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ABSTRACT

This thesis presents the analysis, design and construction of a high frequency
voltage source induction furnace. The power output is controlled by mean of frequency
adjustment. The rated switching frequency is designed for 15 kHz and MOSFETs are
used as switching devices in the inverter. The experiment of the prototype inverter at

the rated power of 1kW has been carried out and the experimental result is evaluated

for the efficiency of the system.
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John Davies, Peter Simpson, Induction heating handbook, London : McGraw-
Hill, c1979.
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TOSHIBA

TLP250

TOSHIBA Photocoupter GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8~lead DIP package.

TLP250 is suitable for gate driving cirenit of IGBT or power MOS FET.

« Input threshold current: [F=6mA(max.)

+ Supply current (Icc): 11mA({max.)

» Supply voltage (Vo) 10-35V

« Output current (IQ): 1.5A (max.)

» Switching time (tpLH/tpHL): 1.5ps(max.)

o Isolation voltage: 2500Vrmeg(min.)

s UL recognized: UL1577, file No.E67349

+ Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDEQ#884 approved type is needed,
please designate the “option (D4)"
¢ Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Unit in mm

1220464
LN

254 L OR%

I pcd

TOSHIBA 11-10C4
Weight: 0.54 g

Schmatic Pin Configuration {top view)
Icc
> —Q  Vge 1 E * ] 8
8
| T
el 2 E} N 17
2+ —< Vo -
Ve } 3 7 a [ i
3 ——C Vg
‘_
o 4 [ — 3]s
(Te2)
d - 05 GND 1:NC.
A 0.1yF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 {See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vg (Output)
7:Vo
8: VCC
Truth Table
T T2
Input On on Off
LED off off On
1 2004-06-25




TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alp / ATa -0.36 mA/°C

[a]

w Peak transient forward curent {Note 1) lFpT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
"H"peak output curment (P < 2.5ps,f < 15kHz) {Note 2) lopH -1.5 A
“L"peak output current (Pyy < 2.5ps,f = 15kHz) (Note 2) lopL +1.5 A

a5 70°C
Qutput voltage a ) Vo 3 \'

5 (Ta = 85°C) 24

B (Ta 5 70°C) 35

3 Supply voltage Veeo \'4

(Ta =85°C) 24

Qutput voltage derating (Ta & 70°C) AV 1 ATa —0.73 Vi°C

Supply voltage derating (Ta 2 70°C) AV 1 ATa -0.73 Vi/i°C

Junction temperature Tj 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 (10 s} (Note 4) Taol 260 ‘C
Isolation voltage (AC, 1 min., R.H.< 60%) {Note 5) Bvg 2500 Vms

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

Note 2: Exporenential wavefom

Note 3:  Exporenential wavefom, lopH s —1.0A{ = 2.5ps), lopL S +1.0A( 5 2.5us)
Note 4  Itis 2 mm or more from a lead root.

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

Note 61 A ceramic capacitor{0.1pF) 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,

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
input current, on (Note 7) FF(ON} 7 8 10 mA
Input voltage, off VE(OFF) 0 —_ 0.8 \'4
Supply voitage Vee 15 —_ 30 20 \'4
Peak output current lopH/loPL - —_ 10.5 A
Operating temperature Topr -20 25 70 85 °C

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

2 2004-08-25




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 VF _ IF=10mA, Ta= 25°C 1.6 1.8 v
Temperature coefficient of _ s
forward voltage AVp/aTal  —  Jlp=10mA - -2.0 — |mv/°C
Input reverse current IR - Vr= 5V, Ta=25°C - 10 LA
input capacitance Cr — Vagp,fs1MHz, Ta=25°C -— 45 250 pF
- fF=10mA
H* level loPH 3 Vo= -0.5 -1.5 — )
- ag=4V
Output current x‘ff sov — A
| B F = —
L” tevel loPL 2 Ve.g=2.5V 0.5 2
g Voot = +15V, VEg =15V -
H level Vo 4 |R(=2000, If = 5mA "oy 128
Cutput voltage , v Vv ey v
" - cc1 = *+15V, VEg1 = - —_ - -
L" level VoL 5 RL = 2000, Vi = 0.8V 14.2 12.5
Vee = 30V, I = 10mA _ 7 _
“H” level IccH —_ Ta=25'C
Vee = 30V, IF = 10mA - - 11
Supply cumrent mA
Vco = 30V, I = 0mA _ 7.5 .
“L* level lccL _ Ta=25°C
Vg = 30V, Ig = OmA — —_ 14
Threshold input “Output IFLH — | Yooi=+15V, VEe = 15V — 12 5 mA
current L—H" Ry = 2000, Vg > OV
Threshold input “Qutput IFHL _ |Vecr=+15V, Ve = 15V 0.8 - - y
voltage H—L" R = 2004, Vg < 0V
Supply voltage Vee - 10 - 35 v
Capacitance Cs . |vs=0,f=1MHz _ 1.0 2.0 pF
{input—output) Ta=25 -
Vg = 500V, Ta =25°C 12 14 _
Resistance(input-output) Rs — R?H.s 80% 1=x10 10 Q

* All typical values are at Ta = 25°C  (*1): Duration of Ip time = 50ps

3 2004-06-25




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 tptH - 0.15 0.5
delay time HoL oL iF = BmA (Note 7) . 015 05
6 Vet = +15V, VEgq = —15V us
Qutput rise time t Ry = 20000 - —_ —
Cutput fall time t —_ — _
Common mode transient = =
immunity at high level CwH 7 |yomZEOOV.Ir = Ame -s000 | — — fvips
output cc .
Commeon mode transient V ie = OmA
immunity at low leve! CML 7 gghc" : gg\o, 1"2:= 205TC 5000 —_ — Vips
output '

* 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 3 : IOPH

an

£

+[

Vee

{ Vas

loPH

LT T
j—e @
o
)

m
}—'-—'-‘li
F

T

Test Circuit 5: VoL

1]

VF"[
L ¢
+

1. Veer

| S —
—e®

0.14F

L[JLJ_
—H

Test Circuit 2 : 1OPL

gt
L
1
+[]

Ld L]
e &

ulli

Test Circuit 4 : VOH

. o

Vee
&) 1
lopL
' Vg5

o

a
=

mn

L L
—

T 0.19F
¥ L
i
VoH
]_4.
1
TVEE1
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TOSHIBA TLP250

Test Circuit 82 tpLH, toHL, tr tf

4 Vees

—

| A

|
e
=
Bl

—-0
<
Q
pi)
ey
Ll

i

[}
[ [

1000

L VEEY

Test Circuit 7: CuH, CML

8

1

1 | I
sw IF 0.1pF
— ! ] * __VCC
Ao'o B T
i A
4 I: ]—‘
Vem
i
L 1
., BOOV
90%
Y "
M 10% & "
——— —_— [ CML: itB'QLV)—
SW :Alg=8mA) rius)
\/ CuH CMH: 4tBO (V
Vo /\_ w —— 26V f (us)
CHL

SW :B{lp=0}

CML(CMR) 15 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

Ta=25*C

Ig-Vg

IF (mA}
3

"h.,.-.

Forward cumrent
(=]
T

04

0.0

003

7

0.01

/

140

1.2 1.4 16 1.8

Forward voltage VE (V)

ig-Ta

20

40

30

10

Allowable forward current
IF {mA)
3

1] 20 40 &0 80

Ambient temperature Ta {*C)

lopH, loPL - Ta

100

T T T

F
PWe 25yus, ¢ 15KHZ

T

Allawable peak output current
lopH, lopL A

L] 20 40 60 80

Ambient Temperature Ta (*C)

100

Forward voltage temperatura

coefficient « VE/ « Ta(mV/°C)

Allowable supply voltage Ve (V)

« Wegi/+Ta-Ig

-25

~
Y

3 05 1 3 5 10 30

Forward current Ig  (mA)

Ve —-Ta

40

2

20 40 80

Ambient temperature  Ta  (°C)

a0 100
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« The information contained herein is subject to change without notice.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or cther rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

¢ 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 vuinerability 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 sftuations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.
In devetaping 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 Semiconducter Reliability Handbook™ etc..

« The TOSHIBA products listed in this document are intended for usage in ganeral electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are nelther 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 enargy control 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.

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

« TOSHIBA products should not be embedded to the downstream products which are prohibited to be preduced and sold, under
any law and regulations.

« GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmfu! to the human body. Do not break, cut, crush or
dissolve chemically.

8 2004-06-25
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TO-3 (TO-204AA) Package Outline.
Dimensions in mm (inches)
1 N-CHANNEL
« mei ]
Pt N S ENHANCEMENT MODE
£ S - HIGH VOLTAGE
B LN
s , POWER MOSFETS
——ie G e K :z.'él §g5
v ,.l st et VDSS 500V
§ | )
~ + ¥
1& i :
——L“—\'f' .\) (;..] ID(COI’lt) 21 A
e
SR Y 12 B RDS(on) O.ZTQ
Pin 1 - Gate Pin 2 — Source Case ~ Drain
ABSOLUTE MAXIMUM RATINGS (T .5, = 25°C unless otherwise stated)
Vpss Drain — Source Voltage 500 oV
o | continuous Drain Current ' 21 ' A
|D-M Pulsed Drain Current 1 84 A
Vas Gate ~ Source Vbltage +20 v
Total Power Dissibati'on @ Tegse = 25°C 300 W
P . .

D Derate Linearly 24 . Wi°C
T,.TstG Operating and Storage Junction Temperature Range -55 to 150 oc
fL | Lead Temperaturé - 0.063" from Case for 10 Sec. 300
STATIC ELECTRICAL RATINGS (Tczee = 25°C unless otherwise stated)

Characteristic Test Conditions Min. Typ. Max. Unit
BVpss Drain - Source Breakdown Voltage Vgg = 0V, Ip = 1TmA 500 %
Zero Gate Voitage Drain Current Vps = Vpss ' 25
'pss . ; : LA
(VGS = OV) . VDS = O'BVDSS 4 TC = 125°C . | 250
lgss Gate — Source Leakage Current Vg = 120V, Vpg = 0V i +100 nA
Ves(TH) | Gate Threshold Voltage Vps = Vgs . Ip = 250pA 2 4 Vv
Vpe > | xR Max 5
lp(oNy On State Drain Current 2 DS ™ 'D(ON) * "DS(ON) 21 A
VGS = 10V . .
Veg = 10V, Ip = 13A 0.27
Rps(ony | Drain — Source On State Resistance 2 GS D : : Q
Vgs = 10V, Ip = 21A ‘ 0.31
1) Repetitive Rating: Pulse Width limited by maximum junction temperature.
2) Pulse Test: Pulse Width < 380uS , Duty Cycle < 2%
Prelim. 11/98

Semelab plc, Telephone +44(0)1455 556565. Fax +44(0)1455 552612. e-mail sales@semelab.co.uk

Website http://www.semelab.co.uk




=S

DYNAMIC CHARACTERISTICS
Characteristic Test Conditions Min. Typ. Max. Unit
C|ss Input Capacitance Vgs = 0V 2890
Coss QOutput Capacitance Vps = 25V © sg0 pF
Crss Reverse Transfer Capacitance f=1MHz 230
Qq Total Gate Charge3 Vgs = 10V 140 190
Qgs Gate — Source Charge Vpp = 0.5 Vpsg 18 27 nC
Qg Gate — Drain ("Miller") Charge =Ip [Cont} @ 25°C 75 135
tacon) Turn—on Delay Time Vg = 15V 19 35
t, Rise Time Vpp = 0.5 Vpss 43 120
. ns
ta(offy Turn-off Delay Time p = Ip [Cont] @ 25°C 85 130
t; Fall Time Rg = 1.8Q 56 98
SOURCE - DRAIN DIODE RATINGS AND CHARACTERISTICS
Characteristic Test Conditions Min. Typ. Max. Unit
Ig Continuous Source Current | (Body Diode) 21 A
Ism Pulsed Source Current? (Body Diode) 84
Vsp Dlode Forward Voltage2 Vgs =0V, Ig =~ Ip [Cont] 18 V
ter Reverse Recovery Time g == Ip [Cont], dig / dt = 100A/us 580 ns
Qi Reverse Recm.rery Charge g =—Ip [Cont], dlg / dt = 100A/us 8.1 uC
THERMAL CHARACTERISTICS
Characteristic Min. Typ. Max. Unit
RgJc Junction to Case 0.42
SR : °CW
Ryia Junclion to Ambient 30
1) Repetitive Rating: Pulse Width limited by maximum junction temperature.
2} Pulse Test: Pulse Width < 380uS , Duty Cycle < 2%
3) See MIL-STD-750 Method 3471
“\ CAUTION — Electrostatic Sensitive Devices. Anti-Static Procedures Must Be Followed.
Prelim. 11/98

Semelab plc. Telephone +44(0)1455 556565, Fax +44(0)1455 562612, e-mail sales@semelab.co.uk

Website http://www.semelab.co.uk
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BCIRCUIT SCHEMATIC(%)

BPIN ARRANGEMENT

a5 B
7] @j

Y o

Ity

0
By

I]u

(470 I E (4
Top Vien -
BELECTRICAL CHARACTERISTICS (Ta=-—-20~+75C)
Ttem Symbol Test Conditions min typ* max Unit
vr* Vee =5V 1. . . v
Input threshold voltage . b ¢ 1.6 '9
Vr Vee =5V 0.5 0.7 1.0 ¥
Hysteresis Vrt-Vr® | Veo=5Y 0.4 0.9 - v
You Vee =4, 75V, V=05V, lun=—400uA 2.7 - - v
Qutput voltage loL=8mA - 0.50
Vi Vec=4.75Y, ¥Vi=]1.,9V v
for=4mA - - 0.40
It Vee =5V, Vi=vr® - —0. 14 - mA
Input threshold current
I Vee=5Y, Vi=Vr - ~0.18 - mA
I Vee=5.25V, Wi=2.7V - - 20 A
Input current hic Vec=5.25V, Vi=0. LV - - —0.4 mA
I Vee=5.25V. Vi=1V - - 0.t mA
Short-circuit output current Ios Ver=5,25V -20 - | -1 mA
feew Voo =5.25V - i 8.6 | 16 mA
i ¢ ;
Supply curren Iect Voo =5.25V - [ 12 21 mA
Input clamp voltage Vig Vec =475V, hin=—18mA - I - , -15 v
* Voo=5Y, Tam25*C
BSWITCHING CHARACTERISTICS ( Vcc=5V, Ta=25C)
item Symbol Test Conditions min typ ;.  max Unit
. X oLy —150F. Ri=2k0 - 15 . 22 ns
Propagation delay time o C.=15pF, - 15 j 7 -
STESTING METHOD Wavetorm
1. Test Circuit Rl puia % Rkl w
(L] L Uyt Figmat 18¥ v
L z w
LY
) For
i . .
[}

52

cycles50%

2. €y includes probe and jig capacitance.
3. Alldiodesare 152074 G,

Notes)l. Input pulse; 17, <1508, fyppy S60S, FRR=1MHz, duty
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.

HITACHI

Hitachi, Ltd,
Semiconductor & Integreted Circulls.
Nippon Bld?., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Tel: Tokyo {03) 3270-2111 Fax: (03) 3270-5109
URL NorthAmerica : http:semiconductor.hitachi.com/
Europe : hitp:/Awww.hitachi-eu.com/heliecg
Asia (Singapore)  : http://www.has.hitachi.com.sg/grp3/sicdfindex.him
Asia (Taiwan) : hitp:/Awww.hitachi.com.tw/E/ uct/SICD_Frame.htm
Asia (HongKong) : http:/Awww.hitachi.com.hk/eng/bo/grp3findex.ttm
Japan . hitp/Awww.hitachi.co.jp/Sicd/Indx.htm
For further Information write to:
Hitachl Semiconductar Hitachi Europe GmbH Hitachi Asla Pte, Ltd. Hitachi Asia {Hong Kong) Ltd.
(America) Inc. Eloctronic components Group 18 Coliyar Quay #20-00 Group 1 {Electronic Components)
179 East Tasman Orive, Daornacher Strage 3 Hitachi Towar TiF.. North Towsr, World Finance Centre,
San Jose,CA 95134 D-85622 Feldkirchen, Munich Singapore 049318 Harbour City, Canton Road, Tslm Sha Tsui,
Tel: «1> (408) 433-1980 Garmany Tel: 5352100 Kowloon, Hong Keng
Fex: <t>(408) 433-0221  Tel <49> (83) 9 9160-0 Fax: 535-1533 Tel: <B52> (2) 735 3216
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