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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 cocking 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 induction cooking is presented.
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®1379 3.1 @133 Skin depth War surface resistivity

f (kHz) skin depth (mm) : 0 | 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 3.265 x 10"
50 0.174 3.441x 10"
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220V.A.C1 Microcontroller l:)pro P ower
—+ Regulator [ - -

50Hz PIC Coupler MOSFET

<
3Un 3.6 Ltamuﬁaﬂ'lma:unwmano%smuqu

§2ulTENaURANTBINIINILAN
1) gaddslalasnaulniamed PIC (Microcontroller PIC)
2) navseadlenatined (Opto Coupler)
1

3.2.1 qm‘i'nﬁ"a‘ladfmnaufmmaas‘

ﬂgmﬁﬁﬁueﬁl'ﬁas’ﬁaﬁryrywmiuuamﬂmaﬂu‘[mﬂau‘[mmaa{ PIC16F877A 1un1s
naroIdaud NI T Lﬁaammﬂumv’lﬁtﬁﬂﬂd’lmm:e?un'h'lugﬁuuummuaamuuﬁ
laniladiu 7805  (wisensanneeiiuunsduanudandasdiuuiadialoandaanin
WA INTIU 5 V vhg PIC 'gaf‘i’lz% PIC16F877A TlHlummanasitsianesiolui




/**********i*********i*i***ﬁ**i**i*ii**iiii*i*i*l‘i*‘l'ii**i*ﬁii*i**tittti***i*ii*tl‘it****t**itt*i**tiiit

* Workfile : LAB0304.c

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

* Author : Panya Leelerasamee

* Email : ya_chum@hotmail.com

* Compiler : CCS C Compiler

* Target : PIC16F

* Other Files :

* Ref

*iiiiiiit**t**i*ii**iit*i**t*ii***t*i**itti*itii**i*iit***itiiii*i*i*'I'*t****ttiii*ttt**i***iit*tt*t*l
/“‘l“l"**tl“l“l*‘l‘**‘l‘*“‘l“l‘“‘I‘tl"tii*t****itl’*ti***** Includes *ﬁ“*il‘t*i*t*i**i"‘l“tii*iiit****iii*i********l’*’

#include <16F877A.h> !l header file for PIC16F877A

/“‘l“l‘ii‘tii****t***i***ii*i**i***i* Setting Configuration fuses *i*iitl‘*i*ii*ii*i**t*iii*t*ii**i*l‘l

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

36

#use delay(clock=20000000) !/l Change OSC here (default 20MHz)

T T T e T
void main{void)
{
set_tris_a(0x00), /] Set port RA all input
while (1) {
output_high(PIN_A1);
output_high(PIN_AZ2);
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);
i

’l‘i***i**‘I‘**‘ttt*i*iit*t'tiii***t‘l‘t***i End Of $w0rkﬁ|e: $ ***********ii************************I
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199 B lumInasasbldiiuasastuussinasiia Opto-coupler lapld TLP250 1N

. 3 o_ o “ a & o N e
LLUﬂﬂ")uﬂ’liﬂ’N’l%’Uﬂﬂ’]Gﬁ)iﬂ’lﬂﬂLLﬂ:’N’i]iﬂ'DUﬂ&ll“lJﬂElGIﬂFJ&l’lﬂ'll‘H» ﬂaoﬂu‘lulﬁnszuamn

’m‘sﬁwé’o‘l%ﬂﬁawﬁwgm‘ﬂﬂmﬂau‘[maLaiﬁ

330 n
AhA3
ey

LED N

Ve +
o)
||1DD uf
[ R
Nl 0.1 uF
1
TLP250 1Kn
hadh
YYvy
N¢ Ve
v 1n 10 Kn
Anode Vo [ AhAA FYYT
Cathode Vo || YYvY YYvY
NC GND = J|1UUuF
|}
11 0.1 uf
11

'D 1N4 7284
(

d . 4
311 3.9 usavrsastuvaawa Opto-Coupler Aldlunmimaass

A
aunyoilu1993 Opto-Coupler Mldluntimaass

1.

© ® N o 0 B~ DN

TLP250

1N4728A
aufiudsz 100 uF
@uAulszy 1 KF
AIFIUNIU 330 Ko
@8I 0.1 Ko
viadlalea
aufiuilieg 220 uF
Connector 12 11

10. LED
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-
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ningalulasneninsnnesludnyad i gresmahnulunsdusssalwesduisfinad

. 4
41 minasgoudggimieanangalulasaanlnsaiaas PIC16F877A

2008-03,09 18:29:46 p=— N0k NOrmal
YOKOGAWA $ 19043 b 100MS/s  18HSAiv
: ; ; T Mainzilk 5> : : : : CH1 10:1
I P e [T T . TP T Teenees e 2.00 Udiv
......... : : DC_ Full
of e
" L
o ——— ¥ eet——
Edge CH1 §
Auto
1.92 v
Freq(C1) : 39.68254KHz : Duty(Cl) 42.86%

L] s = o
311 4.1 uaeIRY Y IUNBININVIFTY QYN 4 2



2008-93.,69 108:28:51 [g o« Normal

YOKOGAWA ¢ 18042 | 190MS-S  10HSAliv
: ; : U< Maim 10k 3> : : : : CHl 18:1
......... e | | 2,00 Urd iy
— : . : T - : o : DC Full
|
......... Edge CH1
......... e e T e e Auto
......... e e | 192
--------------- Max(C1) i 5.41662V - .- Hin(C1): - ~416 ,662nY- i ...
Freq(C1) : 39.68254kHz : Duty(C1) 49.21x
= a P a
Eﬂﬂ 4.2 LAY IUNDANINVIRYU M 3
2008-03,09 18:27:44 [t ok Nornal
YOKOGAWA ¢ 17971 U 100HS/S  10KHSMiv
: : : T Maini 10k >> . : : : CH1 10:1
: : : 2.00 Usdiv
: DC Full
......... Edge CHI f
P e e T e AUto
OO OO SO URUU PEPUPUOE SOPRUPRE SRR EERUURUORE SOURURUUOE SRR RN 1.9z v
--------------- MaxX(C1) .- 4.B3333............ Hin(C1) .. ~583,333mU. ..—.. .
Freq(C1) | 39.68254kHz : Duty(C1) 23.02~ :

d Qs A B
3UN 4.3 UROIFTYYIUNDANIMVIRY Y M 4

U



4.2 nsnagavdgarnidiwangaivsaaiia Opto-Coupler

200093,05 00:36:23 1o Normal
YOKOGAWA 4 2307 | 100MS/5  10usAliv
: : ; T <C Haini 10k »> ; : : CH1 10:1
: : : 5.00 Usdiv
DC  Full
CHZ 1:1
5.00 Usdjv
IC Full
Edge CH1 §
Auto
4.90 V
Max{C1) = 11.4583V Hax(C2) 12.5660V
Min(Cl) -1.25000V Min(C2) -2.68333V
Freq(Cl) 39.69829kHz Freq(C2} 39.68254kHz
Duty(Cl) 4?.88« Duty(CZ} 41.55z

] ar o a d a
31N 4.4 uaeIRTULI MV VARWATEININ 1 ( T95)

2008,03,05 00:36:54 [ Jiox NHormal
YOKOGAWA ¢ 2630 1 100MS/s  10usAliv
: : ; D<K Faina L0k »> ¢ : : : CHi 1a:1
: : : 5.00 Usdiv
DC Full
CHZ 1:1
5.00 Usdiv
ODC  Full
Edge CH1 {
Auto
4.90 V
Hax(C1) 11.2560V Max(C2) 12.7e83V
Min(C1) -2.68333V Min(C2) -2.29167V
Freq(C1) 39.68254kHz Freq(C2) 39.69829kHz
Duty(C1) 21.75x Duty(C2) 41.52«

2| a o a d a
3UN 4.5 usaua g ITLNa MW AN 2 (1911) 1iaTla Low



2008,03,05

00:38:35 &

=3[)1 0k

Norwal

YOKOGHWH"

6462

g
<L Malni 10k o7

100MS/s  10usiiv

Hax(CD)

1145830 Hax(C2)  1Z.50000

Hin(C1) -1.25000V Min(C2) -2.29167V
Freq(C1) 39.68254kHz Freq(C2) 39.68254kHz
Duty(C1) 42.74x Duty(CzZ) 41.557

CH1 10:1
5.00 Usdiv

BC  Full

CHe 1:1
5.00 Usdiv
OC  Full

Edge CH1 +
Auto
4.90 U

P o o a d d e .
311 4.6 uaasFyIUMTUNARWADDININ 2 (181 1) Wale High

2008,03/05 00:39:09 g

010k

Normal

YQKOGAWMA"

7055 T
: << Mainz 10k 35 ¢

100MS/s  10psAiv

Freq(C1)
Duty(C1)

Hax(CD) 1125060
Hin(C1) -1.87500U

Hax(C) 1270630

Hin(CZ) -Z.50000V
39.69829kHz Freq(C2) 39.69829kHz
21.60x Duty(Cz) 41.60x

CH1 10:1
5.00 Y div
nc Full

CHZ 1:1
5.00 Vdiv
DC  Full

Edge CH1 +
Auto
4,90 v

JUN 4.7 UFAIRUN MV NATIWATEININ 3 (181 2) Liavlle Low
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2008-03,05 00:41:58 (g Normal

===(J1 0k

YOKOGAWA @ 14102 1 106MS/S  10HSAliv

1 {< Mainz 10k >> ¢

Hax(CD 1145890 Hax(C2)  11.87500

Hin(C1) -1.45833V Hin(C2) -2.70833V
Freq(C1) 39.69829kHz Freq(C2) 39.68254kHz
Duty(C1) 41.56x Duty(C2) 47.90x

CHI 16:1
5.00 U-div
nc Full

CHZ 1:1
5.00 U-div
IC  Full

Edge CH1 f
Auto
4.99 U

a a v a 4 P2y ay .
31N 4.8 U MTUVIFIWATEININ 3 (101 2) LWailla High

43 MINARDULITIAWBLASATTRANDINBIA AL

2008,03/13 23:25:27 [
YOKOGAWA @ 780 i
<« Muinlﬁlﬂk >>

Normal
ZOOMS/S  SHsAliv

=

CH1 10:1
0,100kVU div
IC Full

CHZ"100A:1V
10.90 Asdiv
DC  Full

Edge CH1
Auto
0.000KU

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

433.8[fgPosition
Hin(C1) -166.667V Hax(C2) 14.5833n Duty(Cz) 27.55
Ens(C1) 64.6053V Min(CZ) -8.75000n 0.00div
Freq(Cl) 39.68254kHz Rns(C2) 6.96762A

A a o d a
EIIYI 4.9 ugeILsIauwaznTzuanian 1 taitta Low
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2008-03,13 Z23:24:10

301 0k

Normal

YOKOGAWA @ 46301

T Hain 10k >> C

200MS-s  DusAliv

CH1 10:1
0.160kVd {v
DC  Full

CRZ 166A:1V
10.0 Adiv
DC  Full

Haox(cD  154.1670

Tuty(Cl) 52,397

Min(C1) -170.833v Max(C2) 13.7500n
Rns(C1) 73.8001V Min(CZ) -10.8333A
Freq(C1) 39.68254kHz Rms(C2) 7.47908n

Edge CH1 $
Auto
0.000kV

P @ o d . .
31]1’] 4.10 UFAILIINUURENIEUENLON 1 1laita High

2008,03-13 23:31:04 [

3Mtok

9

Normal

YOKOGAWA ¢ 16823

D << Main2 10k >

200135 Dusdliv

CH1 10:1
0.100kVd v
0C  Full

CHZ 1oea: 1y
10.0 Ardiv
DC Full

137 5000

Iax(Cli

Min(Cl) -141.667V Max(C2) 14.5833n Duty(Cz) 44.29
Rns(C1) 61.77289 Min(C2) -8.75000A
Freq(C1) 39.69829kHz Rms(C2) 5.98573A

Tety(C) 52.5%7

freqtcé) 39.70[glosition

Edge CH1 ¢
Auto
9.900kV

0.00div

Eﬂ’ﬂ 4,11 LROILTIARUATNTZUANLAN 2 Lialla Low
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2008,03-13 23:30:21 [ apiox  Normal

YOKOGAWA 4 15953 q 200HS/S  Susiliv
: R R << Main3 10k > . : : CH1 10:1
: : : : : : 0.100kV/d {v
IC Full
CHZ 166A:10
10.0 Asdiv
OC Full
Edge CH1
Auto
0.000kV
Max{(C1)  87.5e0eV Duty(C1) 56.34« Freq(C2) 38.35(@Position
Min(C1) -116.667V Hax(C2) 10.4167A4 Duty(cz)
Rns(C1) ?71.2459V Hin(C2) -12.5000n 6. 00div
Freq(Cl) 39.69941kHz Rms(C2) 7.08992A
] v o A4 o« .
E‘iJ'n 4.12 uaeLIanLaznIzuanian 2 watlle High
Y] a ~
44 ms‘nﬂaammmmma:n‘s:uaa%wn‘lummmaq
2008,03/14 00:28:15 | 1ok Normal
YOKOGAWA 9 498 g 200kS/s  SmsAliv
: : . << Mains 10k >> : : : CH1 10:1
: : : 50.0 Usdiv
DC  Full
CHzZ 100A: 1V
10.9 Asdiv
DC  Full
Edge CH1 £
Auto
0.0V
: : : : : : : : : CH1
Hax(C1) 97.9167V Duty(C1) 49.94x Freq(CZ2) 49.98fgPosition
Hin(C1) -97.9167V Hax(C2) 23.7500n Duty(Cc2) B2.95
Rms(C1) 71.2160U Hin(C2) -24.5833n 0.00div
Freq(C1) 50.012560Hz Rns(C2) 10.6943A

511 4.13 Jallaten 1 Low

U



2008,93/14 00:28:50

L'l

10k

Normal

YOKOGAMA 4 570

C < Maini 10k >>

200k3/s  SnmsAliv

CH1 10:1
50.0 VYrdiv
OC  Full

CHZ 1604:1U
10.@ Asdiv
DC  Full

Fdge CH1 §
auto
0.0 U

ax(C1) 95.8333U
Min(C1) -95.8333V
Rms(C1) 70.2239V
Freq(C1) 50.05005Hz

Duty(C1) 59.068x
Max{C2)
Min(C2)
Rns(C2)

28.7500n
-29.5833a
13.088640

Freq(c2) 49.98
82 .18

Duty(cz)

gﬂﬁ 4.14 Jodaian 1 High

2008,/03/14 90:30:06 [

3010k

3

Normal

fgPosition

0.00div

YOKOGAWA ¢ 813
T ;

4K Mains 10k 2>

200kS/S  Shshliv

CH1 10:1
50.0 Usdiv
DC  Full

CHZ 100A:1V
10.0 Asdiv
DC  Full

Edge CHI §
Auto

0.0V

HEX(CD)  97.51670

Hin(C1) -97.91672V
Rms(C1)  71.5568V
Freq(C1) 49.98750Hz

Taty(CI) 50,44

Max(CZ) 2Z.9167n
Hin(CZ) -22.5000A
Rms(CZ) 10.46600

Freq(C2)  49.98[gPos it ion
20.22

Duty(cz)

31Jﬁ 4.15 \ladaien 2 Low

0.00div
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2008,03/14 90:29:30 (g

31 ok Nor:al

YOKOGAWA ¢

731 T
. : << Mains 10k >> !

200k3/s  SnsAliv

CH1 16:1
50.9 Vsdiv
DC  Full

CHZ 100A:1V
10.0 Asdiv
DC  Full

Edge CH1 §
Auto
8.0V

: : : ‘ : : : : CH1
Max(C1)  97.916V Duty(C1) 590.05« Freq(C2) 49.93(gPosition
Hin(C1) -97.9167V HMax(C2) 28.3333a Duty(cz) 22.97
Rms(C1)  70.6250V Min(C2) -27.9167A 0.00div
Freq(Cl) 50.62501Hz Rms(C2) 13.4896A
P23 A A .
3in 4.16 WWalaien 2 High
2008,03-14 00:30:43 | 1ok Normat
YOKOGAWA 4 858 | 200kS/s  SMsAliv
: ! : < Maini 10k >> ¢ : : CH1 10:1
: : : 50.0 Ursdiv
DC  Full

Max(cD  95.53330 Tatgicy 49.7%:

Min(C1) -95.8333V Max(C2) 29.5833n Duty(C2) 18.85
Rns(C1) 70.3323V Hin(C2) -28.7500A
Freq(C1) 49.96253Hz Rms(C2) 14.0812Aa

=] a
jUn 4.17 Wadlawan 1 Low 1N 2 Low

Freqtcé) 50.00/gPosition

CHZ 100A:1V
10.0 Asdiv
DC  Full

Edge CH1 _§
Auto
0.0V

0 .00div
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2008,03-14 00:31:20 (g Mok Normal

YOKOGAWA 4 911 200kS-s  Snsdiv

C4< Main2 10k >>

CH1 10:1
50.0 VU div
nc Full

CHZ 160a:1V
10.90 Asdiv
pC  Full

Edge CH1 §
Auto
0.0V

Hax(CD)  95.63330 TatyCh 49,16 Freq(cz) 49,

Min(C1) -97.9167V Max(C2) 35,0000A Duty(C2) 19.10
Rms(Cl) 69.59566V Min(CZ) -34.1667A
Freq(C1) 49.92511Hz Rms(C2) 16.98304
- A a ,
3‘].]7] 4.18 LSJGLTJG]L@]'] 1 Low 191 2 ngh
2008,03-14 00:32:32 prok  Narmal
YOKOGAWA ¢ 1023 ] 200kS/s  5nsAliv
: : 5 D < Mains10k > ; : CH1 10:1
: : 50.0 U-div
DC  Full

CHZ 106na:10
18.0 Asdiv
OC Full

E
C

Edge CH1 4
Auto
Y

: : : : : : : : CH1
Max(C1) 97.9167V Duty(Cl) 50.17« Freq(C2) 50.00gPosition
Min(C1) -95.8333V Max(C2) 35.0000A DutycCZ) ?74.53
Rms(C1) 69.7177 Min(C2) -34.5833n 0.0011v
Freq(C1) 49.92511Hz Rms(C2) 17.1592n

4 4 o
31U 4.19 lalaien 1 High 1e1 2 Low
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P o | d a
Elh'l 4.21 ULAFILTIAULATNIZUENLAN 1 aidaian 1 Low Lazian 2 Low

2008,03/14 00:31:59 g =nox Normal
YOKOGAWA ¢ 968 ] 200kS/s  Snsdiv
: : << Hadni 10k »> - : : : CH1 10:1
: : : : 50.0 Usdiv
DC  Full
CHZ 106A:1V
10.0 Aasdiv
DC  Full
Edge CH1 £
Auto
a.eVv
: : : : : : : : CH1
Hax(C1) 95.8333V Duty(Cl) 50.29x Freq(CZ} 49.93gPosition
Hin(C1) -95.8333V Hax(CZ2) 38.3333a Duty(C2) 7?79.60
Rns(C1) 69. 1402V Hin(C2) -38.7500A 0.00div
Freq(Cl) 49.96253Hz RAms(C2) 19.3102a
FE A ) i
3uUn 4.20 aillawa 1 High te1 2 High
Qo ) o
4.5 MINAHDULIIARLAZNITUALHNAINIITHADILAN
2008-03-14 00:10:40 | 1ok Normal
YOKOGAWA 4 446 200MS/s  Spsdliv
: . <K Maini 10K 3% : : CH1 10:1
: : : 0.100kU div
DC  Full
CHZ 106A:1V
10.0 Asdiv
DC  Full
Edge CH1 £
Auto
-0.004kV
Hax(C1)  179.167V Tuty(C1d 52.42x Freq(CZ2y B6.69267kHz
Min(C1) -187.500V Hax(C2) 14.5833A Duty(C2} 85.96x
Rns(C1)  71.3Z264V Hin(C2) -8.75000A
Freq(C1) 39.66680kHZ Rms(CZ2} 6.31668A
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2008,03,13 23:34:14

10k

Normal

YOKOGAWA ¢ 25772 |

D¢ Mainz 10k 3>

200MS/S  SPsAliv
: : CH1 16:1

0.100kVU/d iv

Ic Full

CHZ 169A:1V
10.0 Asdiv
DC  Full

Edge CH1 £
Auto
0.000kV

Hax(Cl)  200.060U Tutgicl)  27.04%

Min(C1) -1B3.33V Max(C2) 12.5000n
Rms(C1) 64.9044V Min(C2) -10.00000
Freq(C1) 39.68254kHz Rms(C2) 5.99272a

P [ P A a
31!71 4.22 UFAILTIAULAZNTEUENLGT 2 WlatTaian 1 Low wazia 2 Low

Freq(C2) 39.62gPosition

0.00div

2008-03/14 00:11:36 [ grox  Normal
YOKOGAWA 9 1466 ] 200MS/s  SHsMiv
: : : T RainF 10k 3> . : CH1 10:1
: : : 0.100kV-d1v
DC  Full
CHZ 100A:1V
10.9 Arsdiv
DC  Full
Edge CH1 £
futo
-0.904kV
Max(C1) Z12.560U Duty(C1) 5Z2.Z1« Freq(C2) 84.38819kHz
Min(C1) -170.833V Max(C2) 17.0833A Duty(C2) 84.39x
Rms(C1) 68.5295V Hin(C2) -16.66620
Freq(C1) 39.69041kHz Rms(C2) 6.41550A

Eﬂﬂ 4.23 UFAIUTIGUURTNIZLANLEN 1 WWaidaian 1 Low Lazian 2 High
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2008,03/13 23:34:56 g

3

10k

200MS/s  SHsAdiv

Normal

YOKOGAWA ¢ 26381

D << Maini 10k >>

CH1 10:1
0,100kV/d iv
OC  Full

CHZ 100a:1V
10.0 Asdiv
DC  Full

: : : : : . : CHZ
Hax(C1) 212.5e0U Duty(C1) 55.75x Freq(C2) 39.7Z[[gPosition
Min(C1) -162.508V Hax(C2) 13.7580A Duty(CZ) 52.41
Rms(C1) 73.7243V Hin(C2) -12Z.5080A 0 .00div
Freq(C1) 39.68254kHz Rms(C2) 7.11639A

| a o d A .
31]71 4.24 URAILTIOUURENTEUENLAN 2 tatdaia) 1 Low Waztan 2 High

2008/-03/14 00:10:04 [

|

a10k

Normal

Edge CH1 £
Ruto
0.000kV

YDKOGAW@‘O ‘100

DA Mainz 10k B

200MS/5  SpsAliv

CH1 10:1
9.100kVUd iv
nc Full

MaxiCIi— 107 5600

Hin(C1) -187.50QV
Rms(C1) 81.2495V
Freq(C1)

39.69041kHz
| a = o = .
31N 4.25 ugaILTIAULAZATIURTILON 1 LWa1dalan 1 High Lazian 2 Low

Taty(CD 52.17%

Hax(C2) 18.3333a
Hin(CZ) -14.1667A
Rns(CZ) 272.9996870

CHZ 1e0n:1V
10.9 Asdiv
DC  Full

Edge CH1 £
Auto
~0.004kV

Freq(C2)  39.72984kHz

Durty(C2)

91.97x
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2008,03,13 23:36:40 |

i1 0k

3

Norsal

YOKOGAWA @ 27648

D4 Mainst0k >>

200HS/8  SHsAliv
: : CH1 le:1

0.100kV/div

DC  Full

CHZ 106A:1U
10.0 Ardiv
DC  Full

Edge CH1
Auto
0.000kV

133.333v
-16Z2.500V

58.89%V

39.31590kHz

Max(C1)
Min(C1)
Rms(C1)
Freq(C1)

- @ o d a .
3‘1]7] 4,26 URAILTIARUASNTZUANAN 2 Liaidaian 1 High LLaz1@1 2 Low

Duty(C1) 52.76%

Hax(C2) 12.5000A
Hin(C2) -8.75000A
Rms(C2)  5.52612A

2008,93/14 00:12:15 (5

310k

T

freq(cé)
Duty(ca)

39.68gPosition
43.5

Normal
ZOOMS/s  DHsAliv

YOKOGAWA 4 1970

D€ Mainz 10k >

CH1 10:1
0.100kV/d iy
0C  Full

CHZ 100A:1U
10.9 Asdiv
OC  Full

Edge CH1 §
Auto
-0.004kV

Hax{C1)  166.6670

HIn(C1) -175.000V
Rns(C1) 76.8952v
Freq(C1) 39.69041kHz

31N 4.27 ug@aussanuasnszuafian 1 \Walaian 1 High wazian 2 High

Duty(Cl) 52.47%

Hax(CZ) 12.9167A
Min(CZ2) -11.66672A
Rms(CZ) ?7.46842a

Freq(C2)  39.70617kHz
Duty(C2) 5Sz2.11x
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2008-03/13 23:35:21 [f =10 Normal
YOKOGAWA ¢ 26381 ] 200MS/s  SHUsAiv
R H : ‘:<< Mainz 10k >> : R : CH1 10:1
; : : : : 0.100kV/d v
DC  Full
CHZ 1e0a:1V
10.9 A-div
DC  Full
Edge CH1 §
Auto
0.900kV
: : : : : : : : : CHZ
Max(C1)y Z1Z.5860 Duty(C1) 55.75x Freq(C2) 39.7ZgPosition
Min(C1) -16Z.500V Hax(C2) 13.7500A Duty(Cz2) 52.41
Rms(C1> 23,7249 Min(C2) -12.5000n 0.90div
Freq(Cl) 39.68254kHz Rms(C2> 7.1163%9 ‘

o - | A a . -
31/ 4.28 uaaILTIAKUATNIZURAILAN 2 1WaLTaLAY 1 High Wazan 2 High

4.6 @lszAnSnmzasm indnrmenITnnneis 9
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n = @xmo

in

464 ns@A Wi
o1 vioudl Low sdszinmwiriany

392.0x100/761.52 =5148%
Wfaien1 vanudl High drdssaminmwrindy

551.96 x100 / 975.15 = 56.60 %
Wae2 ¥l Low sz ansmwirindu '

369.79 x100 / 748,91 =49.38 %
a2 o High sindse@nTnwirinnu

505.13 x100 / 952.70 = 53.02 %



4.6.2 NIMAIINRADILAN

o . o . o . A e e
WALAT 1 YNITUN Low 1A 2 N1NUN Low ﬂ']ﬂ?:ﬁﬂnﬂ']ﬂl'ﬂ'mﬂ

[450.55+384.70]x100 / 990.36 =84.39 %
1ila1an 1 ¥namdl Low 1an 2 hawdl High sissansmwivinnu
[439.65+524.66]x100/ 1181.28 =81.63 %

i 1 ol High 1@ 2 Ynauil Low sntlazBnBmmiriniy
[617.17+325.47]x100/ 1196.30 =78.80 %

el 1 ¥naudl High a0 2 ¥audl High sniszamBmmwirindu
[574.29+524.66]x100/ 1335.11 =8231 %
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Intemational PD-9.5128
Rectifier | IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated D _
® |solated Central Mounting Hole VDSS = 500V
® Fast Switching
® Ease of Paralleling o Rps(on) = 0:27Q
¢ Simple Drive Requirements

s l[) = 22()}\

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-effectiveness.

The TO-247 package is preferred for commercial-Hndustrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earier TO-218 package because of its isolated
motunting hole. it also provides greater creepage distance betwesen pins to
meet the requirements of most safety spacifications.

TO-247AC
Absolute Maximum Ratings
Paramster Max. Units

Ip@ Tg=25°C Continuous Drain Gurrent, Vas @ 10V 20
Ip @ Te=100°C | Continuous Drain Current, Ves @ 10V 13 A
lom Pulsed Drain Current ® 80
Pp @ Tc=25°C | Power Dissipation 280 w

Linear Derating Facter 22 W/*C
Ves Gate-to-Source Voltage 20 v
Eas Single Pulse Avalanche Energy @ 960 mJ
lar Avalanche Cumrent @ 20 A
Ean Repetilive Avalanche Energy © 28 mJ
dv/dt Peak Diode Recovery dvidt @ 35 Vins
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 Nem}
Thermal Resistance

Parameter Min. Typ. Max. Units

Raic Junction-to-CGase — - 0.45
Recs Case-lo-Sink, Flat, Greased Surface — 0.24 — °C/W
Raia 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 ] — | VPC |Referanca to 25°C, lp= 1mA
Rosion) Static Drain-to-Source On-Resistance — — [ 027 ] N |Ves=10V, Ip=12A @
Vasgh Gate Threshold Voltage 2.0 — 4.0 V | Vos=Vags, lo= 250pA
Ofs : Forward Transconductance 13 — — S | Vos=50V, lo=12A @
loss Drain-to-Source Leakage Current — — 25 KA Vos=500V. Vos=0V
— — | 250 Vos=400V, Vgs=0V, T,=125°C
loss Gate-to-Source Forward Leakage — — | 100 nA Vag=20V
Gate-to-Source Reverse Leakage — — {-100 Vas=-20V
Qqy Total Gate Charge — — 1210 1o=20A
Qs Gate-to-Source Charge — | — | 29 | nC |Vpg=400V
Qg Gate-to-Drain ("Mitler”) Charge — — 110 Vas=10V See Fig. 6 and 13 @
Td{on) Tum-Cn Delay Time — 18 — Vpp=250V
t Rise Time —_ 59 -_— ns lo=20A
td(olt) Tum-Cif Detay Time — 110 | — Re=4.3Q
] Fall Time — 58 — Rp=130 See Figure 10 ®
Lo Internal Drain Inductance —_— 5.0 — Sﬂﬁ\:ﬂe?a zlg?: ')
nH [ from package [.E
Ls Internal Source Inductance — | 13| - and center of
.l die contact 5
+ Ciss Input Capacitance — 4200 — Vas=0V
- Coss Qutput Capacitance —  B70 | ~ pF | Vps= 25V
Crss Reverse Transfer Capacitance — 350 | — 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 _ _ 80 integral reverse 2 }
(Body Diodé) © p-n junction dioda, is
Vsp Diode Farward Voltage — — 1.8 V | Tg=25°C, Is=20A, Vas=0V @
b Reverse Recovery Time — | 570 | 860 | ns | Tu=25°C, Ie=20A
Qire Reverse Aecovery Charge — | 57 | 86 | pC |di/di=100A/s @
ton Forward Tum-On Time intrinsic turn-on lime is naglegible (turn-on is dominated by Ls+Lp}
Notes:
@ Repetitive rating; pulse width limited by @ 13p<20A, di/dt<160A/s, VODSV(BR)OSS,
max. junction temperature {See Figure 11) Tu$150°C
@ Vpp=50V, starting T)=25°C, L=4.3mH @ Pulse width < 300 ps; duty cycle $2%.

RG=25Q, 1a5=20A (See Figure 12)
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|IRFP460

Ip, Drain Current (Amps)

Ip, Drain Current {Amps)

- E === - =
0% _A [N L
e 1 — R P
v a
E
< Py
/ £ W Ll
101 4 e ] d~‘
5
o
7 £
(o]
4.5V a8 //
s |/
7
20us PULSE WIDTH 20us PULSE wIDTH
. T¢ = 259%C ) To = 150°C
'0100 10! wm° 10!
Vps, Drain-to-Source Voltage (volts) Vps, Drain-te-Source Voltage (volts)
Fig 1. Typica! Qutput Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Tc=150°C
35
- 20
» § Ip = 20A
L S 3.0
2 .
i ®
4 4]
- 1509 44 % 25 >
/ P A
1ot A 3 g 2.0
7 ;’L 3 t_; ‘/
17 (3 E s v
y 250 £ ﬁ? /’,
[ = rd
< 1.0 2
/ @] ,f’
N [~
/ v 5 s
100 vDS = 50v g
20us PULSE WIDTH & oo VG5 » 10V
4 8 ] 10 "0 -0 20 0 20 40 60 BO 10D 120 14D 160
Vgs, 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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IRFP460

10000 Vas = OV, f = ™z 20 > T
g;ss = ggs + Cgg. Cgg SHORTED 7 Tp = 2o Ve = 400V 1\
- d = v = 250V
8000 Coi: - Cgs + Cga g vos - 100v N
™. g p
g N - 4
S w cms~ > 12 7
§ \\ \,.._.‘ g /
2 N \\\\ e (% 8 4?’
8 \‘ Coss p [A
\\ TN @ [
200 ™ Crss \\{ @
Tha: S v i
N > FOH TES 1)1
N I~ 0 SEE_FIGURE 13
100 10! 0 40 80 120 160 200
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
P F—==F Jocon-1on v cks ssEe teitiz oo
— / // s ? Aogiagey annnn]
I H-
é 1/ e i il
E E 10? }
= - £ % L N e
(5] £ s HHHEA—— e 10,07
£ £ , X AN
g 1500¢ / o L] =\\ . \\
@ / / % L4 | LN \\ 00,8
g 250¢ . 5 10 - + = =
S / / & s <  —
it - ' ST
a Tee250¢ : :
R / v ov 2 Ti-:SDOE T : 'y
6s = SINGLE PULSE : X om
" ~ 12 14 18 18 20 YTor s yq 2 5 a2 ¢ 5 i
Vsp, Source-to-Drain Voltage (volts) Vpg, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area
Forward Voltage
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1p, Drain Current (Amps)

IRFP460

Vos AN,
D.U.T.
20 Y
=t Voo
16 N Tiov
Eube Width £ 1ps
uty Factlor 5 0,1%
! \\ aclor -;-
N Fig 10a. Switching Time Test Circuit
N
8 LN Vos
N s0% ——\ L i I

|
4 | |

| t |

! { !

10% ; t
o] i T T
5 50 75 100 tJias 150 Vas -—ﬂ j
Te, Case Temperature {°C) ldon) ¥ ta(off)

Fig 9. Maximum Drain Current Vs.

Case Temperature

Thermal Response (Zgc)

Fig 11.

3 HE = 1
UL
ol ]
1 Boa el e
1 4 - ai s
-~ =t
po.on™ <t >
3 ot i
'4, 4L
N e’ || sIHsLE PULSE
10 “pa. {THEAMAL RESPONSE) -
IF
) '~2~i
NOTES:
1. OUTY FACTOR, O=ti1/t2
.3 2. PEAK Ty=Pgy x 2tnjc + Te
10
1078 1074 1072 1072 0.1 i 10
ty, Rectangular Pulse Duration (seconds)
Maximum Effective Transient Thermal Impedancs, Junction-to-Case

Fig 10b. Switching Time Waveforms
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Vary 1p to obtain VYps >— (I
required las
DUT 2400 —
9 * P S.QDA
. 13a
T.¥oD é- 2000 \\ S0TIOM 204
lag P
g’ 1600}y
20010
LIU\/\,...._L S \\ \
[+}]
Fig 12a. Unclamped Inductive Test Circuit £ e 2
a
ﬁ, 800 ™~ \‘
@ N
2 wo [ <
w I
- 50V _—
VDS o voo
29 50 75 160 125 150
Starting T, Junction Temperature(°C)
| — — — — - . N
AS Fig 12¢. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Wavetorms Vs. Drain Current

Curent Regulator

WL ———*2-—--- o —mE=sE===——— s
DUT T
- Qgs Qep ’—_7-9
Vas > ||:|—
Yo ama [
e AAA ]
Charge ——» s ¥ Ip

Curren) Sampling Resiators

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 Intemational
Rectifier
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor inverter

Inverter For Air Conditionor C Ut mm
IGBT Gate Drive

Power MOS FET Gate Drive o L g

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a e _:;

integrated photodetector. 2 .(2. .;] li.

This unit is 8-lead DIP package. i

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. - “»“':gg"w‘"g

¢ Input threshold current: IF=5mA(max.) ; lg :

s  Supply current (Ico): 11mA{max.) 12% .@;.lf%gr .g !}JW i:

¢  Supply voltage (Vco): 10-35V sHeeY N

£

+ Output current {I0): £1.5A (max.) 3@
o Switching time (tpLH/tpHL): 1.5ps(max.)
¢ Isclation voltage: 2500Vims{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: 630VPK Weight: 0.54 g

Highest permissible over voltage: 4000VpPK

24

Rl

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
o Creepage distance’ 6.4mm{min.)

Clearance: 6.4mm(min.)

Schmatic Pin Configuration (top view)

0 Ve 1[0 s

2] ]+
" 3|:}:; s

U3
_)
2+
Ve :}:; >’
3

Vo
4 [ s
5 GND 1:N.C.
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 : Vo (Output)
7:Vo
8:Vce
Truth Table
™ Tr2
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
@ Peak transient forward curent {Note 1) IrpT 1 A
Reverse voltage VR 5 \'
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 +1.5
Qutput voltage (Taz 70°C) Vo % \Y
5 (Ta =85°C) 24
3 (Ta's 70°C) 35
E Supply voltage Vee "
(Ta=85°C) 24
Qutput voltage derating (Ta = 70°C) AVg / ATa -0.73 vi°C
Supply voltage derating (Ta 2 70°C) AVcc/ 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) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.s 60%) (Note 5) BVg 2500 Vs

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

Note 2:  Exporenential wavefomn

Note 3:  Exporenential wavefom, lopH s ~1.0A( $2.5us), lopL < +1.0A( s 2.5us)
Note 4. Itis 2 mm or more from a lead roct.

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 6: 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.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 A"
Supply voltage Vee 15 —_ 30 20 Vv
Peak output current lopH/lopL — —_ $05 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall ime) < 0.5 ps.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
input forward voftage VE — iF=10mA, Ta =25°C 1.6 1.8 v
Temperature coefficient of - _ _ _ °
forward voltage AVE/ ATa - Ir=10mA 2.0 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
e IF =10 mA
H” level loPH 3 -05 -15 —
- Vgg=4V
Output current xc1:§: 30V 3—50 A
um IF =
L" level lopL 2 Ve_5= 2.5V 05 2 —
wyn Vcet = +15V, VEgq = =15V _
H" level Vor 4 RL = 2000, If = 5mA 11 128
Cutput voltage \
g Vet = +15V, VEgy = -15V _ _ _
L" ievel VoL 5 R-='2000, V- = 6.8V 14.2 125
Ve = 30V, Ip = 10mA _ - _
“H" lavel et _ [Ta=25°C
Vee =30V, IF = 10mA — — 11
Supply current cc F mA
Ve = 30V, I = 0mA _ 75 _
" level iCCL — Ta = 25°C )
Voe = 30V, If = OmA — —_ 11
Threshold input “Qutput I _ Vcoq = +15V, VEgq = -15V _
current L—H" FLH RL =2000, Vg » 0V 12 5 mA
Threshold input “Output lenL | Veet = +15v, vgpq = —15v 08 _ _ v
voltage H-L RL =2000Q, Vg <OV
Supply voltage Vee —_ 10 — 35 \
Capacitance c Vg=0,f=1MHz
— —_ 1. X
(input—output) S Ta =25 - 0 20 | pF
: . - _ Vg =500V, 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 Io time < S50us
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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 tolH - 0.15 0.5
delay time HoL toHL IF = 8mA (Note 7) — 015 | 05
— 6 Voo = +15V, Ve = -15V us
Output rise time t Ry = 2000 — — —
Output fall time 15 —_ — —
Common mode transient
b b - Vom = 600V, IF = 8mA
immunity at high level CmH 7 - = oo ~5000 — — V/us
output Voo = 30V, Ta=25°C
Common mode transient
N h Vep = 600V, Ig = 0mA
immunity at low level CMmL 7 = = 7E, 5000 — —_ V/us
output Vee = 30V, Ta=25°C

* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 pus.
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Test Circuit 1:

Test Circuit 3 : IOPH

1[] T
s

. d)—[
+[

Test Circuit 5: VgL

1] ]BI
vFl—[ ik
L -~

] .
L 3 & o

T Veer

Test Circuit 2 : IOPL

di
[
0

a[

Test Circuit 4 : VOH

1]

L=

4[]

J_ ® 1 Vce
[
:I_" oPL Ve

Vel

TVEE1
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TOSHIBA TLP250

Test Circuit 6: tp| H, tpHL, tr tf

i o B
| J F
_I—I_IF 101[‘1': 1 Vcc1
o—] 17 Vo T 80%
" gl 80%
1000 [ ]'_"
L Ve ”
Test Circuit 7: CpH, CmL
8
o
1 [ | I
sw IF 0.1uF
K—[—) :l T 1 Vee
Aoc'o B
0
al 1
Vewm
M
e T
_ 600V '
90%
Vem 0% .t
f
. — d > L CMmL= 480 (V)
SW:A(lE=8mA) T
CumH CMh = 480 (V)
Vo /\— av \/—_ 26V Ef (ps)
ChL
SW :B(Ig=0)

CmL(Cmn) 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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I (mA)

Forward current

Allowable forward current
IF (mA)

Allowable peak output current
loPH, loPL  (A)
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2 14 1.6 1.8 2.0
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20 40 60 80 100
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Y T T T T

PWe 25ps, f+ 15 KH2

o

20 40 60 80 100

Ambient Temperature Ta (°C)

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

Allowable supply voltage Voo (V)

s Vel s Ja—-i¢
26
224
2.2
P
™
20 \
-1.8
-1.6
-1.4
01 03 o0s 1 3 5 10 30
Forward current IF (mA)
Ve —-Ta
40
30 \
20
10
0
4} 20 40 60 80 100

Ambient temperature Ta

(%]
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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 other 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 vulnerability to physical stress. It is the responsibilty
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” 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 warmranted for usage in equipment that requires extracordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Uninten-ed Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, alf 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.

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

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