A 3l 16
a_ —0O VO
B
Ip 6 a[] 15
T (Tr2}
N " © GND 1: NC.
A 0.14F bypass capcitor must be 5 2 : ANODE
connected between pin 8 and 5(See Note 5). 3 : CATHODE
4 : N.C.
TRUTH TABLE 5 : GND
7: Vo
Input ON ON OFF 8 : Veoo
LED | OFF| OFF ON

1 2001-06-01



TOSHIBA TLP250
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Forward Current I 20 mA
a Forward Current Derating (TaZ 70°C}) Alp/ ATa —0.36 mA /°C
ﬁ Peak Transient Forward Curent {Note 1) 1ppT 1 A
Reverse Voltage VR 5 \'
Junetion Temperature ) T; 125 °C
“H” Peak Output Current (Pyw=2.5us, f=15kHz)(Note 2) IorPHg —15 A
“L” Peak Output Current (Pw=2.5.s, f= 15kHz} (Note 2) IopL +1.5 A
= {Ta=70°C) 35
© |Output Volta — V.
20 e (Ta=85°C) 0 24
[ (Ta=170°C) 35
: Supply Volta v v
g |PupPY Yoltage (Ta=85°C) cC 24
= Output Voltage Derating (Ta= 70°C) AV /ATa —-0.73 vi/°C
Supply Voltage Derating (Ta= 70°C) aAVop/aTa -0.73 v/°C
Junction Temperature T 125 °C
Operating Frequency (Note 3) f 25 kHz
Operating Temperature Range Topr —20~85 °C
Storage Temperature Range Tstg ~55~125 °C
Lead Soldering Temperature (10s) Tgal 260 °C
Isolation Veltage(AC, Imin., R.H.=60%) {Note 4) BVg 2500 Vrms

(Note 1) Pulse width Pyw=1.s, 300pps
(Note 2) Exporenential Wavefom
{Note 3)
(Note 4)

7 and 8 shorted together.
{Note 5)

Exporenential Wavefom, IopH= —1.0A (£2.54s), IoPLE +1.0A (= 2.5us)
Device considerd a two terminal device : pins 1,2,3 and 4 shorted together, and pins 5, 6,

A ceramic capacitor (0.1.:F) should he connected from pin 8 to pin 5 to stahilize 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 lem.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN. | TYP. MAX, UNIT
Input Current, ON Iy (ON) 7 8 10 mA
Input Voltage, OFF VF (OFF) —_ 0.8 Vv
Supply Voltage Voo 15 — 30 | v
Peak Output Current Igpu/IoPL _— — +05 A
Operating Temperature Tope —20 25 70 I °C
2 2001-06-01



TOSHIBA TLP250

ELECTRICAL CHARACTERISTICS (Ta= - 20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR-, TEST CONDITION MIN. |TYP.*{ MAX. | UNIT
CUIT
Input Forward Voltage Vr — [Ip=10mA, Ta=25C 16 1.8 A"
Temperature Coefficient of _ .
Forward Voltage AVE/ATal — [Ip=10mA — —2.0{ — |mV/°C
Input Reverse Current I — {VRp=5V, Ta=25°C — 10 | wA
Input Capacitance Cr — V=0, f=1MHz, Ta=25°C — 457 250 | pF
“H" Level | I 3 "F=10mA 05 | —15
evel | LoPH _ —qvV 0.5 | —15] —
Output Current Voo=30vV |V8-6 A
L” Level OPL Vg5=2.5V 5 2] —
Voo = +15V, VEEL = ~ 15V
“H” Level] Vog | 4 [oCCL  VEEL 11 | 128| —
R1,=2000}, Ip=5mA
Output Voltage v V.V Y v
“©T n CC].=+ H EE1= —
L” Level [ VoL i 5 Rp.=2000Q), VF=0.8V L —14.2|-125
Vee=30V, Ip=10mA 7
SH” Level ICCH - Ta=25°C
Voo=30V, Ip=10mA — | = 11
Supply Current CcC F = mA
Vee=30V, Ip=0mA
Y aro —_ 7.5 —
uLH Level ICCL —_ T3—25 C
Voo =30V, Ip=0mA — —_ 11
Threshold Input | “Qutput Veel=+15V, VEE1 =~ 16V
Current L—H" | FLE | = 1529000, Vo>0V - 12 5| mA
Threshold Input |“Qutput Veo1=+15V, VEE1 =15V
Voliage H—L | VFHL | — " 29000, Vo<oOV 08 | — | — |V
Supply Voltage Voo — 10 — 35 A"
Capacitance Vg=0, f=1MHz
(Input-Output) Cs T Ta=25°C o Loj 20, pF
. V=500V, Ta=25°C i
Resistance (Input-Output) Rg — RH.<60% 1x10 10 - 0

* All typical values are at Ta=25°C (*1) : Duration of I time=50us
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TOSHIBA : TLP250

SWITCHING CHARACTERISTICS (Ta = - 20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. {TYP* | MAX. | UNIT
CuIT
Propagation L—H tLH Ip=8mA — 015 | 0.5
Delay Ti — —
elay 1ime H—L tpHI 6 |[Voor=+15V, Vgg=—15V 0.15 | 0.5 s
Output Rise Time tr — —_ —_
. R1,=200{)
Output Fall Time tf — — —
Common Mode Transient '
= Ix= A
Immunity at High Level CmE | 7 zCM_ ;ggv{,rap_ 22?(1; ~5000] — | — |Vigs
Output CcC= PR
Common Mode Transient
= Ip=0mA
Immunity at Low Level CML | 7 ZCM: :ggv:rai 2200 50000 — | — |Vis
Output CC !

* All typical values are at Ta=25"C
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TOSHIBA

TLP250

TEST CIRCUIT 1 :

TEST CIRCUIT 2 : IOPL

| Vce
&) —
. ToPL,
Vé-5

77 77
TEST CIRCUIT 3 : IOPH TEST CIRCUIT 4 : VOH
8 8
1 iz l . 1[] g y
] = 0.1.F CC-._— ] T 0.14F -4 oct
Ig Va_s Ip R
}——@A 1- d
10PH Vor
4 }" 4[ }"
1+
TVEEI
TEST CIRCUIT 5 : Vi
8
1] I l
__L—[ ] = 0.1uF —.‘:'VCC'l
] N -
VoL
4[ In; ,
1
T VEE1
5 2001-06-01



TOSHIBA TLP250

TEST CIRCUIT 6 © toiH, tpHL. tr tf

| W [y I |

8,
Lowr Ly

Vo 7
NS

=
L

.

Mg
pulles

1000 VEB]
TEST CIRCUIT 7 : CpaH: CML
8
11—
-l LT J_
Y 12" Lvee

s
_L W —°Vp

Gulli

Vem
alon T

920% |
VeM 109 : 480 (V)
ﬂ{E,{ CML = e (us)

SW : A(Ip=8mA) 480(V)

C =
o OMH = e

e .\l

SW: B({Iy=0)

CHL

CML (CMH) is the maximum rate of rise (fall) of the common mode voltage that can be
sustained with the output voltage in the low (high) state.
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TOSHIBA

TLP250

ALLOWABLE PEAK OUTPUT CURRENT

ALLOWABLE FORWARD CURRENT

FORWARD CURRENT Ir {ma)

I (mA)

IopH. lgpL (&)

ip - VP AVR/ATa - 1Ip
100 26
Ta=25°C
50 = =15
30 ~ =1
/ B —24
10 = E
)
5 7 S -2.2
A -
8 7 23 ™~
ma H‘\-—'-.._
1 et gq ~2.0
0.5 F Be
¥ oZ
0.3 / =818
/ g
01 + —p——= %E
0.05 EE _16
0.08 v 35
/ =%
0.01 -14
1.0 1.2 14 18 1.8 2.0 0.1 03 05 1 3 5 10 30
FORWARD VOLTAGE Vg (W) FORWARD CURRENT if (mA)
Ip — Ta Voo — Ta
40 s 40
o
|3
=
20
S 30 \I
= N
| \
c
=3
20 P 20
-
B
[
5]
o
]
10
2 10
-
%
Q
3
0 = 0
D 20 40 60 80 100 a 20 40 60 80 100
AMBIENT TEMPERATURE Te C) AMEBIENT TEMPERATURE Ta (°C)
10PH, loPL — Ta
T 1T T T 1
i PW=25us, f<15KHz
i
2

1 20 40 60 80
AMBIENT TEMPERATURE Ta (°C)

190
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

0OO707EBC

@ TOSHIBA is continually working to improve the quality and reliability of its products.
Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and vulnerability to physical stress. it is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe
design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property. o
In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent TOSHIBA products specifications. Also, please
keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook" etc..

® The TOSHIBA products listed in this document are intended for usage in general electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc). These TOSHIBA products are neither intended nor
warranted for usage in equipment that requires extraordinarily high quality and/or reliability or
a malfunction or failure of which may cause loss of human life or bodily injury {“Unintended
Usage”). Unintended Usage include atomic energy contro! instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer's own risk.

@ Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs
dust and fumes are toxic. Do not break, cut or pulverize the product, or use chemicals to
dissolve them. When disposing of the products, follow the appropriate regulations. Do not
dispose of the products with other industrial waste or with domestic garbage.

@ The products described in this document are subject to the foreign exchange and foreign trade
laws.

@ The information contained herein is presented only as a guide for the applications of our
products. No responsibility is assumed by TOSHIBA CORPORATION for any infringements of
intellectua! property or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any intellectual property or other rights of
TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice,
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