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Two-output Induction Cooker

Pramote Jaruwattanachai
Panya Leelarasamee
Siwawut Jitcharoen
Atichat Samngamnoi

Asst. Prof. Dr. Anuwat Jangwanitlert Supervisor

Abstract

This project presents the two output full bridge inverter-on induction cooking by
magnetic fields. Using 2 full'bridge inverter ;one branch of-switch share can feed both of
load induction cooking and independent each load separately. The output voltage of
inverter is ac square wave-which is followed by duty cycle to feed-the series resonant
circuit. Using harmonics~ voltage and. current| to_ calculate the electric power and

efficiency of inducticn cocking is presented.
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A1319 3.1 @13713 Skin depth Waz surface resistivity

f (kHz) skin depth (mm) : 8 | surface resistivity (ohm) : R,
30 0.225 2.666 x 10
35 0.208 2.879 x 10"
40 0.195 3.078 x 10°
45 0.184 3.265x 10°
50 0:174 3.441 x 10°

A a ¢ ool oY | ” o o A P v,
anudigeninadatBunefieatifenldnun s 50 Algudsa tissanaclien
» Y = ” ' A a
AMAATUNIRTBUMTUE YIS R, N1F9 TIETI8ATIIANTzUENWD g9 B uefined
1o
- = v - P 5 o
Whnanelunrsaenuuysaaramingiin doamsldvasas nieindsiuiwsay N
A v o s ‘:J =l 0 b
aniveldldindsnugey B =(NL) R, Tasfifia mugaidcnnanisdaumuussnasie
o o

wmitenidne Po= IR,

d v o A 0 - =3 L A o =

Wald ladruausevvasuaaisimiaasia N uon Indonlduaaiaaiontinuwyy

. “d LU -~ 1 =3 A
UHUNBILAINTAMIRUT 04 Tadiues uazaanuuulficnnasiasgs 1.25 1 oudwes laof
& , Y P alle v A e Ao
THITAINITOUIHRWINNTEAIEALA1WAUT 0.1 FFANAT 32 leuaa1ar e fidiiuin
& & & u s ) i
30U N Uszanm 55 5oy vafilunasoeniuunnaadfiiiidifTaunda it asnIzuatn
A o ~ Y A kL S a

RN ReTTNee Waldlvaaemngiasominla

= (e
E‘IJ‘VI 3.5 UEIMWIRIAYEIUIRIALATUARZRY



35

P
gunTallulnaauslounusnldlunimaass
1. VARIAULUNY 55 JaU : 2 1@
2. GUAUYUITUIUWIMA 1uF 250Vac 60 @2

3.2 m'saammuqmammuqu
=) 1 -:‘ L4 ol A o “ v a
sruuNInUgNAaduvasszuuildaindy g sndah il dduneaaldinens
a e A [y 9 ° e o AVl & A o
fIaTIND IRV RWOININTZUALRERIANTOYINNTLS U@ & mﬂmwamuqumm'lwﬁwamu

- Ca [ 3 [ 3
aUSadawnefiaale

220\’?.’%.(1 Micro contro]ler l::)l_n'o Poxver
— Regulator |-+ e -

S0H=z PIC Coupler MOSFET

< <
gﬂ‘n 3.6 lLﬁﬂdUﬂﬂﬂ‘lﬁlattLﬂTNﬂiE]O’N'iliﬂ'JUﬂ‘JJ

FauliznauRRNLE NI LAY
1), geendsiylesasulniaiaas PIC (Microcontralier PIC)
2y gansvteailenatiaad (Opto Coupler)

3.2.1 agm‘i'lﬁ"a"lufﬂmaufmmaas‘

'gﬂﬁﬁﬁ'aﬁ’l'ﬁﬁ’wﬁ'nvjqnmﬁuuamNmaﬂuIamauImmaﬁ PIC16F877A  lunns
naspilidonsun1uad Lﬁaoﬁnm,flun'lmﬁtﬁ'ﬂ%d’lmm:z?uﬂ’h'lugﬁuuummuaau‘nuuﬁ
lagiiladiu 7805 (dwnenaanmasiiuumanvimmlandasduniadlaloaudanin
B pausacn 5 v vihg PIC 'gmﬁws?o PIc1ere77a- Al lunTamasasiliidadalui

gﬂﬁ 3.7 ladwad 7805



/**t****************************************************************i******t******t**t***********i****

* Workfile : LAB0304.c

* Purpose  ; 2-output Induction Cooker
* Copyright : appsofttech co.,Itd.

* Author : Panya Leelerasamee

* Email : ya_chum@hotmail.com

* Compiler : CCS C Compiler

* Target : PIC16F

* Other Files :

* Ref

*****************************************************************tt*********tt**********************I
/*****i************************************* Includes ********l‘***********************************#/

#tinclude <16F877A.h> /I header file-for PIC16F877A

/************t************i****** Setting Confl‘guration fuses t***************i********i***i**t*/

#fuses HS,NOWDT ,NOPROTECT NOLVP //-Configuration word

36

#use delay(clock=20000000) /I"Change OSC here(default 20MHz)

[rRRR R R AR b kR 10 D G S bk kR R R A R AR R
void main(void)
{
set_tris_a(0Ox00}; /f Set port'RA all input
while (1) {
output_high(PIN_A1);
output_high(PIN.A2);
delay_us(5);
output_low(PIN_A2);
delay_us(5);
output_low(PIN_A1);
output_high(PIN_AQ);
delay_us(10);
output_low{PIN_AO0);
1

I****t*****'k************************* End Of $W0rkﬁle: $ *****‘k*****************************i*’l
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. 4
41 masaudiggimieansngalalasnoulnsaiaas PIC16F877A

2008,03,09 18:29:46 p=— niok - Normal
YOoKOGAWA 4 19043 T 100MS/s  10HSAiv
: ! ; T Mainz 10k 50 . a : CH1 10:1
By 2Ny L P 9. .. Do i Wy . . 2.00 Usdiv
......... : : D Full
. M =T N Y et A
o L
oo P— P b )|
Edge CHi §
Auto
1.92V
Freq(C1) :39.68254kHz" DUty (c1) 42,86

o a o [
Ellﬂ 4. UFMNAY LI W B NIAVIREYTI W 2



2008.93-09 18:20:5951 [R ok Normal

YOKOGAWA ¢ 18042 T 100MS/S  19H5A4liv
: : : U< Maind 10k )2 ! : : : CH1 10:1
......... e e | | 2,00 Urd iy
— ; ' ‘ i ' R : DC  Full
|
......... Edge CH1
......... et N g gy [ AULED
......... el AN N 102 Y
--------------- HAXACL) . 5416670 - o HIN(CL): + ~416 ,667mM- ..
Freq(C1) :39.68254kHz ; Duty(cl) 49.21%
A ar A Lo
Eﬂﬂ 4.2 LEANFULUN TN DA NIINDIRTYTYI 3
2008,03,09 18:27:44 [t ok - Normal
YOKOGAWA € 17921 b 100MS/s | 10usMiv
I : 7 T4 Heini 10K 5> ; ; : CH1 1@:1
: ‘ : 2.00 VU div
DC/ - Fult
......... Edge CH]_ 5
e e T e T e e T e e Auto
SO UUUUNE SOUNUOUE SOUUUOUUE SRR PPN FEUUUUUOS SOUURURE SORUOPRE SOOI 1.92 v
--------------- Max(C1).-. 4.B3333U............ Hin(G1). . ~583;33ImY. . ..—.. .
Freq(C1) : 39.68254kHz : Duty(C1) 23.02~ :

< o o a
31]71 4.3 URAIRTYUITWNDONIINVIRTYUIh 4



4.2 nsnedaudgpniiiwIIngaivseaie Opto-Coupler

2008,03,05 00:36:23 ¢ ok Normal
YOKOGAWA 4 2307 | 100MS/s  10MsAliv
B . : D Maini 10k 3> : : : CH1 19:1
: : : 5.00 VU div
DC  Full
CHZ 1:1
5.00 Usdiv
IC Full
Edge CH1 4§
futo
4.90 V
Max{C1)  11.4583V Max{C2) ~_ 12 5066V
Min(C1) <1.25000U Min(CZ) -Z.08333V
Freq(Cl) 39.69829kHz Freq(C2} 39.68254kHz
Duty(C1)  47.88~ Duty(C2) 41.55%

] [ o a 4 a
JUN 4.4 UESIFURNIAVUNDRN AT DININ 1 { T1939)

2008,03-05 00:36:54 [ 3prok. - Hormal
YOKOGAWA $ 2630 Y 100MS/s 10usAliv
] 5 ; T Hainalok o> : 3 b CHI 1a:1
: : : 5.00 Usdiv
IC  Full
CHZ 1:1
5.00 VYrdiv
DC /Fult
Edge CH1
Auto
4.90 V
Max(C1l) 11.2500V Max(C2) 12.7e83V
Min(C1) -2.68333V Min(C2) -2Z2.29167V
Freq(C1) 39.68254kHz Freq(c2) 39.69829kHz
Duty(C1) 21.75x Duty(C2) 41.52x

o 4 ar a d d A
JUN 4.5 ugenRIMTLNamWAYEININ 2 (1911) 18T Low



2008,03/00

90:38:35 &

=3[)1 0k

Norwal

YOKOGHWH"

6462

g
<L Malni 10k o7

100MS/s  10usiiv

Hax(CD)

1145830 Max(C2) —1Z.50000

Hin(C1) -1.25000V Hin(c2) = -2.2916V
Freq(C1) 39.68254kHz Freq(C2) 39.68254kHz
Duty(C1) 42.74x Duty(C2y 41,55«

CH1 10:1
5.00 Usdiv

OC  Full

CHZ 1:1
5.00 Usdiv
DC Full

Edge CH1 §
Auto
4,90 v

< o o a d da R
31U 4.6 WaassnianmILNagauDIRIN 2 (1en 1) Waile High

2008-,03,05 00:39:09 [c

qj10k

Normal

YQKOGAWMA"

7055 7
. : << Mainz 10k 33

108MS/s  10HSAl

Freq(C1)
Buty(C1)

Hax(CD) 1125060
Min(C1) -1.B7500Y

Hax(C) 1270630

Min(CZ) -Z.50600V
39.69829kHz Freq(C2) 39.69829kHz
21.68x Duty(Ccz) 41.60x

CH1 10:1
5.00 VUsdfv
nc Full

CHZ 1:1
5.00 Usdiv
Dc.  Full

Edge CH1 #
Auto
4.,9¢ V

31U 4.7 usavsguNasWaYasion 3 (1e1 2) lailla Low
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2008,903,05 00:41:58 [ Normal

=]10k

voxKoGAwA ¢ 14102 ] 100MS/S  10HsAliv

1 {< Mainz 10k >> ¢

Hax(CD) 71145890 Hax(C2)  11.87500

Min(C1) /-1.45833V Min(C2) -Z2.70833V
Freq(€1) 39.69829kHZ Freq(C2) - 39.68254kHz
Duty(C1) 41.56x futy(C2y  47.90%

CH1 16:1
5.00 Usdiv
nc Full

CHZ 1:1
5.00 Usdiv
ODC  Full

Edge CH1
Auto
4.90 U

= a v a.d { I .
31N 4.8 URQIRQYL I VA FWAVDININ 3. (1010.2) walla High

4.3 NINAFDULTIABLALATERANBNIIIBEATLAL 2

2008,03,13 23:25:27 ¢
YOKOGAWA ¢ 280 T
; : : —CC Haini 10k > -

Normal
200M3 -5

L0k

SHSAliv

CHi 10:1
0. 160kVU-d iv
oC  Full

CHZ 160n:1V
10.0 Asdiv
DC Full

Edge CH1 §
fAuto
0.080kY

Max(CD)  154.1670 Dutgecl) 52,365 Freq(c2)

433.8[fgPosition
Hin(C1) -166.667V Max(C2) 14.5833n Duty(cz) 27.55
Rms(C1)  64.6053V Min(C2) -B.75000A 0.00d{v
Freq(Cl1l) 39.68254kHz Ens(C2) 6.96762A

o a P d a
31]71 4.9 UAAILTIAWLAENIZWENIAN 1 Wlaila Low
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2008-03-13 23:24:10

301 0k

Normal

YOKOGAWA @ 46301

T Hain 10k >> C

ZOOMS-s  DusAliv

CH1 10:1
0.100kV/d v
DC Full

CHZ 1o6a:1U
10.0 Adiv
DC  Full

Hax(cD) 54,1670

TUtg(Cly 52,397

Min(C1) /-178.833V Hax(€z) = 13.7500A
Rns(C1) 73.8001V Min(C2) -10.83330
Freq(C1) 39.68254kHz Rms(C2) . 7.47908A

Edge CH1
Auto
9.890kV

P @ | - &
31]1’] 4.10 URDINTIARURENTELINLIAN 1 wdBitla High

200893713 23:31:04 [

210k

9

Normal

YOKOGAWA® 16823

T <K MainiOk >> ¢

200HS/s  Susfiv

CH1 10:1
9.100kV d iy
DC  Full

CHe 10eA:1U
10.8 Asdiv
OC /Full

137 5000

Iax(Cli

Min(C1) -141.667V Max(C2) 14.5833a Duty<C2) 44.29
Ras(C1) 61.7789 Min(C2) -B8.750008
Freq(C1) 39.69829kHz Bms(C2) 5.98573A

Tety(C) 52.5%7

i‘reqtcé) 39.70[glosition

Edge CH1 4§
Auto
0.000kV

0.90div

= (¥ - d -
gﬂ’n 4,11 ugeTIABLATNTzUENLeN 2 Lalla Low
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2008,03-13 23:30:21 [ ok Normal

YoKOGAWMA 4 15953 b 200HS/S  Dusiliv
E H : << Main3 10k > . : : CH1 10:1
: : : : : : 0.100kV div
OC  Full
ChHZ 106A:10
16.0 Asdiv
IC Full
Edge CH1 £
Auto
0.000kV
Max{(C1) =~ 87.5608V Duty(C1) ~56.34« Freq(C2) 38.35@Position
Min¢C1) -116.667V Hax(C2) = 10.4167A Dutyccz)
Rns(C1)' 71.2459v Min(C2) -12.5000A 0. 00div
Freq(C1) 39.69041kHz Rms(C2)  7.88992n
| a A A e ¥
E‘ﬂﬂ 4.12 UaadlaniasnIzianiar 2stila High
A a Lo
4.4 m‘mﬂamJLmm%ua:n‘szuaa%vgn‘lun‘smmav]
2808,03/14 00:28:15 & 1ok o Normal
YOKOGAWA 9 498 3 200kS/s  Snsiliy
i : X << PMainz 10k >> / : | CH1 16:1
; ; : 50.0 Urdiv
DC  Full
CHZ 1o0A:1U
10.0 A-div
DC / Fult
Edge CH1 &
Auto
8.0V
: : : : : : : : : CH1
Hax(C1) 97.9167V Duty(C1) 49.94x Freq(CZ2) 49.98fgPosition
Hin(C1) -97.9167V Max(C2) 23.7500A Duty(C2) 82.95
Rms(C1) 71.2160U Min(C2) -24.5833A 0 .00div
Fregq(C1) 50.01256Hz Rms(C2) 10.6943a

5191 4.13 Hadlaten 1 Low

U



Normal

2008,03/14 @0:28:50 N1 0k

YOKOGAMA 4 570 |

C < Maini 10k >>

200k3/s  SnmsAliv

CH1 10:1
50.0 Yrdiv
OC Full

CHZ 1004:1U
10.@ A-div
DC  Full

Fdge CH1 §
Auto
0.0V

Duty(C1) ~50.08x

Hax{C2) = -28.7500n
Hin(CZ) -29.5833n
Rns{CZ) 13.8864a

gﬂﬁ 414 Jardlawn 1 High

ax(C1) — 95.8333U
Min(C1) -95.8333V
Rus(C1) 70.2Z39
Freq(C1) 50.05605Hz

2008,03,14_08:39:06 piok . Normal

Freq(c2) 49.98
DUty (C2). B2 . 16

f@Position

Q. 0adiv

YOKOGAWA ¢ 813 b

200kS/S - SMsiliv
(34 Muin_:lbk » : i

CH1 16:1
50.9 Ursdiv
DC | Full

CHZ 106A:1V
10.9 Asdiv
DC Full

Edge CHE 4
Auto

0.0V

Hax(CD)  97.51670 Taty(CI) 50,44

Hin(C1) -97.9162V Max(C2) 2Z.9167A Duty(CzZ) 20.22
Rns(C1)  ?1.5568V Min(C2) -22.5600n
Freq(Cl) 49.98750Hz Rms(CZ) 10.46600

31]‘?1' 4.15 \dladaien 2 Low

Freq(C2)  49.98[gPos it ion

0.00div

49



2008,03/14 00:29:30 (g

31 0k Nor:ial

YOKOGAWA ¢

731 q
: : T << MaInt 10Kk 5>

200kS/s  SmsAliv

CHi 10:1
50.0 Vsdiv
OC  Full

CHZ 1eeA:1V
10.9 Asdiv
OC Full

Edge CH1
Auto
0.0V

: : : : g ¢ : : CH1
Max(C1) ~ 97.916V DutyiC1y 50,05~ Freq(C2) 49.93(gPaosition
Hin(Ci) -97.916V Max(C2) = 28.3333A Duty(cz)22.97
Rms(C1) 70,6256y Min(C2) -27.9167A 0.00div
Freq(C1) 50.02501Hz Bns(C2) . '13.4896A
A A A >
jin 4.16 Wallaan 2 High
2008-,03/14 00:30:43 | n1ok . Normal
YOKOGAWA 9 858 ] 200kS/s | Gmsdliv
h ! i U<C Maini 10k >> ° : : CH1 10:1
: ; : 50.0 Usdiv
nc Full

Tatgicy 49.7%:

Max(CD) 9553330

Min(C1) -95.8333V Max(C2) 29.5833a Duty(C2) 18.85
Rns(C1) ?70.3323V Min(C2) -28.7500A
Freq(C1) 49.96253Hz Rms(CZ2) 14.0812A

gﬂﬁ 417 daidlaian 1 Low 161 2 Low

Freqtcé) 50.00/gPosition

CHZ 100A:1V
16.0 Asdiv
DC  Full

Edge CH1 {
Auto
0.0V

0 .90div

50



2008/,03-14 00:31:20 | Mok Normal

YOKOGAWA 4 911 200kS/s  Snsdiv

C4< Main2 10k >>

CHI 10:1
50.0 Usdiv
0¢C  Full

CHZ 160A:1V
190.0 Asdiv
DC  Full

Edge CH1 §
Auto
0.0V

Hax(CD) 95.63330 Tty (Gl 49,167 Freqice) 49,

92[fpPas 1t on

Min(C1) /-97.9162V Max(CZ) = 35,0000A Duty(Cz).. 19.190
Rms(C1)  69.5566V Min(C2) -34.16670 9. 00div
Freq(C1) 49.92511Hz Rms(€Z) 16.9830A
e A4 a .
71 418 Llallaen 1\ Low e 2 High
2008,03/14 00:32:32 | 1ok Normal
YOKOGAWA 9 1923 | 200kS5/8 | 5nsAliv
: i - L <0 Hainz T0K 55 ; . CH1 10:1
: ¢ 5¢.0 U-djv
DC _Full

E
o=

CHZ"1eon:1U
199 A-div
DG . Full

Edge CH1 §
Auto
8.0y

: : : : : : : : CH1
Max(C1) 97.9167V Duty(Cl) 50.17« rreq(C2) 50.00[@Position
Min(C1) -95.8333V Max(C2) 35.00006A Duty(C2) 7?4.53
Rms(C1) 69.7177 Min(C2) -34.5833a 0 .00kiv
Freq{C1) 49.92511Hz Rms(C2> 17.1592a

§1Jﬁ 4.19 toidlaien 1 High 1&1 2 Low

51



2008,03/14 00:31:59 g =nox Normal

YOKOGAWA ¢ 968 q 206kS/s  SMsAliv

T4 Maini 10k 5> CH1 10:1
: : : 50.0 VAiv
BC  Full
CHZ 100A:1U
10.0 Asdiv
DC  Full
Edge CH1 £
Auto
o0V
: : : : , B 3 : : CH1
Hax(C1) ~ 95.8333v Duty(C1) ~50.29x Freq(CZ) 49.93gPosition
Min(C1) -95.8333V Hax(C2) - 38.3333a Duty(C2) 79.69
Rms(C1)’ 69.:1402V Hin(C2}) -38.7560A 0.00div
Freq(C1} 49.96253Hz RAms(C2) - 19.3102A
- A a , )
Jun 4.20 Laidaw 1\ High (@1 2 High
b ] a
4.5 NIIMAHDUUFIABLAZNISUALINANIITHAILAT
200B,03,14 00:10:48 ¢ 1ok NOrmal
YOKOGAWA $ 446 Z00MS,s | SHsAie
<< Haina 10k 3> CH1 10:1
: : : 0.190kVU div
DC. Full
CHZ 199A:1V
19.8 Asdiv
DC © Full
Edge CH1 +
Auto
-0.904kV
Max(CI)  179.167V Tuty(C1d 52.42x Freq{CZ) B6.69267kHz
Min(C1) -187.500V Hax(C2) 14.58334 Duty(C2) B5.96x
Rms(Cl)  71.3264V Hin(C2) -8.75000A

Freq(C1) 39.66680kHZ Rms(C2) 6.31668A
3UN 4.21 ugausvanuaznIzuafiian 1 Waiaan 1 Low wazien 2 Low



2008,93-,13 23:34:14

10k

Hormal

YOKOGAWA & 25772 T

D¢ Mainz 10k 3>

200MS/S  SPsAliv
: : CH1 16:1

0.100kV/d iv

IC Full

CHZ 100A:1V
10.9 Arsdiv
DC  Full

Edge CH1 £
Auto
0.000kY

Hax(C1) 200.060U_ DUtg(Cl) 27,037

Min(C1) -183.333V Max(cz) -12.5090A0
Rms(C1)  64.9044V Hin(C2) -10.0000A
Freq(C1) 39.68254kHz Rms(CZ) '5.992724

= ar A a a
Eﬂﬂ 4.22 UFAILIITULATATIUENGAT 2 ilat)aia 1 Low Uasian 2 Low

Freq(C2)__39.62|[gPas1tion

0. 00div

2008,03/14 90:11:36 [ rok - Normal
YOKOGAWA $ 1466 bl 208MS/s | | SpsAliv
: : ; T s 10k > : : CH1 19:1
: : : 0.100kVdiv
DC . Full
CHZ 1v0A:1V
1¢.9 Asdiv
DC. Full
Edge CH1 4
Auto
-0.004kV
Max(C1) Z12.560U Duty(C1) 52.21x Freq(CZ) B4.38819kHz
Min(C1) -170.833V Max(C2) 17.0833a Duty(Cz) B4.332
Rms(C1) 68.5295V Kin(C2} -16.66670
Freq(C1) 39.69041kHz Rms(C2) 6.41559A

= o o A a
gﬂn 4.23 UIAILNAMUASNITEUANLEN 1 1laidaian 1 Low uazian 2 High
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2008,63,13 23:34:56 [g nior  Normal
YOKOGAWA ¢ 26381 q 200MS/s  SpsAdiv
R . : X< Mains 10k »> : : : CH1 10:1
: : : : YRS : : 8.100kV /d v
DC  Full
CHZ 160A:1V
10.0 A-sdiv
DC Full
Edge CH1 £
Auto
0.000kV
: : : E / . g CHZ
Hax(C1) ~ 212.500U Duty(C1) ~55.75~ Freq(C2) 39.7ZgPosition
Hin(C1) -162.500V Max (C2) 13.7500A Duty(Cz)  52.41
Rms(C1) 73.7249V Hin(C2) -12.5080A 09.00div
Freq(C1) 39.68254kHz Rns (C2) 7.1163%9A

A a e d A b
3‘1]7] 4.24 URAILRNABUIATUENLEN 2 1Ua1Taian 1 Low WRzian 2 High

2008,03/14 00:10:04 [ Jrok . Normal
YOKOGAWA ¢ 109 T Z00MS/S - SHsAliv
d : ] T<< Mainz 10k 3> : i CH1 18:1
: : @.100kU div
nC © Full
CHZ 160A:1V
10.0 Asdiv
DC Full
Edge CH1 £
Auto
~@ . 004kVU
Max{CIy 1B7.5000 Duty(C1) 52.172 Freq(C2) 39.72984kHz
Min(Cl1l} -187.500V Hax(C2) 18.3333a Duty(c2) 51.97z
Rms(C1) 81.2495V Hin(C2) -14.1667A

Frfﬁ(Cl) 39.69641kHz, Rns(CZ) 7.99987a
31N 4.25 ugaIuNAULATNIZUENLGN 1 LWallalan 1 High uazian 2 Low
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i1 0k

3

Noreal

YOKOGAWA @ 27648

D4 Mainst0k >>

200H8/8  SHsAliv
; : CH1 10:1

0.100kV d iv

DC  Full

CHZ 106A:1V
10.9 Arsdiv
DC  Full

Edge CH1
Auto
0.000kV

Max(C1)
Min(C1)
Rns(C1)
Freq(C1)

- a o P — i
31]7] 4.26 UAAILIIABUISNTINANGEN 2 1HaLaie 1 High LLasien 2 Low

2008,03,14 00:12:15 (&

133.333v
-162.500V

58.8%2V

39.31590kHz

Duty(C1) 5276

Hax(CZ2) « ~1Z.50e08n
Hin(CZ) -B.75000n
Rmns(C2) ~ 5.52612A

310k

freq(cé)
Duty(C2)

39.68gPosition
43.5

Normal

YOKOGAWA ¢ 1970 T 2080MS/s . Spsiliv
: ] » C< Mainz 10k 5> : i CH1 10:1
5 W) e 0.1600kVd v
DC “Full
CHZ 1e6A:1V
10.0 Arsdiv
DC  Full
Edge CH1 §
Auto
-0.,004kV
Max(C1)  166.667V Duty(C1) 52Z2.47~ Freq(C2) 39.70617kHz
Min(C1) -175.000V Max(C2Z) 12.91674 Duty(cz) 52.11~
Rns(C1) 76.8952V Min(C2) -11.6667A
Freq(C1) 39.69041kHz Rns(C2) 7.46842A

E‘IJYI 4.27 LaAILTIAnUaTNIzUEen 1 Walawan 1 High uazten 2 High
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2008-03/13 23:35:21 [f =ni10x  Normal
YOKOGAWA ¢ 26381 ] 200MS/s  SHUsAiv
R H : ‘:<< Mainz 10k >> : R : CH1 10:1
: : : : : 0.100kV/d (v
DC  Full
CHZ 1e0n:1V
10.0 Arsdiv
DC  Full
Edge CH1 ¥
Auto
9.900kV
: : : E 4 : ; 3 : CHZ
Max(C1) ~ Z1Z.5860 Tuty(C1) ~55.75x Freq(Cz) 39.7ZgPosition
Min(C1)  -16Z.500U Hax(CZ) < 13.75000 Dutyd(C2)_ 52.41
Rms(C1) 73.7249W Min(C2) -12.50006n 0.90div
Freq(C1) 39.68254kHz Rns(C2)  7.1163% ‘

o 2 A o g ! .
3111 4.28 Laguawuasnsziaiad 2 \allataa 1 High uazim 2 High

4.6 @A1U3EANSN 1NN ATIHAN BTN INITHATY 9

56

Tunsitniteid ss@nTnIneiy ﬁ]:ﬁﬁmnﬂ‘%ﬂuLﬁﬂumﬁwé’ﬂwﬁﬁﬁmﬁwmm:

o a [ 3 A 1 1 5% =‘ 1l o v
AdvlWihdnwaing S g lannnmwirkunlaginaldanngs

Y/ AS Eﬁut x 100

n

464 sl
Walan1 voudl Low silseErmweriany

392.0x100/761.52 =5148%
ot viaud High finUsz&ntnwivinu

551.96 x100 / 275.15 = 56.60 %
loien2 ¥auil Low sdssaniaiwiriny '

369.79 x100/ 748.91 =49.38 %
o2 i High findsenTniwirinnu

505,13 x100 / 952.70 = 53.02 %



4.6.2 NIMNIINBEDILAN

o ] o o = ] a e A
WaLaT 1 H9un Low La1 2 Hiewhn Low endssRrniniwvinnu

[450.55+384.70]x100 / 990.36 = 84.39 %
ot 1 el Low 1en 2 vaudl High silss@nsnwwrinny
[439.65+524.66]x100/ 1181.28 = 81.63 %

Wiowen 1 Finaud High ta1 2 Yaudt Low silszBnmmurindy
[617.17+325.47]x100/ 11986.30 =78.80 %

Wate 1 el High 1aa-2-199ui-High s Atlssan s murinfiy
[574.29+524.66]x100/ 1335.11 =82.31%
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interational PD-9.5128
Rectifier | IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated D _

® |solated Central Mounting Hole Vpss = 500V
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

RDS(on) = 0.279
v I = 20A

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effactiveness.

The TO-247 package is preferred for commercialHndustrial applications
where higher power levels preciude the vse of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. it also provides greater creepage distance betwaen pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parametar Max. Units

Ip@ Tc=25°C | Continucus Drain Gurrent, Vas @ 10V 20
Ip @ Te=100°C | Conlinuous Drain Current, Ves @ 10V 18 A
lom Pulsed Drain Current @ 80
Pp @ Tc=25°C | Power Dissipation 280 W

Linear-Derating Facter 2.2 W/C
Ves Gate-to-Source Voltage 120 )
Eas Single Pulse Avalanche Energy @ 960 md
lar Avalanche Cument ® 20 A
Ean Repetitive Avalanche Energy @ 28 mJ
dv/dt Peak Diode Recovery dv/idt @ 3.5 Ving
T Operating Junction and -55 to +150
Tsra Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3'screw 10 ibfsin (1.1 Nam}

Thermal Resistance
Parameter Min. Typ. Max. Units

Raic Junction-to-Case — - 0.45
Recs Case-10-Sink, Flat, Greased Surface — 0.24 — °C/W
Raua Junction-to-Ambient — — 40
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IRFP460

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

Parameter Min. | Typ. | Max. | Units Test Conditions
V(eR)pss Drain-to-Source Breakdown Voltage 500 —_ — V | Vas=0V, lo= 250pA
AVeripss/AT .| Breakdown Voltage Temp. Coefficient — | 063 ] — | VP C |Referance to 25°C, lp= 1mA
Rosion Static Drain-to-Source On-Resistance — — [ 027 ] 0 |Ves=10V, Ip=12A @
Vasihy Gate Threshold Voltage 2.0 —_ 4.0 V | Vos=Vags, lp=250pA
o : Forward Transconductance 13 — — S | Vops=50V, lo=12A @
Ipss Drain-to-Source Leakage Currant - — ey LA Vos=500V, Vgs=0V
— — | 250 Vps=400V, Vgs=0V, T,=125°C
loss Gate-to-Source Forward Leakage — — 100 nA Vas=20V
Gate-to-Source Reverse Leakage — —/ 1-100 Vas=-20V
Qg Total Gate Charge - — 17210 lo=20A
Qe Gate-fo-Source Charge — | =] 29 | nC-|Vps=400V
Qg Gate-1o-Drain.("Mitler*) Charge - — 110 Vas=10V See Fig. 6 and 13 @
tdon) Tum-Cn Delay Time — 18 — Vpo=250V
t Rise Time — 59 - = lp=20A
td(olty Turn-Cif Detay Time -— 110 — Re=4.3Q
] Fall Time — 58 — Rp=13 See Figure 10 ®
Lo Internal Drain Inductance = 5.0 - SBer:‘unt_le(ea zles?: ') E
nH [ from package o
Ls Internal Source Inductance N 13 \ NS and center of
..l die contaet 5
« Ciss Input Capacitance — 4200 | — Vas=0V
. Coss Qutput Capacitance — B70 | =~ pF | Vps= 25V
Crss Reverse Transfer Capacitance — 1850 ) — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ _\ 20 MOSFET symbol o
{Body Diode) A showing the
{sm Pulsed Source Current \ _ 40 integral reverse @ _
{Body Diodé) © p-n junction dioda, is
Vsp Diade Forward Vollage — = 1.8 V1 T=25°C, 1s=20A, Vas=0V @
b Reverse Recovery Time — | 570 860 | ns | Tu=25°C, le=20A
Qire Reverse Hecovery Charge — | 57 | 86| puC (jdi/di=100A/us @
ton Forward Tum-On Time intrinsic turn-on lime is neglegible (tura-on.is dominated by Ls+Lp}
Notes:
@ Rapetitive raling; pulse width limited by @ 15p<20A, difdt<160A/s, VODSV(BR)DSS,
max. junction temperature {See Figure 11) T.s150°C
@ Vpp=50V, starting T)=25°C, L=4.3mH @ Pulse width < 300 pus; duty cycle £2%.

RG=25Q, las=20A (See Figure 12)
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Ip, Drain Current (Amps)

Ip. Drain Current {Amps)

TOR 'l:' i
s =
o P
H e
4. ov|
NOTTOM 4. Bv|
vl
101 =
7
4.5v
20us_PULSE WIDTH
To = 5%
169
100 10!

Vps, Drain-to-Source Voltage (volis)

Fig 1. Typical Output Characteristics,

Tc=25°C
4
&
P
7
- 1500C ,/
1ol A
10 ~
r
f1 f
717
;250
mﬂ/ Vpg = S0V
20us PULSE WIDTH
4 B 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

v 38
et /._
iy A
R
— BoTTOM :_ﬂ /
g
< e
£ 4 5% =1
[} Pt
I
=2
(6]
£
i
& &
s |/
"
20us PULSE WIDTH
Tp = 150°C
10¢
109 10l

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

Te=150°C
35
Ip = 20A

8
2 3l
‘h
o

2.5
S A
8 -§ 2.0 “4
23 g
DE. s S
o 0 < "
& N 2
RN 7
<l 1.0 Pt
& /
EN [~
5 0.5
@
Q? VG5 = 10V

0.0
-60.~40-=20 0 20 40 60 BO 10D 120 §40 16O
TJ, Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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IRFP460

10000 Vas = OV, f = ™z 20 ” T
g;ss = Egs + Cgg. Cgg SHORTED n Tp > 208 Voo = 400V T\
= Cga = Voo = 250V
8000 < Cos,: - Cgs * Cga 2 Voo - 100v N
™. g p
g g £ A
S w cms~ = a2 7
§ \\ \,.._.‘ § /
2 N \\\\ e é% 8 ’?,
8 \‘ Coss 5 [A
\\ TR ® /
20 ™Crss = C- a
-Nﬂ_\\\ a / m'im
N > FOH 1E5 1)1
N o SEE_FIGURE 13
s 0! & 20 80 120 60 200
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. ‘Typical Capacitance Vs. Fig 6. - Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
102 153
Py EF Doz ion v kIS pnze lwemi o]
E / // B PoBieg 150 aennnd
e | AT A
// ] V- + ; i
E E 102 ;
3 £ /s P ]
E X X
g 3 ., | ~ \
5 150°C / (SR o % Y, <
£ A \ \P AN 1008
g / /350(; B g 10 - AEE = k-: N, :
a £ Ay ‘\
3 / // b s e =
T 3 ; ST
a Toe250t : :
R : Ti-:SDOE I ; <
" Yool STNGLE PULSE ; ) tom
%5 o8 10 12 14 16 T8 a9 Ye s qg 2 5 2 ¢ 5 g
Vsp, Source-to-Drain Voltage (voits) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Opsrating Area
Forward Voltage
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1p, Drain Current (Amps)

IRFP460

Vos AAA
D.U.T.
20 Y
]'fVDu
16 N Taov
Pulse Width £ s
Duty Factor s 0,1%
12 ‘\\\ 2
Fig 10a. Switching Time Test Circuit
\\
8 A Vbs
N W77 N A
[ \

4 | I
| f |
| { |

10% ;

o i T 1

25 50 75 100 135 150 Vas -—ﬂ j
Te, Case Temperature (°C) ey toem I
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
b i £ i
UL
’% pO=0 1
n) Ll
@ 0.1 Boa ~ma
(o) 4 = I
RN T = =
1] = ull
&:3 ;o.oz:' B : 7] ”
E [0 '*: 1] SInGLE PULSE
E .
S 10 “pa. {THERAMAL RESPONSE) T
Poy
£ i 1 1d
S “z.i
NCTES:
1, QUTY FAGTOR, D=ti/t2
o 2. PEAK TyePgy x 2enje * T¢
1078 1074 1073 1072 0.1 i 10

ty, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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IRFP460

Vary 1p to obtain Vps >— o
required las
DuUT. 2400 —
9 + e 8.9
P A
7.Voo é- 2000 \\ soTIoM 208
lag P
g’ 1600]— N,
0010 | g L \
. e 3 szoe oy
Fig 12a. Unclamped Inductive Test Circuit 5
a
ﬁ, 00 B \‘
“ <2
2 a0 e <
W I~
1 3
Vos . ¥pp = 50¥
2 50 75 160 125 150
Starting Ty, Junction Temperature(°C)
s — 2 1.\ Fig 12¢. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms el CY(reny

Current Regulator

wvfe e 2 ¢ NN RN 2 WA TSN e 0
purT T-
- Qgg Qcp ’—_7-9
Vas > ||:|—
Y ama L1
e A AN
Charge ——-» la” * Ip

Curtenl Sampling Resiators

Fig 13a. Basic Gate Charge Waveform Fig13b. Gate Charge Tast Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/di Test Gircuit — See page 1505
Appendix B: Package Outline Mechanical Drawing - See page 1511

Appendix C: Part Marking Information — See page 1517 Intemational
Rectifier
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-iC

TLP250

Transistor Inverter
Inverter For Air Conditionor ..
IGBT Gate Drive
Power MOS FET Gate Drive & O

Unit in mm

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a e
integrated photodetector. 2 .(2. =T
This unit is 8-lead DIP package. i
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. - HOEE02E . 7Y

¢ Input threshold current: [F=5mA(max.) . lﬁ ;
« Supply current (Icc): 11mA(max.) 122 Q.lf%gr .‘g !}}Wi:
* Supply voltage (Vce): 10-35V poagar oy ¥ b b
e OQutput current (I0): £1.5A (max)
o Switching time (tpLH/tpHL)" 1.5ps(max.)
« Isolation voltage: 2600Vims(min.)
¢ UL recognized: UL1577, file No.E67349
e Option (D4) type
VDE approved: DIN VDE0884/06.92 certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 830VPK Weight: 0.54 g
Highest permissible over voltage: 4000VPK

&
. 9 3
23400 i

804

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
s Creepage distance: 8.4dmm(min.)

Clearance: 6. 4mm{min.)

Schmatic Pin Configuration (top view)

9. \Vee 1[ :|s

2(] 7
L 3|:}:; s

U3
_)
2+
VE :} = 4 >’
3

Vo
4 E ] 5
5 GND 1:N.C.
A 0.14F bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5: GND
6 : Vo (Output)
7:Vo
8. Ve
Truth Table
™ Tr2
Input On On Off
LED off off On

1 2004-06-25



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
@ Peak transient forward curent {Note 1) lepT 1 A
Reverse voltage VR 5 \Y
Junction temperature Tj 125 °C
“Hpeak output current (Pyy s 2.5us,f s 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pyw s 2.5ps,f < 15kHz) (Note 2) lopL +15
(Ta s 70°C) 35
Output voltage Vo Vv
5 (Ta=85°C) 24
3 (Tas 70°C) 35
E Supply voltage Veo \Y
(Ta=859C) 24
Output voltage derating (Ta 2 70°C) AV / ATa -0.73 vi°C
Supply voltage derating (Ta 2 70°C) AV / ATa -0.73 V/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) Tsal 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vems

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

Note 2:  Exporenential wavefom

Note 3.

Note 4. Itis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together,

Exporenential wavefom, lopH 5'~1.0A( < 2:5ps), lopL < +1:0A( < 2.50s)

Device considerd a two terminal device; Pins 1,2, 3 and 4 shorted together, and pins 6, 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 finear 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) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 v
Supply voltage Vce 15 —_ 30 20 Vv
Peak output current lopH/lopL — —_ 105 A
Operating temperature Topr -20 25 70 85 °C

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

2004-06-25



TOSHIBA TLP250
Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
input forward voftage Vg — iF=10mA, Ta =25°C 1.6 1.8 Vv
Temperature coefficient of _ _ _ _ _ °
forward voltage AVE i ATa IF=10mA 20 mv/°C
Input reverse current IR —_ Ve =5V, Ta=25C — 10 pA
Input capacitance Cr —_ V=0,f=1MHz , Ta=25°C - 45 250 pF
ey IF =10 mA
H” level lopH 3 =05 -1.5 —
= Vgg=4V
Output current 2{%’ v 5 A
upm IF=
L" level lopL 2 V5= 2.5V 05 2 —
wp Veer = +15V, VEgt = 15V _
H" level Vor 4 RL = 2000, If = 5mA 11 12.8
Cutput voltage \'
o Vet = +15V, Vggy = -15V _ _ _
L" ievel VoL 5 R( = 2000, Ve = 6.8V 14.2 125
Vee = 30V, Ig = 10mA - 7 _
"H" level lecH — Ta=25°C
Vee =30V, Ir = 10mA — — 11
Supply current = % mA
Voo = 30V, Ig = 0mA — 75 _
“L" fevel et & - |Ta=25C '
Voo =30V, Ig = OmA — - 11
Threshold input “Cutput I = Voot = +15V, VEgr=-15V -
current LosH" { v R( = 2000, Vo> OV " ° mA
Threshold input “Output L L |Mect =15V, Vg1 = -15V 0.8 * _ v
voltage H—L" RL =2000Q, V5 <0V ’
Supply voltage Vee — 10 -— 35 v
Capacitance c Vg =0, f=1MHz
- — 1. X
(input—output) 2 Taie 250 3 ? 20 | pF
; - - W Vg =800V, Ta =25°C 12 14 _
Resistance(input—output) Rs R H.s 60% 1x10 10 Q
* All typical values are at Ta=25°C  {*1): Duration of Ip time < 50ps
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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 tpLH _ 0.15 0.5
delay time HolL toHL Ir = BmA {Note 7) — 0.15 05
6 Vgt = +15V, Vegq =15V us
Output rise time t Ry = 2000 —_ — —
Output fall time tr — — -
Common mode transient
h . - Vom = 600V, IF = 8mA
immunity at high level Cmu 7 - = oo ~5000 — — V/ius
output Voo =30V, Ta=25°C
Common mode transient
N h Vou = 600V, I = 0mA
immunity at low level CMmL 7 = = 950 5000 — — V/us
output Voo =30V, Ta=25°C

* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall ime) < 0.5 ps.
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TOSHIBA

TLP250

Test Circuit 1 :

Test Circuit 3 : IOPH

1[] i
sl

. d)—[
+[

Test Circuit 5: VoL

1[0 ]BI
vFl—E ]

T Veer

Test Circuit 2 : IOPL

di
[
0

4[]

Test Circuit 4 : VOH

1

T

a[]

]——@1 L Ve
|
]_" OPL Ves

Veer

TVEE1
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TOSHIBA TLP250

Test Circuit 6: tp| H, tpHL, tr

M 8, _I |—
i | IF
_I—LlF 0.1pF 1 Vcer
17 Vo T Von 80%
e
- S P VoL 80%
100Q [ ]'_“
L VEEe ”
Test Circuit 7: CpH, CmL
8
o
1 [ | I
sw IF 0.1uF
—> [: :I 4 1LVCC
Ao'o B
[l
o[ 14
Veu
M\
ra S T
_, 600V. /
20%
Vem 0% =
f
1€ d " L Cme= o)
SW :A(E=8mA) s
Chin G AB0Y)
VO /\— 2y \/—_ 26V Ef {ps)
ChL
SW :B(lg=0)

CmL(Cmy) 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

IF (mA)

Forward current

Allowable forward current
IF (mA)

Allowable peak output current
IoPH, loPL  (A)

le— Vg
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03
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w

S
5

10 1

40
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Forward voltage VE M)

iE—-Ta

a0

20

0

20 40 60 a0 100

Ambient temperature - Ta (°C)

lorH, lopL —Ta

T T T T T

PWe 25ps, f+ 15 KH2

o

20 40 60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient » YF/ + Ja (mV/C)

Allowable supply voltage Voo (V)

-2.2

-2.0

-1.8

-1

« Vgl Ta-Ip

6

4
0.1

40

03 o5 1 3 5 10 30

Forward current IF (mA)

Vee-Ta

30

20

] 20 40 60 80 100

Ambient temperature. Ta' (°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

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

+ The informaticn 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 other rights-of the third parties. which may result-frem its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

+ TOSHIBA is continually wotking 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.

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” efc..

¢ 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 extracrdinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Uninten-ied Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transpontation instruments, traffic signal instruments,
combustion control instruments, medical instruments, alt 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 produced and sold, under
any law and regulations.

o GaAs(Galiium Arsenide) is used in this product. The dust or vapor is harmful to the human bedy. Do not break, cut, crush or
dissolve chemically.
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