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A Study of Ground Current of Induction Motor Fed by Inverter

Tanasak Grungkanjana

Thanakhom Charatsaengsakun
Nonpiya Niyompong

Assoc.Prof. Pichit Lumyong Advisor
2010

Abstract

This thesis proposes A Study of Ground Current of Induction Motor Fed by
Inverter. Signal design using various high-frequency waveforms and signals for each
test drive to see how they affect the leakage current to ground. Signals include sine
wave voltage source, Square wave voltage source and DC voltage source. We study
the characteristics of leakage current for find parameter of insulation equivalent circuit of
induction motor between the stator windings and the frame of the motor. The result
showed that insulation equivalent circuit of induction motor contains the parameters of

resistors in parallel with the capacitor that can calculate leakage current.
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2.2.2 Wasia@if (permittivity)
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walia@iduiifizani masdvadsladiasn ( dielectric constant : &)
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NIV
C,=¢£'C,
R, =1/(we"C,)
g = 1 = Ei
gRC, 2 (2.10)
1IAUAL
—2
|g’| 2
C,=—-C,=&"{1+(1g-6)’}C,
&
5 £ : G
1g-6 =wRC, =£,— (2.11)
&

yu & Wisndyuwasnugyla (loss angle)
=3 v 1 a 2] [ a fd’d a
INFUMT C, Uaz C, 2:hnlen Mazudldududuasnzuldiaasnisnsledisn
a & x> Ad o ' 22 ) T E olm & P
aanduagiueTauyas lunsdiandsnugauarladidnainiidiei fa " <<&’ wia
1g-6 <<1 fhazulGududmsasazivinu fa C, = C, uazazle

£, & =€\ (32.12)

r

wuia & aufludaediladiinaInaNWUT ( relative dielectric const ) &, AlE
o a a a o o ¢ g [ a o A9 o v
Audasdaladlanninduius ¢, dvednvaomadl Tasmluawmndlenald

a a & a &
gD NANEITL £ ziRuFITn
q U U r au
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wianflasnlwarlsisduadlediinasn sadundsnugaidlamisivi

z‘ﬁi‘]ammé’fugﬂﬂﬁuvlmﬁﬁ'umLLU%Lma§ﬁaugirﬁ nazus naruauldiaa ezl
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mlw
V=V, sinwt
I =wCV, coswt
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P
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w38
P =E'we-1gd (2.16)
Wa  P; = wasnugaidinseatiunes (watt)
E = anuaisaawnlnih (vem?)

@ C = duiudazaliih (Farad)
fussenliifitlan (v)
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2.2.4 anaasnuaausianldihvasladidnasa
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unwinaslsa (Ferrite Core)

wailsdduwiaguszinminesTsuuniudin (Ferromagnetic material) n1stniteaath
u,ajmﬁnummmwaﬂiﬁa:ﬁNm‘iﬂﬁtﬁﬂmﬂwmuﬁuvﬂé’nﬁajmﬁngﬂﬂdqmimﬁmﬁﬂ
wimdnfilAeTwunwnuanmaunn w\laﬂs@?ﬁ@hgﬂﬁuﬁaWé’n%mimﬁn@iaanga
Uszanalugav 3,000 fia 4,000 1§ LLa:LﬁﬂmsgrgLﬁﬂlué‘aﬁm‘iwﬁmmﬁg\‘i 9 Gaunde
meﬁ"‘aW’Tiﬁaﬁﬂmlﬁtmmﬂmﬂaﬂm’mﬂﬁqﬂ waflsdihanlsvinunuuamiiautas
aﬁﬂ%m:ﬁgﬂimmn@mﬁuaaﬂ"lﬂi‘fuazjﬁ'ums‘l’ﬁofmua:mmgwu’lumsaammu Faaz
nanafsluiitenalyl

uam‘}u (Bobbin)
vauHundauLTa L Unfzihannaadnsiianuanaiauldgiusclidal
vaufiusztislinmiuesauuunnadlsdaaandu wazilasiutlgminisaniias
swinaeaanuunuWesLd be uauﬁm:ﬁmumumsgmmummgmmaamewas‘
lad darsmmavasuauiiugldanamd 2.7 uauﬁuz&m’tmﬁ:gnaammu‘lﬁmmﬁ‘n
aANaduad iannuszaInlumiuasauasan3aatuwsn PCB

By CORE TYPE  Autem™ ) B tmm) M, dmmd) f, imm)
E 8196250 0.17 6.7 21 33.29

I B13E187 0.33 9.3 3.2 36.32

E 813E393 036 10.0 3.2 47,50

E 812E250 0.58 1.1 a9 55.12

E 782E272 0.80 17.3 4.7 55.88

E 375 1L.OS 16.5 6.6 73.41

E2] 114 17.9 6.0 86.36

E 7831608 1.78 26.3 74 92.96

EE Bobbin E 348ETT2 181 26.3 7.1 9,06
E 625 .32 21.2 63 939

E S5 2,80 331 5.6 113.03

By ET5 2.42 26.2 8.1 119.38

CORE TYPE  Auéem)  Bodmm) M, {mm) 7, {mm)

EC 35 0.97 215 38 50.03
EC 41 135 24.5 5.8 59.94
EC 52 2.3 283 76 72,90
HE! ECT0 arr s n7 95.0
EC Bobbin
—¥ Her
== [i CORE TYPE  Aylem’)  Bctmm) Heplmm) £, (mm)
______ ETD 34 1.23 210 6.0 59.94
= ETD 39 1.74 25.6 6.9 68.58
ETD 44 2.13 29.6 7.3 76.2
ETD 49 2.7t 32.8 8.4 85.09
:—Aﬂ-ﬁb—ﬁ A. = Sufideovmmas
4 \ : w ~
[ ' A ) By, = AVBEMAuTIRuAIA R
A\

t ETD Hep = wusiniieaINgamame
B ! L AU ROALID IR IANBINR T M IS AUREN TS aY
Bobbin

AN 2.7 uFadAIat Az NI IwIasuauudmIuunwnaslsduuy EE, EC

waz ETD (ﬁm: Ferroxcube)
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a'mnaol,mammfﬁm (Enamelied Copper Wire)

msW”uwm@ﬁv'avl,wmﬂ‘%l,l,awnﬁum‘%{ma\‘mﬁaLLﬂﬂdﬁ%%ﬂﬁﬁﬂé’dh@dMﬂﬁﬂ Un@
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paaaafiazlFwuin %ua%iﬁumnmmgqq@ﬁmum@mm mmf‘iua:waﬁmﬁmé‘uqs’fm:

lansnnfineazdsaluiiteda ld

iniawin (Insulation Tape)
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WIWé’nﬁrg'l,uﬂ’mmns'numﬂWst:Mww@”lWi:ﬂ%LLﬂ:Wméi”um%‘le'ffmi'a@ﬁl‘&’ﬁwmﬂ
awamanaduwanluas (Mylar) nialndiasiaas (Polyester) “?iﬁmmmmaﬂuma 0.05-
0.1 Hadiuas n’mﬁaﬂlfﬁ]:%uazjﬁumsaaﬂLLumLa:@hmmﬂaa@ﬁ'ﬂﬁﬁaoﬂﬁmnﬂﬁa
wlassdagalluman

2.3.2 unnwias lsdiuaznisidonly
2.3.2.1 ansazuazzwinanasgwvasunwinaslsd

wnwwes ladawsundaudasadadelasnalyl fﬂ:gnNamaaﬂmﬁmm@mazgﬂmq

3 =)

679 ) MUANATTIRLEALINY LU WNULLLY El, EE, ETD w3aunuuuy POT ludu 1Und

7

wwﬁm:v‘hLmuLwai“l::@?aanm’lué’nummmaqﬂﬂsznu WaanuazalInluwnTdsznaud
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wnwialsdfiansaniuisuseuld detsvmavasunmnaslsduuudn quaadlily
nwii 2.8
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wssdasnIfiiaeg f]Lmuﬁﬁﬂu'l%ﬁ’umﬂé’rm%‘wﬁauﬂaqaﬁm%oﬁﬁaqmsﬁwé’omuga w
\wunuuLY EI, EE waz ETD iasnamansanusesiasauunuunuauiwldazaan
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I ;l [< s CORE TYPE A. (cm®) A, (em®) V., (cmY) ¢, (mm)
2 . - ——)
PR e ETD 34 0.971 1.220 7.64 78.6
[ ETD 39 1.250 1.746 11.50 92.2
ETD 44 1.740 2.130 18.00 103.0
} [ ETD 49 2.110 2.710 24.20 114.0

ETD
CORE TYPE A tem®) A, (em?) V. (em’) ¢, (mm)
EE 20/20/5 0.31 0.35 1.34 43.0
EE 30/30/7 0.59 0.78 4.00 66.9
S
EE 42/42/15 1.82 1.78 17.6 97.0
EE 42/42/20 2.36 1.78 23.1 97.4

EE 42/54/20 2.36 2.40 28.8 122.0
2.36 3.40 34.5 143.0
3.54 2.50 43.7 123.0
4.20 2.50 52.0 123.0
5.32 3.93 78.2 147.0
EE
CORE TYPE A.em™) A, (em®) V, (em') ¢, (mm)
El 19 0.24 0.517 0.950 39.6
1 El 22/19 0.41 0.44 1.630 39.3
[ El125/19 0.42 0.819 2.02 48.6
= El 28/20 0.85 0.725 4.1 48.4
El 30726 113 0.791 6.45 58.1
[ El 35/20 121 1.36 8.18 67.6
El 40435 1.48 1.08 5.3 76.9
U e o ; El 50/42 2.30 1.7 23.8 94.8
El 60/44 2.48 2.94 27.2 109.7
Fi :
Ao = muiswuhimbeRumnas 38
A, = mueNuTdsINNIRaIAVATUATL
V. = Wimmstoounumad e
Lo = srszmamAuwdsndushndniuumarad 58

ATNN 2.8 LLE‘WNKFT’JE]Ei']d“llu'lWUENLLﬂuLwaﬂiﬁTLLUU EE,El Lz ETD

2.3.2.2 anvmzanagaditaarsnlgviunwidasise
o & &l . o o e L &

FRaUadtagIunwW e’ lIdNLanean wligaaudanudininveswnune’
VLWTLmﬂ@mﬁ'uoﬁ”mﬁal,tﬁa:ﬁmmﬂLﬁﬂﬁ%ﬁﬂﬂi:ﬂﬁiﬁ@'}u ’Luuciuiayjmﬁamiﬁlﬁmﬁu
unwnafladiu axdpalinpazidsaguantifiiamusasliiaue dayadagiiaires

[ =2 U A L% v a 6 A . 1 a

anudlauazdnmnliffadulfedanasida (Hysteresis curve) wazdmygaFsluwnu
waslsd (Core Loss)

idulasdainassda (Hysteresis curve)

LHulAaaaa I TRIUFAIANUFNRUTIZAIN ManurmuliuWansuiman (8)
da & & o Y frase A a P o
MAedwluunwnaslsd nuaudvaIzINLWED (H) Alfennswiisniiaes

{ o i o v Y A a J s
YAAIANWBLBLABLUATNA 2.9 FzuaIan Bz IFRlfITmaa S GauauiioaIiia
3C8 unz 3C6A iy Tandalasninda FERROXCUBE gzt denu
nwuWang
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A13191 2.1 LRENTUIRNUNGITU AWG LLﬂz‘IJE]HEﬂa%‘] PAINIANBIUAIDTU U1

\ups urnLEutu UM BusI Susmingn AIAURITU FRRCI
AWG Ausinan (d) guinaimie Und wu# 100°C ELYLTT
Bk e s SRR (DD (R, (i)
inch mm mm mm? Q/m mm
44 0,00198 0,0503 0,06604 0,00199 11,180 0,071
43 0,00222 0,0564 0,07366 0,00250 8,899 0.079
42 0,00249 0,0633 0,08128 0,00314 7,073 0,087
41 0,00280 0,0711 0,09144 0,00397 5,594 0,098
40 0,00314 0,0798 0,1041 0,00500 4,448 0,111
39 0,00353 0,0897 0,1143 0,00631 3,519 0,122
38 0,00397 0,1008 0,1205 0,00799 2,783 0,138
37 0,00445 0,1130 0,1448 0,01003 2,215 0,154
36 0,00500 0,1270 0,1626 0,0127 1,754 0,172
35 0,0056 0,1422 0,1778 0,0159 1,398 0,188
34 0,0063 0,1600 0,1981 0,0201 1,105 0,209
33 0,0071 0,1803 0,2235 0,0255 0,8700 0,236
32 0,0080 0,2032 0,2489 0,0324 0,6853 0,261
31 0,0089 0,2261 0,2743 0,0401 0,5537 0,287
30 0,0100 0,2540 0,3048 0.0507 0,4386 0,319
29 0,0113 0,2870 0,3408 0,0647 0,3435 0,356
28 0,0126 0,3200 0,3759 0,0804 0,2762 0,393
27 0,0142 0,3607 0,4191 0,1022 0,2175 0,438
26 0,0159 0,4039 0,469 0,128 0,1735 0,491
25 0,0179 0,4547 0,5232 0,162 0,1369 0,547
24 0,0201 0,5105 0,5817 0,205 0,10860 0,608
23 0,0226 0,5740 0,6502 0,259 0,08586 0,679
22 0,0253 0,6426 0,7214 0,324 0,06852 0,754
21 0,0285 0,7239 0,8052 0,412 0,05399 0,841
20 0,0320 0,8128 0,8066 0,519 0,04283 0,937
19 0,0359 0,9119 1,003 0,653 0,03403 1,048
18 0,0403 1,024 1,118 0,823 0,02700 1,168
17 0,0453 1,151 1,247 1,040 0,02137 1,303
16 0,0508 1,290 1,389 1,308 0,01699 1,452
15 0,0571 1,450 1,557 1,652 0,01345 1,627
14 0,0641 1,628 1,737 2,082 0,010670 1,815
13 0,0720 1,829 1,943 2,627 0,008460 2,030
12 0,0808 2,052 2,172 3,308 0,006717 2,270
1N 0,0907 2,304 2,43) 3,168 0,005331 2,540
10 0,1019 2,588 2,720 5,261 0,004224 2,842
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5:62
A= [— (mm) (2.26)
A

dll =) a )
We A haanuwinAnineug (mm)

f Ain ANNDIR9NTTLA (kHzZ)

2.3.4.2 AATIEIUTENINANNA UM UNNTSUAFAUADAMINAIUNIUT
NITUAATIVDIRIANDIUAS (F)
lasnanuiumussmanasuanmdwtueAuini g usraia
UAE NS LA RS LR UM G AN T2 B 8987 N B ILAIZRAR wznzus s laawsi
ANINTzUE G anadwmuAnssusER B AIaNaIuad Seteannnidatuh
NIURAT DANFIUTENIANUTIUMUYBINIANDILAITANTIUTFIL FAaAMUTIUTING

2830UNNIZUFATI w38 Fg (Resistance Factor) 81911 laann

2
R, (d/2A)
A 8 - ~ (2.27)
R, (d/2A) —(d/2A-1)
dﬁl & ' 9 lﬁl a
Wa R, fa Manudumusaimanaduadninszuasay (€2)
Ry 8 fanudumusasaianadnasinazuaasy (C2)
¢ fs pwevadwhuguinasenIanauas (mm)
A A8 aUMKIANTELE (mm)
lumaiid fh Fr anemldannsdszunudn Tag auns
1(d v [,
Foz=|—+1| 01 —2=5 (2.28)
4\ A A
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(2.29)
V AC’ ¥ 1431/

AT =

Wa AT Fagun uﬁﬂﬁauﬂaaﬁlﬁm‘fnmﬂqmmuﬁﬁaa (°C)
P, fa masguiismeluzesianaiuas(Watt)
P, fa mdsgaisluunuinatleg (watt)
A, fa Mudiwmhdauasununatlse emd)
A, fa awetasiniesievasuaubn (cm’)

a v
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MINAFBUAMNATUNIRAUIN (Insulation Resistance Test)
Wafnsmeminineivasawnluaiaainiloni uwnnmeseuiiamen

mweﬁumuua::mmwmﬁuﬂszgmammuéa Wisuadawiumsiaianisaragauany

Wuawinluszazen lummmesaualdisiadanuduamiusznisvasanulasiuaiaas

WBUNT126 (Motor Frame) lasminaseuszutiau 3 35lunmasey

3.1 nsaanuuu9asessawlWilInszuaas (Direct voltage test)

MOTOR

TRANSFORMER

v Z; DIODE 2; DIODE

4
G ;: C\D Ilondg; <

ZX DIODE ZX DIODE

Motor Frame

«

—_—

NN 3.1 WATNINARAULN ARIAIAIUATUNBAILUT ﬁu‘lﬂﬁwns:uaﬂﬂ

nnuaTazaunanliianzusasslas Sunnnsseusaw Wi nssuaaduan
Variac Falusaimuainausssuli iitasan variac ﬁl‘ﬁagmuﬁnﬂ'svmnaéfuvlwﬂﬂ@?
uALlszINm Vio (230V) A9 avd ansiauias Wil (Transformer) Lﬁiammmmé'uvlwwﬂﬁ’gﬁu
mmfmiammaaiﬁmﬂs:LLatLumﬁugﬂﬂﬁ'u LLa:@iaLﬁT’lﬁ'uéT'sLﬁuﬂi:mﬁ;aniaumﬁﬂwﬂw
Ti3oudu Tasedilhadfimasiansziulwinssuaasaitammuafnaussgu i o
anaszauunaulihildaanuuuly snmnd 3.1 ardnariwinmtlanusigw i
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28988LAa3 (Motor Frame) Tasdndussawlihfidudadumumeonan (R,,) wdami
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naulddrmadnizua IWin narudad unmuneuan (f.q) sdashnssus i lann
° ' @ ' v o o & o A A v
sansai ldwisanudumuszniniaeaanuatineINalaas (Roo) e @slasdndusn

anudmnuIImMeluteneiaat (Roo) vzdesiidngiun

§ATNITAWIDE
Vext = load X Rext (3.1)
Vbc = hoaa X (Rpc + Rext) (32)
Rpe = Vpe _(;load XRpc ) s
load

A15191 3.1 A AHNATITHNRIAIANATUN UL I AUIBNBLA ﬂ§

VDC Rext VR /R RDC
V) (k€) (mV) (nA) (GQ)

100

200
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(Square wave high frequency test)
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FATNTEWIN

Visz79s) = 0.37 X Vo (3.4)
T =RC (3.5)
C = % (3.6)

2011/02,08 14:46:14 = :
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| 20.0 Ursdiv
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T E ‘v.“
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Edge CH1 £
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Max(C1) 61.6667U Max(CZ)  75.00000 7 f@T-Rangel |
Bms(C1) 13.6791V Bns(C2)  51.5880U =5 .Eeodiq
Freq(C1) 9.986620kHz Freq(CzZ) 10.006200kHz

Duty(Cl) 13.20x% Duty(c2) 56.11x
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A15191N 3.2 @Taarjwmﬁawammwdwmmﬂﬂﬂwﬁuﬂmiﬂammé’uﬁmﬁﬂummﬁga
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(Sine wave high frequency test)
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TOSHIBA 2SK1530
TOSHIBA Field Effect Transistor Silicon N Channel MOS Type
High-Power Amplifier Application Unit: mm
@ High breakdown voltage :Vpss =200V 20.5 max $3.3402
@ High forward transfer admittance :|Ys| =5.0 S (typ.) t j
o€ 3=
® Complementary to 25J201 D04 }i o
| -H
st i EFer e
Absolute Maximum Ratings (Ta = 25°C) | { o | ;[
S VAVAY =
Characteristics Symbol Rating Unit 32 '3 | IJl L z,
3 i ]
Drain-source voltage Vpss 200 \% 10 jgzs
Gate-source voltage Vass +20 \; 5.45+0.15 5451015
Drain current (Note 1) b 12 A 83 g
] o~
Drain power dissipation (Tc = 25°C) Pp 150 w 3 a| =
Channel temperature Ten 150 °C L - u; :n 7 skt i
Storage temperature range T. -55to 150 °C
g pe g stg CGaE
Note: Using continuously under heavy loads (e.g. the application of high 2.DRAIN (HEAT SINK)
temperature/current/voltage and the significant change in temperature, etc.) RRYRCE
may cause this product to decrease in the reliability significantly even if the
operating conditions (i.e. operating temperature/current/voltage, etc.) are JEDEC S
within the absolute maximum ratings. Please design the appropriate reliability JEITA s
upon reviewing the Toshiba Semiconductor Reliability Handbook (“Handling
Precautions’/Derating Concept and Methods”) and individual reliability data TOSHIBA 2-21F1B

(i.e. reliability test report and estimated failure rate, etc).

Note 1:

Marking

TOSHIBA
D 2SK1530
J—— Lot No.

JASAN |~ Note 2

) Q O e ( / Part No. (or abbreviation code)

Ensure that the channel temperature does not exceed 150°C.

Weight: 9.75 g (typ.)

Note 2: A line under a Lot No. identifies the indication of product

Labels.

Not underlined: [[Pb]//INCLUDES > MCV

Underlined: [[GI/RoHS COMPATIBLE or [[GI}/RoHS [[Pb]]

Please contact your TOSHIBA sales representative for details as to
environmental matters such as the RoHS compatibility of Product. The
RoHS is the Directive 2002/95/EC of the European Parliament and of
the Council of 27 January 2003 on the restriction of the use of certain
hazardous substances in electrical and electronic equipment.
Electrical Characteristics (Ta = 25°C)

Characteristics Symbol Test Condition Min Typ. Max Unit
Drain cut-off current Ipss Vps =200V, Vgs =0 — — 1.0 mA
Gate leakage current iass Vps =0V, Vgg =20V - — +0.5 UA
Drain=source breakdown voltage V@Rryoss |Ip=10mA, Vgs =0 200 — — v
Drain~source saturation voltage Vbs(oN) [ID=8A Vgs=10V — 2.5 5.0 Vv
Gate-source cut-off voltage (Note 3)| Vgs (OFF) |Vbs=10V,ip=0.1A 0.8 — 2.8 V
Forward transfer admittance |Yss| Vps=10V,Ip=5A — 5.0 — S
Input capacitance Ciss Vps=30V,Vgs =0, f=1MHz — 900 —
Output capacitance Coss Vps=30V,Vgs =0, f=1MHz — 180 — pF
Reverse transfer capacitance Crss Vps=30V,Vgs=0,f=1MHz — 100 -

Note 3: Vgs (oFF) Classification

0:08t01.6 Y:14t028

This transistor is an electrostatic-sensitive device.

Please handle with caution.
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TOSHIBA 2SK1530

Ip - Vps Ip - Vags
e S = COMMON SOURCE . 7 COMMON
s — 4. 'c=25"

PULSE TEST / SOURCE
= 10 T o 10, Vpg=10V
s 1 40 s ] PULSE TEST
2 8[ 2 8 l
= p =
z L / Z
=2 6 2 6
o 35 I
3 : 3 I
Z 4 ’ : z 4 /

3 3 || Te=126C L
B e a L 25
vVas=256V // /f ™~ —40
0 Tewnese] 0 4 ]
0 4 02 e 20 247 28 [} 1 2 3 4 5 6 7
DRAIN-SOURCE VOLTAGE Vpg (V) GATE-SOURCE VOLTAGE Vgg (V)
Yt — Ip A VDS (ON) — Te
30
COMMON SOURCE COMMON SOURCE 12
) Vps=10V Vgg=10V 7 A
2 EULSRTESL Z1) PULSE TEST / /
E i E2 3 -
S . = - / /
3] = | L 5z A
< Te=-40°C %z 3 / 4
ge - || L 25 At y. '
= S| w3 2
2y Al N\ g =74
gi 1 o 125 58 / Y 4
(=3 7
: 0.5 - :E vd 1 o L~
& 2 Z0 1 = — Ip=2A
< g> / L—1
£ 0.3 ’ a Bl |t | ]
o A oo T
4 f |
0.1 0
008 01 03 1 3 10 30 -50 0 50 100 150 200
DRAIN CURRENT Ip (A) CASE TEMPERATURE Tc (°C)
C - Vpg Pp — Te
300 250,
g
i \\‘Kﬁ-- E 20
& 1000&(\ o 5
- 3
© 509 - E 150
g o
3 & N =)
S0 N N ) \
E COMMON 4 \‘\ 2 100 N
2 SOURCE \ NN 3 N,
S 100 vgg=0 e PEH Coss +— 2 g5 \\
f=1MHz = 4] z \
50| Tc=25°C " Cras E N
0!
30!
1 3 5 10 30 50 100 300 -50 0 50 100 150 200 250
DRAIN-SOURCE VOLTAGE Vpg (V) CASE TEMPERATURE Tc (°C)
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TOSHIBA

2SK1530

SW TIME — Ip SAFE OPERATING AREA
100 5 B AR
COMMON SOURCE LA
301 MAX. (PULSED)
Rp,=2Q I3 1 P AN
560 T < N -
Te=25°C Ip MAX. (CONTINUOUS) | '\ NI msdi¢
3 - 10 H N
]’ S AR} - N \\
10ms?
-~ —] =) N
2 ta (off) Seeal 100ms3¥
e £ . 1 | N\,
=2 e g 1 | NITNG Y
= 100 q g DC OPERATION 1
E = £ Te=25°C NN\
Z e AN
i 3 HE e
td {(on) 8
3 05 3% SINGLE NONREPETITIVE
03  PULSE Te=25C
Curves must be derated linearly
with increase in temperature.
1 0.1
0 4 8 12 16 1 3 %5 0 30 50 100 300
DRAIN CURRENT Ip (A) DRAIN-SOURCE VOLTAGE Vpg (V)
Switching Time Test Circuit Waveforms
v
o S - 90%
INPUT
&
INPUT - - 10%
oUTPUT = e —
TR 1
500 90%
16V
g OUTPUT
» - - 10%
0
td (on) b td(off) t
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TOSHIBA 2SK1530

RESTRICTIONS ON PRODUCT USE

e Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.

* This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Befare customers use the Product, create designs including the
Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of
all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes
for Product and the precautions and conditions set forth in the “TOSHIBA Semiconductor Reliability Handbook” and (b) the
instructions for the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their
own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such
design or applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts,
diagrams, pragrams, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating
parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR
APPLICATIONS.

o Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious
public impact (“Unintended Use”). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used
in the aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric
power, and equipment used in finance-retated fields. Do not use Product for Unintended Use unless specifically permitted in this
document.

= Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

» Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product
or related software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlied substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAfAs Ired & Photo-IC

TLP250

Transistor Inverter
Inverter For Air Conditionor

Unit in mm

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 circuit of IGBT or power MOS FET.

e Input threshold current: IF=5mA(max.)

e Supply current (Icc): 11mA(max.) 1.2£0.15
e Supply voltage (Vco): 10-35V 05+01

o Output current (I0): +1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ps(max.)
e Isolation voltage: 2500Vrms(min.)

e UL recognized: UL1577, file No.E67349
° OptiOIl(D4)

H] e
A~
H o

Fo

6.4+ 0.25

-
N
o

©
S
H
O w
&

*[H

7621025

3.65%028

254 x0.25

2.5MIN.|

0.8 i[o.zs

15-10C4

VDE Approved : DIN EN60747-5-2 TOSHIBA

11-10C4

Maximum Operating Insulation Voltage : 890Vpk Weight: 0.54 g(Typ.)

Highest Permissible Over Voltage - 4000Vpk
(Note):When a EN60747-5-2 approved type is needed,

Pin Configuration (top view)

Please designate “Option(D4)”
1[0 s
2] 17
=
Truth Table 30 He
Tr1 Tr2 4[] s
Input On On Off
LED Off Off On W NC. 5:GND
2 : Anode 6: Vo (Output)
3 : Cathode 7:Vo
4:NC. 8:Vee
Schmatic
w2 WV EE
IF
-—
2+ Vo
VE } 3
3- Vo
GND

A 0.1uF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).
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TOSHIBA TLP250
Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IepT 1 A
Reverse voltage VR 5 \%
Junction temperature Tj 125 °C
“H"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) loPH -1.6 A
“L’peak output current (Py < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
(Ta<70°C) 35
Output voltage Vo \%
5 (Ta=85°C) 24
8 (Ta = 70°C) 35
= Supply voltage Vce \%
(Ta=85°C) 24
Output voltage derating (Ta =2 70°C) AVop / ATa -0.73 V/°C
Supply voltage derating (Ta 2 70°C) AVge / ATa -0.73 V/°C
Junction temperature Tj 125 SC
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr —20~85 He
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVs 2500 Vrms

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

Note 2:  Exporenential wavefom

Note 3:  Exporenential wavefom, lopH < —1.0A( < 2.5ps), lopL < +1.0A( < 2.5us)

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

together.

Note 5: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min Typ. Max Unit
Input current, on (Note6) IF(ON) 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 \%
Supply voltage Vce 15 —_ 30 20 \%
Peak output current lopH/lopL — — 0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 6: Input signal rise time(fall time)<0.5us.

2005-08-18



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 VE —_ IF=10mA, Ta=25°C — 1.6 1.8 Y
Temperature coefficient of 2 5 " & °
forward voltage AVF/ATal —  [IF=10mA 2.0 mV/°C
Input reverse current IR — VR=5V, Ta=25°C — — 10 pA
Input capacitance Crt — V=0, f=1MHz, Ta=25°C — 45 250 pF
ap g IF=10 mA e 2 <
H’ level loPH 1 Ve = 30V Vg 5= AV 0.5 1.5
Output current *1) A
T IF=0
L” level lopL 2 Ve g=2.5V 0.5 2 —
apyp Vcet = +15V, VEg1 = -15V 2
H” level VoH 3 RL = 2000, If = 5mA 11 12.8
Output voltage Y
up Vce1 = +15V, VEgt1 = -15V P = e
L level VoL 4 |RIS2000, Vi = 0.8V 14.2 12.5
Vee =30V, Ig = 10mA L 7 (e
“H’ level IccH — |Ta=25°C
Ve =30V, Ig = 10mA — — 1
Supply current e T3Vl mA
Vee =30V, I = 0mA -« 75 T
“L” level lccL — Ta=25°C :
Ve =30V, Ig = 0mA —_ —_ 11
Threshold input “Output | Vee1 = +15V, VEgq = -15V
: FLH — — 1.2 5 mA
current L—H R =200Q, Vg > 0V
Threshold input “Output R VFHL / Vce1 = +15V, VEgq = -15V 0.8 £ Sk Vv
voltage H-L RL = 2000, Vo < 0V
Supply voltage Vee — 10 — 35 v
Capacitance c Vs=0, f=1MHz
S — — 1.0 2.0 F
(input-output) Ta = 25°% P
: . Vs =500V, Ta=25°C 12 14
Resistance(input-output) Rs — R H.<60% 110 10 — 0

* 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
CLLAT Hol toHL IF = 8mA — | o5 | os
5 Vce1 = +15V, VEgq = -15V us
Output rise time tr Ry =200Q = — e
Output fall time tf 2 e i
Common mode transient
: : ; Vcm = 600V, I = 8mA 2 e e
immunity at high level CMH Vo = 30V, Ta = 25°C 5000 V/us
output "
Common mode transient
\ : Vcm =600V, Ig = OmA
immunity at low level CmL i W 5000 — — V/us
output Vce =30V, Ta=25°C
Al typical values are at Ta = 25°C
Test Circuit 1: IopH Test Circuit 2 : lopL
Al 8 [ _Ii
1 | I l ! - I
Vee
—] ] 7 owF L ] TN NP
IF <D Ve-6 I: :]_ Vee
C 0 A S\
loPH OPL
4 [ ]—0 4 [ ]_" Ve.5
/J7 /l 777

Test Circuit 3 : VoH Test Circuit 4 : Vo

8 8
1[ 7 1[ ]‘

N
B
Se

5

I
I
=21

5

<
’Q
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TLP250

Test Circuit 5: tp| 1, toHL, tr tf

lﬁ—

| 155 |
R [ |
I—e®

o

=

b ¢ -
,_.__

<

(@)

Q

I_'l;l
sk
L
1}
<
iy

_, 600V
¥ 90%
CM 0
10% & tf
i I

SW:A(lg=8mA)

V.

CHL

SW :B(Ig=0)

CmL

CwH

480 (V)
~ trs)

480 (V)
TS

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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TLP250

(mA)

IF

Forward current

Allowable forward current

Allowable peak output current

IF (mA)

lopH, lopL  (A)

100
50

Ta=25°C

IF=VE

30

w O

05

.
\..

=

0.05

0.03

0.01

7
/

1.0

40

1.

2 1.4

Forward voltage

1.6 1.8 20

VE (V)

IF—Ta

30

20

10

0

20

40

60 80 100

Ambient temperature Ta (°C)

loPH, lopL — Ta

PW =25 ps, f =< 15 KHz

0

20

40

60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient AVF/ ATa (mV/°C)

V)

Allowable supply voltage Vg

AVE/! ATa-If

03 05 1 3.5 10 30

Forward current Ig (mA)

Vee - Ta

40

30

20

0

20 40 60

Ambient temperature Ta (°C)

80 100
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE 20070701-EN

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

e 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.
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.

e 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 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 his
document shall be made at the customer’s own risk.

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations.

e 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 patents or other rights of
TOSHIBA or the third parties.

o 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.

o Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses
occurring as a result of noncompliance with applicable laws and regulations.
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