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Abstract

This project present an inverter for controlling speed of three phase induction
motor by changing the frequency and voltage of AC signal output port of inverter
and by using fixed ratio between voltage and frequency techniques. And using
Microcontroller PIC18F4520 and transfer data to dsPIC 30F2010 for generate desired
PWM
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nguRt 2.6 namsvirnueglaussiulnihnssuanssndien 2 v, iueniyelaedl
wanMsinauAsun 2.7

D1

z N it
z < @
1\ A% +|
100uF
__‘;, — 9 2.8x Transformer
M Voltage
&— <, cz
\ 100uF
I o -

Red arrows indicate direction of positive current flow

Black arrows indicate direction of negative current flow

S y
UM 2.7 713119 1U4¥992995 voltage doublers circuit

A o v - = o
nngun 2.6 sudelusnenimunreeaiafegiiiiuuin (+) ssiililalen D1
liuuseiulunealumii lolen D1 Fnvinuuasiinaliduivusyg €1 asfiudszqlitien
Wity Vi, Tutauzitlalan D2 asugnsiaeny Tueislaifiaau (Negative half-cycle)

o v { a a ° Vs

MUFUT 2.6 Muvn Weruuwresvsanyfsgiiiiuau () avvililelen D1 165y

ussiluueadaundu lalen D1 Famgaviens usvnsilalon D2 #suussulunealumii
=t o e = 1 ' a ol ::‘ d o
lalen D2 Jviunariinaliiiiuysyg C2 aufudszglifidwindu v, fafudlethansu
1 s d a s 3 ar o = 1
Ausssuli R nAuUTEy C1 wariuivdsyy €2 uuseiulnfianing Jalaudy
a da i e 1 ¥ 1

uswulwihnszuanssiliawiniu 2V, wieuseluassialy

2.6 lulasmaulnsaians

¢ i o v = o
Lulasmeulnsaiaes fie gunsalmuauuuiadn Saussgannuaunsafindrendeiu
zuunouiunes laslululasreulnsawmeslisune@iy  whemus waswedn Jadu
dudszneundndrdguesssuunenfawesidilimeiy Inevhnsussadllusdudeady



11

2.6.1 Taseasdnq

lassasralaemly vedlulasroulnsaesiu annsowdseenuliifu 5 dwlngq
paselUil

1. wheUszanananaiavizediiy (CPU : Central Processing Unit)

2. wheaud (Memory) anansautseaniliu 2 du fie wiheanusiilidmsu
Wulusunsumdn (Program Memory) Wisuiaflousnsadardvauniosnenfinmeinlse fe
foyala fignifuliludesbiggmeluuiliiingdes Snadhunilsenihemmdrioya (Data
Memory)  ldidumilounnseawnalunisdnnnvesdiy waznduiiindeyatansivue
vihaw wimnliflnides deyafasmeluadsiumbeamuinsy RAM) Tualerefiawes
9 W widmivlulrsreulnsaaesaislmi mihoarusdeyassiisidumisenid
usy Fedoyaszmeluidlolifilmidss uandudsnsen (EEPROM : Erasable  Electrically
Read-Only Mempry) %‘amminLﬁui)’agaiﬁumﬂﬂmﬁym

3. dwdarieriugunsalnibuen wiewasn (Port) { 2 dnwaisfie wosmdunm (Input
Port) uazwesadsdygnmionasniening Output Port) dauifesldlunsidousedy
gunsaimeuen fodududuiiddun M5amiussninmesndunn esudygm e1vee
sensnaaing iiehluussnanauazdsluneinioing ieuanwmaity msfinaitwes
waoalw Wusiu

4. dpsmuduvesdnyin wialda (BUS) Aeidumenisuanuasudngudeya
sewing §iy wheaudiwagwedn Wudnvurvesaedyyia Sauauinagnielud
Lulasroulnsaaesd lnsudadudadeys (Data Bus) Yaueansa (Address Bus) uazla
AuAL (Control Bus)

0o o w = o | oo w a1 |
5. 29sAntadygrauing duiludiutssneuiidfuindndiuvis daswinnis

) 2 ¥
=

nunisdulusmlilasreulnsaees sxdusgiunismuuadma: mindygrauninid

L4

< o ° = o Vel <t ' fu O - <
AMIE Jmznsihaufszausailatfudmalilulasraulnsaaasingu fausilu
mMyUsznanagemilme




2.6.2 PIC

TICCRA##/RE3 ——e-[] 1 ./ 40[] -— RBIKBIZPGD
RADIANG w—e ]2 3¢ [ =— RBAKBIZPGC
RAVAN! -—=[13 32 [J =— RBSKBILPGM
RA2IANZVREs-/CVREF ~—o [] 4 37 [J ~—= RB4KBIANT
RAVANIVREF+ - [15 38 [J =— RBMANQICCRZIY
RA4/TOCKICIOUT w8 35 [] =— RB2/NT2/ANS
RAZANS/SEHLVDINGIOUT - 7 34 [ =— RBUNTIANID
REQRD/ANS =—[]8 QLS [ = RBUNTOFLTORNI2
REVWR/ANG =—[] 0 S8 npe—vx
RE2TSIANT =—=[] 10 il 31 [ =——Vzz
Voo — 11 @ © 30 [ =— RD7/PSP7/P1D
Vas —y Ridemfy gy ] — RDOPSPEPIC
OSCUCLK/RAT — g1 aa 28 [] «—— RD&PSPER13
OSC2CLKORAS w—a[] 14 27 [] =——= RD4PSP2
RCOT10SOT13CKI =[] 15 28 [] =—e RCTAXDT
RCHTICSICCPAY oo 18 25 [] +—e RCETX/CK
RCZCCPIPIA e ] 17 22 [] «=—= RC5SCO
RCLECKISCL +——=[] 12 22 [J == RC4/5CUSCA
RCOPSPO -—O-E 1¢ 22 [0 s RD3/PSP2
RCUFEP! e—e 20 21 ] «— RD2/PSP2
o
JUN 2.8 PIC18F4520

< & - 4 L ] o 1 .
PIC A8 microcontroller  8n3eNanis BaN12INA1IT Peripheral

12

Interface

o v B Saa '
Controller ¥sconcept Y831 microcontroller Asyaiiife werg T Mnaganlily
sueshilaiinazuPROGRAM MEMROY, RAM, EEPROM, SERIAL, 12C, PWM, A/D “a Ine
Lidwdusipsiegunsaliaiuannnieusn lushwes PIC agililsrdunldlunisuszanana s

' 0 <t @ Ve P ) o b - -
WUIBAITUIT ’lNImmWIliETHﬂu CPU mnuddtagniae?

-4 = o Qr o e el

AALIIVDL PIC AMAYBIAUDFYYINNUIRAN 1"]ﬂq‘uummsnmammmwﬁm‘lmw

d' o J o u'/ = 1 1 Vol a -d 4’

20 MHz Fevirlvinilardsves PIC THhaailes 0.25 uSec udagnelsiniulaiiussvauleee
a o £ . . v ., da 2 Y | o o al
AvanS PIC 990 microchipwazlaaing chip Mimnanslaunninfuduludn

miheaudiwes PIC luefinmbenrmdiwes PIC asroudralioy Asegszwing 512

words 4 4K words uslutlagiu us¥n microchip Faududrves PIC Taannauvili

= ) - g a0 i :: - =
memory ¥84 PIC fivunaluvateiivilalud wavlivivindnazvenelnlvgiusesq TuSewes

L7 ) ] s 1 = A d o 0') =l
MINUTUIATEIVILIEAUT1YeY PIC aeduliwilouund lnef nilekndwes PIC 9viivun
14 bits Awu9zi3endy 1 word w84 PIC 9siivunn 14 bits 19 PICLEF8AA sz1yind]

1 Q a‘ =t o v % 1
mheaud 1 K @maneda 1 Kword i Wuwuu 1 byte = 8 bit 3¢9 1 x

1,024 x 14 = 14,336 bits faiufifie14,336/(8 x 1,024) = 1.75K bytes 14

2.6.3 Tugawsinasauan PWM

MOTOR CONTROL PWM MODULE gnesniuusiiensuaueinisvesininsg
ponuuvamiuUsEgnAlunsa iy amuaustuuiRedastundenulundn wu
a3adeysyraumauAn DC TO DC CONVERTER , DC TO AC CONVERTER ua atuayuns
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addygnamunuyeduindounsinesitu AC INDUCTION MOTOR, Switched Reluctance

(SR) Motor uag Brushless DC (BLDC) Motor ugiu

P Enaoie and Mode SFRs

SOREE DTCONY Dead-T'me Cortrl TFRs

FLTACON Faut Pn Controy SFRg

B L g
Corirol SFR

~
POC) Burter I
! ! 3
3 i Chth .
) I
3 ¢ 55 ) -
el 4 e
© (7] P,
e . Y ———
[ onm H g
! v H- P
By
DML
5 &

F~ I~ === F "~ — — ==

3“1117 2.9 Block Diagram of Motor Control PWM

| 7 v 1 - a )
msiisezldauluga MOTOR CONTROL PWM ldeghaiiussansamiuaniu
- . Y s <l Vi oo )
sgndiazissdlanmrmmeavesiugaliinniign angu szildiriinsudsms
muruesniuy 4 dwsheiufe

1 drrssmsimunanuiivesdyyin PWM Uszneudae
REGISTERPTMR,PTPER,PTCON 1uiu



2 @uuesnsnvua DUTY CYCLE fAa PDC1,PDC2 uaz PDC3
3 duveansimunA DEAD TIME waz DISABLE OR ENABLE dtyayias PWM

4 @uveq BUFFER AND DRIVE &yanes PWM
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3.1 N159BNLUUNITAIUANVDY Inverter
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Tagun 12 Vac uwaazunenuieasiseanseuwanasilamesosndu 15 Vdc 98 9 Vac Hw199s

-l bl o d
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TRANFORMER1-5 £C fillter-3
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3300uF
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e
U7 3.1 2995Tuliagsd Y Drive Gate IGBT uas 2995 Controller
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220VAC Diode Doubler+

@ Diode _|*CDoubler+

Cap Poll
# 6300uF

+C Douler -

) “T™Cap Poll
Diode Doubler -|  ggoouF

Diode —
GND

gll‘ﬁ 3.2 997 Voltage Doublers

OPTODRIVERIGBT3H EJ

OPTO DRIVER IGBT1H
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(OIS T« — 100nF 5.
 GRDVDC 15V 3 b
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I TLP-250
DRIVEE IGBT§

3’!!17 3.3 2495 Inverter UWUY 3 A9 wioy Gate Drive
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o 100nF
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203U 3.4 29959849 Controller 18F4520 uvseanilu 4 dau dun

1. LCD lagvirgaidlausiodiuau 16 gn

2. KEY PAD lnpvihqaudiensiodiuiu 8 qn
3. UART siafiu dsPIC30F2010
4

LED wanednuy

18F4520
(— VDo5vV 5 > 33— VDD RAOANO (ag——( ES >
: =2 vDD RAVANT |t RIW
o 18F 2.
c’::'sc 12 RAZ/ANZ/VREF-/CVREF cﬁ%;gm bt
100nE 31 VEEs RA3/AN3/VREF+ [<c— o & sl
vss RAMTOCKIC10OUT I—L——
RAS/ANA/BSHLYDIN/C2ZOUT = ca
OSCZ/CLKO/RAG
3 Crtstal 18F4520
OSC1/CLELRAT niﬁl Tras .,@
G RBOINTHFLTO/AN 12 2. hL b
RE1/INT /AN 10 .. I D
RE2/ANT 2/ANS =] " g
REB3/ANS/CCP2 7 2p
RDOPEPO RE4/KBIO/AN11 Ta
RD1/PSP1 RES/KBI/PGM 2 D5
RD2/PSP2 RBE&/KBI2/POC s il
RD3/PSP3 REB7/KBI3/PGD = ; e
T gh i et 5 RledST AT 18F .
OgwWelear: 8 2= ROS/PESPS/PIB RCO/T 1OSOT13CKL  pa
SW-PB - RD&PIP&P1C RCIUT10SVCCP2 <-:~$—- Resl
= RD7PSE7/FID RCZ/CCP1/Pla  [athi 350 LED1
RC3/SCR/SCL (k-
REOED/ANS RC4/SDISDA (-
Rmclrl ! géﬂcsuﬂﬂ‘?s R&%sﬁ]gg 25 To RX dsPIC30F2010
AN Lol MCOLR/VPP/RES RC7/RI/DT £
?5]:3{1 PIC18F4520 5/ From TX dsPIC30F2010
TOKEYPAD O/
TOLGD :
:_-6, LL;}—_EDIL S AL 3 EC)
14 B7 3 Res1 3 }EB
13— 2 De 200 1 KA
12 D5 Headerd
11 B D>
10 p——= D3
s B2 She
8 D1
7 Do
s E > |
5 RAR o=
; ﬁg 2 *I—CnoiseLcd Rvarl CD
ap RPot Ryl
e VDOSV-5 O 100nE 10K Diode 054002
1
Header 16 6
GND Ryl
Resl
108

3Uil 3.4 2995 Controller 18F4520 (Fassiany LCD,

KEYPAD, UART

Diceyl
Diode

Rkeyl
10K



Sw clear dspic
T

SW-PB dsPIC30F2010
Emclr 1, [ —
AV MCLR EMUD3/ANWVREF+HCN2RBO

Resl N EMUC3/AN1/VREF/CN3/RB1 4
— b OSCI/CLEL ANYSS1/CN4/RB2
AN3NDX/CNS/RB3

v

| VDD AN4/QEAICT/CNGRBA

22 VoD ANS/QEB/ICR/CNT/RES
veva ) AVDD

. EMUD1/S0SCYT2CK/U1 ATX/CNIRC13
cn 2 yss EMUC1/SOSCO/T1CK/U1 ARX/CNO/RC14 <

| 19
vss OSC2ICLKORC1S
Fo] —2L | Avss

FEF TP
]

!

EMUC2/OCVICIANT 1/RDO
EMUDZ/CC2IC2/INT2/RD1

PWMIL/REQ
GND PWMIH/RE1
PWM2L/RE2
PWM2H/RE3
PWMSL/RE4
From TX 18F4520 PWM3H/RES

LAEEN

(£

FLTA/INTO/SCK 1/OCFA/RES <l Headke 62

Header gwrtgnd

~Jjeo

PGC/EMUCATIRX/SDI1/SDA/RF2
PGD/EMUD/U ITX/SDO1/SCL/RF3

DEPIC30F2010-20E/SP CRYSTAL

To RX 18F4524

Ui 3.5 2993 Controller dsPIC30F2010 (Foxsaniy Gate drive, UART
mﬂ'gﬂﬁ 3.5 Controller dsPIC30F2010 utseanitu 3 du
1. PWM s 6 90 lagliifendatu Gate Drive usazi
2. UART sinfiu PIC18F4520
3. LED uamsaanue 2 viaon
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3.3 N1599nUUULUSKASUNITYIN9ILYBY Controller1 8F4520

Delays 5 sec

clear Push Enter
| Digi D
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Cal 4 digi

Result speed=(D*1000)+(C*100)+(B*10)+(A) Push Enter

(LCI Yiset (initial

ke / speed)ipm
299<Sp<1500 /

lNO

WAIT. ..

clear

Sent Uart. Sp

@4—— Delays 5 sec




21

clear

v

(LGB)Speed (mmat speed)rpm*. T

' "“:iﬂj___..--'--._:‘speed 300«1500rpm

Clear 4 digi
Set init speed

:

Delays 5 sec

3Uii 3.6 Flow chart n19¥197U83 PIC18F4520
1N 36 Controller18Fas20 THlunsdnsierugldsmilasmsaaeniuysein
mqﬁéuwmﬁag’ammmL%';'I,unﬁﬂwaumm%'mama‘% TnsuanaavesnIsmAIULIaUea
G0 %‘qmﬁ"suﬂsﬁv‘hnTsﬂ%'uoﬁ"’efngndqhﬂﬁﬁ’u dsPIC iveltlunsdumieaedye
PWM Iﬂam'sﬁmﬁaﬁ"‘u%ﬁwmsﬁaa’ﬁwuaqnmﬂqmauﬁﬁﬁaﬁ Band Rate = 9600 Bits/Sec,
Data = 8 Bits, Stop Bit, Parity = none

3.4 M3oanuwuulUINsUNIS19IUYae dsPIC30F2010

MsvinuvesaIu dsPIC uvimtiTiadedymin PWM aadsiisuinandiues
Controller18F4520 & dsPIC 1#iuas 30F2010 mMBdYIaNAnT 10 MHz  dsPIC 1
Mnsaiedygrananuaildsuiein Controller18Fa520 Tngaiedyayiuainluga
MCPWM a¥adeygnes PWM meludiy dsPIC Tasendunsiiedeyeias Interrupt vesluga
\umduAanduau duty cycle Tagnsduane duty cycle szheandeyaiiiuiiy
P13 sin W1FIR ntuthen duty cycle Aikuwalldlulaly Register PDC1-3 iig1ien
Iwssuiisuiugrunanlulugeadiedyao PWM furtuasetaeiiiadudnuns
AUy Iﬂﬂtﬁﬂ?ﬁ’)ﬁgﬂﬁaQ'ﬁﬁ”lmtﬂ%&mLﬁHUﬁﬁ’}Lﬁ’lﬁ’uﬂzﬁﬁLﬁﬂﬁmm’lm SPwM dudu

deyayau Sinosoidal mu‘gﬂﬁ 3.1
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Delays 5 sec e

Set MCPWM initial Hz
ON PWM

RX UART(2x8bit)

—» | Hz=Speed/30

Receive speed
From 18F4520

3Ui 3.7 Flow chart 9197403 dsPIC30F2010




unil 4
ﬂ'l‘i?lﬂﬂB'ULLE"iSﬂ'ﬁﬁ'N'lU’UEN’Nﬂ']ﬁﬂ'JUF}SJ Inverter
4.1 sUfyayraumnAn Dead time #97 PWM1H fiu PWMIL Salnesinu IGBT
gate drive @@ RG50 ohm Diode UFS

1 ] 1¢

1 500/ 2 500/ ' S0.008 10005 Stop & 1 =350V
~ : I 3 u 3
]l ! Agll_ent
| | ¢ Acquisition "'7.-{:
| ! Normal
E | ‘ 25.0MSals
............................................................ — — —— R -
| | Channels |
; oc 1.00:1]
' oC 1.001
| kg
1 F
5 B
M 4 ! ! i Cursors =
! A" AX
! / _____+3.600000us
| ! 1;&: |
———————————————————————————— i/ 1 Jo +277.78kH:
. { AY(T}
L | 2020107 |
' ; — % |
" J |
2] w o~ ™ AR
Measurement Menu
Source D - Type: |8 LT Settings ‘ i
1 Delay Ieasurement ~5- -

3‘1/17 4.1 Dead time # 300 rpm

A
Wied Jar

2 5.00V/ an ) 005 2000 _ Stop  # 1 350V
| f Agilenti

i 7 _Hoquisition
If | Normal
. 50.0MSa/s

1 5.00V/

e e i e i I A |
T i Channels =

j bC 1.00:1]

| j oC 1.00:1|

|
|

roem—

," +3.200000us

431250k

]|

9 J ]
Measurement Menu
Source QO Type Add Settings
1 Dalay Measurement ~p- 5

gﬂi‘rf 4.2 Dead time i 1500 rom
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4.2 sUvuudyragausitawaiun PWMIH fu PWM2H Jalassinu IGBT

gate drive laisnu filter

1 15

T 500V 2 BOOV/ 005 20005  Sop  # 1 350V
Agilent

Acquisition =
Normal
250kSals

i Channels &
oc 1.00:1|
DC 1.00:1

I
|
I
I
1
|
|
|
]
|
|
|
|
|

-
e T
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AX; '
+100.000000000ms

G T
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|
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|

|

I .

| 17AX:
i S iy B N +10.000H: |

l

|

|

e}
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:‘i— - P ot sy | _J
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Sourcs O Typal 7 Add © Settings o
1 Delay Measurement -3 o

U 4.3 A9 w1 71 300 rpm

1 GOOW 12 SRV To9” Sl 00s 50003  Stop £ 1 350V
2\ T e PV
; i Agilent |
" u’"F?;! ! ‘“!",.“?‘ "“F“ﬁ« IE‘.E i LML T ;“Tf“ﬁk‘: " 3 Mglﬂ?itl;ﬂ o
B | Rt i il ‘ Normal
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4.3 sUfryayreuiivn PWMIH fiu PWM2H Tneriaann IGBT gate drive i1y low
pass filter

T 50087 2 BO00% 00s 20008  Stop & 1 0OV
o - \
= Agilent
£ Acquisition s
Normal
250kSas

AC 1.00:1
{lAC 1.00:1

i Measurements =
Freq(1):
10.395Hz

' ! Pk-Pk{1);

. 3.00v
Phase{1-»2):

. -78.99° |
AC RMS - F§[1):
575.9mV

Channel 2 Menu
4D Coupling’ “/ "BW Limit- ® \Fppx °J . FooveEr., @ " Proba
AC R i — ~a-

Ui 4.5 Sygyrad sine wave i 300 rpm
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%D Coupling BW Limit Fina Invert Probe
AC i I | -5

= as " o
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1L00V/ 2 100V — 00s 10005  Stop  F 1 OOV

- Agilent |
¢ Aoquistion

Normal
500kSals

i Channels E
1 AC 1.00:1
AC 1.00:1

¢ Measurements
Freq(1):
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Pk-Pk(1):

_7.20¥
Phass(1-2):
___-ll4.e°
AC RMS - FS(1}:
2.2121V

Channel 2 Menu
) Coupling " /BWlimt ~ . “Fine: ] Ioert " Probe
AC 5 3 {= ~3-

Ui 4.7 dtygyns sine wave i 900 rpm

444 \Wed Sep D4 1191167 2013
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‘ Agilent
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2 20

T 2000/
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{ac 1.00'1
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e
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1 200v/ 2 200V/ 0.0s 5.000%/ Stop £ 1 7a0v

v

- Agilent
i Acquisition =
Normal
1.00MSa/s

i Channels =
J{AC 1.00:1

/ / \ / AC 1.00:1
. i Measurements =
e M| Freq(1):
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Pk-Pk(1):
11.5V
Phase[1-2):
-125.1°
AC RMS - FS(1):
3.5234v

Channel 2 Menu

O Couplng - TR A Y TTRET NN

Uil 4.9 dyariau sine wave i 1500 rpm

4.4 sUsieuey e PWM 9alagld Probe x100

e

3Uil 4.10 dyqyrss PWM LINE U 575U LINE V 57 600 rpm oscilloscop 200v/div

50ms/div




50ms/div

Ui 4.12 digyayrs PWM LINE V 1378 LINE W 7 600 rpm oscilloscop 200v/div
50ms/div
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:J‘U’w 4.13 a:uwvm PWM LINE V 58U LINE W ‘n 1200 rpm oscilloscop 200v/div
50ms/div
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4.5 n3iaAnusasaulagld Digital Tachometer $u TM-300
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@ T eR e e F

Speed  060@ rEM
Enter speed _

3Uil 4.16 an21auFaseuii 600rpm
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A15°9% 4.5.1 uansn1siSeuiieu anusaseuvaslanes fu arusadelasia
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TOSHIBA

GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR  SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
20.5MAX. , @3340.2
(-]
Fourth generation IGBT 4 G*j;‘—“’lg
FRD included between emitter and collector b A5 §
Enhancement mode type 3 L Ts _;I &
High speed IGBT :tf= 0.25ps (TYP) =0 ( = ;‘f
2, - 3
FRD :trr=0.7ns (TYP) 20 J l a "
Low saturation voltage  : VCE (sat) = 2.1V (TYP)) 10*03 | 1' g
5.45 +0.15 5.45:+0.15
MAXIMUM RATINGS (Ta = 25°C) ne 3
i N
] i -] nil
CHARACTERISTIC SYMBOL RATING UNIT ! CIES) T
| we—
Collector-Emitter Voltage VcEes 900 \"
1. GATE
Gate-Emitter Voltage VGeEs +25 \ 2. COLLECTOR (HEAT SINK]
bC ) 60 3. EMITTER
Collector Current A
1ms Icp 120 JEDEC -
Emitter~Collector DC lecF 15 A JEITA =
Foward Current ma s 120 TOSHIBA 2-21F2C
Weight : 9.
Collector Power Dissipation P 170 W i
(Tc = 25°C) c
Junction Temperature Tj 150 °C
Storage Temperature Range Tstg ~-55~150 °C
Screw Torque — 0.8 N:m
EQUIVALENT CIRCUIT MARKING
Collector
Do O o -
Part No. (or abbreviation code)
TOSHIBA 3(/
D GTE0M303 (]
Gate o—! (l—— Lot No.
JAPAN
(@] \A line indicates
lead (Pb)-free package or
. lead (Pb)-free finish.
Emitter
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TOSHIBA GT60M303
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN | TYP. | MAX | UNIT
Gate Leakage Cument Iges VGE =425V, Ve =0 — - 1500 nA
Collector Cut-off Current Ices Vee = 900V, Vg =0 - — 1.0 mA
Gate-Emitter Cut-off Voltage VGE (oFF) |lc =860mA, Vg = 5V 3.0 —- 6.0 \'%
Collector-Emitter Saturation Voltage VCE (sat) (1) |l = 10A, Vgg = 15V — 1.6 2.2 v
Collector-Emitter Saturation Voltage VCE (sat) (2) |l =60A, Vg = 15V — 21 27 \Y
Input Capacitance Cies Veg =10V, Vge =0, f= 1MHz — 3800 — pF
Rise Time tr — 0.35 0.60
Tum=On Time t LB1Q g — | 046 | 075
Switching Time = 16V - . us
Fall Time t 0 — — | 025 | 040
Tum~Off Time toff 600V — | 060 | 070
Emitter-Collector Forward Voltage VECF lec = 15A, Vg =0 — 1.5 2.0 Y
; IF=15A, Vgg =0 _
Reverse Recovery Time tr di /dt =~20A / ps 0.7 25 ps
Thermal Resistance Rih (j-c) IGBT - — 074 |°C/W
Thermal Resistance R (-c) Diode — - 40 |°C/W
2 2004-07-06




TOSHIBA GT60M303
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TOSHIBA

GT60M303
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TOSHIBA

GT60M303
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TOSHIBA GT60M303

RESTRICTIONS ON PRODUCT USE 030619EAA

» 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 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..

* 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 this
document shall be made at the customer’s own risk.

= TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law 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 !
]
S
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a E
integrated photodetector. a5 5
This unit is 8-lead DIP package. YR8 o
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. - 966£026 $7 M&i
]
* Input threshold current: IF=6mA(max.) 9
—tO
e  Supply current (Icc): 11mA(max.) 125015 & J
e Supply voltage (Vo): 10-35V ”_*EL,J‘._ gfo
¢ Output current (I0): £1.5A (max.) o 26 z
* Switching time (tpLH/tpHL): 1.5ps(max.)
¢ Isolation voltage: 2500Vrms(min.)
¢ UL recognized: UL1577, file No.E67349 111008
= Option(D4)
VDE Approved : DIN EN60747-5-2 TOSHIBA 11-10C4
Maximum Operating Insulation Voltage : 890Vek Weight: 0.54 g(Typ.)
Highest Permissible Over Voltage - 4000Vex
(Note):When a EN60747-5-2 approved type is needed, Pin Configuration (top view)
Please designate “Option(D4)”
1[] 1 1ls
2[] 117
4=
Truth Table gt e
Tr1 Tr2 4 5
Input On On Off
LED Off Off on 1:NC. 5:GND
2: Anode 6 : Vi (Qutput)
3 : Cathode Vg
4:NC. 8:Vce
Schmatic doe
g 1 0 Ve
8
IF (Tr 1)
—
2+ :} —© Vo
VE = 7
3- — 0 Vo
Ilop 6
(Tr2)
o * < GND

A 0.1pF 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
o] 7
w Peak transient forward curent (Note 1) IrpT 1 A
Reverse voltage Vr 5 \
Junction temperature Tj 125 ‘C
“Hpeak output current (Pyw < 2.5ps,f s 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
(Ta<70°C) 35
Output voltage Vo \"%
s (Ta = 85°C) 24
B (Ta< 70°C) 35
2 Supply voltage Vee \%
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVp I ATa -0.73 Vi/°C
Supply voltage derating (Ta = 70°C) AVpe / ATa -0.73 vi/i°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg ~55~125 °C
Lead soldering temperature (10 s) Tsol 260 Ve
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVg 2500 Vrms

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

Pulse width Py < 1ps, 300pps

Exporenential wavefom

Exporenential wavefom, lopH = —1.0A( < 2.5us), lopy = +1.0A( s 2.5us)

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

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 (Note8) IF(ON) T 8 10 mA
Input voltage, off VE(©OFF) 0 — 0.8 \%
Supply voltage Vee 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)<0.5ys.
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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 \%
Temperature coefficient of _ ~
forward voltage AVE/ATa| — |lg=10mA - -2.0 — |mvi/eC
Input reverse current IR — VR =5V, Ta=25°C —_ — 10 HA
Input capacitance Cr - V=0,f=1MHz, Ta=25°C — 45 250 pF
wiiia IF=10mA
H” level loPH 1 v -0.5 -1.5 —
- 8-6=4V
Output current ?{%C 3oV T A
ugn F =
L" level lopL 2 Vo5 = 2.5V 0.5 2 —
up g Veet = +15V, VEg1 =15V
H” level VoH 3 RL = 2000, If = 5mA 1 12.8 -
Output voltage v Vv
o Vcet = +15V, VEg1 = -15V
L" level VoL 4 RL = 2000, VF = 0.8V — -14.2 -12.5
Ve =30V, I =10mA _ 7 _
“H” level lccH — ~|Ta=25C
Vee =30V, I = 10mA - — 11
Supply current Ce =30V, Ir mA
Vee = 30V, Ig = 0mA 'y 75 o
“L” level lcoL — Ta=25"C
Vce = 30V, IF = 0mA - —_— 11
Threshold input “Output I Vcet = +15V, VEg = -15V
» FLH —_ —_ b A
current L—H R =200Q, Vo > 0V 1 i L
Threshold input “Output V, Vet = +15V, VEg1 = -15V
5 FHL — 0.8 — — \%
voltage H-L Ry = 2000, Vg < 0V
Supply voltage Vece — 10 - 35 %
Capacitance c Vg=0,f=1MHz
S - — 1.0 2.0 F
(input-output) Ta =25 P
; . Vg =500V, Ta=25°C 12 14
Resistance(input—output) Rg = R.SH. < 60% Ta=25 1%10 10 — Q
* All typical values are at Ta=25°C  (*1): Duration of I time < 50us
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min Typ.* Max Unit
cuit
Propagation L—H toLH - 0.15 0.5
delay time Hol toHL IF = 8mA — 0.15 05
5 Ve = +15V, VEgq = -15V us
Output rise time tr RL = 2000 e e —
Output fall time t - — —_
Commeon mode transient
: : . Vem = 600V, IF = 8mA
immunity at high level CMmH Vec = 30V, Ta = 25°C -5000 — — V/us
output "
Common mode transient
; . Vem = 600V, I = 0mA
immunity at low level CmL Vee = 30V, Ta = 25°C 5000 — — V/us
output
All typical values are at Ta = 25°C
Test Circuit 1: lopH Test Circuit 2 : IopL
8 ¢
gt I I l - an ¥
Vee _'_
] T O1uF [ :I T 0.1uF
I Vg Vee
- [l H-® T
e
lopL
4 ]‘" — 4 } ' Ve.s
/J? /Ir 77
Test Circuit 3 : VoH Test Circuit 4 : Vo
8 8
1[0 N I l 1 [ | I
Vcet v,
1 . | Veer
[ J T O.1pF - J:__E ] T O1pF o
I
" QD I Nl R T I AL
| o
4[] 4

1

l_l_l_L.J

A4
1 VEE1

TVEE1
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TLP250
Test Circuit 5: tpLH, tpHL, b t
E ]8 Ir —I l—
J_l_lF | 0.1pF L Vece
0——| ] T Vo T Von 80%
n_ Ri Vo= GND
;7 ——— Vo 80%
1000 }.
[ J_l__ VEE1 >
Test Circuit 6: Cpp, CmL
8
H
1 [ 5
sw IF 0.1uF
?_—’_[ ] J: Voo
Ao'o B T
M0
a[] T+
Vem
(M =
L 1
—, 600V
90%
Vem 109 i
f
—> -<—r T <« i 480 (V)
SW :A(lr=8mA) 3
\ R Cai = f (us)
Vo — 3y bV, S|
/\ z
HL
SW :B(Ir=0)

CML(CmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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IF-VE AVE/! ATa-Ig
100 26
Ta=25°C
50 =
30
I 2 O -
_ 7 00 24
g 10 ‘E S
= 5 7 g8 E 5,
L3 /- Em ~
- RIS N
B 1 BL 20
3 = >
3 05 7 RS
B 0.3 -
£ od SE
0.05 § 1.6
0.03 ,
0.01 I -1.4
1.0 12 1.4 16 1.8 20 0.1 03 05 1 3 5 10 30
Forward voltage Vg (V) Forward current  Ig  (mA)
IF=Ta Vec-Ta
40 40
=
= 30 Q 130
£ ° \
3
H 5
& : 20 & 20
&= A s
g 5
< 10 % 10
=
0 0
0 20 40 60 80 100 0 20 40 80 80 100
Ambient temperature Ta (°C) Ambient temperature Ta (°C)
loPH, lopL - Ta
T T T T L}
PW=25ps, fS 15KHz
€ 2
g
3 _.
=<
g
° g
x O
T -
ar N
20
£
<
0
0 20 40 60 80 100
Ambient Temperature Ta (°C)
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RESTRICTIONS ON PRODUCT USE 20070701-EN

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

» TOSHIBA is continually working fo 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 matfunction 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.

¢ 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.

* 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.

e 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.

* 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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