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Abstract

This project proposes a soft starter set for three phase induction motor designed
on basis of constant stator current control during starting up. A Microcontroiler
dsPIC30F4011 is used to control thyristor's firing angle with integral control resulting in
automatic average stator voltage adjustment. With this method the stator current during
starting up is less than when comparing with the direct on line method. As a
consequence motor lifetime is extended. In addition finding the optimum current and

starting time which is suitable for driving motor at different load level is given.
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Wy «17 maneds Wumssmdeya

dy
16 (E) iy Enable 11l
{u <17 WdwmTuuen LeD adnsalneusn desnisandedie

il «0” §1 Lep e ldawludygnai RS R/W uaz DB, - DB,

¥17-14 ilua1 Data Bus dmTuewnsodoudeyaldniuda Lep

(DB, - DB,)




2.5.4.2. §AREFIY8 LCD Module

M319N 2-4 uerAgaMdaaza1n LCD Module 19 lunsiiauunazdids

]
o
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INSTRUCTION RS | p/Ww Data Bit Excecute
7 6 5 4 3 2 1 0 | Time(ns)
CLEAR DISPLAY | 0 0 o{lo|olo]o|o |0/ 1] 1640
CURSOR AT 0 0 ojlololo] o] o |1 |*]| 1640
HOME
ENTRY MODULE | 0 0 ololojlolo]| 1 |uD|Ss 40
SET ’

DISPLAY ON/OFF | 0 0 ololo|o|1|D|cl|B 40
DISPLAY SHIFT | 0 0 000 |1 [SC|RL|*| * 40
FUNCTIONSET | 0 0 0| 0| 1 |DL| N | F | * | * 40

Set CGRAM ADDR | 0 0 0| 1 CGRAM ADDRESS 40

Set DDRAM ADDR | 0 0 1 DDRAM ADDRESS 40
BUSY,ADDR, | 0 1 | BF ADDRESS 0

READ
CGRAM, DDRAM | 1 0 WRITE DATA 40
WR
CGRAM, DDRAM | 1 1 READ DATA 40
RD
2.5.4.2.1 fndundesiuanima (CLEAR DISPLAY)
RS | p/iw | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 0 0 0 0 0

o

f1da CLEAR DISPLAY ilufidsldifoudoyansof8nysing (SPACE) ag

DDRAMYIIHYA agiIn13/vuan1 DDRAM ADDRESS 154 0 tazinosiwessznay 'l

8y Aunisuudnugavesseuaawa
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2.5.4.2.2 199 CURSUR AT HOME

RS R/W | DB7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB O

0 0 0 0 0 0 0 0 0 *

#1949 CURSUR AT HOME %38 RETURN HOME Sus1dsfi 19 lunisideudumus

v
-~

J 1o [} t i
vounesiwos 1ogidumsdogavesteuanina lnsdoyafioglu DDRAM n3of

nihvouansng lunlasuuilas

2.5.4.2.3 MdeInualumsfloudoya (ENTRY MODE SET)

RS | p/j7 | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

0 0 0 0 0 0 0 0 I/D S

ArdeTnualumstleudeya (ENTRY MODE SET) 1ddmsudmuanisifouses

¢ ¢ o

¥
(P85 IWDIUALA UMY ADDRESS 489 DDRAM @41l

d a dqy o - s 7 o ' !
-1I/D Lﬂuum‘w“lﬂumsmwuﬂmimauLﬂaswasuazmummuammmm DDRAM MY

THwunSeandlodouniesmdoyauda

I

10 /D = 0 uoAASAU8I DDRAM 12aAa9

=Y A 3 ] 4 3 ]
TAUD = 1 UBAAITAUDI DDRAM 92NNIUAIUIADS 105 92180 UM WA WHU

fl

UBAATYUDY DDRAM

a

A o~ 3) ] Y @ o o T oo ‘o @ s a
in s = 1edeudeyalniasliudidunesivasezegiviuadidnysdoyamue
anWan lunedne

¥

>

4 1 [ L4 o 4
in s = 0 iodeudeyalniasliudrdunesimesendoulunmeniie

2.5.4.2.4 MAINIVAUMILAAINA (DISPLAY OFF)

RS R/wW | DB7 DB 6 DB5 DB 4 DB 3 DB2 DB 1 DB O

'
v

o o & &g 3 oy 4 It o [% dy
MdamuqumsuaasnaiiusideilFlunsdallasouansnauasinosimesidnymzaadl
D

0 Smualiilasouanina (DISPLAY OFF)

D = 1 fAvunaldidlavouaaina (DISPLAY ON)

]




T w O O
It

I

0 Smualiilamesiyed (CURSOR OFF)
1 fmualdidanosires (CURSOR ON)

° 19 Yva a - o o
0 ﬂTHuﬂ%.li'ﬁMﬂﬁﬂi%‘Wi‘UﬂLﬂfJiL"ﬁ@i

o/

2.5.4.2.5 MAMILANMIADUIADS I¥OT LALA

0 ya a & J J a o =
1 Mnualdlimsnsgniufinesies (nsgniudugddmaoui)

10T (DISPLAY SHIFT)
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RS

R/i7 | DB7 | DB6 | DBS

DB 4

DB 3

DB 2 DB 1

DB O

0 0 0 0

S/C

A ]
o A

o ' '3 v o o : o
mmmugumsmaumaswesuazmaﬂus L‘].Iuﬂﬁﬂ’J‘UﬂilﬂﬁLﬁ@ﬂ%@dlﬂ@ﬁl“ﬁ@g

L Q Qo J [ - [-] =y Qo % y
wagddnysuNAwaaINa Tagiusgiumsfiimuaiia S/C uag RIL TasldnymzAsll

S/C R/L Snuaizvesnsidou
0 0 @ewnofies linadhe
0 1 @oumesimedlniun
1 0 doudisnuslmilumadhe
1 1 dousadnyslnalmen

2.5.4.2.6 MFINIHIHUATIATUMTHI9IU (FUNCTION SET)

RS | p/i7 | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 1 DL N F * *

DL = 0 fMnualiAndeiy LCD Module iy 4 n

DL = 1 fAmualifadedy LCD Module iusiuy 8 Gn

N = 0 fHUANMTIUEAIHD 1 VTN

N = 1 fmuamsuaassa 2 ussiagu

F = 0fHuannNazduavensuaadnaiiiu 5x8 DOT

F = | fMuannuazdeavasmsiananaidy 5x10 DOT
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MUUIHA

I, LCD Module L1 16 §28n¥3 1 ussiaudaziimsuaasnaiivavilussiia udezdos
S1vuA N = 1 fips91nupAmsauns DDRAM vzutiseeniusenidu 2 420 8
FsnusUINBLT 00H uardn 8 MsnwsdalUziSuil 4oH

2. MsMvuala F 145U LCD Module U1 5x7 DOT

3. iffesnnmssmuam DL awsanseir 1875 (DB4 - DB7) diimsdmua ity
ULy 4 Sedaurndausn ndsnns e Widn s LeD Module udafozi 1y

=

A13ARABAY LCD Module tSuuuy 4 dasiun

'
o/

25427  MAUADNUBAATAYDI CGRAM (SET CGRAM ADDRESS)

RS | p/j7 | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

0 0 0 1 CGRAM ADDRESS

MrdaiilFdmiudmunadiumiia ADDRESS Y89 CHARACTER GENERATOR 130
CGRAM Tﬂmzﬁ'mﬁmuﬂﬁwﬂyunﬂﬁgﬂunnﬁuuﬂ?aém%gaﬁu CGRAM Faftmuail
(DBO - DBS) #7u DB6 #ouilu “1” uay DB7 Aeaiflu “0” (01XX XXXX B) &sfifie (40H-
7FH)

]
[

25428 Mduionueansavos DDRAM (SET DDRAM ADRESS)

RS R/W | DB7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB 0

0 0 1 DDRAM ADDRESS

LOAATAYDI LCD 16 90HT 4 UTINA

Y5509 1000 XXXXB = (80 — 8F)H
ussnah 1001 XXXXB = (90 - 9F)H
Us599N 1010 XXXXB = (CO -~ CF)H

U35NAN 4 1100 XXXXB = (DO - DF)H
o @ dy 3o [ o v . A
mmu“l%mmumﬂuﬂmuﬂm Address 494 Dlsplay Data Ram 139 DDRAM #§
(-] 1 [-] o/ é 4 ¥ 1 Q -
ﬂ1llﬂuﬂﬂlﬂﬂlﬂﬁ)ﬂ‘§ﬂ§ﬁ1ﬂi‘UﬂWilLﬁﬂQNﬂﬂﬂWﬂ LCD ‘H\ilﬁﬂﬁﬂﬁEJ']Nﬂ?EJL‘TJUuﬂWﬂ’JE]ﬂyﬁ

o ' S & 1. ) A 4 0 )
Glﬁ’ﬂ‘lj LCD luumazasaiu Adunauss DDRAM Address %zmuwﬂ?aaﬂm [ $UYUN
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QI Qe & Q' 3 ['] o v
Taudd Tulaaue mwww?aaﬂuumﬁuﬂ"lﬁmnum /D 14 ENTRY MODE SET ummﬁ

- ° ° ' o ' o3 {
AMUITANIECATIHUAA UK UUDARTAUDI DDRAM o mlmuﬂﬂﬂﬂl’lﬁ' YU LCD ﬁlﬁ‘l

3 [ 4 v
deamsliuaaana o atuq e lasdivuausamsatnaunsgiinsouns ooy

q

#19nu5 197U DDRAM 1o dm§uueaAiaund DDRAM 184 LCD UAALHUUNY L1aAdIag

' & ° [:3 ) ' @ :
(miN"fI’NﬁNWQﬂ15ﬂ1ﬁuﬂ‘ﬂ$ﬂ1ﬁuﬂ1ﬁﬂﬁ DB7 iMNY “1” (WD Lﬁﬁ]ﬂﬂﬂ'ﬂSﬂ’Jﬂiuﬂﬁi%ﬂu

1.

LUV 16 AIDNYT 1 UTTNA

80 |81 |8 |8 |8 |8 |8 |87 |COo|Cl |C2|C3 |C4|C5|C6 |CT
2. HUU 16 AIDAYT 2 USTNA

80 |81 |8 |83 |84 |8 |8 |87 |8 |8 |8A |8B |8C |8D |8F |8&F

CO |Cl |C2 |C3 |C4 CS5|C6 |CT |CB|CO|CA|CB|CC|CD|CE|CF
3. WUV 16 AIDNYT 4 UTINA

80 [81 |82 |83 (8 |85 |8 |87 |88 |8 |8A |8B |8C |8D |8E |8

CO |Cl |[C2 |C3 |C4 |C5|C6 |CT (C8B|CYO |CA|CB|CC|CD|CE|CF

90 |91 92 (93 {94 195 196 |97 |98 [99 [9A | 9B |9C | 9D | 9E | 9F

DO |DI |D2 |D3 |D4 |D5 |D6 |D7 |D8 |D9 | DA |DB | DC | DD | DE | DF
3. WUV 20 AIDNYT 2 UTTHA

80 | 81 82 | 83 84 |85 | 8 |87 {88 |8 | 8A 8B [ 8C | 8D | 8E | 8F | 90 | 91 92 | 93

CO|Cl|IC2IC3|C4|C51C6|CT|C8BICO|CA|CB|CC|CD|CE]|CF|DO0]DI D2 | D3

2.5.4.2.9 M40 UUNaNBUS YAz ADDRESS (READ BUSY FLAG AND ADDRESS)

RS

DB 7

DB 6

DB 5

DB 4

DB 3

DB 2

DB

1

DB 0

BF

CGRAM/DDRAM ADDRESS

(-] -1 U 1) A
et l¥iumseua1ves BUSY FLAG (BF) #eusndeanuwieyyes LCD luns




81 BF = 0 waoiie LCD wiouiozsudoyade 1l
&1BF = 1 nuwda 1dldndeuniezsudeya

y z { 1 1 o 3 i
wennnfludnnnssiiemawman BF iWinnudines 1ddumnuiaves CGRAM nie

I

fl

DDRAM ADRESS 8 1AM a
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deg degT3.4

Gain1
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idgyene lnivesudazila 11viims MUX 91niulen1u Hit Crossing 99z 1414
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nsenamAsuiinnud 2 wnnwd Wi (100 Hz) nagifsuiudygiu 100 eldnsm

da g ' g 1 v a a 4 o o [V o @ {
plimdaua 0- 1 nnumEudBumnsamolludlSudyga  hdyguyugaruIun
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ABNITNARDILATHANITNARDI

MINARBINBUA 1 : MIU993 soft starter TuTnaa R, L masalwW , Tasawm
FEMINesas
1. 12997 soft starter inAalnaanaaaln 3 iINauULaas Tufinniw
PDINTIUR WSUTITUNIULTITU U UTIT W
2. 1112997 soft starter NGalnaavaaa Wuaziaaas 3 Waluusay
TUANNIWTBINTIUNE UnUIITuTaussdulauasissdmng
3. #7997 soft starter iNAalnaanaaati 3 suLuead Tufinniw
PDINTZUR UAZUTITUNIUTITUIRTUAZUTIT U
4. 11997 soft starter 1NFalnannaaa IWLAZUAAES 3 IWALLULAAM
TufinnsWuanssud ussusssumusesulaiuazusodmne
MINARBIABUT 2 : MIFAISNYBLAET LY Direct online
IBN1Inasad
1. vmsdauamasiniivnihamae 1000 W dauuusens
2. yhmssainuaieasuuuDirect online T@miaejmfwﬁnmumem 5¢72#t No-Load
2 kg (21%Tated) + 4 KG (41%T a1e4) + 6 kg (58%Trated) + 8 KG (67% T aea) + 10 kg
(85%T ratea)
3. TwANNTIANTIURUAZUIIO®
MIMARBIREUT 3 : N13UNI995Soft Starter ANAIWANNIT Start valeasniteni
ATMInanas
1. 117993S0ft Starter 11vmsdatunaieaiiniigathvuia 1000 W wuusens
2. dmssaminuaieilagimimuadinszuaaivaulugngain udr¥aing
Tunasnlnansnansgeadt No-Load , No-Load , 2 kg , 4 kg , 6 kg . 8 kg , 10 ig
3. Lﬂ"&'uummzuamqu'lwﬁwmmm%“n udvhmstunasalnaamiioudad 3
4. JUANFAINITTURURZUTIAK
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HANINABDINBUTN 1: M5 1F Soft Starter YU TMAA R, L &4 y1ATUIUAN

@ o
stnsmuseunaznszualatilunsdi inaanasa vl (R)

AC A}

Stopped 2007/02/14 223217
CRTWEOMY | CH2W200V

> 10001 ¢

Stopped
CHIw50mY -
RG: 1%

=Fliters =Offgete =Record Lengthw sTriggers
Smoothing | ON  CH1 ! -----—- Main : 10K Mode ! AUTO
BW @ FULL CHZ : ov 2Zo0m : WK  Type : EDOE CH2 §
Delay : 0.0ns
Hald OFF ©  MINIMUM
1] - o
3UM 4-1 yugaruuiiv 30 eem
Stopped 2007/02/14_22:33:40
CHi=50mV HZWZ00V Sms/div
AC 1t > \pO:1 . (Sma/div)

wFilters wOffcatm aRucord Lengihw wTriggers
Smoothing : ON  CH1 | wewe=ue Main @ 10K Mode @ AUTO
BW ; FULL CH2 : ov Zoom ; 10K Type : EDOE CHZ2 £

Delay @ 0.0ns
Hoid OFF :  MINIMUM

317 4-3 yugaruruiiu 90 oeeh

wFiters =0ffsetm sRecord Lengthw wTriggers
Bmoothing : ON CH} | ee=cae- Main 10K Mode | AUTO
BW @ FULL CH2 : o Zoom @ 10K Type : EDQE CH2 £
Delay @ 0.0ng
Hald Off | MINIMUM
Ut 4-2 ygaruuiiu 60 oe
3UN 4-2 Yugaru Ity 60 89M
Stopped 2007/02/14 22:34:20
CH=50mv CHZm200V Sms /div
AC Tt DC 1001 (5ma /div)
: : mRM:an!S/l
V|t
aTriggers
Mode @ AUTO
Type : EDOE CH2 &
Delay : 0.0ns
Hold Off : MINIMUM

517 4-4 yugaruamuiu 120 sem

Y
Stopped 2007/02/14_22:36:06
CHIWEOmV CHOw200V : ; Sma/div
AC 11 DC 100:1 : (5ms/div)
: : . NORM:200kB /8
—d— ’ e iawivha -
[t oo ; st

wFiltere wOffgetn
Smaoothing : ON CHY :
BW ! FULL CH2 :

=Record Lsngihs uTriggers
Main @ 10K Mode ! AUTO
Zoom : 10K  Type : EDOE CH2 &
Delay & 0.0ns
Hoid OfF ;|  MINIMUM
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2007/02/14 22:23:07

Stopped 2007/02/14_22:22:25 Stopped
CH1wS50my CH2m200v ¢ Sms/div CHI1=50mV @ CH2m200V Sms/div
AC 11 C 100:1 (Smg/div) RC 11 0C 100:1 (Smaydiv)
’ . : NORM:200KS /s,

... NORM200KB s

%l
wFilters =Offgetm =Record Lengths nTrigger= wFiitera wOffgets =Record Lengthw aTriggers
8moothing : ON CHl | =cem=e= Malin @ 10K Mode : AUTO Bmoothing | ON  CH1 | ==we=cwe Main ;10K Made | AUTO
W i FULL CH2 : ov Zoom 10K Type : EDOE CHZ2 £ BW : FULL CH2 [ Zgom @ 10K Type : EDOE CH2 §
Delay : 0.0n8 Delay : 0.0ns
Hold Off :  MINIMUM Hold Off :  MINIMUM

51/ 4-6 yuyarumiiu 30 BIryY

511 4-7 garuauiilu 60 earn

Stopped 2007/02/14_22:2349 Stopped g 2007/02/14_22:24:33
CHIWEOMYV = CHZWZ00v T Smaydiv CHIWEOMYV | CH2w200V 5ma/dv
ac 11 oC 1001 | ! ac 1 oC 1000 | (Sme/div)
’ ‘ : PRI ; .. NORM:200k8 /5
Y N s

sFiters =0ffsetw sRecord Lengths wTriggers wFilters =Offzetn =Record Lengthm wTriggers
Smoothing : ON  CHY | =e=mm=m Main ;10K  Made : AUTO Smoothing : ON  CH1 { ==m==mm Main : 10K  Mode : AUTO
BW : FULL CH2 : ov Zoom : 10K  Type : EDOE CH2 & BW : FULL CH2 : Y Zoom : 10K  Type : EDOE CH2 §
Delay : 0.0ns Delay : 0.0ns
Hokt Off MINIMUM Hold OFf . MINIMUM
= ‘i‘l o glt] .
317 4-8 yugaruIUlu90 B9 317 4-9 yugauilu 120 oae
Stopped g 2007/02/14 22:25:14
CHImEBMY | CH2w200V : T sms/div
Ac 11 DC 100:1 : . (5msydlv)
e e, e e e, NORM:200KS /6
ol ..4 dado . " T TP
i y . " T

wFifters s0ffgets =Record Length= aTriggers
Smoothing : ON CH1 | =w=ece= Main : 10K Mode @ AUTO
BW : FULL CH2 : ov Zoom @ 10K Type . EDGE CH2 £
Delay : 0.0ns
Hokd OfF MINIMUM

5171 4-10 yugarudu 150 oemn
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NRN1INARDIADOUN 2 . MIRANULL Direct Online ﬂmuﬁﬂﬂﬁ“uﬂI“ﬂﬂﬂ’]ﬂﬁd‘]

Stopped 2007/03/01 01:18:40 Stopped 2007/03/01 01:17:60
CHI=1V CH2w500V 200ms /div CHim1V CH2u500V T 200ms/div
AC 1M AC 100:1  (200ms/div) AC 1 AC 100:1 : (200mp/div)
‘ ‘  NORMESKB /e ; P  NORMESKS/3
Py
¥
bk
i 1] itk
ha i | WL
sFitors wOffsets sRecord Lengtha uTriggers wFiterw =Oftgetw =Record Lengths wTriggers
Smoothing : OFF CH1 : Main 10K Mode . AUTO Smoothing : : Main ;10K Mode @ AUTO
BW : FULL CH2 : Zoom ;10K Type : EDQE CH1 & BW | FULL Zoom . 10K Type . EDQE CH! &
Delay : 0.0ns Delay : 0.0n8
Hokd Off @  MINIMUM Hold Off : MINIMUM

3U# 4-11 No - LoadLoad

3Uf 4-12 Load 21%T gieg

2007/03/01 0114113

Stopped 2007/03/01_01:15:24 Stopped
CHim1y CH2w500V + 200ms/div CHimlv CH2w500V ;. 200ms/div
ac 11 AC 100:1 t : (200mp/div) AC 11 AC 1001 (200ma /div)
: : . . NORMISKS/8 : NORMISkS /5
In
v
T, AT
izl LT EEN
¥ ¥ 1111 Wil il
«Filters =OFfsetm sRecord Lengths uTriggers wFiitors =0ffgets sRecord Lengihs aTriggerw
Smoothing : OFF CH1 : - Main i 10K Mode ! AUTO Smoothing ¢ OFF CH1 : ==——- Main © 10K Mode : AUTO
BW : FULL CH2 : - Zoom : 10K  Type ; EDOE CH1 £ BW ! FULL CH2 : - Zoom : 10K  Type : EDQE CH1 £
Delay : 0.0n8 Delay : 0.0n8
Hold OFf :  MINIMUM Hold Off ;' MINIMUM
' '
~ ~
U9 4-13 Load 41%T ateq UM 4-14 Load 58%T ateq
9 rate q rate
Stopped. 2007/03/01_D1:13:04 Stopped 2007/03/01_01:10:08
CHI=1Y CH2ws00V . 200ms/div CHIm1V CH2w500V - T 200mB/div
Ac 11 RC 1001 (200mp/div) AC Lt AC 10001 : (200mB /div)
: NORM!SKS/8 : : . NORMISKB /8
1
n
! I
I ! _w“m.tm‘l‘
¥ 1 | l } I
i il
TR R s (it
didtaetd { I
- il “‘1.“\1“1““‘}\:‘ i :}
e t
SR Tl iy
1
wFiiters s0ffsatm sRecord Lengthw uTriggers =Fiters e0Offsetm =Record Length= aTriggerw
Bmoothing : OFF CH1 : --- Main 10K Mode : AUTO 8moothing : OFF CH1 : ——- Main : 10K  Mode : AUTO
8W : FULL CH2 ! —=m-m-- Zo0m : 10K  Type : EDOE CH! £ BW : FULL CH2 | wwe 200m : 10K Type : EDGE CH1 £
Delay : 0.0ns Delay : 0.0ns
Hold OFf @ MINIMUM Hoid OFF :  MINIMUM

3U7 4-15 Load 67%T e

31 4-16 Load 85%Tigiea

83
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HANINANaIRawil 3 : NI Soft Starter TunalABIIWIA 1000 W Gauvuaais
rpslaunszuamuguivlnaauuiads guazimaiunszusaivguidanaiaed

lusursntulvnaale a Kl = 6
Stopped 2007/03/01_00:4%:36
CHIWEQOmMY: CH2uw500V I © 500ms/div

AC 1 ARG 100:1 : : (500m3/div)

2007/03/01 00:36:55

ON‘IISOOmV CH2wS00V : ! © 500ms/div
RC 11 AC 1001 . (500ma /div)

NORM:2k8/8
NORMZBs L. NO 878

=Fiiters mOtfsete wRecord Lengths uTriggers wFiters wOffsate =Record Lengthm uTriggorm
i OFF CH1: Maln ¢ 10K Mode : AUTO Bmoolhing : OFF CH1 ! ~wem=na Main 10K Mode : AUTO
BW  FULL CH2 | wemweas Zoom © 10K Type . EDGE CH1 § BW : FULL CHZ | w=mw=we Zoom ; 10K Yypa : EDOE CH1 &
Delay : 0.0ns Delay : 0.0ns
Hotd Off | MINIMAM Hoid OfF :  MINIMUM

31J°?1 4-17 No — Load NIZURMILAY 1.76 A 51J°n 4-18No — Load N3zURAILAY 1.90 A

2007/03/01 00:42:16

| (500mB/dw)
NORMIZKS/3

uFlterw nOffgats wRecord Lenglh= -Tngg.y- wFiters wQffsats wRecord Lengtha uTriggers
Smoothing | OFF CN! ------- Main @ 10K Mode [ AUTO Bmoolhing | OFF CHY ! ==m=mew Main © 10K Mode | AUTQ
BW | FULL HECLEET Zoom : 10K Type : EDGE CH1 § BW : FULL CH2 | =emmman Zoom : 10K Type : EDGE CH1 §
Dwiay 0.0ns Delay 0.0ns
Md 0" MINIMUM Hold OFf :  MINIMUM
51]1’1 4-19 No — Load ﬂLLLNﬂ’)‘UﬂN 2056 A ﬁJ‘ﬂ 4-20 No - Load ﬂLLLNﬂ’)Uﬂ&J 2.19A

Stopp d 2007/03/0) 00:4%44

!

i

=Filterw nOffgatn =Record Lengths aTriggers =Flilwrs =Offpets sRecord Lengthu wTriggers
Smoothing : OFF CH1 | m=====m Main ;10K Mode © AUTO 8moothing : OFF CHY [ —-====~ Main @ 10K Mode @ AUTO
BW : FULL CH2 : ==-==-= Zoom : 10K  Type : EDGE CH1 § BW : FULL CH2 | =mwevme Zoom : VK Type ! EDQE CHY &
Detay : 0.0n8 Delay 0.0
Hold Off :  MINIMUM Hotd on MINIMUM

31J°?1 4-21 No — Load NIZURAILAN 2.34 A 31J°7i 4-22 No - Load NITUIAILAY 2.49 A
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2007/03/01_00:26:07

stopped

 Stopped 2007 /03/01_00:27:31 CHI= 1V T 500ms/div
CHImIV ta/div AC 111 : (500mp/div)
ac 11 (19/div) : : NORMIKS/8

NORM!1KS /8

sFilterm wOffgelw wRacord Lengths uTriggers =Fiters =0ffeetm ®Record Lengthm sTrigger=
Bmaothing | OFF CH1 | =ces=== Main @ 10K Mode @ AUTO 8Smoathing : OFF CHY [ ======= Main ;10K Mode : AUTO
BW [ FULL CHZ2 : w-mmmww Zoom ;10K Type : EDOE CH1 & 8w : FULL CHZ | mm=me== Zoom © 10K Type : EDOE CH1 £
Delay : 0.0ns Delay : "ons
Hold OFF ©  MINIMUM Hold OFF : ML iMUM
-l e
3U714-23L08021% TN TTUEAILAN 2.64 A JU114-24L02d21%T eregNITURAIUAY 2.78 A

nStopped 2007/03/01_01516:57

nStopped 2007/03/01_00:24:52 CHImIV 1 : ; : : 500me/div
CHimty  ©  CH2s=500V : : S00ms /div ; : : : (500m3 /div)

Ac 10000 | : : | (500ms/div) | NORM:K8/s

878

=FRterm =OFf! sRecord Lengths aTriggers wFiiterm woffsetw =Record Lenglh= aTriggers
Smoathing : OFF CH1 : - Maln: 1K Mode : AUTO Smuothing : OFF CH1 : - Main i 10K  Mode ; AUTO
8w : FULL CH2 : - Zoom . 10K Type : EDGE CHY £ BW | FULL CHz : Zoom 10K Type : EDGE CH1 &
Delay : 0.0ne Delay 0.0ne
Hold Off ;  MINIMUM Hold OFF : MINIMUM
f )
-l ~
0, 0,
3UT4-25L0ad21%T gegNTTUEAILAN 2.93 A 3U714-26L.0ad21%T a1eaNITUFAIUAY 3.08 A
nStopped 2007/03/01 00:20:07
wStopped. 2007/03/01_00:18:30 CHim1Y CH2w500V : : + 500ms/div
CHIWW | CHZwS00V : 500mB /div AC 1T L AC 1000 | 1 : : ¢ (500ms/div)
AC 111 AC 100: (S00mp/div) ; ; : ; t ; : . NORM2k8/8
: } ‘‘‘‘ NORMEZAB /3 S ISPt FEFTITES SRRSO I . e " 4
: ; : : : }
L4
Tp—
¥
=Filterm wOffsetw wRecord Lengths =Triggers sFiters =Offsetm =Record Length= uTriggers
Smoothing | OFF CH{ | ~~eeees Main | 10K Mode @ AUTO Smoothing ;| OFF CH1 | -====-- Main 10K Mode : AUTO
BW ; FULL CH2 | ==e=m== Zoom :@ 10K Type : EDOE CH1 & BW | FULL CH2 | ======n Zoom : 10K Type . EDGE CH1 £
Delay : 0.0ne Delay 0.0ns
Hold Off © MINIMUM Hold Off : MINIMUM

7UN4-27L0ad21%T qeaNITUEAILAN 3.2 A 31J~?i4-28|.oad21%Tmedm:uamuqu 3.37 A



wStopped

2007/03/01 00:22:27

CHlwty
AG 11

CH2w500V % :

AC 100:t

500ms /div

wFiiterm

Smoacthing : OFF CH1 :

BW @ FULL

=Qffsels sRecord Lengthe
Main © 10K
CHZ Zoom : 10K

sTriggers
Mode | AUTO
Type @
Delay :

Hoid Off |  MINIMUM

2007/03/01_00:23:17

nStopped

CHIWIV
ac 11

;- 500nm5/div
© (5000 8/div)
{ NORM:2k8/s

sFfiters wOffsete
Smoothing : OFF CHY :
BW ; FULL CHZ ;| ==

sRecord Lengthw

Main
Zoom

10K
10K

=Triggers
Mode : AUTO
Type : EDOE CH1 &
Delay 0.0ns
Hold OFf : MINIMUM

86

31Jﬁ4-29Load21%T,atedm:uaﬂ’mqu3.52 A 311#4-30 L0ad21%T aeqN TZUFAILAN 3.66 A

1 Stopped

CHImV
AC 11

2007/02/28 23:25:10

500me /v
(S00mB /div)

=Filters

8moothing @ OFF CH1 @

BW : FULL

wOffsate sRecord Lengths
Main © 10K

Zoom @ 10K

CH2 @

uTriggerw
Mode : AUTO
Type : EDOE CH1 &
Delay : 0.0ns
Hold Off .  MINIMUM

nStopped
CHImIV
ac 1t

sFiters wOffgats
Smoothing : OFF CH1 | =emeew
BW @ FULL CH2 :

®Record Length=

- Main
Zoom

10K
K

sTriggers
Mode © AUTO
Type . EDQE CH1
Delay : D.0ns
Hoid Off MINIMUM

7U714-31L0a021%T 50N TTURAILANI.B1 A gﬂﬁ 4-32 L0ad41% T g TTUFAILAN3.96 A

wStopped

2007/02/28 232112

CHIw1Y
AC 111

CH2=500V
AC 100:

500ms /div
(500mb /div)
NORMI2KS /8

uFilters

8moothing : OFF CH1

W ! FULL

Ot =Record Lengthe
Main ;10K
CHZ Zoom @ 1K

aTriggers
Mode : AUTO
Type :
Delay :

Hold OFf :  MINIMUM

Stopped

2007/02/28 03:16:48

CHIETV
oC 1

CHZWS00V
AC 100:1

’_—

i

+

+
i
¥
1

T 500mB/div
 (500mB /div)
| NORMIKE /5

=Fiters =0ffsetm
8moothing : OFF CH1 @ ooy
BW | FULL CH2 | =m==uee

wRecard Lengthm
10K
10K

Main :
Zaom

Mode
Type : EDOE CHZ ¥
Delay :

Hola OfF :

wTriggers
AUTO

0.0ns
MINIMUM

U7 4-33L0ad41%T 4ieqN TEURATLAN4.10 A 31J°?i4-34Load41%T,a,edm:uamuqu 425 A
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Stopped 2007/02/28_03:16:48 st -
- : - opped 2007/02/28 21:23:35
CHmiV CHZwS00V n%mv ; ‘ A bome v
pC 111 : : : ; {500ms/div)
NORM:2KkB/6

oGt AC 100:1

et

¥ ¥
i
4
t
=Fillers =0ffsetm =Record Length= wTriggers wFilters =Offsetw wRacord Lengtha uTriggers
8meothing | OFF CH1 0.00v Main © 10K Mode | AUTO 8mocthing : OFF CH1 | 0.00V Main © 10K Mode © AUTO
BW ! FULL ot R p— Zoom : 10K  Type : EDOE CH2 ¥ BW : FULL [T R — Zoom : 10K  Type : EDQE CHI £
Delay @ 0.0ns Delay : g.ons
Hold OFF ;  MINIMUM Hold OFf ©  MINIMUM
) )
al rol
0,
31/114-35L02d58%T 51N ILUTAILAN 4.69 A 3UT14-36L0ad58% T eaNTTURAILAN 4.83 A
Stopped 2007/02/28 21:29:23 .
I 2LOPP Stopped 2007/02/20 22:02:25
B I
GHImty © CH2m=500V : : ;. S00ms/div CHiwiV CHZ=500V T 500ms /div
oc AC 100t : AC 11 AC 1001 : © (500ms /div)
: Gl NoRmeasss |} ; : | NORM;2k8/s
v ‘ i
4
sFiterw =Offgetw =Record Lengthw sTriggers wFilters =Offsets sRecord Lengths sTriggers
Smoothing : OFF CHY @ 000V Maim: 10K  Mode : AUTO Smoothing : OFF CH1 ; ==e=-ne Maln . 10K Mode : AUTO
BW : FULL CHZ © =eemeue Zoom : 10K  Type : EDGE CH1 £ BW : FULL CH2 { ==mmeme Zoom : 10K  Type ; EDGE CH1 £
Delay 0.0ns Delay : 0.0ns
Hold OFf i MINIMUM Hold OFf :  MINIMUM

31Jﬁ4-37Load58%Tmedm:uamuqu 513 A 3:J~7‘i4-38Load58°/oT,a,edns:uamuqu 4.69 A

wStopped 2007/02/28_22:0108
CHTWIV g

AC 1M1

Stopped 2007/02/28_21:58:59

CHi=1V ; T 500ms /div
AC 11 ¢ (500ms/div)
i NORM:2k8 /3

CH2wE00V
AC 1001

=Filters =0ffsetm =Record Lengths aTriggers wFlitern =0ffsetw sRecord Lengthm aTrigr- s
8moothing | OFF CH1 [ =ew==ws Main : 10K Mode : AUTO Smoothing : OFF CHt : Main ;| 10K Mode : AUT
BW ; FULL CH2 ; =====w= Zoom 10K Type : EDGE CHt & BW | FLL CH2 | ==m=we= Zoom ;10K Type : EDQE CH1 £
Delay : 00ns Delay : 0.0ns
Hold DFf | MINIMUM Hold OFf .  MINIMUM

31]1"’14-39Load67°/on,edm:u.amuqu 483 A 31_]17‘14-40Load67°/oTratedﬂT:Llﬁﬂ’mqw 4.98 A
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n Stopped 2007/02/28 215652
CHI=1V CH2w500V ; nStopped 2007402/28_2153:07
AC 11 AC, 100:1 CHIwV CHZW500V g T 500me/div
; AC 11 AC 101 ¢ : (500mg/div)
: : : NORM2KS/s
T "
v
e et et gt et 1 R
A ¥
wFilterw =Offseim =Racord Length= =Triggers wFilters «Offsetn =Record Lengthe wTriggers
8moothing : OFF CH1 | =eemwee Main : 10K Mode : AUTO 8moothing : OFF CH1 : == Main : 10K Mode | AUTO
BW © FULL CHZ ! memmem= Zoom . 10K Type : EDOE CH1 4 BW ; FULL CH2 : Zoom : 10K  Type : EDOE CH1 £
Deiay @ 0.0ne Delay : 0.0ns
Hold OFf | MINIMUM Hoid OFf :  MINIMUM

31Jﬁ4-41Load67°/oT,atedns:LLamuqu 5.13 A Eﬂﬁ4-42L0ad67%T,atedﬂixLLﬁﬂ’JUQ&I 527 A

wStopped - 10
CHIw1V CHZu500V | L 2007/025:)?" 33;‘1‘5.33
AC 11 AC. 10011 | : 4 : ¢ (500ma/div)
‘ e ' : NORM248/s
1 [
R g
*
!
1
t
wFilterw uOffsetw sRecord Lengths sTriggerw sFiters =0Offsetw mRecord Lengthe =Triggers
Smoothing | OFF CH1 | weewswas Main 10K Mode : AUTO Smoothing : OFF CHY [ —~---on Maln © 10K Mode ; AUTO
BW : FULL CH2 | ==ewman Zoom : 10K Type : EDOE CH1 & W o FULL CHZ | =wem==n Zoom : 10K  Type ! EDGE CH1 £
Delay . 0.0ns Delay : 0.0ns
Hold Off :  MINIMUM Hold OfF :  MINIMUM

31.!%‘4-43Load85%T,atedn'5:LLamuqu 542 A 31.!%‘4-44Load85%Tra,edns:LLaﬂ1uqsJ 5.57 A
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mifleunszusnivquduinaavuasi guasimauianssuaauquilanainasla

gusodulnsald a kil = 5
Sto’::’:f‘:sumv: CH2=500V r-?_

ac 10 AC 100 i

2007/03/01 00:45:05
\ 500ms /div
: (500ms/div)
1 NORMikB/8

wFiiters =Offsets wRecord Lengtha =Triggers wFiilers sOffsets =Record Lengths aTriggers
Smoothing : OFF CH1 : -=meac- Maln : 10K Mode : AUTO 8moothing | OFF CHY ! ======c Maln @ WK  Made : AUTO
BW ! FULL CHZ | wawmeea Zoom : 10K Type : EDGE CH1 & BW : FULL CH2 | wavween Zoom : 10K  Type : EDGE CH1 £
Delay @ 0.0n8 Defay 0.0ns
Hold Off :  MINIMUM Hold Off .  MINIMUM
a |
U7 4-45 No - Load N3zUgAILUAN 1.76 A U7 4-46 No - Load NIzURAILAY 1.90 A

Stopped 2007/03/01 00:37:42
CHiw500mV I : : ;  500m/div
ac t1 1001 ¢ : : (500m /div)

2007/03/01 00:41:46
500ms/div

(500mb /div)

NORMI2K8 /8

L]
¥
t
I
i
=Fiterw eOffaetw =Record Length= uTriggers wFlfern wOffsels wRecord Lengths sTriggers
8moothing : OFF CHY ! m=m=aww Main : 10K Mode @ AUTO SMOOthing : OFF CH1 ; wwmwwes Main : 10K  Mode : AUTO
BW : FULL CH2 ;| ~==m=e= Zgom @ 10K Type : EDOE CH1 8W ! FULL CH2 ! evewamew Zoom : 10K  Type . EDOE CH1 £
Defay 0.0ns Detay : 0.0ns
Hold OFf ;  MINIMUM Hold OFf :  MINIMUM
= P
Eﬂﬂ 4-47 No - Load ﬂS:LLﬂﬂ’]UQ&l 205 A Eﬂﬂ 4-48 No - Load ﬂitLLﬂﬂ’]‘UQ&l 219 A
pLobped T — . 2007/83/0 D367 Stopped ___ ‘ 2007/03/01_00:4341
AC 11 c:é-swm"l : B

AC 1001

(500ns /div}
i NORMIZkS /8

S NI SRy [ T I e W)

wFilters wOffseta wRecord Lengthw wTriggers sFitera =Offgetn wRecord Lengthe sTriggerw
Smoothing : OFF CHI1 Main 10K Mode : AUTO Smoothing : OFF CHl | weswee- Main oK Mode | AUTO
BW 1 FULL CH2 : Zoom ;10K Type : EDGE CH1 & BW ! FULL CHZ ;| =eww=== Zoom @ 10K Type : EDGE CHI £
Delay 0.0ns Delay 0.0ns
Hold Off | MINIMUM Hold OFt :  MINIMUM

3Uf1 4-49 No - Load NIUAAIUAN 2.34 A FUT 4-50 No - Load NIURAILAY 2.49 A



Stopped

2007/03/01 00:40:24

CHIW500mY:
ac 1

T R,

CHZWS00V - ! :

AC 100:1

nStopped

90

AC 11

j— 2007/03/01 00:26:10
CHImIY CHZw500V ATY
(18/div)

: NORM:1KS/8

wFiter=
Smoothing : OFF CH1
BW © FULL CH2

=Record Length=
Main © 10K
Zoom @ 10K

=Trigger=
Mode : AUTO
Type :
Delay :
Hold OFF :

=Filters =Of
Smoothing : OFF CHI ;
BW : FULL CH2 :

=Record Lengthe
Main ¢ 10K
Zoom ;10K

wTriggers
Mode ; ARUTO
Type @
Delay

Hold Off ;| MINIMUM

317 4-51No - Loadnzuaniunn 2.64 A JU 4-52L0ad 21%T,eqNTEURAILA 2.78 A

wStopped

2007/03/0% 00:26:39

CH1w1V CH2wS00V

AC 111

AC 100:1

Im—

" 500mB/div
¢ (500ma/div)
. NORMIZKS/8

nStopped
CHImT

RC 1

2007/03/01_00:25:16
T 500ms /div

¢ (500ms/div)

. NORMI2KB /%

i

wFiterw sOffseta

Smoothing : OFF CHY ; wm-m=n-

W FULL CH2 :

=Record Lengthw
Main 1 10K
Zoom ; 10K

=Triggera
Mode : AUTO

Delay

Hold Off |  MINIMUM

sFiters =0ffgets
Smoothing ; OFF CH1 | mweseew
BW ! FULL ChHz :

=Record Lengths
Main : 10K
2o0m @ 10K

sTriggers
Mode © AUTO
Type : EDOGE CH1 #
Delay 0.0ns
Hoid OFf :  MINIMUM

31Jﬁ4-53Load21"/oT,atedns:LLaﬂ'mquz.Qs A gﬂﬁ 4-54L.0ad 21%T a1eqNNTEURAILAH3.08 A

wStopped

2007 /03/01_00:14:42

CHImTV

AC 11

CH2w500V

1 Stopped e 2007/03/01 00:17:38
CHiwiy CH2w500V : T g/dly
RC 1001 : © (50 nng/div)

; NOMi2ka /8

=Filters uOffgetw

8moothing | OFF CHI | wewmmwe
- Zoom

BW | FULL CH2 :

=Record Longths
Main : 10K
10K

sTrigger=
Mode : AUTO
Type : EDGE CH1 &
Defay 0.0ne
Hold OFf :  MINIMUM

sFillers =0ffeetw ®Record Lengths
8moothing | OFF CH1 ! ===rew- Main ;10K
B8W | FULL CH2 | em=v== - Zoom ;10K

sTriggers
Mode : AUTO
Type : EDGE CH1 &
Delay : 0.0ns
Hokd OFF | MINIMUM

31Jﬁ4-55Load21%T,a,edns:uamuqu3.22A 31J°7i 4-56L.0ad21%T qeq NITUFAIUAY 3.37 A



nStopped 2007/03/01 00;19:13
CHIWTV CHZmB00V - ;. 500ms/div
(500m/div)

AC 111 RAC 10031

91

2007/03/01 00:22:02
: 500ms /div
: (500ms/div)
; NORMI2k8/s

nStopped
CHim1Y

*
wfiter= =0ffgetm sRacord Lengths =Triggerw sFilters =0flsatw sRecord Lengths uTriggers
8moothing . OFF CH1 | ===m=== Main ;10K Mode | AUTO 8moothing ; OFF CH1 | ======= Main ;10K Mode ; RUT"
BW  FULL CH2 | wwm=muw Zoom 10K Type . EDQE CHY £ BW  FULL CH2 | ~wm=mw= Zoom : 10K Type . EDOL CH1 £
Delay 0.0n9 Detay 0.0ns
Hold Off : MINIMUM Hold OFf :  MINIMUM

31.!‘;7‘14-57Load21°/oTrmed NIZURNIUANS.52A

3U4-58L0ad21% T aieaNTTUFAILAL 3.66A

n Stopped . 2007/03/01_00:22:52 Stopped 2007/02/28_23:26:53
CHIw1 i 500ms/div CRImTV - 500ms /div
AC 11  (500me/div) ac 11 ¢ (500mh/div)
| NORMAS/8 i NORM:xS/s
v
&
t
wfijters =0ffgetm ®sRecord Lengthw sTriggers wFiiterm nOffsel wRecord Lengths sTrigger=
Smaothing : OFF CH1 @ Main : 10K Mode : AUTO Smoothing : OFF CHI : Mailn 1 10K Mode : AUTO
BW @ FULL CH2 : Zoom : 10K  Type : EDGE CH1 £ BW : FULL CHz : Zoom : 10K Type : EDGE CH1 £
Delay 00ns Delay : 0.0ns
Hold OFf MINIMUM Hold OFf :  MINIMUM

31]17‘14-59Load21"/oTratedm:LLaﬂ’Juan&mA 31.|‘7i4-60Load41"/oTratedm:LLamuq&J 3.66 A

2007/02/28 23.25:37
 500ms/div
© (500m8/div)
;. NoR L

nStopped
CHIW1V
ac 11

CH2w500V :
ac 1001

2007/02/29 23:22:44

500ms /div
¢ (500ms/div)
i NORMIXS/s

wFilters =Offgetm =Record Lengthw =Triggers
Smoathing : OFF CH1 ¢ Main 10K Mode : AUTO
BW : FULL CH2 | =wmwmen Zoom 10K Type . EDOE CHY £
Delay : 0.0ns
Hold OfF : MINIMUM

aFijtera =Offgeta ®Record Lengths sTriggers
8moothing : OFF CH1 | ~eemeee Main ;10K Mode : AUTO
W . FULL CHZ ! =wmeene Zoom | 10K Type : EDQE CH1 £
Delay 0.0ns
Hold OFF : MINIMUM

31Jﬁ4-61Load41‘%Tmtedm:uaﬂ’mqu3.81 A 3'1J°‘7'1'4-62Load41%Tr,,ted NITUFAILAN 3.96 A
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wStopped _ __2007/02/28 232042 2007/0./28 021627
CHIm1V CHZw500V : : PLOPPS : T S0bms /v ]

 (500ms/div)
| NORMZKB/s

ac 1 AC 100:1

* e s e D
!
1
=Fiter= =Offgets =Record Length= uTriggers =Filters wOftget= =Record Lengthm =Triggers
8moothing . OFF CH1 Main ;| 10K Mode : AUTO Smoothing : OFF CH1 ; 0.00v Maln : 10K Mode : AUTO
B8W . FULL CH2 : Zoom @ 10K Type . EDOE CH1 £ BW : FULL CHZ ! =wmmr== Zoom : 10K Type : EDGE CH2 ¥
Delay : 00ns Delay | 0.0ns
Hold OFf : MINIMUM Hold OFf |  MINIMUM

7UT4-63L08d41%T,ieqNTEURAILANA.10 A JUT 4-64L0ad58%T 0N TEURAILAL 4.6 A

nStopped 2007/02/28 21:22:20 -
CHImV CHZ2WS00V - 500MS /iy .:-Mf:'w zoo7/025/oz::" z;.dz's.zn

DC 111 (500m$/div) CHI» it 6 /div

: DC 11 (500ma /div)

AC 100:1

i2kS /8

f Wsl‘

sFiters =Offeetw =Record Length= uTriggers =Record Lengthm =Triggerw
8moothing : OFF CH1 . a.00v Main | 10K Mode : AUTO Main 10K Mode : AUTO
W FULL CH2 : Zaoom 10K Type : EDOE CH! £ v Zoom 10K Type . EDGE CH1 £
Delay : 0.0ns Delay : 0.0ns
Hold Off : MINIMUM Hold Off : MINIMUM
' ’
o o
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v 0
TMUNUTI ) 2 kg 4 kg 6 kg 8 kg 10 kg
g
wIIRLTan
, - 2.5 4.5 6.4 8.2 9.9
naustart(kg)
wsedLTan
- 0.6 0.8 1.2 2.2 2.2

Yturstart(kg)

LLNaGﬁmotor 0 25-06=|45-08=|64-12=| 82-22 | 99-22=
TIBWE 1.9 37 5.2 = 7.7
Torque

(N.m);r=0.08m | © 1.49 2.92 4.08 4.7 6.04

Torque =r* F
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14.2 SEMIKRON Pulse Transformers

Code Designation System

SEMIKRON component

Pulise transformer
Case size

Radio of windings
1:1

[l

k 1

A

1
11
Type number (approximate | vdt value [uVs)/100)

SO "0 a0 oW

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

1. Introduction
SEMIKRON impulse transformers are intended to be used

with the whole family of SEMIKRON thyristors and also
with non-SEMIKRON products.

In many electronic power applications pulse transformers
are generally used for firing thyristors and triacs, and for
the control of power transistors and darlingtons. In most
cases, the controlling pulse comes from a trigger circuit at
low voltage level (10 to 30 V), whilst the transformer
secondary winding normally is connected to higher volta-
ges (220 to 600 Vrms),

The galvanic isolation through the pulse transformer im-
proves the system and protects the controlling circuit
against spikes and transients from the power circuit.

The use of SEMIKRON pulse transformers offers the
following advantages:

1. High isolation between the control circuit and the power
side (2.5 - 4.0 kVrms).

2.Low coupling capacity, achieved thanks a special
winding technique, avoids transient effects from the
power line to the control circuit.

3. High value of pulse amplitude and duration, due to
special magnetic materials with high magnetic perme-
ability, and also low values of magnetising current.

4. Well coupled magnetic coils assure low stray in-
ductance levels and low rise times (high di/dt values).
5. Very compact sizes and very low core losses due to
special magnetic material (Ferrite able to work up to

150 kHz).

According to the application the specified technical data
may differ from case 1o case, as follows:

- output voltage withnoload 5-15V

- trigger current 100mA-1A
- rise time 0,5-5us

- pulse width 10us-1ms
- operation frequency 5-10 kHz

The simplified model of a pulse transformer and its para-
meters is shown below:

GA14PTO1

Fig. 1 Model of an impulse transformer

Lsp = primary stray inductance

Cps = coupling capacity between primary and secondary
Rs = secondary wiring resistance

Lss = secondary stray inductance

Rp = primary wiring resistance

L, = magnetising inductance

Rep = core power losses

2. Explanations of Technical data

- Transformation ratio: shows the number of coils and
their relation, e.g. 3:1:1.

» Voltage-time integral [ vdt, pulse width 1

The voltage which is induced in the secondary winding of
a transformer is given by the product of the inductance L,
and the rate of change of current in the primary winding.

A constant current flowing in the primary wiil produce no
secondary voltage. When a rectangular shaped current
pulse is applied to the primary winding a voltage is induced
in the secondary during the rise time of the puise. This
voltage does not immediately decay when the primary
current reaches its constant value but remains for a time

A-104
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seEMIKRON

to which is inversely proportional to the voltage V. More
exactly expressed: the voltage-time integral for a given
transformer is a constant K:

fvdt =K

The area under the curve which plots the waveform of
voltage against time gives the value of the above integral.
With a rectangular pulse this integral is given simply by the
product V - t, where V is the amplitude of the pulse and t,
is its width.

Since with thyristor firing circuits the amplitude of the pulse
is determined by the gate characteristic and by the series
resistances in the circuit, then for a given transformer, the
above voltage-time integral effectively defines the resul-
ting pulse width.

+ Transfer area: or voltage-time integral is the minimum
value for the voltage-time area measured on a
secondary winding in a no-load condition for an unipolar
pulse until it reaches the saturation.

40

30,

N

SATURATION
POINT

Vplave)

! ™ ——
25

T T T

Fig. 2 fv.dt =V -ty = 331 uVs (the whole area under
the curve)

+ The example shows a SKPT 25a3 transferring a pulse
of 24 V amplitude from a pulse generator with Rg = 50 Q
and the point where it starts to go into saturation; the
value of the integral represents the maximum pulse
width t, and the average pulse amplitude that can be
transferred before reaching saturation. in the example,
t,=20,7usand V= 16 V (V, - t, = 331 us) can be used,
without going into saturation.
di/dt, rise time t, and peak current Iy: For the reliable
firing of a thyristor the firing pulse, as well as having an
adequate amplitude, must also possess a sharp leading
edge. To achieve this, pulse transformers require low
stray inductance (will be explained later) and tight
coupling between primary and the secondary winding.
The rise time t. is proportional to the time constant
formed by the stray inductance L; and the load
resistance Ry.
= 2 (1)
L

The load resistance is the sum of all d.c. resistances in the
gate circuit. To find the rise time and di/dt a conventional
circuit incorporating a speed-up RC network, which
produces a peak |y at the start of the pulse is used as
shown:

IL

1

Fig. 3 Circuit for determining t; and Iu
The rise time of the current is given by

a6 _ =h 2)

dt t

b

M e —

90%|— —
l} 2-h
/]

109%

po— -t

te

Current waveform

Fig. 4

GAI4PTO3
Cag :90F

Lag :18uH Rgi0.560
()
L. I ||

Rpr0550 Lo :18pH

Fig. 5 model of a SKPT 25a3

The same circuit is used to determine the highest obtain
able peak current Iy at the load (gate circuit) resitance R,

400
mA
300 235mA

™ -

750% IM
200 A 1]
100
{Vout) v
10% iM
PN
e U1

10 t 12 14 16 Ty 18

Fig. 6 SKPT 25a3 measurement of rise time

© by SEMIKRON
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The diagram Fig.6 shows the SKPT 25a3 and the corre-
sponding rise time, The di/dt may be evaluated from (2):

Al 188mA _ mA

,

« Stray inductance Ls: The value of this parameter
depends mainly on the mechanical layout of the
transformer and shows the coupling between core and/
or coils. Good coupling means low stray inductance.
Therefore, coils with a high number of turns tend to have
higher values of L. It can easily be measured by putting
the secondary side in short-circuit and connecting an
LC-meter at the primary side. If Lg has a high value, di/
¢t will be limited and then tr becomes bigger.
The following formula gives the relation between their
two parameters

Ls = Lstotar = Lsp * Lss (3)

then

t = LStotal > (4)
0,83 (R, +Rg+{Ng/N,}2 - R))

di _ Yin (5)

at LStota/

+ Coupling capacitance Cp,: the coupling capacitance
between primary and secondary does not have an
influence on the electrical results of the transformer, but
in circuits in which sudden high jumps in potential occur,
such as in four quadrant converters of in many self-
commutated circuits, this value must be minimised.
Otherwise the charging current of this capacitance may
cause undesired firing of the thyristor. For this reason,
transformers with high numbers of turns, have a screen
inserted between the primary and the secondary
windings.

Magnetising inductance or primary inductance (L)
this parameter depends on the maximum permeability of
the core material. The final value must be found with a
tolerance - 30 % + 50 % and depends directly on the
core temperature. With high permeability materials, we
need less turns to achieve the desired Lp; low values of
L, make the transformer more suitable to saturation.

+ Nominal voltage (Vims): this is the voltage in the
secondary circuit of the transformer. Creepage
distances, isolation tests and isolation distances will be
found with this value, and it determines the maximum
working voltage between two single windings.

+ Corona voitage (V): this voltage is the maximum
working voltage before “Corona effect” starts. For all
SEMIKRON types, this value is 1,5 ... 1,75 X Upys.

- Isolation test voltage (Visoi): test voltage winding to
winding. The high voltage test checks the galvanic

_ separation of the transformer windings, in particular the
dielectric strength and freedom from partial discharge.
The test is acc. to VDE 0550, part 1.

The specifications on isolation voltage for equipment are
included in IEC Publication IEC 146-1-1: 1991,
respectively with EN 60146-1-1: 1993 clause 4.2.1.

(= VDE 0558 T1-1: 1993-04) or EN 50 178: 11,1997 =
DIN EN 50 178 (VDE 0160) 4.1998

+ Low losses: thyristors firing transformers operate with
pulse currents and high voltage. In windings losses can
be reduced by achieving low ohmic values; in cores,
losses are smaller by choosing suitable materials for
high frequency operations.

3. Ratings, Characteristics and mechanical outline see
pages B 14 — 103 etg, “Lss” = “Ls"

4. Application examples

The link between the control and the thyristors is the

trigger unit. Its function is to produce the required gate

trigger current puises whose frequency, phase, sequen-
ce, etc., are determined by signals supplied through the
control or regulation electronics.

+ Shape of the trigger pulses: under critical rate of rise
of on-state current, with a steeply increasing main
current it is necessary to supply a trigger pulse of high
amplitude (= 5 - IgTy with a steep leading edge (= 1 A/us).
However, even when the current in the commutation
circuit only increases relatively slowly, with a parallel
connected transient voltage suppression RC shubber
network, the steeply increasing discharge current of the
capacitor flows through the thyristor when it fires. It is
therefore recommended to use high amplitude, steep
trigger pulses in all circumstances.

This is particularly important with parallel or series
connected thyristors since high amplitude, steeply in-
creasing trigger pulses will ensure sirnultaneous firing.
In order to determine whether a trigger unit with known
values of short circuit current Ik and open circuit voltage
V, is adequate, its output characteristic as defined by
these values is plotted on a diagram showing also the
gate characteristic of the thyristor in question. For this
purpose the gate trigger curve, which has normally a
logarithmic scale, is re-drawn in a linear scale in Fig.7
such that the output characteristic of the trigger unit is
more easily displayed as a straight line connecting Ik
and V,, see Fig. 7 next page.

The actual gate characteristic of one particular thyristor
of the type in question will lie somewhere between the
limiting curves on the diagram. Hence, the possible
crossing points of the gate characteristic with the trigger
unit output characteristic will lie between the points A
and B on the load line.

The width of the trigger pulse should not be less than

10 us. The value of latching current as specified in
SEMIKRON data sheets is valid for trigger pulses of this
duration. The thyristor needs about 100 ps to be fully
switched-on. See page A - 39: di/dt and A - 40: }.. As the
gate pulse width increases, the minimum gate trigger
current and the latching current are reduced.

A-106
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\When a rectifier has a load with back e.m.f., then the
thyristors can only trigger when the instantaneous value of
the alternating input voltage is higher than the back e.m.f.
In order to be sure that the commutation will be achieved,
it is necessary in this case to use comparatively wide
trigger pulses. The extreme case is the a.c. controller with
an inductive load. As a result of the phase shift between
current and voltage here it is necessary to have a pulse
duration of (180-a)°el., i.e., at 50 Hz up to 10 ms.

25

(I 1- i o ]
VI \ } % . |
(- I [ AN % B
] TN %
Vo ‘ ° Y
. o)
RELSREE NG
- » ] <
N ~
S Xt 0
i “o.@ B %
T e 0;!,;’ I =+
10 o,
1R T
7 \ T T
5 [’ e
y Bl 1 |
Yo II: A
BMZ B
[») L.
0 g 2 4 Iy 6 8 A 10
Fig. 7 Gate trigger characteristics (see also B 3 — 16,
Fig. 9)

The width of the trigger pulses should not be made
unnecessarily long, since long pulses result in a significant
gate power dissipation, account of which must be taken
when calculating the overall power loss of the thyristor.
Necessarily, the limiting power values Pgy as shown in
Fig.7 should in no circumstances be exceeded, otherwise
the thyristor could be destroyed. Even when the power
loss is well below these maximum values, however, ac-
count must be taken of it when the rating of the thyristor is
calculated.

In addition to the above, the trigger unit also becomes
more expensive with increased output power. Wide pul-
ses mean for the pulse transformer a large voltage-time
integral, and that means a larger transformer. For this
reason, instead of a single long pulse, a series of short
pulses (with a frequency from 5 ... 10 kHz) are often used,
the pulse train solution. If the gaps between the pulses
cause problems, then a second chain of puises can be
superimposed such that a continuous long pulse is still
achieved. In this case the pulse transformer needs only be
dimensioned for the short duration pulses (e.g. with 7 kHz,
tp = 70 us).

- Circuits examples: we are showing in the following

examples two typical applications for impulse transfor-
mers.

1. The first example: simple trigger circuit with current

limitina racictar in tha primnr\l cirdn iec chAun in Bin R

Low L, — fast decreasing of Ig

w24v ¥

hin

Fig. 8 Trigger circuit with SKPT25a3

N 2
v, - V{F} _v, ™
D
| = Iin"'lma (8)
g Ns
Ny

The voltage-time area is found in Fig. 9 during the time ,
(e.g. = 56 ms) and must be smaller than the maximurr
value [ U.dt given in the data sheet (e.g. 350 uVs for SKPT
25a3).

la
400
mA
200 1

-200

-400

10 t 30 50 70 ps 90

Fig. 9a Input current |;,
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-20

10t 30 50 70 ps 90

Fig. 9b input voltage Vi,

Vg Ig
20 900
V. mA
10 700

0 500 4t z

-10 300

@ @

-20 100

\

10 t 30 50 70 w90

Figy. 9¢ Output voltage vg (curve 2) and output current ig
(curve?l) of SKPT 25a3 (see Fig. 8)

2. The second example: The pulse transformer is
intended to deliver long puises without using big pulse
transformers (t, = 1 ms) as needed for inductive loads
up to t, = 180° - ). The solution is as follows

14.3 Fans
Type Designation System

SEMIKRON Component

Superposition of two pulse trains 1 and 2 of 5 to 7 kHz
using 2 SKPT 25a3.

GA14PT10

“24V o JZ

o *ij‘n'L

o)

Fig. 10 Circuit of the superposition of two puise trains of
short pulses of two SKPT 25a3

'g1

-—— - p—y - -

\ 4

0 b Tt
Fig. 11 The two pulse trains of gate current overlapping
over t, = 180° - a for inductive loads

16 B -230

Fan

S,

Suitable heatsink type (P16)

Version: B

input voltage (230 V AC)

Captions of the Fiaures

A-108 pages 109 to 134 deleted
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14.4 Semiconductor Fuses (page B 14 - 113)

Such rapid fuses are needed to protect the convertor from
an unlimited current flow from supply line.

To choose a suitable fast tripping (<10 ms) semiconductor
fuse first determine the It of the device and the supply line
voltage and the suitable mechanical size according to the
datasheet. Then select - for the given line voltage -the 12
of the fuse type < It of device (hot).This would protect

against damage to the equipment by surge current anc
short circuit current as a failure mode, may be up to 10(
times. To protect against overload the max. lrus value o
the application circuit must be taken into account to selec
the fuse with lrus < lrms permissible of equipmen
regarding Zijn, tp and Tyjm.

14.5 Mounting Clamps (MC..., BC...) for Capsule Devices (page B 14 - 117)

When mounting capsule devices regard the special
mounting instructions of the semiconductor device given
for instance on pages A — 41 or A — 83 and in the data
sheet,

14.6 Metal Oxide (ZnO) Varistors (page B 14 - 121)

A varistor is a variable resistor which varies depending on
applied voltage, i.e. gets very low at high voltage spikes
conducting substantial current up to I, and dissipating

Type Designation Systems

SEMIKRON component

When mounting boxclamps regard the correct sequence
and direction of the belleville washers, First tighten screw
by hand equally and crosswise then use a spanner, unti
the gap between boxclamp and heatsink is disappeared.

The plastic part meets UL 94V-0

energy [Ws] over us to a limited extend (see datasheet
clipping voltage spikes to an undangerous level.

ZnQ varistor

Package, terminals
A: Wire terminals
C: Plastic case, screw terminals

Type number

Rated continuous alternating voltage Vv (V)

Paralle! capacitor (omitted if not existing)

SEMIKRON component

ZnQ varistor

Package, terminais
C: Plastic case, fast-on terminals

Type number

© by SEMIKRON
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NNational Semiconductor

DAC1218/DAC1219

December 1994

12-Bit Binary Multiplying D/A Converter

General Description

The DAC1218 and the DAC1218 are 12-bit binary, 4-quad-
rant multiplying D to A converters. The linearity, differential
non-linearity and monaotonicity specifications for these con-
varters are all guaranteed over temperature. In addition,
these parameters are specitied with standard zero and full-
scale adjustment procedures as opposed to the impractical
best fit straight line guarantee.

This leve! of precision is achieved though the use of an
advanced silicon-chromium (SiCr) R-2R resistor ladder net-
work. This type of thin-film resistor eliminates the parasitic
diode problems associated with diffused resistors and al-
lows the applied reference voitage to range from —25V to
25V, independent of the logic supply voltage.

CMOS current switches and drive circuitry are used to
achieve low power consumption (20 mW typical) and mini-
mize output leakage current errors (10 nA maximum).
Unique digital input circuitry maintaing TTL. compatible input
threshold voitages over the full operating supply voltage
range.

The DAC1218 and DAC1219 are direct replacements for
the AD7541 series, AD7521 series, and AD7531 series with
a significant improvement in the linearity specification. In
applications where direct interface of the D to A converter to

a microprocessor bus is desirable, the DAC1208 and
DAC1230 series eliminate the need for additional interface
logic.

Features

& Linearity specified with zero and full-scale adjust only

m Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

m Works with 1 10V reference—full 4-quadrant
muitiplication

m All parts guaranteed 12-bit monotonic

Key Specifications
m Current Settling Time 1 us
B Resolution 12 Bits

12 Bits (DAC1218)
11 Bits (DAC1218)
1.5 ppm/°C

20 mw

5 Vpc to 15 Vpgo

® Linearity (Guaranteed
over temperature)

u Gain Tempco

m Low Power Dissipation

u Single Power Supply

Typical Application Connection Diagram
(i B Duakin-Line Package
[T 158 A , ) N
{ l 18y ‘outy =@ = ey
v e 8 0 e ‘ouma _2-‘ _11 Ves
Al e o « o A2 AR N0 Ly
tour? . s
£ 10V O Vg DACI2Ig — Qutrur Awss) = N pdsal
louT2 A2 _: o A1
Vee GND ' "
-L 18y A3 = = A0
(L = = a4 ALy
16V 8 -!‘ .ﬂ a
TL/H/5681 -1 ¢ 1
AB —-1 p— A7
A1 A2 A3 A12
vour = ~veer (5 + 5+ )
TL/H/5681 15
where: AN = 1 if digital input is high Top View
AN = 0 if digital input is low
Ordering Information
Temperature Range 0°Cto +70°C ~40°C to +85°C Package Outline
Non 0.012% DAC1218LCJ-1 DAC1218L.CJ J18A Cerdip
Linearity | o 024% DAC1219LCJ J18A Cerdip
BI-FET™™ |5 a of National Corp.

£11095 National Semiconductor Carporation  TL/H/5681

RAD-B30M115/Prinied in U. S. A.

02 v/o bulAdiyinp Aseutg 1g-2Z1 61210vA/8121LovVA

J9lI9AU



Absolute Maximum Ratings (notes1and2)  Operating Conditions

It Military/Aerospace specified devices are required, Temperature Range TMIN < Ta < Tmax
please contact the National Semiconductor Sales DAC1218LCJ, DAC1218LCJ ~40°C < Tp s +85°C
Oftice/Distributors for availability and specifications. DAC1218LCJ-1 0°C < Ta < 70°C
Suipply Voltage (Vcc) 17 Voo Range of Voo 5Vpcto 16 Vpe
Vultage at Any Digital input Voe to GND Voltage at Any Digital nput Voe to GND
Voitage at Vrer Input +25V
Storage Temperature Range —-65°C to + 150°C
Package Dissipation at T4 = 25°C (Note 3) 500 mW
DC Voltage Applied to loyTt1 of louT2 ~100 mV to Voo
(Note 4)
Lead Temp. (Soldering, 10 seconds) 300°C
ESD Susceptibility (Note 11) 800V

Electrical Characteristics

Vger = 10.000 Vpg, Vog = 11.4 Vpg to 16.75 Vi unless otherwise noted. Boldface limits apply from Ty to Tyax (see
Note 9); all other limits To = T = 25°C.

T Tested Design
Parameter Conditions Notes (Not?1 0) Limit Limit Units
(Note 11) | (Note 12)
Resolution 12 12 12 Bits
Linearity Error Zero and Full-Scale 4,59
(End Point Linearity) Adjusted
DAC1218 +0.018 +0.018 % of FSR
DAC1219 +0.024 +0.024 % of FSR
Ditferential Non-Linearity Zero and Full-Scate 4,59
Adjusted
DAC1218 +0.018 +0.018 % of FSR
DAC1219 +0.024 +0.024 % of FSR
Monotonicity 4 12 12 12 Bits
Gain Error (Min) Using Internal Rgp, 5 -0.1 0.0 % of FSR
Gain Error (Max) VRer = +10V, £1V 5 —0.1 -0.2 % of FSA
Gain Error Tempco 5 +13 +8.0 ppm of FS/°C
Power Supply Rejection All Digital Inputs High 5 +3.0 +30 ppm of FSR/V
Reference Input Resistance | (Min) 9 15 10 10 kn
(Max) 9 15 20 20 k2
Qutput Feedthrough Error VRer = 120 Vp-p, =100 kHz 6 3.0 mVp-p
All Data Inputs Low
Output Capacitance All Data Inputs  1oyT1 200 pF
High louT2 70 pF
All Data Inputs  louT 70 pF
Low louT2 200 pF
Supply Current Drain 9 2.0 2.5 mA
Output Leakage Current 7,9
louT1 All Data Inputs Low 10 10 nA
louTtz All Data Inputs High 10 10 nA
Digital Input Threshold Low Threshold 9 0.8 0.8 Voe
High Threshold 2.2 2.2 Voc
Digital Input Currents Digitat Inputs <0.8V 9 -200 -200 rADC
Digital Inputs >2.2V 10 10 nApc
tg Current Settling Time Ry = 1004, Output Settled
to 0.01%, All Digital Inputs 1 us
Switched Simuitaneously




av-DisPLAY  ABGCO16002A Series 17 comisems

OUTLINE DIMENSIONS

£0.0£0.3 MAX14. 5 MAX9. 3
75,0 94" 29.. 3.6
8.0 L 2.54X15=38.1  _, 32-21,0 ~ ‘ 3.0
] 1 £ 0. 60
S IIIIIIIIREEI | 0.55
e >
S EERE Bl
b= > | 8| ol
:‘ e D G R S B R L L R o 0 T QD'
RS \8) v
. “ 11t O
1.6 1.
ons 56.2 Le P oLe
62. 2(V. A)
71.5
Unmarked tolerance X.X 10.2 WITH LED B/L WITH EL B/L
XXX 201 OR WITIIOUT R/
BLOCK DIAGRAM & POWER SUPPLY
oo { coml§
x;; ] :mi—_—() LCD Panel e VOD(+5.0)
Vo ————=1  CONTROL Vo
g SE— LSl é
':.s | spkggggé seql0 H LCD VR(0™20K)
: I
R/W S ,1/ MODULE VSS(ov)
Mho-mh7 =)
b LEDA (45, 0V)
::;Z: - Backlight b LEDK (OV)
MECHANICAL SPECIFICATIONS & FEATURE
Jtem Normal Dimensions(mm) FEATURE
Module Size (W*H"T) 80.0%36.0x9.3/14.5 LCD Type STN. TN. HIN. FSIN
View Area (W*H) 62.2x17.9 LCD Colour STN:Yellow-Green. Gray Other:Gray
Character Pitch(W*H) 3.6x5.0 View Angle 6 O'clock, 12 Q'clock
Character Size(W*H) 30%5.6 Display Type Positive Type. Neagtive Type
Character Font 5x%8 Rear polarizer Transmissive. Reflective. Transtiective
Dot Pitch (W*H) 0.60x0.7 QOperating Temperature 0°C ~ 50°C . -20°C ~ 70°C
Dot Size (WH) 0.55%U.65 Backlight LED:Yellow EL:Green. Blue-Green. Blue Without
ELECTRICAL CHARACTERISTICS
Item Symbol Test Condition Min. Typ. Max. Unit
Operating Voltage Vdd Ta=25° C - 50 - V
Operating Voltage for LCD Vied Ta=25° C - 42 v
Supply Current ldd Ta=25° C, Vdd=5.0V - 20 30 mA
Supply Current for Backlight(LED) If Ta=25° C, Vf=4.2V - 110 mA
INTERFACE PIN CONNECTIONS
Pin No Symbol Level Description
1 VSS - Ground for Logic
2 VDD -- Power supply for Logic
3 Vo - Power supply for LCD drive
4 RS HL Register selection (H:Data register, L:Instruction register)
5 ~ R/W H/L Readwrite selection (H:Read,[;Write)
6 £ HH—L Enable signal for LCM
7-14 DB0-DB7 HL Data Bus lines
15 LEDA - Power supply for Backlight(+)
16 LEDK -- Power supply for Backlight(-)

REMARK

Pin15 and Pin16 electrode(A. K) can be exchanged
Negative type LCD colour: Blue

CGROM font option: English. Japanese. Russian. etc
0Oid No.:HY-1602W Series



Bolymin, Inc.

EL Inverter Specification

P/N: IVEL-01
Customer Date 99/12/03 Rev A
Part No IVEL-01 Item | DC/ACINVERTER | Dwg.No

@ Specification

Input(V//Dc) |Output(V/Ac)|Frequency(Hz) |Input(mA/Dc)|El range(c m)| Test Dummy Load=El(cir

5V/DCt10% | 80V*15% 600Hzt20% | 60mA TYP. | 30~80 c i

22nF//66.6K (2

@Test Condtion: @25°C. Dc 5V & Standard Dummy Load.
@Test equipment :
1. Millimeter : FLUKE 87S Millimeter.
2. Oscilloscope : Tektromic TDS210 Digital Oscilloscope.
3. Power supply : Gw GPC-3030D D¢ Power Supply.
4. Load : EPI — LOAD - 01 Multi Range Load.

@ Operation Temperature : -10°C ~ +70C

@ Storage Temperature :-30C ~ +80TC

Note :
1. Warning : output do not open or short . Inverter may be burnout.

_ 30 _ 2
| |
N B e
=  E5652Z | o "0 1,0& -
N ‘ - J G I \l “ |
v | ’ | o
45 | | 200 N’

Tolerance: 0.5mm

- PIN ' Description ‘
[ Input DC Voltage. 4
G  DC/AC ground. [
O | Output AC Voltage. |

Prepare: Checked: Approval:
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DATA SHEET

MPSA26; MPSA27
NPN Darlington transistors

Product specification 1999 Apr 27
Supersedes data of 1997 Apr 17
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Philips Semiconductors Product specification
- |

NPN Darlington transistors MPSA26; MPSA27
FEATURES PINNING
* High current (max. 500 mA) PIN DESCRIPTION
* Low voltage (max. 60 V) 1 collector
¢ High DC current gain (min. 10000). 2 base
3 emitter
APPLICATIONS
¢ High gain amplification.
2 1
DESCRIPTION "
, o , 3 = TR1
NPN Darlington transistor in a TO-92; SOT54 plastic - fem ey e
package.
MAM252 3
Fig.1 Simplified outline (TO-82; SOT54)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vceo collector-base voltage open emitter
MPSA26 - 50 \%
MPSA27 - 60 \%
Vees collector-emitter voltage Vge =0
MPSA26 - 50 \
MPSA27 - 60 \
VEBO emitter-base voltage open collector - 10 \%
le collector current (DC) - 500 mA
lem peak collector current - 1 A
I base current (DC) - 100 mA
Piot total power dissipation Tamb < 25 °C; note 1 - 500 mw
Tstg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C
Note

1. Transistor mounted on an FR4 printed-circuit board.

1998 Apr 27 2



Philips Semiconductors

Product specification

NPN Darlington transistors

MPSA26; MPSA27

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih j-a thermal resistance from junction to ambient | note 1 250 Kiw
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcro collector cut-off current le=0;Vcg=40V
MPSA26 - - 100 nA
lcso collector cut-off current le=0,Veg =50V
MPSA27 - - 100 nA
leso emitter cut-off current lc=0;Vgg =10V - - 100 nA
hre DC current gain lc =10 mA; Ve =5 V; see Fig.2 10000 | -
ic =100 mA; Vcg =5V, see Fig.2 10000 | - -
VcEsat collector-emitter saturation voltage |ic = 100 mA; Ig = 0.1 mA - - 1.5 Y
Vaggsat base-emitter saturation voltage lc =100 mA; Ig = 0.1 mA - - 1.5 Y
Vaeon base-emitter on-state voltage lc=100mA; Vgg =5V - - 2 Y
fr transition frequency ic=30mMA; Vee =5V;f=100MHz | 125 220 |- MHz

1999 Apr 27




MUR1 20 Series

Preferred Devices

SWITCHMODE™
Power Rectifiers

MUR105, MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160

The MURI120 series of SWITCHMODE power rectifiers are
designed for use in switching power supplies, inverters and as free
wheeling diodes.

Features

Ultrafast 25, 50 and 75 Nanosecond Recovery Times

175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction

Reverse Voltage to 600 V

Shipped in Plastic Bags; 1,000 per Bag

Available Tape and Reel; 5,000 per Reel, by adding a “RL” Suffix to
the Part Number

® These are Pb—Free Devices*

Mechanical Characteristics:

® Case: Epoxy, Molded

® Weight: 0.4 Gram (Approximately)

¢ Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

Lead Temperature for Soldering Purposes:

260°C Max, for 10 Seconds

Polarity: Cathode Indicated by Polarity Band

“For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http://onsemi.com

ULTRAFAST RECTIFIERS
1.0 AMPERE, 50 - 600 VOLTS

0+o

AXIAL LEAD
CASE 59
STYLE 1
MARKING DIAGRAM
— ] .
A = Assembly Location
MUR1xx = Specific Device Code
Y = Year
WwW = Work Week
. = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION
See dstailed ordering and shipping information in the package
dimensions section on page 6 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

@ Semiconductor Components industries, LLC, 2006 1
July, 2006 ~ Rev. 10

Publication Order Number:
MUR120/D



MUR120 Series

MAXIMUM RATINGS

MUR

Rating Symbol 105 | 110 | 115 | 120 | 130 | 140 | 160 Unit
Peak Repetitive Reverse Voitage VRRM 50 100 | 150 | 200 | 300 | 400 | 600 \
Working Peak Reverse Voltage VRwM
DC Blocking Voitage Vr
Average Rectified Forward Current IF(av) 1.0 @ Ta =130°C 1.0@ Ta = 120°C A
(Square Wave Mounting Method #3 Per Note 2)
Nonrepetitive Peak Surge Current Irsm 35 A
(Surge applied at rated load conditions, haifwave,
single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature Ty Tag -65t0 +175 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied, Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

THERMAL CHARACTERISTICS

Characterisic Symbol Max Unit
Maximum Thermal Resistance, Junction—-to~Ambient Raya Note 2 °C/W
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 1) VF A
(iF = 1.0 Amp, T, = 150°C) 0.710 1.05
(iF = 1.0 Amp, T, = 25°C) 0.875 1.25
Maximum Instantaneous Reverse Current (Note 1) iR uA
(Rated DC Voltage, T, = 150°C) 50 150
(Rated DC Voltage, T = 25°C) 2.0 5.0
Maximum Reverse Recovery Time ter ns
(IF = 1.0 A, di/dt = 50 A/us) 35 75
(lF=05A,ir=1.0A, Iggc =0.25 A) 25 50
Maximum Forward Recovery Time te 25 50 ns
(IF = 1.0 A, di/dt = 100 Alus, Igec to 1.0 V)

1. Pulse Test; Pulse Width = 300 us, Duty Cycle < 2.0%.

http:/lonsemi.com
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TECHNICAL SPECIFICAT

SINGLE- E GLASS PASSIVATED
Sl N BRIDGE RECTIFIER

VOLTAE;'_&E 50 to 1000 Voits CURRENT 1.5 Amperes
N

FEATURES @
* High reverse yg' to 1000V

{4 ratings ta 50 amperes peak

C RECTRON
- SEM|c0NDUCT0RNOL——

¥ UL listed the recognized component directory, file #E94233 ] "j.f 380 (8.1)
* Epoxy: Device has UL flammability classification 94V-O . M40 sE

—a-

s rp—

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTJ)_QS
Ratings at 25 °C ambiant tamperature unless otherwise specified: :
Single phase, half wave, 80 Hz, resistive or inductive lgad::

For capacitive load, derate current by 20%. }

T,
.220 (5.8)
180 (4.86)

Dimansions in inches and (millimeters)

MAXIMUM RATINGS (At TA = 25°C unless olherwisé hatedh

RATINGS SYMBOL WO05M | WOtM | WO2M | WOo4M | WOEM | WOBM { W10M | UNITS
Maximum Recurrent Peak Reverse Vpltage VRRM 50 100 200 400 600 800 1000 | Volts
Maximum RMS Bridge Input Vol(a; o VrMs 35 70 140 280 420 560 700 y@
Maximum DC Biocking Voltage T i Voc 50 100 200 400 600 800 1000 «""W
Maximum Average Forward Ractifle Qutput Gurrent at TA = 25°C lo 1.5 % mps
Peak Forward Surge gurrpm,a.li ms single half sine-wave Irew 50 w Amps
superimposed on'rated igad (JEDEC methad) 3
Operating Tertiperatire Range Ty -55to + 150 m@ﬂ °C
Storage Temperature Range TsTG -55to + 150 @ °c
-
ELECTRICAL CHARACTERISTICS (At TA = 25°C unless otherwise noted) D@

CHARACTERISTICS SYMBOL [ woosM | woiM | wozm %ﬁi’msﬂ WoBM | Wioh | UNITS
Maximum Forward Voltage Drop per element at 1.0A DC VF N Volts
Maximum Reverse Currant at Rated @Ta= 25°C " . Y 5.0 uAmps
DC Blocking Voltage per element @Ta = 100°C A& he 1 mAmps

e
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PEAK FORWARD SURGE CURRENT, (A}

INSTANTANEOUS FORWARD CURRENT, (A)
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HA17741/PS

General-Purpose Operational Amplifier
(Frequency Compensated)

HITACHI

Description

The HA17741/PS is an internal phase compensation high-performance operational amplifier, that is
appropriate for use in a wide range of applications in the test and control fields.

Features

¢ High voltage gain : 106 dB (Typ)

¢ Wide output amplitude :+13 V (Typ) (at R, 22 kQ)
e Shorted output protection

e Adjustable offset voltage

e Internal phase compensation

Ordering Information

Application Type No. Package
Industrial use HA17741PS DP-8
Commercial use HA17741

Pin Arrangement

Off ~

K 8 | NC

Vin(-) E 7 1 Vee

Vin(+) Ej>1 6 | Vout

T i
(Top view)

Y
Hitact? 2

semiconductor .-




HA17741/PS

Circuit Structure

’ O VCC
) 4
| Q ONO)
vmm—K‘% |
Vin(=) o .
; & | ) 4 3
il y O Vout
> 2
ToVee To Vee ?‘._
J "
W_—K N
~NJ
I gl
%" C) 4
O Vee
@®Pin l ®Pin
[ —
Offset Nult |
Absolute Maximum Ratings (Ta = 25°C)
Ratings
Item Symbol HA17741PS HA17741 Unit
Power-supply voltage Vee +18 +18 \Y
Vee -18 -18 \
Input voltage Vin +15 15 \Y
Differential input voltage Vin(diff) +30 +30 \Y
Allowable power dissipation P 670 * 670 * mw
Operating temperature Topr -20 to +75 -20 to +75 °C
Storage temperature Tstg -55to0 +125 ~-55t0 +125 °C

Note: These are the allowable values up to Ta = 45°C. Derate by 8.3 mW/°C above that temperature.

HITACHI



HA17741/PS

Electrical Characteristics

Electrical Characteristics-1 (Ve =-Vg = 15V, Ta=25°C)

Item Symbol Min Typ Max Unit  Test Condition
Input offset voltage Vio — 1.0 6.0 mV Rs <10 kQ
mlnput offset current lo — 18 200 nA
Input bias current le — 75 500 nA
Power-supply AV JAV, — 30 150 UV Rg<10kQ
rejection ratio AV, JAV — 30 150 uVV  Rg<10kQ
Volitage gain Ay 86 106 — dB R, 22kQ, Vout=110V
Common-mode CMR 70 90 — dB Rss 10 kQ
rejection ratio
Common-mode input  Vq,, +12 +13 — \Y Rs< 10 kQ
voltage range
Maximum output Vope 12 14 —_— \Y R, =2 10kQ
voltage amplitude +10 +13 — \Y R . z22kQ
Power dissipation Pd — 65 100 mwW No load
Slew rate SR — 1.0 — Vius R, 22kQ
Rise time t, — 0.3 — us Vin=20mV, R =2kQ,
Overshoot Vover — 5.0 — % C.=100pF
Input resistance Rin 0.3 1.0 — MQ

Electrical Characteristics-2 (Vo = -V = 15V, Ta=-20to +75°C)

Item Symbol Min Typ Max Unit  Test Condition

Input offset voltage Vio — — 9.0 mV Rs < 10 kQ

Input offset current Lo — — 400 nA

Input bias current le —_ —_ 1,100 nA

Voitage gain Ay 80 — — dB R, 22kQ, Vout=110V
Maximum output Vepp 10 — — \Y R . 22kQ

voltage amplitude

HITACHI
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MAIN PROGRAM
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tﬂiltﬂi&l NIMH

#include<p30f4011.h>
#include<ports.h>
#include<timer.h>

#define RS LATEDbits LATES
#define E LATEDbits.LATE4
#define CountN 1000
#define Ki 0.1

#define smax 5000

#define smin -5000

#define Omax 832

#define Omin 0

#define Tout 0

it

unsigned int dx,dy,dh,Ivk,X,la,num1,num2,num3;
unsigned int match_value4,match_value5,ipadc;
unsigned int LT1,TS02,TS03,TS4,TS5,TS6;
unsigned int Iref,Iref2,Err,FB,Out,FB0O1,Kii,abc;
unsigned int LT2,Y,c,dc,aaa,dz;

unsigned int da[8]={0,0,0,0,0,0,0,0};

signed int X1,Ua,sum;

!

void lcd_delay(unsigned int ms)

{
unsigned int x,a;
for(x=0;x<ms;x++)
{
for(a=0;a<500;a++);
}
}

it

void delay_ms(unsigned int ms)

{
unsigned int x,a;
for(x=0;x<ms;x++)
{
for(a=0;a<5000;a++);
}
}

1

void lcd_command(unsigned char com)

{

unsigned char buff;

buff = (com & 0xF0)>>4;
RS =0;

E=1,;

LATE = (LATE & OxFO)|buff;
lcd_delay(8);

E=0;

lcd_delay(8);

buff = (com & 0x0F);

RS = 0;

E=1;

LATE = (LATE & OxFO)|buff ;
lcd_delay(8);

E=0;

lcd_delay(8);

void lcd_text(char text)
{
unsigned char buff;
buff = (text & OxF0)>>4;
RS = 1;
E=1,
LATE = (LATE & OxFO)|buff;
led_delay(1);
E=0; |
cd_delay(1);
buff = (text & Ox0F);
RS = 1;
E=1,
LATE = (LATE & OxFO)|buff;
lcd_delay(1);
E=0;
lcd_delay(1);
}
I

void led_1_int(int intt)
{
char text = '0" + intt;

led_text(text);




void led_init()

{
TRISE = 0x0100;
delay_ms(500);
fed_command(0x33);
led_command(0x32);
lcd_command{0x28);
fcd_command(0x0C);
led_command(0x01);

1
"

void lcd_puts_step(unsigned char line,char

*p,unsigned int msec)

{
lcd_command(0x02);
lcd_command(line);
while(*p)
{
lcd_text(*p);
p++;
lcd_delay(msec);
}
}

i

void inttolcd(unsigned char posi, unsigned int vaiue)
{
char buff{6],buff1,buff2;
lcd_command(posi);
buffl5] = '0' + (value % 10);
value /= 10;
buff[4] = '0' + (value % 10);
value /= 10;
buff[3] = '.";
buff[2] = '0' + (value % 10);
value /= 10;
buff1 = value % 10;
value /= 10,
buff2 = value % 10;
if (buff2 ==0)
{
buff[0] =" *;
if ( buff1 == 0 ) bufff1] =""
else buff[1] = '0' + buff1;

else

buff[0] ='0' + buff2;
buff{1] = '0' + buff1;
}
led_text(buff[2]);
led_text(buff[3]);
lcd_text(buff[4]);
led_text(buff[5]);
}
It

void testinttolcd(unsigned char posi, unsigned int

value, unsigned int N)
{
char bufeh{el={"*' "' ' "' " '}
unsigned int bufin[6),ki=0;
unsigned int x=N,a=0;
do
{
X=
bufin[x] = value % 10;
value /= 10;
} while (x!=0);
while (( bufinfa] == 0 ) && (a < (N-1) ))
a++;
lcd_command(posi);
for (x=0;x<a;x++) lcd_text(’ ')
for(x=a;x<N;x++) bufch[x] = '0' + bufin[x];
for(x=a;x<N;x++) icd_text(bufch[x]});
}
it

void check_key(void)

{
if (c==1)dc=1;
else if (c==2)dc=2;
else if (c==3)dc=3;
else if (c==5)dc=4,
else if (c==6)dc=5,
eise if (c==7)dc=6;
elss if (c==9)dc=7,
else if (c==10)dc=8;
else if (c==11)dc=9;
else if (c==14)dc=0;
else if (c==13)dc=10;
else if (c==15)dc=11;
else if (c==4)dc=12;
else if (c==8)dc=13,
else if (c==12)dc=14;



}
"

else if (c==16)dc=15;

else dc=16;

void key_c(void)

{

}
I

if (IPORTFbits.RF4)c+=3;
else if (IPORTFbits.RF5)c+=2;
else if ({PORTFbits.RF6)c+=1;
else if (IPORTDbits.RD2)c=c;

else ¢=0;

void key_a(void)

{

({(PORTFbits RF4&&PORTFbits. RF54&PORTFbits. RF6&&PORT

aaa=0;

if

Dbits.RD2))aaa=1;

}
It

void key_p(void)

{

TRISF=0x0077;
TRISDbits. TRISD2=1;
LATF=0,
LATDbits.LATD2=1;

delay_ms(1);
key_a();
if (aaa==1){c=1;key_c();}
else
{
TRISF=0x0007B;
delay_ms(1);
key_a();
if (ama==1){c=5:key_c();}
else
{
TRISF=0x0007D;
delay_ms(1);
key_a();
if(aaa==1){c=9:key_c();}
else
{

TRISF=0x0007E;
delay_ms(1);

key_a();
if (aaa==1)

{c=13;key_c();}

else ¢c=0;
}
}
}
check_key();
}
It
void key_show_1(void)
{
if (dz == 0)
{
led_1_int(dc);
}
if (dz==1)
{
if (de==10) lcd_text('<");
if (dc==11) led_text(">"):
if (de==12) lcd_text('A");
if (dc==13) lcd_text('B");
if (dc==14) lcd_text('C");
if (dc==15) lcd_text('E");
}
}
il

void key_pad(void)

{

key_p();

dx=dc;

led_delay(20);

key_p();

if ((dc==dx)&&(dc<16))
{

if (de !=dy)
{
dy = dc;
if (dc <10 )dz = 0;
else dz = 1,
}
else dz = 2;
}
else
{

dy = 16;



}
I

void input_value(unsigned int ip,unsigned int ik)

{

if (ik == 0)

{
da[dh] = ip;
dh++;

}

if (k == 1)

{
da[dh] = 0;
dh--;

}

}
I

void input_value2(void)

{
if (dh == 0) Ivk=0;
else if (dh==1) Ivk=da[0];
else if (dh==2) Ivk=da{0]*10+da[1];
else if (dh==3)
Ivk=da[0]*100+da[1]*10+da[2};
}

I

void key_show_2(unsigned int posi,unsigned int N)

{

lcd_command(0xOE);
unsigned int posi2,EN;
posi2 = posi;
EN = 0;dh=0;
lcd_command(posi);
do
{
key_pad();
if (dz == 0) && (posi2 !=
(posi+N)))

{posi2++;lcd_1_int(dc);input_value(dc,0);}

if (dz == 1)
{
if (dc==15) EN = 1;
if
((dc==10)&&(posi!=posi2))

posi2--;
led_command(posi2);
led_text(’ '),
led_command(posi2);
input_value(0,1);
}
}

} while (EN==0),

input_value2();

lcd_command(0x0C);

}
I

void key_show_3(unsigned int posi,unsigned int N)
{
lcd_command(0x0E);
unsigned int posi2,EN;
posi2 = posi;
EN = 0;dh=0;
lcd_puts_step(posi+1,".",1);

lcd_command(posi);

do
{
key_pad();
if (dz == 0) && (posi2 1=
(posi+N+1)))

{
posi2++;lcd_1_int(dc);
input_value(dc,0);
if(posi2==posi+1)

{posi2++;lcd_command(posi2);};

}

if (dz == 1)

{
if (dc==15) EN = 1;
if ((dc==10) &&

(posi!=posi2))

{
posi2--;
if(posi2==posi+1)posi2--;
lcd_command(posi2);
led_text(’ *);
lcd_command(posi2);
input_value(0,1);
}

}

} while (EN==0),



abc=posi+N+1-posi2;
if (abc>2)abc=2;
input_value2();
tcd_command(0x0C);
}
It
void _ISR _T1interrupt(void)

{

IFSObits. T1IF = 0;

T1CONDiIts.TON = 0;

LATBbits.LATB4 = 1;
}
"
void _ISR _T2interrupt(void)
{

IFSObits. T2IF = 0;

T2CONDits.TON = 0;

LATBbits.LATBS = 1;
}
it
void _ISR _T3Interrupt(void)
{

IFSObits. T3IF = 0;
T3CONDbits.TON = 0;
LATBbIts.LATB6 = 1;

}
i

void _ISR _T4interrupt(void)

{
IFS1bits. T4IF = 0;
WriteTimer4(0);
LATCbits.LATC13=!LLATCbits.LATC13;

LATBbits.LATB1=LATBbits.LATB4&LATCbi

ts.LATC13;

LATBbits.LATB2=LATBbits LATBS&LATCbi

ts.LATC13;

LATBbits.LATB3=LATBbits. LATBB&LATCDI

ts.LATC13;
}
1/
void _ISR _T5interrupt(void)
{

IFS1bits. T5IF = 0;
WriteTimer5(0);
LATCbits.LATC14=ILATCbits.LATC14;

1/
void _ISR _INTOInterrupt(void)
{

IFSObits.INTOIF = 0;

LATBbits.LATB4 = 0;

INTCON2bits.INTOEP =

IINTCONZ2bits.INTOEP;

numi=1+X;

WriteTimer1(0);

OpenTimer1(T1_ON &
T1_GATE_OFF &
T1_IDLE_STOP &
T1_PS_1_256 &

T1_SYNC_EXT_OFF &

T1_SOURCE_INT,
numit);
LATDbits.LATD3=ILATDbits.LATD3;
}
I
void _ISR _INT2interrupt(void)
{

IFS1bits.INT2IF = 0;
LATBDbits.LATBS = 0;
INTCON2bits.INT2EP =
IINTCON2bits.INT2EP;
num2=1+X;
WriteTimer2(0);
OpenTimer2(T2_ON &
T2_GATE_OFF &
T2_IDLE_STOP &
T2_PS_1_256 &
T2_SOURCFE_INT,
numz2);
}
I
void _ISR _INT1interrupt(void)

{

IFS1bits.INT1IF = 0;

LATBbits,LATB6 = 0;

INTCON2bits.INT1EP =

IINTCON2bits.INT1EP;

num3=1+X;

WriteTimer3(0);

OpenTimer3(T3_ON &
T3_GATE_OFF &
T3_IDLE_STOP &



num3);

}

T3_PS_1_256 &
T3_SOURCE_INT,

1l

void TestSoft01(unsigned int TS)

{

!
I

TS02=LATDbits.LATDS;

while (TS02==LATDbits.LATD3);
TS03=TS;

X=7803"6.4,

void ipFB(void)

{

}
I

LT1=0;TS5=0;

LATCbits.LATC14 = 1;

while(LT1=285)

{
while(LATCbits.LATC14);
LATCbits.LATC14=1;
while (IADCON1bits. DONE);
LT2 = ADCBUFO;
if (LT2>512) LT2 = LT2 - 512;
else if (LT2<=512) LT2 = 512 - LT2;
TS5 = TS5 + LT2;
LT1++;

!
FB = TS5/ 285;

void Control(void)

{

if (Iref>FB)
{
Err = Iref - FB;
Ua = sum;
sum = sum - (Ki*Err*Kii);
}
if (Iref<FB)
{
Err = FB - Iref;
Ua = sum;
sum = sum + (Ki*Err*Kii);
}
if (Ua>Omax) Out = Omax;

else if (Ua<Omin) Out = Omin;

else Out = Ua;

if (sum>smax) sum=smax;

else if (sum<smin) sum=smin;
}
it

int main()
{
delay_ms(200);
unsigned int Eu=0,Eu2=0;
TRISB = 0x0081;
TRISC = 0x0000;
TRISD = 0x0003;
TRISE = 0x0100;
TRISF = 0x0000;

X=1100;
ConfigINTO(RISING_EDGE_INT &
EXT_INT_ENABLE & EXT_INT_PRI_7);
ConfigINT1(RISING_EDGE_INT &
EXT_INT_ENABLE & EXT_INT_PRI_7);
ConfigINT2(RISING_EDGE_INT &
EXT_INT_ENABLE & EXT_INT_PRI_7);

ConfigIntTimer1(T1_INT_PRIOR_6 &
T1_INT_ON);

ConfigintTimer2(T2_INT_PRIOR_6 &
T2_INT_ON);

ConfigintTimer3(T3_INT_PRIOR_6 &
T3_INT_ONY);

ConfigintTimer4(T4_INT_PRIOR_7 &
T4_INT_ON),

ConfigintTimer5(T5_INT_PRIOR_5 &
T5_INT_ON);

WriteTimer4(0);

match_valued = 737;

OpenTimerd4(T4_ON &
T4_GATE_OFF &
T4_IDLE_STOP &
T4_PsS_1_1&
T4_SOURCE_INT,

match_valued),

LATCbits.LATC13=0;

T4CONDits.TON = 0;

LATCbits.LATC13=0;



WriteTimer5(0);

match_value5 = CountN;

OpenTimer5(T5_ON &
T5_GATE_OFF &
T5_IDLE_STOP &
T5_PS_1_1&
T5_SOURCE_INT,

match_value5);

ADCONT1 = Ox00EE;
ADCON2 = 0x0400;
ADCONS = 0x0707;
ADCHS = 0x0000;
ADPCFG = Ox01FE;
ADCSSL = 0x0001;
ADCON1bits. ADON = 1;

led_init();

lcd_command(1);

icd_puts_step(0x82,":Soft Start:®,1);
lcd_puts_step(0xC1,"Click S2 to On",1);

LATBbits.LATB8=0;
while (PORTBbits.RB7=1);
LATBbits.LATB8=1,

led_command(1),

led_puts_step(0x84,"PROJECT", 1),
led_puts_step(0xC2,":Soft Start: >",1);

while (Eu==0)
{
delay_ms(100),
key_pad();
if ((dz==1)&&(dc==15))Eu=1;
else
{

delay_ms(100);
key_pad():

led_puts_step(OxCF," *,1);

if

((dz==1)&&(dc==15))Eu=1;

else

{
delay_ms(100),
key_pad();

if

((dz==1)8&(dc==15))Eu=1;

else
{
delay_ms(100);
key_pad();
if ((dz==1)&&(dc==15))Eu=1;

led_puts_step(OxCF,">",1);

}
Eu=0;

lcd_command(1);
lcd_puts_step(0x80,"<TestFB >I/PgTh",1);
lcd_puts_step(0xCO0,"CIkFUN SoftStart",1);

while

({((dz==1)8&((dc==12)||(dc==13)}{(dc==14))})key_pad(

)

if (dc==12)ipadc=1;
if (dc==13)ipadc=2;
if (de==14)ipadc=3,
while (1)

{

lcd_command(1);
while (ipadc==1)
{

led_puts_step(0x80,"Feedback =",1);
led_puts_step(0xC0,">IPgTh, FUN Soft", 1),

while (ipadc==1)
{

while(LATDbits.LATD3),

while(ILATDbits.LATD3);

LT1=0,TS5=0;

while(LATDbits.LATD3)



It

{
LT1=0;TS5=0;
LATCbits.LATC14 = 1;
while(LATDbits.LATD3)
{
while(LATCDbits.LATC14);
LATCbits.LATC14=1;
while (!ADCON 1bits.DONE);
LT2 = ADCBUFO;
if (LT2>512) LT2 = LT2 - 512;
else if (LT2<=512) LT2 = 512 -
LT2;
TS5 = TS5 + LT2;
LT1++;
}
FB =TS5/LTHY,
}
!
testinttolcd(0x8A,FB,3);

key_pad();
if
((dz==1)&&(dc==13))ipadc=2;

((dz==1)88&(dc==14))ipadc=3;

}
led_command(1);
while (ipadc==2)
{

lcd_puts_step(0x80,"Please I/P 0-160",1);

lcd_puts_step(0xC4,"I/P =",1);
Ivk = 161;ipadc=0;
while (lvk>160)
{

led_puts_step(OxCA," ",1);

key_show_2(0xCA,3);
}
T4CONDbits. TON = 1;
X = |vk*6.38888;

IP Digit

lcd_command(1);

lcd_puts_step(0x81,"gTh I/P ="1);
testinttolcd(0x8B, Ivk,3);
}
while (ipadc==3)
{
led_command(1);
led_puts_step(0x80,"<
str',1);
lcd_puts_step(0xCO0,"> IP Current str",1);
while (((dz==1)&&((dc==12)||(dc==13)}}))
key_pad();
if (dc==12)ipadc=1;
if (de==13)ipadc=2;
while (ipadc==1)
{
led_command(1);
ipadc=0;
X=1100;
lcd_puts_step(0x80,"I/P Digit : ", 1);
led_puts_step(0xCO0,"Please [/P 0-200",1);
Ivk = 201;
while (lvk>200)
{
lcd_puts_step(0x8D," ", 1);
key_show_2(0x8D,3);
}
Iref = Ivk;
Iref2 = Iref*2.933;
led_command(1);
}
while (ipadc==2)
{
led_command(1),
ipadc=0;
X=1100;
lcd_puts_step(0x80,"IP Current:  A",1),
lcd_puts_step(0xCQ,"Please |IP 0-5.86",1);
vk = 587;
while {Ivk>586)
{
lcd_puts_step(Ox8B,"  ",1);
key_show_3(0x8B,3);
if (abc==1) Ivk = Ivk*10;
else if (abc==2) lvk = Ivk*100;



else Ivk = Ivk;

}

Iref2 = Ivk;

Iref = Iref2 * 0.341;
lcd_command(1);

}

if (Iref<120) Kii = 5;
else if (Iref<160) Kii = 4;
else Kii = 3;

lcd_command(1);

led_puts_step(0x80,"Digi=",1);
lcd_puts_step(0x89,"I1=",1);

—~—

{

key_pad();

if ((dz==1)&&(dc==12))ipadc=1;
it ((dz==1)&8&(dc==13))ipadc=2;
if ((dz==1)&8&(dc==14))ipadc=3;
}

if (ipadc!=1)

{

while (LATCbits LATC13==1);
T4CONDits.TON = 0;

lcd_puts_step(Ox8F,"A",1); i
testinttolcd(0x85,ref,3);inttolcd(0x8B, Iref2);
lcd_puts_step(0xC0,"<cancle , >start",1);
while ((dc!=12)&&(dc!=13))key_pad();
lcd_puts_step(0xCO0,"Starting,S2 Stop",1);
if (dc==13)

{

ipadc=3;LATDbits.LATD3=1;FB01=0;
sum=0Omax;T4CONbits.TON = 1;

while (ipadc==3)

{

while (LATDbits.LATD3);

LATDbits. LATD3=1;

ipFB();

Control();

X=0ut;
if((Out<=Tout)||(PORTBbits.RB7==0))

{

ipade=0;

X=0,

}

if (PORTBbits.RB7==0)

{

ipadc=0;

while (LATCbits.LATC13==1);
T4CONDits. TON = 0;

}
}
}
}

delay_ms(100);
led_puts_step(0xC0,"<Aj,>IP,FUN.soft",1);
while ((ipadc!=1)&&(ipadc!=2)&&(ipadc!=3))
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