wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



nsAnw 2551

L3N AT INUD UNREN LT AU WUTIARNITZLIFIUANA 6 KV

Impulse Voltage Generator impose on AC Voltage

Tae

Qs

wefa@ty  udim
winligg  gassmanla
UNENYT uAISNI
WNBRIITY 21181

2197enInW

NALWILATEHY WaIWLAT
aTAN  IUNTATYY



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



naanssudsennd

L o 7/, ! 1 : Qe
;dwmimamugﬁnmummamwn;nnﬁ HALWILATHY NAIULAT URES
s € o fd' P o ' a
a1.0N ANy ansfninm Aldldduuzi assesuanarsdluniainmn
' A Aa A va wae o & X o ' P g f
munﬂs:anﬂs:mnmwjﬂwnu;dwmlumau fdaanviulassnuiinasla
ﬁ'\Lﬁ%ﬁ]Qd'm'Lﬂ'LGT
z 9 as a */ 13 v H L= o s A v a v nﬂl
uanINURFIAYNG 291878 u9H Wninfvasdjiansiliidnldiaialie
ﬂaammﬁﬁﬂﬁ'ﬁﬁﬁ'ﬂaqsmsﬁlﬁ'ﬁﬂLm:ﬁnl,ﬁmﬁ'umnfmluLﬁ%ﬁmaﬂmamu LLa:;ﬁ'ﬂﬁﬂ
dasnaugauianiiureslfuanis(ab) neasanlaldnasmuldasaaiian uazunds
ﬁuﬂ%miaylamaﬁumas‘mﬂ
o = X ve o o =S i van o <
efigait diavsasyansiuzaunszqmar wsen 7lvd3e lwnivausuas
° 0 J =) r-Y QWA o -] Qs A g J
gau WelSnen wazaasduiatunag ‘IMsdwmuuwumawﬁmluﬂsau



LAS IR AUSIARDUNAANUT DN URUTIARNTEUAFAUNANG 6 KV

wiefia@de  wiei

winliggn gavsnla

WIEWTT  uasine

WINRIITY 81U

NALURATEG Waulas  enansdnlfinm
as & _a ]

aLAN Funiedggy anasIndinm

Umsénusn 2551

undaga
unaaga
ﬂ?mutgﬂﬁwuﬁ'aﬁuﬁﬁ’uauaﬁ'ﬁ'msaanu.tutuLtam%'\am‘%aaﬁuﬁmmﬁuﬁu
WARNUTaULULTIOUNTIUFRAUNNS 6 KV gﬂﬂﬁu 1.2/50 s WTnnnuaziaay  uaz
mnququﬁniau'lﬁ’efaud 0 fi3 360 a3 muguMIhIUae lulasaaslnaaas AVR
Lﬁaﬁ'\'lﬂlﬂummﬂﬁanqﬂnsrﬂu‘ssnn’lﬂﬂmﬁéﬂ HaMINaFaLIUARY
ﬁaﬁ”'lﬁuaglﬂummﬁmmgm IEEE C62.41-1991 msvmaanmsﬁneﬁ’aumaagﬂﬂﬁu‘éu‘
'ﬁaénumaé’u'lwﬁ'mszuaﬂé’uﬁqushaGj fiarfewaaliitin 3 a9 aWANAIUN

IEC 61000-4-5



A 6 kV Impulse Voltage Generator Impose on AC Voltage

Kittichai kaewdum

Parinya Suwanmajo

Pachara Dangluk

Sanchai Arnacha

Asst Prof.Norasage Pattanadech Supervisor
Dr.Phop Chancharoensook Supervisor
2008

ABSTRACT

This project presents the design and construction of a 6 kV Impuise
Voltage Generator Impose on AC Voltage, waveform 1.2/50 ps with a superimposed
angle between 0 and 360 degrees for positive and negative polarity. The superimposed
wave generator is controlled by a microcontroller AVR for testing of low-voltage
equipment.

Experimental results show a good agreement between the voltage
waveforms obtained from the superimposed wave generator and the standard waveform
defined by IEEE C62.41-1991. The results also indicate that mismatches on different

superimposed angles are less than 3 degrees, which meet standard IEC 61000-4-5.



nadanssudsznd

L et

-3 8 ! 1 d‘ Q
;dﬁmm‘iﬂsw'mgﬁnmu‘nmammn;nrm HALUILATIHE WRIULAT UAZ
. [ e a & A ¥ o o a

ar.an dunileigay ansdnlinm flaldduusin assaauarnsdlunmaismn
) d' = = e Qs 2/ Qs o 5 J 2 1 A’E’ [
muﬂﬂs:ﬁﬂﬁﬂszmﬂmmgﬁﬂnug'«J@1m‘luﬂﬁumﬂsﬂﬁﬁlﬂnﬂﬂuIﬂsqaﬁuunﬂG‘IM
é’na%%q&ho‘lﬂ'ls’f
‘.: 2/ Qs o v 4 s ; 2 L% i o a e d o

wannuugIaThdasraseunm gouasdng Wi ivaslfidnsnlw
winldadasdio ﬂaamur«i'mﬁ'\ﬁﬁaaqsnﬁﬁlﬁﬁmu:ﬁﬁLﬁmeumnﬁn‘luLa'%waa
lassam uazdiardasvauguuiauiinvaslfiianis(ab) fnasmarlelgnasanuld
anaalIm Tutiowania ygInildtweanuuuganiasnad unzlasawizatneds

a [ e’d‘ o d' a 5 9/ a

wntigna  asRuin lidSneuiganumsltsunsululasasulniawmeidedinesan

o : J 2 Qs o 9 o i el

Mefigait fiadaswenauveunszgmiian s alvdie lams

- Ty ywe o A o A & X
ULRADRILREULIUND 1‘“E&ﬁl@m’niﬂuﬁuﬂﬂﬂi}uﬁl‘lﬂuﬂﬁu



#1507y

unaasa
ABSTRACT
nadnIwlszne
813Uy
RPN
VYA TN
unfi 1 unih
1.1 anudwanuazdrnguaifom
12 JeqUiaifuesnuis
13 PaUATDINIWIY
14 Tuaanuasdinissiinanm
15  usimeheladunnanuide
il 2 nouffiieadas

2.1 NN IEILIIAUBNNES

A’ oo L - Qs
211 'm]swug"mmaamimﬂauﬁﬂuauwaa‘:
212 299AAIIMILIALTIAUBUNRERAN T

[ d' o -y a o a ¢
2.1.3 adfUIzNaUVBIAIBITLIALIIAUIUNAT
2.1.4 MIRWITHINITUTIOUDUNRT

Qs o A a &
215 MINALTIAUDUNAN

22 NI

221 MINTAINNUNGH (Low Pass Filter)

222 MINTDINMATIIHL (High Pass Filter)

U4

unfi 3 mMIsanuuUENIaILiauTIcuBuNas

NUTFaUUWLIIAUNTZURFRL
3.1 qﬂﬁ%ﬁmmé’uauﬁaﬁ

3.1.1 qﬂﬁ%ﬁﬂu‘saﬁuga
3.1.2 qﬂaﬁ'ﬂmmﬁuﬁuﬁaﬁ
313 ’qﬂ‘haﬁmaﬁ‘hmﬁ

3.2 'N'«Jsﬁ”u.ﬁﬂLtsaﬁugans:uaaﬁu

v

Vil
Vil

W N A -

0w o0 O P b

13
18
21
21
24

27
29
30
30
31
31



(- %] L
d15U(AD)
3.3 'qﬂnsmmum'mﬁe‘hLLaz'q@msaamummﬁqa
34 m‘saanuuua%'n'qﬂﬂ‘%nn'\mau
3.4.1 miaanLLumaﬁnﬁ'\Lﬁmm@Tuga
o €A & = [
34.2 aanuUUNIITARIATAIaNNIatA
3.4.3 MIAANWULINITNILTINU
344 n'ﬁaanu.uuﬁ'wqﬂmwﬁ'usimgguﬁ

345 msaanuuuﬁwoqaaauquianlﬂuiasaaqusaLaa§

UNfl 4 MINAROLUALIATIZARE
41  mmmeseugaaFYgIMIuAUMIHINuYel
LI IALTINUD UNA R UT UL WL TIAUNIZUFRAL

4.2 ﬂ'ﬁﬂﬂﬂﬂﬂ'gﬂﬂiﬂﬂﬂ')’lllﬁﬁ'\ﬁhu

43 ﬂﬂiﬂﬂﬁﬂﬁ’gﬂﬂiﬂﬂﬂﬁ'\ﬂﬁgﬂﬁ'\ﬂ

44  MINAFOULAIDINILAAUTIARDUNRFN LT UL UL TIAUNTUFFAL

4.4.1 li"qﬂnsaommﬁgo R-C Lﬂu'gﬂmmmmﬁgamu
442 Iiunﬂmonamﬂuqﬂnsmmwﬁgovhu
443 uﬁﬂmﬁm.lwm:mi'mnflﬂ'ﬁ"qﬂnsmﬁoam'nﬁﬂ

unfi 5 fyUHanIINaaas
51 &l
5.2  guamauwsziimaudlululasinu
5.3  UBLERALKS

LANRTITDN9DY
ANANKIN
ﬂiﬁasjﬁﬂu

32
34
35
37
39
41
42

46
48
49

50
51
52

56
57
57



)7
2.1
2.2
2.3
2.4
25
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
3.1

3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15

135U UA N

3ﬂﬂ§uttsaﬁu§uﬁ'ﬂ§ﬂ1

Eﬂﬂﬁmmﬁu’ﬁuﬁaéﬁ%ﬂ%\a
AnThuusaeiasiuiasausIeudaiad
IdaImIliausIauAuRaT LU L TY
fdnlnsaathinuny

mhinunuiilngdad
gmanszguathinldvesinalaflunanuasszozun
mwmam'mwa%’wanwsﬁuﬁ'aa‘ﬁugm
gﬂﬂ‘fc’iuuﬂé’uauﬁﬂﬁﬂsznaud’amé’nﬂﬂtumﬁﬂaammau
Wisufsudlssfnimwaas e usioudunag
iunTnlfwusiaudasiiaiusnanit 50%

2IINITDI

F9nsasnnudidriu

299TNIBIA MRS

’d’:mmmnmﬁguhu

'Jaﬁlsniaamw?igamu
uganleazunsuveeiastuiausaudunadiudauun
LIIAUNISUFAAL

NIl TIRE I UBUNR S LT D ULUUTITUN TZUREND
nafi ldanmysassenslysunsu
garnifiausicudunad
MI31aaINIININTIaumsllsunsy Orcad
HaN13$1a899INIuTIaRa28lsunsu Orcad
mMyassneTiilaussaudunagaallsunsy Orcad
nanTsassaTiiiausinudunadeaalisunsu Orcad
At iausIARFINTURINL
qﬂnsaasi'mm'mﬁéi'lLLazqﬂnsaashuﬂ'J'mﬁga
ﬂﬂiﬁﬂﬂﬂd')dﬁliﬂiﬂdﬂ')’l&lﬁgﬂFi’lﬂ@hﬂI‘lJiLLﬂill Orcad
Namsﬁ‘haaamsﬁ'mumanaﬁlsnsaammﬁg{lN"m
M3$aed9esNIasR i ue8lLTUN Y Orcad
AN TINEBIM I IBI99INT0INNNEFN

NAIIMNLAALTY é’uga

vi

=
e

0w o d® O

12
12
13
13
16
17
20
21
21
22
24
24

26
28
29
29
30
30
31
31
32
33
33

g R



3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

4.9
4.10

4.1
412
413
4.14
4.15
4.16
4.17
4.18

1IN IN(AB)

2993melu IC wa’d TLP250
gadaddiinniafiaddmivmugumaiiiiaussaugs
2IINIUTIA

20l lunsdasaidygaEudumriiem
ijaamﬁmaogﬂﬂﬁ'ué'mumﬂmé’auIﬂSLLnsuﬂauﬁ'smaﬁ'
'mﬁﬁ'lLﬁﬂé'mumﬂmﬁ'ué'umsﬁ'mwmLﬂéaaﬁmﬁﬂtméfuﬁuﬁaé
uaaIgAaTINTLEUgUd
LLam;ﬂﬂ?iuﬁqaﬂnﬁlﬁl"umuglmﬁﬁ'naanm
ugaslnsamavaszaaun

TANIUAUYUTIIN
2nsiifiedyanauiusunihimansiasiufiausdudunad
gﬂﬂ'ﬁ’imﬁuﬁi’ﬂwﬁnnqﬂﬁnﬁﬂ5q1,n.;1mt‘§ué'u
'm]smsmaam;ansaom'mﬁe‘iqmu
leaom'svmaau'qﬂnsaommﬁé:ﬂmu
'Joasmsvmaauqﬂnsaoﬂ'nuﬁ‘gomu
namaommaaauqﬂmaomﬂuﬁiéﬂmu

29I AAL I UD URANUTaULUL I UN TTUFRAL
31]ﬂ'ﬁ’imé’\uﬁ’i@'lé’mrﬁuné’uﬁuﬁ’aﬁﬁu%au
uuusoé’umzuaaﬁuﬁqu 90 a3¢N
asestifiausssuduwadudanuuusisunszusasu(lsunyilasin)
Eﬂﬂﬁmﬁuﬁi’@\'lﬁnscﬁtmﬁuﬁuﬁaﬁﬁuﬁau
uuusoﬁuns:uaaé’uﬁqu 90 a3fi

gﬂﬂﬁutﬁuﬁiﬂiﬁﬁgu 0 83¢n FauN

gﬂﬂﬁlutﬁuﬁi'ﬂ'lﬁﬁgu 90 a9¢N T2UN

Eﬂﬂﬁutﬁuﬁi'ﬂ'lﬁ’ﬁgu 180 296 TALN

gﬂﬂﬁlutﬁuﬁfﬂ‘lﬁﬁgu 270 89N TN

gﬂﬂﬁutﬁuﬁiﬂd’ﬁgu 0 89¢N T28Y

gﬂﬂﬁ'utﬁuﬁi’dé’ﬁqu 90 a9 T2V

gﬂﬂﬁlmﬁuﬁfﬂle’fﬁqu 180 8971 28

gﬂﬂﬁutﬁuﬁi’dﬁﬁqu 270 89 1281

v

38
38
39
40
40
41
42
42
43
45
47
47
48
48
49
49
50

51
51

52
53
53
53

54

55
55



#130YAITN
anTafi
1.1 DML
21 B,,B, uaz K §MNRTA U B
2.2 1981 Ty ,Tp Uazaz&NTNINU892997 A Las B
3.1 qusuamsiwias IC was TLP250
3.2 ﬁagamsﬁwaaagﬂﬂﬁmﬁu

vill



unn 1

UNWI

1.1 anudusnazanudragssiign

eiasmuiausseuduad 6 kv Mudauunusiduntzuasauezitluns
NARALANUAINUYBIAUIUGIBUTINUD WA T LI VUG UNITURRAUUNG 9:FDAAEDI
f'fum'mu“Juﬁl‘%alun'\s‘lfﬁa'\uqﬂnsm"lwﬂ'\u,sa g{'amn‘lﬁ%'u usdsuiAnameldufaiy
LLsaﬁ'uns:LLaaﬁuag!ﬁau'lﬁ%’uusaé’mﬁu WaldmunsonagauanusanInluvmInuda
u.saﬁ'mﬁuﬁLﬁzmu.uuusaﬁutﬁua‘%aﬁLﬁﬂmuﬁssumﬁmaaqﬂnsﬁﬁmunﬁw‘i'\ LA309
fifiaussgudunasnuFanuuusIsunIzuraauIIinnuininatioann wanani
iasdiausssuaruainandimunsnir iflummasesurianuisodwiainisn
wihussgalasnean

aswanitnaluladnisesnuuuaisgunsallddiouss gnfu
veafianslniusigs mainianssalwih sonfunaluladnszeaunaidigm
nwaenszl Silszaunsoiuassnemwiiisawefimansaahaiastufiouseduda
Aadudonunusisunizusasuld annaedasifiausisusiiefiinsideanuuuata
Fusimolutszinatasnndfienuduiiufezdasimsansidoeanuuuatiaaies
AufausTudunadTUTaRRLsunTzass U wInial Flunuisouazunasauues
gmiiunalulagnizsaundndrgunmisananszis uaztﬁaﬁwmmwjua:ﬁnﬂmw
madenssuinii LI pszinAanaas

1.2 Taguszasdnaslasons

1) avhnseanuuuuasshaaiasifiausidudunad 6 kv Hudauuuusiau
nrzussauEmuEuduuuuluiss fidmslniusag

2) WagasiuliiRamsidaAaiamumaluladdmwimnssawihusegs

3) prasidsuifisatuamanimurasmauin

4) WasssiumIvimimmasauawinluaning

1.3 PoulPAUAzdanIrRaYalaTIK
FNNI2aNUULLAZLAS AR RAALIIGUBUNES 6 KV NUTaUUULTINUNIZURRRD
lasussaudunaminluanvunasgiu 1.2/50 s



1.4 uannsaninlasen

= Qe o o o @  a “ € o a
1) ﬂnmqmauu@maomsaon'u.uﬂl.umuauwaa 6 kV NUDMUUULIIAL

NIZURFAL

2) Anmanasunisnasavauinlwih

3) DANUULLAZFIILATAIRILIALTIAUDUNAR 6 KV YUTaULULTIAUNTTURRAY

4) FnmImerauLeIaIfuiauaaudunad 6 kV NUFauuuLIIOUNIZUFRAL

s

o v X
NIAFINDW

5) ﬁ'm'\ﬁmﬂ:ﬁ'ﬂ%'uﬂgoqmauﬁmaam’%aoﬁﬁLﬁﬂuﬁﬁ'uﬁuﬁ'aﬁ' 6 kV viudan

VWL IIAUNIZUFFRAY

6) imBgyaniiwuiatvsuysol

A ad o oy
A1 1.1 IDPNTANUUINY

T P 1 W RTA TR TS

Umsdnmn 2551

nea. | a.9.

n.g.

a.6.

W.EL | T.9.

i.a.

n.A.

aa -
1) ﬁnmqmauum RGECE
AAALTITUDUNGT 6 KV TIU
FOUUULTIAUNITZURFRD

< ---1

-

7 3

v

2)  AnENANEIIIUNINedaU
awan Wi

< ---

----- F---

A

4

o A o =
3) sanuuuLazaILaIadiie
UIIOUDUNAE 6 KV NUTDULH
LHAUNTUFFID

< ---1

e

A

\ 4

A ° a
4) AmInagauLaIadniIlie
UWIIOUBUNAT 6 KV iudauun
LSIAUNIZURFEY NIasT U

{----- H---

v

5) Hinasdtasizhdfudlse
qmauﬂ'ﬁmauﬂ?aaﬁuﬁﬂ
UTIAUBUNAN 6 KV NuFauuu
UHAUNTZUSFN

-~~~

R

4\

A4

6) YniSganiinusatusuysal

¢ ---d-=--~-

- b

A

v

<4----p TRILLHW

—> IR



1.5 Uselpmiftlasuanlasens
1) UNTDRDNLULETWARLLLLeTaI U lausIauBUNEN 6 KV NiuFauunusian
s 8/ ¥ o i & b4
nyzusasvldanudamnuafiasl]
2) i3It LilauTInuBUWAR 6 kV iudaunuusiaunszuasaufisanuuuaing
J &) v s ¥ - o ) @ o o ¢ Qs ¥ s
Fuuduauwuuulun1ITaaiaIaIf L RaLIIOUDUNAR 6 KV NUTaULULIION
s o s L 9 F=3 Al s i s o o o
nrzuaasy @miuiaalfigmslwiusiguiesssiunuimnumsissussmsyinig
ﬂﬂﬂauqﬂnsm“lﬂﬁmmgoluamﬂﬂ



unn 2

ad A LY
ﬂq‘ﬂ'gﬂlﬂﬂ'lﬂa\‘l

2.1 naEin1sasusIandanad [1]

v a o e P ' P & [y a &N
LLSGGNE]&IWQGYIGLL‘]J‘]Jﬂ’lWﬂﬂWW’]N’]LLQ:LL‘]J‘IJEI’JGI‘H‘HG LﬂuLLﬁﬂuﬂﬁuLsﬂﬂuﬂ‘ﬂ‘l&I

& ' 'Y a X ' = A& o v &
WHueny musaﬂmztwmuamasmLsamnguaﬂﬂwmmﬂaﬂ udezdas ganadlthilu
quﬁ MWARBLIITUDUNAFIzIRUad

& v & A
720990 LuunnIaay
s A X {
YUIALITIOH TIRaNsTameaauaInwatL
' o A A f P o a W € &
natniedu T, fia FRnaiuduEudwnngudauivdigan
VIRNTIR1NEYR T, Ad ‘lhanmﬁﬁfummmﬁuﬁuﬁuﬁnnglmz‘l'vhuehﬂaﬂ
< 4 A '
AUNTLNITUNAARINRAA NN IUIVDIA DN
usssudunwagnwaluiraziZanit mwatu 1.2/50 us

wIauduNaFMwaduadataez3undn mwadw 250/2500 s

§ ar A e i A‘ ! 3 -4 1 1 1 A
ﬂ’]Wﬂﬁ%LL?Gﬂ%ﬂNWGﬁ‘ﬁ'ﬂu’]ﬂLW&I‘HW%uﬁGﬂ’]UBﬂLLa'}ﬂﬂU f anfJagIINaL D

L & o ' o a o & o < [ o
Quﬂsz‘nﬂlﬂuﬂuﬂ LIYNIIUTIGUDUNARATNNAULA (FU" wave) @3RN 2.1n)

v a e { & A o { o @ Y
LLSGGNS&IWQﬁﬂ’]WﬂauLﬂuuLﬁaﬂaut‘ll’lvlﬂﬁ'lﬁﬁmﬂﬁauuﬂ'l ﬂﬂﬂﬂ’liau’)w’ﬂad’mqﬂﬂﬁau

,’: 3 ar 1 v & =y =Y ! d
innudaunaulalld fazfasinwlalwsnainianulWanafiadu o yaniuumw

a & ar [ & € a _ & A o P a A e
adwtuussauezguasniugud iiallunwaduda (Chopped wave) avanaLiianauea

! d. t Ai -} ) L% d' =3 v o d’ o ar ar
"ﬂu‘l’lﬂ’)%ﬁﬁdﬂﬂuﬂiﬂﬁ?uﬁu’]ﬂﬂ%ﬂiﬂ FINTANN 2.1 V) Uas 2.1 A) ATVAAY aNWIUSVDI

4 o a o do o A ) a e ,
ANAARANUTIUMAUANFIAUAD LIRTTHAIUAN (Chopped time) T,

wsasuduwagnmwaawihreunas i Mued BN TRIIARY Ty AN
aau T, uazAneaa U, 13de

, v
LIATHABIARY T,

. a
LIANDNAIAAY T,

12 ust 30 %
50 us + 20 %

ANHDALIIN Uy, £ 3%

AIRUTIT WD INAFUULFIATTY 250/2500 ps HINTWN 2.2 R 1ua A
anaLnfanlane

NATHRINAAY T, = 250 ps + 20 %

AT RWIARY T, = 2500 ys + 60 %



0.3 —/“
0 as

=)
a1 heY

wihaan
4

£

A
A4
nun

3

copn
w

T2

[6)]
-

) WIIARBNNATNINARULAY

-t
10 + —— — IR

oo b——¥ o

1.0
0.9

Tc

\j

v a o € A o o L J a
A) ULRNOUAUAIFNIAAIUAANAUINNY

AN 2.1 MNARULIIAUDUWRENHN



uUA

T,

Tcr
A a & v € a A
AN 2.2 NMAARIULITIAUDUNIRFINTI

2.1.1 aaasﬁuﬁﬂwmmsaﬁawsaﬁuﬁuﬁaé (1

nsEPusdudaiadzandondannsrasisammaudoud RC lasmsdadszy
lﬁﬁ"uéﬁLﬁnﬂs:ﬁgﬁmﬁamusaﬁuﬁﬁaums udalaaslinisansylszardiuiges RC
Asusmlushassnmliinwaiuaadainsla weriugmildaiuussduduied
Taora Ui 2 unw dsuaslunwd 2.3 n) uas )

Ry s Ry

U <:> C 4= | ReH G, =|up

n) NWAT A

L1 QSO L1

u, Czb c. = | u, U R, Gy =={u

2) 1937 B

P & d o a v oa e
NN 2.3 'N’iﬁwuﬁ'\ﬂ‘llﬂﬂLﬂiﬂﬂﬂﬂluﬂﬁﬂﬂuiﬂﬂuﬂuwaé



aNananslunnI99T A usz B

U, = wssaunszugasszaddding iuarilanussdudadszalvivdivley
Bunad

U, = Wiiandauszanizusas

C, = dufulmadaiadiindiiunasnm

Co, = Imaaafiuiszy (swﬁy’am']mg'lvslﬁwaaqﬂnmﬁﬂLLsaGTuLLa:‘é‘u6])

R = anudwmuinanszuzdailszy

Ry = ANUMWMUAUN \Juendfumiedu T,

R, = ANudmmulaagisza \Hwtiuwadu T,

U = usseuduwadn laudslaunam

s = sthinund usmimuediusiaudalseg wsermifiilwlnadaslng
anfuYIzBuned Clamalizaliiulnag

¥ A 1 Qs 1 o [ s Qs
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nadusu dnfivdszgdunadladaailulsziannlisnanumieing WWaldnwaan
Q- A } 23 ! 1 a 1 - .
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s
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Trigger rod

A 2.5 BulinTnsesthinuny (3]
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a

3
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C@ CS - UO ‘lniﬁﬂ% Re Cb :E Ut

mMu 2.6 sthsnunlingdad

a o =3 =y =3 = as =‘ [ 9

Qmanﬁm:msmmuﬂ%aﬂszaﬂﬁmwmaa'lﬂmwﬁ'«a:waﬁmnuﬂmamsns:qu

v A ~ ° P A ¥ a . '
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o ' \ o ¢ v, . a ¢4 P ' 'Y
Sanin “mamsnszquam'sn"l@ (Trigger range) 184 MN&IAT TI1AUFANTUAILTIAN
a ¢ A €< € ' o A o @ & oA
Alalae wialduiafifuauad1usIandainnaunith Ao

dmsneduathinld = @adriaun - Jadriadne) / Gadriauu) x 100% (2-10)
aufuAnTIausIAuTinszdulddgauacgIga WazTININTZEU I luinaupas

segzuntlunwi 2.7
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1) MulsusIusIanlinsuvaILINT 1M TAIATERIIN T AUgINET
WTINUBUWRS 11U 299Uz B lumnd 2.3 2 @edauszaliiudafiudszg ©, dae
wseudaisze U wasifiarUinfisinuny s sl c, derunsesUiunwaiu ns
FATIEW LT Laplace transform Saursnranauseanldaining 2.8

Z, = (1/CsS) R4

L {7

(UJS)C) ugs)| | | Re U= (116,9)

o & a o ef
ANAN 2.8 mwmﬁﬂﬂuﬂaiumao’m‘%ia&lwaﬁwuﬁﬂu

N1TIHMN 2-8 Fussduanasay R, widawlai

U,6) = el

S (Z,+Z,) @1
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o 1
0] Z = 2.12
1= TS (2.12)
1
R.(R;+—)
C,s
zZ, = 1 (2.13)
R,+R, +—
»S
YAFUMT (2.12) Uae (2.13) unuadlu (2.11)
R
aziu U,(s) = U (R,R,C.CS+RC.) . (2.14)
R,C,S+R.C,S+RC.S+R,R.C.C,S
usseufisraananinaadaan U, (s) mudandiudufuaudezld
U CIS U,S
U(S) - b = e( )
R 1 R,C,S+1
L+
C,S
unu U, (s) AI8&UMT (2-14)
U,R,C
U(S) = 5 o e~s
R4R,C;CpS* +(RzChp + R,Cs + R,Cp)S +1
U 1
U(s) = o
() R,Cy S2 + (R4Cp +RC +R,Cp)S N 1
R4R.C5Cp R4R.CsCp
] a ' A
Feoradoulalumwuusiie gfie
U, 1
Us) = K §21+BS+B,
= & 1 [ 1 - 1 :| (2.15)
K (ag-a)[(S—a) (S—-a3)
et mualid
B = R,C,+R,C.+R,C, (2.16)
R,R.C,C.
(2.17)

B = —
RR.C,C,
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K = R,C, (2.18)
a,,a, s nfizesuasaunis S° + B,S + By=0
By +B{% - 4B,
a,,a, > (2.19)
= o 1 o o w L J
Fudisudussduduwadlumanzasiian laasis
U 1 _ —a
ult) = ———{e™ e} (2.20)
K (a,~a))
dunniaas B, B, uaz K & w2997 A usz B uradliluais 2.1
@159 21 B,,B, uaz K §WMUNTA Uaz B
B1 Bo K
Ry
—OO0—(—3
R,C.+R,C.+RC, 1
RdCb
UO] ;L CS Re [] Cb =‘: ] U(l) RdRerCS RdRerCS
Ry
—OC 3
RC +RC,+RC 1
Ug E=N N Re ‘:] Cp= | Uy d>—bh e b e's RdCb
R,RC,C. R,R.C,C,




16
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2) MsdwITAaIflTznaueT MmIsfusidudunagnnaiula dmuadie
A1 T, uaz T, ﬂnastzl,’%uﬁummnmmﬂmﬂwﬂwaaTﬁaﬂ C, fianuaziianafivlsey

a w &

suwad C. limeandadniu c, nanfe C, ndufunsinulduinweiazdrstranaa
Twnulnae aenwdaniudn C, uas C, ud? adndsznaufiniadasdinam fa aanu

s

A ¥ Qr (-] 3 Q
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B B,
a,,a, = . |—x(=) —B
1 2 \/2 (2) 0
azle a,+a, = B

a0, = B
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T1 RdRe Csz k R Cb Cs
2 . 2884
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7 .
RC, S
(R, +R,XC, +C,) C,+C,
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duaauaInTInw 1% tavaninivasianunieihdmaniisalile enavnlifie
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ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

CHARACTERISTIC SYMBOL cngrr TEST CONDITION MIN | TYP. | MAX | UNIT
Jinput Forward voltage Ve —  {lr=10mA, Ta=25°C — 11618 v
IE“‘“:::_’;; Coefficient of V-iTa | —  [e=10mA — | 20| — |mvrc
On¥al age
Input Reverse Current Iz - Vr=5V. Ta=25"C — — 10 KA
tnput Capacitance Cr —  lv=0f=1MHz Ta=258°C | — | 45 | 250 | pF
Hitevel | o 2 V=20V e | 10| 18] —
Ouiput Current 1) eo A
3 1 = =
- Level fom. 1 voos2sv | 101 2 _
Vo =+15V
H Lavel Vor 3 |Vem=-15V 1 | 12ef —
. R.= 2000, Ir=5mA
Quiput Voltage \
Voo = +15 V
+L" Leval Ver 4 |Vesr=-15V — | -142]-125
R_=2000. Ve=08V
e=10mA - 7 _
*H* Leve! beor - Ta=25°C mA
F=10mA — | -] 1
Supply Current Vee =30V
F=0mA sl —
1" Level Io. — Ta=25°C ) mA
I =0 mA - | =1 n
Vess = 415V
resnoi bt L—H - Ves=-15V — 12| 5 | m
R_ = 2000, Vo > OV
Voot = +15V
I{t:ﬂzsh:ld ot H-L Ve Vegr = -15V 08 — e v
9 R_=2000, Vo < 0¥
Supply Voltage Ve - - 0w | — 1| 35 ¥
Capacitance {Input-Cutput) Cs —  [Vs=0.f=1MHz Ta=25C | — | 10 | 20 | pF
Yz - e .
Resistance (input-Output) Re —  |¥e=500V.Ta=25C mo?| 0% | — | o
R.H.<60%

) :Alltypical values are at Ta=25°C
(*1) : Duration of 10 time < 50us

3.4.3 N32NUULNITNILIIAL

299slunwnd 3.18 Sesznavlddanlalan D wszdafiudey G azdanld
mmsna%ﬁaLLsacTu'lcha%uLﬂu 2 IYedAsaaLTIeuduIntaantemdautad lay
lalanazdainuusiauldadredas 2 (vasdiusausian aziudousseniilysu
isndvhetead fifllalea D, uazdaifiuszansasnizus C, iz ldldusiduntzurasags
i 2 wihrasundussaatasmdaulssiuingiidiean lagdufiudezaniainszus G,
lusemiunauazlfiiudafivyses c, Twasasiuilausaugs saugaslunndia. 1z

0.22 yF
v 1 D
o——ANN— 1 P —°
Ry Co
Transformer
220 VAC A D C1 == 2pF
o— —0

AN 3.18 1AIINITIAY



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



43

Initial Port

l

Display
General

Y
< Ze;y\
N }
N Zero=1 Y

A Zem>
N

f)
Angle = Key

l l |

Display Angle off off

nni 3.24 usaslWdimiavasganIugu

o | ol [ 4 s %/ o J
vanewma snlsFeanunusluliainiaadingldasi
- Initial Port manafiy Mytmuasmusaasdygraweslulasnaulniaiasd
- Display General #ungfid msugasnamaizuiiuasslysunsa
- Zero wanpfiy RTYry1ok Zero-crossing
- Angle = Key manails n1sUiudwasyuinahidasns (fia 0,5,10...360) d2en13
Yufddune
- Display Angle mangfls maugasnayafilahnmadenty
2 - d e )
- Set new phase w¥efls madanyafidainisin
- OFF wanefls msngadwdygnuiduiad
P 1 o Ao o €
-ON  wanefls meesyIwnTuTiad
= aAdd e o/
- Delay vanafia masanailaddifirhanueg
- RUN nansfle mauldsunsudadygnabinudied



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



unn 4

nnadaunazdszidinua

A & A o [ ad - o & [y
Wardunrstusulunannisuaznguifildlunisaanuuuiaiasiuilausian
-9 a Qs k-7 Qs Qs o L4 [ A o i v
SRS uL UL IeUNTuRaaY SedianusiludasrnmInageuiNadie e inan e
] [ 1 L Qs :
Tagzvinmsutinmsnasavaandu 4 daunangasi
1. m‘smaauqﬂﬁ'uLﬁﬂé‘mwmﬂmf%uﬁumsﬁﬁmmaqm%aqﬁmﬁmmﬁuﬁuﬁ’aé
NUTDULULTIAUNITEUTFRL
o dlﬂ/ 9 o =
- wammeasauddiialderpeasdalarlay
2. msmaau’gﬂmaammﬁﬁ'\mu
a e @ @ a
- wanmInegaudsiiiialddiuaasdalaglay
A t
3. MIMARBUTANTBIANUDFIHY
=Y d‘v v -9
- wamMInegaudIiialdduassdalaalal
4. PINARBULAS I RALSIA U UNRFNUTaUUBLTIAUNIZURFEL
1) 1% R-C Filter \Hugansasaaungenm
- wamInegauTIiialddnaaadalaalal
2) dundnsansudugailosiuussdunszuaasy
- wanInegaudIiialddeaaadalagley
3) Winufisunaszninemsly R-C Filter AU wnUnsInau
-] Qs A. [-] d [-] =3 Qo -3 Qv
a1 msnaaam;ﬁmtﬁaatymu'\mﬁm’fun'\sma'mwaamsaammmmﬁuauwaﬁ

NULDRUBUTIARNIZURTA
Tuma3sufisunamimeseussnitansitaaslasldsunsunaufaaeinums
'n@\aamﬁ‘wzﬁéhl.l.ﬂsﬁﬁ']m‘sﬁmsmﬁagl; 3 @autlsdae
1. MHaALIINHIBIFYGNUNER Izdailidiuan 12 kv
2. %79 1 MUATRIFYYMWaR szdasliendszinm 1 s wia Faaam

]
L2 =

nUARULIZUNTE 300 ns
3. guiivhmisliiimaduiiadygmcudu
& o

A4 o 14 o a & - ) v a LY | d o
‘HGG\QLLIITY]\" 3 G]')‘(l"(l’\ﬂ’]jW’«Jﬂim’luu %zﬂad&lﬂ’ﬂﬂmﬂmﬂuwau‘l"ﬂ’t’l‘ﬂ’mﬁ

Svualuaaudunlarnissanuuyly



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



wnasthiduienasnasubidwsomsldnuiemsdnsisihaie tlewaneldilddysslosasnwmsen
lainsailas visdw dnvisvhud lidawdasiitemnazdossrsdsasinvastanarsnnassndnsiinbylls



52

~ a a w a o € o [l s (3 al [ 4

1) iavriufioussaudanad 2) gansasanadidndiu 3) Jagnaeud) Tarieed liaes

5) “gﬂi'Jaaﬁ'mmﬁunszLLaaﬁu(LmﬂmaﬂauL?Yumugmﬁnma 20 yu.8szezuny 0.35 aw.)
6) TATILAAUTIWNILURENY

a A S/ W _a
- namInagaLSIfiiia ldenaasdalaglayl

2008/11,29 94:21:083 =—=——=——-——"———ox _Normal

YoKoGewsa® [ S 200k3/5  Smsdiv
: : : T << Maima 1ok »> : : B : CH1 1:1

: : : : : : 0,160 Urdiv

IC_ Full

Edge CH1 £
Single
8.679 V

A A & da & ) o a v € o 9 [ o o
AN 4.10 mwaaumumﬂ‘lﬂmmuﬁﬂuauwaa‘nusnauumumunszuaa&umgu 20

8367

INHANINAROLN 2 nszﬁwudﬂé’nwngjﬂiﬂwaagﬂﬂﬁuﬁvlﬁmnmsa‘haaaéT’JzJ
Tdsunsuaanfiaas fuminasausiaiuddlndidsaiu INTIzauWI I TN To B Y
wanmiuazngudilflunsesnuuugaiilawseduduiadivdauuuusdunssussdy
1aiduacineg

4.4.3 Wisufisunasz®119n151% R-C Filter 11 unlnsanaal
nmInasauluiitef 4.4.1 uazwatiah 4.4.2 nwllanaf ldanminasey
C3INNRIITININLIN NIz Ta N NAARA lanulanuuanaint aenluiaten
& ° av o o P v & A v A e

4.4.3 Fazdinafledannminagevaninmsidisuifisuldifutiawanaintanw  las
Pri A dv e v . 'Y o A A A o
A e uilaannInagaueiy R-C  Filter 92UgaINasudola waznwaaniila
nnslFundnsenaniuar ot wu s e unTTUEFAUTUFAIN M UT NN



53

{ = a z s 2/ ot Qs
- Nﬂﬂ’ﬁ‘mﬂi’(ﬂ‘U‘ﬁLL?G@%B&IWGéﬂl’lﬂ’)ﬂﬂﬂ‘ﬂﬂuﬂuuidﬂuﬂiz LLYRRU

2008-1029 64513 e o NOorMal 200811729 04:18:11 e Normal
yoosame Y 2 200kS/s  Snslie Yoxosame 3y 1 Sredin
[ 7 eIk S- R ; |  EE ) < Hedn ol Y 11
: : H H B i H : I?}W UAliv ° : : < 9.180 UAiy
. H H H - Jlpe__ Eunl | Lee Fut

| pige o F H : Pige CH1
single : : single
| e#9 Y | e u
= A @ de W oed &
nnn 4.1 mwaaumum@'lﬂmgu 0 23¢n VIVIN
2081129 5B EEme—————ue _ Herm} 20081123 64:21:03 Em———e————e——mo HNormal
YOROGANA S Y & o ) vouocame 3 S 260kS/s  Snidlie
R T H — ] 11 I PaanriOR S ¢ T N 11
i T o [

Edge C1 § Eige CH1 +
single Single
0.673 v | eemmv
MNA 4.12 mMwaduldnfiialdnau 90 s 4au0n
20081129 €5:07:39 o« _ NoTRAL 20061129 84:22:% e HOTRAL
" -u' 2 << Maind1dk > D B m;M N B Vol ’ 1 ? <. Painiloh o 2 E}
: A Fﬁé'ﬁmw : : D l—gtre;'a/uj
: Ic_Full . oC__Fuil

Edqe CH1
Single
| 6@

AN 413 MNeANLANTIAL ”ﬁuqu 180 a4f1 1IN



54

2008-11/29 05:09:02 Em=——————u i _ Harml 20381129 84:24:19
Yocame 4 280KkS/s  Smdlie Yoosam e 3 9

K o Raim o ¥ i1 i ™ R ior T L
: : : : . : : 9.100 UAiv i : : . . : : 9,160 UAliv
ereren Doee eeee Teviseraseeerseasst et eas et saee sena eemestaneonesensteene e e aen oc_ Fuil : : i . oC_ full

Bige GHL F : : Bige CH1 £
Single : : B B . B B Single

AN 4.14 mwaﬁmﬁuﬁi’m‘lﬁﬁuy 270 249¢1 270N

- HANNINARAUTILIINWIUNAFIIR UNUTO UL AUNIZURFAL

2008-11/29 95:15:51 B=c—————s—u _ Normai 2008-11/29 64:11:28
yoocame 3 1 200KS/s  Sridis Yooswnd 3 16

— ———
[T ey 7 g 3 5
< : 9.166 VAdiv . : ‘ ) . : : 9.166 UAiv
. DC Full S . o Fall

Single : : : - . : : Single
.| eenry OO U VU OV VU URIUPTURTIPROUDPINE B Sl

] o/
s

AAN 415 MWARWAUNIA LONUY 0 pIFN WAV

9

2008-11-29 95:19:12 ==
Yoocwned 3 6

By
0.188 UAdiv
C Funl

E [T B feerrriseereree i e e F Edge OH1 %
Single : : . . : : Single
| eev | eestv

AN 4.16 MWeRULANAIal ”ﬁuqu 90 a4¢N VAU



55

200011428 95:29:13 EEme———u=m.enn _ NoTmal
vokocame 3 6 260K3/S  Snudlie

T Aaimios 1 11
: ) : : 9.100 UAiv
. 0C_ Eull

T Repiol oY H
) ) : : 08.160 UALiV
s ....jLBC_ Full

Eiqe CH1 # e Pl pdge OB B
single : : : . . B : Single

.| 8oLy e e et s e e et e e et et v enas evere e, eon ey e e TO-OBE W

= | { = o V) wal &
NNN 4.17 wadwfunial Ty 180 a4en 1AL

2008-11-29 05:21: N e 2088-11-29 84:10:09 p=—=—
Yoocwe ¢ 3 10 208kS/s  Smidie Yokocamed 3 9

—_—
260k3/ i
T Fade ol |'mr11: I - [ T T
. i B : 0.100 UAiv : : : N : : : 9.160 UAliv

"l Eige CH1 3 e e e B e P Edge CH1 3
single : : : . R : : single

.| ey e e e e e e e vt et ene rene era e oo i e g e | TB0BL Y

s

NN 4.18 Mwadwdunial "‘ﬁ&;u 270 a9¢1 2I8Y

mnmwLﬁaﬁﬂnﬂsﬁLﬂi’l:ﬁmﬂ’ﬁqﬂnsmmquﬁgotﬂ‘%ﬂuL‘ﬁﬂuﬁ’umﬂ"ﬁunﬂmo
namﬁ'aﬂaoﬁ’mmé’um:uaﬂé’ﬂﬂﬂnﬂs'awgﬂﬁ'nﬁmmﬁu’éuﬁaa‘f

- msnsmmwﬁ"[ﬂﬂl"ﬁqﬂnsaommﬁgo R-C iuwazldnmaduusisuduwadniy
FauUBLITunIuaRaURT S nwazilndasanumsaasdinlsunsuaaufioeas ue
a:ﬁﬂnvmfﬂméawaoquﬁﬁmﬂﬁamwﬂﬂﬁn

- mitlestuusssunszusadulaslduninsenautiues lemweduussauduwad
FUTARURLTISWNIUERAY Asnwaefiuandisainnidiassdaslisunsunanfiaine’
#afananumuninlunsasivesaimaluanindnasmilandsnnifianiuse
avidsiandtTzaznatmile Amednusseuiledadanafaiioulienesiilden
mMsaasdasllsunsunauiaiaal Ltdquﬁﬁmmsa}:vl&iﬁn'mﬁmmu"lﬂmnwhﬁ'u'nﬁ@
R-C Filter laafimsilastuussannszuasavlildanasouundimifioussdudunadlasls

Lmﬂmanam:ﬁﬁu‘quﬁaﬂn'i'lmsﬁ'lLm'gﬂmmm'mﬁga R-C iluati1eann



NN 5

aqﬂﬂanﬂsnﬂaaa

5.1 &gl

o = Qs -3 Qs Qv 9/ Qs Qs - A 9 Qs v A’ “:
‘q@mmmmmuauwaz?wu‘naunuuswuns:uaaauwnﬂ 6kV  N1GTaaITniw
A -] o v v L4 o L
mm‘mm:mm‘smﬁuﬂgu"l@mmaams I@ﬂl"nmsﬂwﬂuqumnmu'luIﬂSﬂauTﬂsaLaas‘
1 A A ¥ & o o ~ [ s
Nams‘n@aauwm’lgﬂﬂauﬂvlﬂl.ﬂu"lﬂ@’mﬂ'mnammﬂTﬂsLanﬂaummas a1t a9n%
ar s T A o =Y a a ar v o addA L3
LLsmugoﬂs:uaaammmauLﬂsaomLumﬁmuauwaﬁl@mmsﬁnm 2 3%he mildganias
v d' y s A o ~ a o ar 9/ ] v &
WNGUAMAING R-C danuiaTasffinussandunaguaznslfuntnsnay wudn 1duny
maﬂauuugﬂﬂauﬂ’lm:umwwmwuwnom@mﬂwqﬂﬂﬁumsmsﬂmqﬁmaoLmﬂmoﬂauﬂ
A v ] s < Qs Qs o Q- 9/ A ]
amafiusaariudr limansadudnduaniulédiui dwiunslégansasanudgeim
& a a A « v A i A ]
dufivsdnsmulasmu@niufdnsnsy uafesfidgmluiFasvasuaraszimaudasu
& w d & & s a d & o
ludnieedsfidugmueaiGuasdaniasies Fududiniasuuy RC
luzhumao"qﬂmuququﬂ%nﬁfuvlﬁﬁﬂﬂmﬂau‘[maLaaﬁnl‘ﬁ‘lumsmuqumsﬁwm
A. a o o Qs A' 9 A o Qs o Qs Qv "] [ v]
lummumsmmmaa‘qﬂmLuﬂazynunmwmwmmsmmmLLsmuauwaﬁwwauummﬂu
P9 & & ° a o a & P 9
nrzugasy doduwnratunaluladnedudidnnisfindudszgndldluaunsdau
A a A & W g o v ﬂ‘/ el
WA usgs Luams:uumuquﬂl"ﬁ‘luiﬂsﬂaqusaLaasm'\mmuﬂuuumlﬁmsmmﬂm
(-3 ] o L AI v A o Qs -3 Qs Qs v Qs
msmo’mma\rqﬂmLuﬂazynvnmnu@wuaoLﬂsaaLuﬂmmuauwaéwumauuummu
v € a y a A o A cda
ns:uaaauuu:ummLmumgmuaomn"lﬂLaanlﬁuiﬂsﬂauimaLaasmmsﬂs:mawag\‘n
3 [ - L Al L3 [-] A [ -3 Qs -3 Qs Qs
mumsaammuqﬂmLuﬂazy:y']mnu@umsmmwnaaLﬂsaan'nummwauwaéﬂu
FanunLsIgunsugasuldaanuuuuazaedunn  Iwasuduriininasevlainng
P-1§ ¥V A ‘a & o I Qs I3 A [ Q
WRenlfsdaddiannsafindidudanrugumsriieu Fafianamansngalianuuindigs
o A a ed o ' a a v A P @ o 9
Gasnnidrsnssiatisiscaumluduwf  udilaldimslfnuliluszoznaniela
a & oA Y @ A e o & & o ° v
mﬂﬂzymmw,uaomnns:!,tamawuaLuJaaLtsmugw’lﬂwmmuuuﬁmmGmgamn Alw
a o « & ' o A o v d
qﬂnstﬁmﬂﬁwLﬂu"la‘iiﬁﬁuu”lumu’ﬁnﬂu"lﬂLﬁaﬁn’ﬁl‘ﬁ"lﬂlmzummﬁm RldAmUaen
o € a € d & - el 'Y ' ca & a €
mhﬁqﬂmmmmm'ﬂﬁumﬂuuummmmﬁ]:mmsnﬂumma’lmmnnfnqﬂmmaLanmauﬂa
(2 A A a ea d ' a ¢ & d o o o
Lmna:uﬂ:ymlmsaanmlumsmmmwgomwmnu,a:ﬁ]:mﬂﬂzymmsmsﬂ'nuwmauwa
@ ' @ A & |6 ) ' |
RG] T.ﬂulummlaw:uaLLﬂmmwngoumﬂﬂumLﬂuau’:uﬂwnam:w;'wwmmma:
& o ¥ o A & o [ ) @ ° o P
3w drsininiuivesaniwlag it eriildazanlunmaiafandis LLa:m;asﬂmvlm'm
adnsiminduwduanin



57

:A’ ¥ & 3 e/ A o =y o o a -] e/ av
dalaaTIuAs IR RN Taa LU R eTa IR RALTIA B UNARN T o WL BT IAY
v & A a A & A 4 A P a a
avzuardutniUszaninnlagsrudufivinals salusuraasruisanaziinnsiig
=3 r=3 A v ! L dd o dl 1 A Y o
ﬂi:a‘nﬁmw'uaamsaﬂﬂgwu'lﬁ wazilFaulanmsvawivannaisniifnlavinnsesnuuy
1dlunaniaa

5.2 qﬂzﬁsnuaﬁ%‘m‘sufﬂﬂﬂmamu
‘A o o 9/ ] s A’
a1l arsnnulalumssiinlassmauazmsunilamieng 9aai
A o o d . A
1. Feswasmanivlszauazanadiuwnuiianlsznauidugansasanufigiuas
4 %, d, . V&, & .
TANTBIANUDANY dfirinmsdrmimaanuuy Bvwlianuisonisalalurvasaaia 39
o &) A v P 1) v a s ) a A o v = a
suflufazdaanfandrlilamAssivanulusdouniiga Mlddsininwzasgansas
] 44 & a a ]
ﬂ'mmgaua:'g@maaﬂ'nuﬂmuuﬁﬂsmﬂﬁmwna@mm
a d e ¢ o &
2. dyanasuamidhinsuniugelulaseeulniamad  Mldlulaseenlnsames
8: =3 - =) L (-3 1 Qs v v ] A
TwAaansRednd Sedaarinnsspussewlinululasnenlntaaslassiiunie ups 1Wa
RAFYYIMILNIBAN JNIILAEITIBULTIAN

A=

a €a & a ed a A o o € o o L% [ &
3. ’g@]ﬁ'lG\?jﬂLﬂﬂﬂia%ﬂﬁﬂlﬂaﬂUﬂLﬂ%@nﬂ'l@\’ﬁLLix‘l@]%l‘ﬂﬂUﬂ&lﬂLLﬂ RGLLSGG\%Z‘?G%%

A o A o dAdd 4d a v a o
Garihmslflyluszoznamiein i leidfienoiflasnnnzuaneiuwdunauasnila

wlasussaugaiiangannn %uﬂﬁﬂuml’ﬁqﬂnsrﬁaﬁwﬁﬁLﬂu"%m gunwianazvinlidrainy
gﬂéfawaaﬁmmﬂmﬁumsﬁﬁmwaaq@m%aLmé'uﬁuﬁ'aﬁﬁfua@m

5.3 Holanan®e

- @ A da A Ao A« A

Luaamﬂﬂfgmlunawaaa;wumsmmmu"lﬂmnguﬂmﬂu@ FIIUHFLBBININN

9 A L & L A Q 3 i o r—9Y
mMIunteIsas mnﬂaamsmmgn@awaaqwmﬂu@uumsﬁﬂ:aammu’q@]mm@
s tal o/ o A o =) A s v L% s L] 1
azgrgﬁmnmumsmmwaaLﬂsaamLu@LLsmuauwaa‘ﬂuenauuuusa@unmmaaulm Tag
& & L7 L o A [ o Wv
dasfinsasnuuulindauy salinTTuan uMuBUNANART mﬂ:u]uwamlm@msgzgl,%ﬂuaz
o ) fa & P ° a o A P o a
mmmsnl'ﬁqﬂmmamnmaunammmsmwﬂ@] lu’q@nsaammngemaanlcﬁq@ﬂaanu
L A (% nIA v L] o a fd'ﬁ =]
LLsmugaﬂimmﬂmanam:mmsnl'ﬁ‘leﬂunsmnLtsmunszuaaauLLazLLsmuauwaauuu
' [ A Y ° . °

AMYLANAIARNERNAIT LIhadanazaaddinisinuaszesiisuaIunlnsinauninyinng
ﬁmm"l&ignm’aaﬁﬂ:ﬁwaﬁﬂﬁmé’uﬁuﬁaE?laimmsnimswumﬂ'lﬂ'lﬁ pioa199zinlR
Lmﬁumnmaﬁwﬁmu,mJmma’g@ﬁmﬁmmﬁuﬁuﬁaz?l@]“ FdaalanusziarInduwniey

a o = [ a ' A v A A A ' A
lunmafenldunynssnsnniduarasnuwusiaugs u,m:mlaﬂlmsawaaﬂmﬂgnmw’g@n
14 R-C Filter agjwamua23



LlanNa1a19d9

Ml  endme ddszana, Iaanssalivhusegs, ey 2549,

2] IEC 71-1, Insulation Co-ordination, Part 1, Definitions, principles and rules,
seventh edition. 1999-12.

[B]  wwad noanuz,  &A Imgsiu, msaanuuLAzataIaR e
ussandanad 3 7% 300 Alalaad 3 Alaga, WosUfiansluiusege
IWBINITRUNTINEAL.

4 Infund aseadeeu, eriundant qanns, #37@ gnslain, waaswg Wale,
9ATASWUTIGUBUNAITUTINLRUIIARNTTUAA 50 Hz AILANGIE
Tulasaaulnsataas, madr3anssy i esdanssumans aoniin
malulafwszeauindnhgunmsaanszay,madszgaizminig
Senysuinit afefl 30

]  qatt usgiiud, afimn@ edwiiadn, enoi@ Winimenae, Fpwad pITaalY,
msﬁnmuaxﬂ%’uﬂgaLﬁéaaﬁnﬁﬁ RIIAWDANAETWIA 200 kV 5 kJ, MaIm
sl anzdmnssumand sondwnaluladwszaundudgunnis
f1aNI2113,2550

6]  oigwus asgnuses, 2asaruquasanialalaseaaulnsamasd, ofinan
dneas aldnnIafing 301(1w.81. 2550).



AAHKRIN



AMARRIN N

m*nauamqmauﬁ'ﬁ IC llli]‘;: TLP250

TOSHIBA PHOTOCOUPLER GaAlAs iRED & PHOTOHC

TLP250(INV)

Unit in mm
TRANSISTOR INVERTER
INVERTERS FOR AIR CONDITICNER S LES
IGBT GATE DRIVE T 1%
b R=
POWER MOS FET GATE DRIVE - 2
Tha TOSKISA TLFZ80(INY? consists of a 5aAlAs iigh: emitling dicd2 and a 123 4 .
ntagrated photodetacior. aggsoas I3 WD
This unit is 8-lead ZIP. !r o ! _f;l s,
TLP2E0{INY; is suitadia for gate oriving circuk of ISST of power MCS FET. f—;[’—-*—[:‘! %E i ]
BN [ 1= Iﬁ T
12201531 + N
@ Input Thresheld Cumrent : I==3mARda = Llj i {Z & ,,}35,'11.
upply Current(iCC] T T1mA{MAX) SRR g ! |
& Supply Currert{iCC1 T TImAMAX) - E T
® Supply Yoltage{VCC) : 10~35% 2542028 !
@ Cutput Current{lO) - 22 DAIMAX]
& Swiiching Time{tpLEtoHL) : 0. 5usiMAX)
® lsciation Voltage 1 25Co¢ms e
j i TULIETT File N 7L
® UL Recognized s ULIETT Fie Ko.ES7223 —OSEIBA T1-1002
% CrptioniD4)

Weight: 0.54 g
YDE Approved : SIN VDECR34:05.62 Centificale No. 78823

sdaximum: Cparating inzuation Voltage @ §30vae

kighast Permissibla Over Vollzge 0 4030ex

(Note):When a VDEO884 approved type is needed.
Please designate the “Option{D4}y*

% Cr=epage Distance 1 E2mm{PING
Ciaarance - E.2mmipING

TRUTH TABLE PIN CONFIGURATION{TOP VIEW}

ML

=1 | T2 g 1" THE® 2 ancoe
o ; i 3:CATHCDE
P on | oFF z }: £MC.
mUT L= —- 5:GHD
OFF | OFF | &N 3l NCICUTPUT:
al :
SCHEMATIC

IF

—S=

<

-
@
L

A 0.1pF bypass capacizor must be 5
Connecied t=ween zin 5 and SiSee Note S

1 2002-06-27



TUIAIN TR IC L a$ TLP250 (¢ia)

MAXIMUM RATINGS (Ta=25°C)

CHARACTZRISTIC SYMBOL | RATING | UNIT
Fonvarg Cumen: I ] ms
Fornwaré Cumren: Derating {"az70T) Al iaTa -0.36 mA PG
@ Pzax “ransien: Forward Cument (Note 13 bz 1 A
Reverse Yoliage Vg 5 Y
Junctier Tempsratur: Ti 25 *C
i Feak P <258, fg18kHz . -1.2 A
Cuput: Surem: Fwe us . KIS KHE o 28
INote 2}
< Peak P Sps  f1SkHz o +1.5 A
Gurpur Curren: P st0pe , fe15kHz o 222
% CusputVo'tags Ceerrt Vo *® ¥
i 17a=65°C; #
lrg . Tag?i™ll . g .
Suppy Yoltage p——— oo Y )
Cuspus Yolags Ceralng (Taz70°C; RUSSEYE] -0.73 SFEG
Sugply Voltage Derxting [7az7o"Ch Ao AT3 -C73 Y PG
Junezicn Temperature T, 125 ot
Operating Frequenay {Note 3} H 2z kHz
Operating Temperature Rangs T o~85 <
Sterspe Temperature Range L™ -55~125% =
Lead Soldering Temperature; tie] T 260 *C
tsolation Yolage  (AC, imin., R.-. £60%.Ta=25°C] iNote £} BY, 2532 Yrms
{Hote 10 Pulse wisth PW<1pe 20Coos
{Hote 21 : Sxporenentia’ Wassform
iNere 51: Exporensntia’ YWaveform  lowrS—1.0A{82.5u5) . i<+ 1.0A 1S2 5080

{Mcte 4} ; Device cons Gerd 3 tao termina: devicz : pins 1,2.3 snd 4 shortec together ang pins 5,0.7 and 3 shored togetner,

{tiete 5) : A cermic cap3ciocD.1uF} should be connecied frorm pin 2 o pin 5 to stsbilize the cperation of she high g3
arvplifi=r.Failure to proves the bypass ng may imps T the switching propaity. 7= total lead length between capacm:r ard
coupler shou'c ne: sxceed iom.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBTL MH | TYR HMAX UNIT
inpzs Cument, ON A 7 2 2 mé
Ingui Voltsge, OFF Vi ooy ¢ —_ 0.5 Y
Supply Veiage Vs 15 —_ 20 I g Y
Peak Guiput Cument e few. - - .5 A
DOperating Temperature T =20 25 70 42 *C

2 2002-06-27



ATNUEAIATARNIR IC L a$ TLP250 (¢ia)
ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

CHARACTERIETC SYMBCL "‘;R=‘: t‘IT TE57 CCHDITICH MIN | TYP. | NAX | UNT
Inp.r Ferward Yoltage e _ r=10mA Ta=25C —_ e 1.2 A3
Temperature Cozficient of whita | —  |fe=10ma - | 20| — t{mvrc
Forward Yoltage
Inpuz Reverse Cument In —_ Ye=5¥.Ta=25C - — 12 P&
Inpu: Capasitance C, — — 45 252 oF
“H" Leve P 2 -1.C -5 —
Outwat Current A
"L" Levsi oFL 1 1.0 2 —_
H Levs Yo 3 1 128 —_—
Outzut Voltage v
L” Lew=l Ve 4 — | -142 | -125
“H" Levs: Toca - - ! - ma
L k=10ma — — 11
Supply Curren: Y =30V
k=0m& — T.E —
U Levs! i - 3=35°C ma
k=Cmns —_ —_ it
Thre i 17
reshaia input <H (N — 1z s | m
s lnput AL Yra es | — | = | ¥
Supply Yotage Yee — - @ — 38 ¥
Capacizancs | npu-Dutzat} Cs —_ Ve=3.F= 1 ME2. Ta=25°C —_ 1.z 2.0 oF
Resistanze {inz-Cutput) EN — 1210 | 0% | — a

{1 :Alltypca vaues are at Ta=25°C
1% : Duraton cf IQ tme £ 30

3 2002-06-27



MINUFAIATURNLA IC LU a3 TLP250 (di0)

SWITCHING CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified}

e
CHARACTERISTIC SYMEOL | - R":TIT TEET CONLITICN NIN TYP. | MAX | UNT
=) et
Propagation L+ Laan £.02 Q.15 25
Delay “ime H~L T e ma 008 15 ] 03
F T o MA,
Swiiching Time Disperson o, ’ .
ltoHL=pL=] V= 10V —-_— —_ 048 ps
between DN ang OFF - -~
Ry =280, = 10nF
Dutpul Rse Time —_ —
Qutput F32 Tims 4 —_ —
Cemmon Mode Transisss 1 e ePnmAL e N
== ~ Von = 1000V k=2 ma _yrmnn of fie
Imriunity 5t High Level Jutp:: M VY= 30V, Ta=25C 1) - i
Cemiron Mode Transizn: L Yeu =1 3{,? Vol = 9.""-"* 15000 _ — lvns
Imriunity 3t Low Level Cupuas Ve =30V, Ta=25C }

Fig.1 lop. TEST CIRCUIT

1 d 39
f (5 0.1pA
0 H—{x -y
i I
d 4 loo
4 l‘-"s-s
Lord &7
Fig.3 V;u TEST CIRCUIT
S it
,J\_{ AT c.wa Tvee:
Ir \-‘L_{ ]_TW';.,.
O K \:‘JI“ Von
4 1
T Ve

Fig.2 lgesy TEST CIRCUIT

P
H—{a
a 0 1+ foar
Fig.4 Vg TEST CIRCUIT

,,,,,

2002-08-27



NTNUIAIAUIULA IC \was TLP250 (da)

Fig.5 tpLH~ tpHL« tr. tf TEST CIRCUIT

1
F [ iF )
g_r > frie— —=ff
5 3l O =Vae L m—— .
L B e T Ve 0%
] - Vo 50%
4
i g m N 10%
ol H pHL
L <
Fig.6 CMy, CM. TEST CIRCUIT
a2
sw  IF, T ]
T 0.4uF Voo
AL VB P
E PRt [}
f,_i\\"Cb'z
W = = _1C00v
Yo 1% 59% s
5
Lt LE
SW : AlIF=5mA} - CH. = 80009
. V — bMH A _tf" 'u's_}
...O A_ 3\;‘ — &EU ]
- 800(v}
W : B(IF=0mA: CM. CM = ——
t{ps)
CMLICMH is the maximum rate of riseifall; of the commor mode voltage that can b=
sustained with the output voitage in the lowdhighistate.
5 2002-068-27




ATILEAINUFNDA IC a3 TLP250 (da)

RESTRICTIONS ON PRODUCT USE

» TOSHIBA is continually werking o improve tha quaiity and reliabilty of its products. Nevertheless, semiconducior

devicas in general can mslunsten or fai dug o their inharen: electrical sersitivity and vulrerability 0 physical
stress. !t is the rasponsibifty of the buyer. when asilizing TOSHIBA products, to compiy with the standards of
safety in making & safa design %or tha entire system. and tc avoid sitatiens in which 3 maluncticn or faiure o
such TOSHISA products zould cause joss of human iife, bodily injury or dJamage te propery.
i develoging your dasigns. piease ensure tha: TCSHIBA produsts are used within specifiad operating ranges as
sa: forth in the mast recent TOSHISA products specifications. Also. plasse k2ep in mind the pracautions ard
conditions set forh in the “Handling Guide for Semiconduster Davices,” or “TOSHIBA Semiconducior Reliadiity
Handbook™ 2ic..

The TOSHIBA produsts fisted in this documant are intended for ussge in genera! electronics apolications
({computer, parscnal aquipment, ofice 2quipmant, measuring eguipment, industrial robotics, domestic apoliancas,
eic.}. These TOSHISA products are neither intended nor wamanwed for usags in aquipmert that raquiras
extrsordinariy high quatity andier rafiadility or 3 malfunction or fallure of whick may cause loss of humian Iife or
bodily injury {“Urintended Usage”). Unintended Usags inciude atomic enzrgy conirol instruments, airplana or
spsceship instruments, transportation instrumants. traffic signal instrumants. gombustion sonirol inswruments,
medical instrumenis, all fypes of safety devices, ete.. Unintended Usage of TOSHIBA producis listed in his
document shall be made at tha cusiomar’s cwn risk.

Gallium arsenids (GaAs) is @ subsiance used in the products dascribed in this dosument. GaAs dust and fumas
ara toxic. Do not break. cut or puiveriza the produst, or use shemicsls 1o dissolve tham. When disposing of the
products, follow the sppropriste reguiations. St not dispose of the products with cthar ingustrial wastz 37 with
domastic garbaga.

» The products describad in this document are sudjac: we the foreign exchange and fereign wrade ‘aws.

» The information cortained hersin is presanted only as a guide for th2 aoplications of sur products. No
responsibiity is assumed by TOSHIBA CORPORATION for any infringements of inellecwuial oroperly or cther
rights of tha thind partes whick may rasul: from its use. No ficanse is grantad by implication or ctherwisz2 under
any irteilestual propery or other sights of TOSHIBA CORFCRATION or others.

» The information contzined hersin is subject 5 change without notice.-

6 2002-05-27
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Features

« High-performance, Low-power AVR® 8-bit Micracontroller
= Advanced RISC Architecture
- 130 Powerful Instructions — Most Single Clock Cycle Execution
- 32 x 8 Generai Purpose Working Registers
— Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
~ 8K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
- 512 Bytes Intemnal SRAM
- Programming Lock for Software Security
* Peripheral Features
- Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-hit Timer/Counter with Separate Prescaler, C Mode, and Capture
Mode
~ Real Time Counter with Separate Oscillator
-~ Four PWM Channels
-~ 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels for TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10%, or 200x for TQFP
Package Only
- Byte-oriented Two-wire Serial interface
- Programmable Serial USART
— Master/Slave SPi Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
» Special Microcontrofler Features
~ Power-on Reset and Programmable Brown-out Detection
~ Intemnal Calibrated RC Oscillator
-~ External and Internat Interrupt Sources
~ Six Sleep Modes: Idle, ADC Nolse Reduction, Power-save, Power-down, Standby
and Extended Standby
s VO and Packages
— 32 Programmable VO Lines
— 40-pin PDIP, 44-lead TQFP, 44ead PLCC, and 44-pad QFN/MLF
¢ Operating Voltages
- 2.7 - 5.5V for ATmega8535L
— 4,5 - 5.5V for ATmega8535
« Speed Grades
— 0 -8 MHz for ATmega8535L
— 0 - 16 MHz for ATmega8535

AIMEL

8-bit AVR®
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

ATmega8535
ATmega8535L

2502K-AVR~10/08
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)

Pin Configurations Figure 1. Pinout ATmega8535

33233038
fey

agfrrat oct)

BRuAuRYBYRY
i1

uagsranagef oY

e

NOTE: MLF Botiom pad should be soldered to ground,

Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR micracontroiiers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

2 ATmega8535(L) mue—————————




asuaasnmaua lulamaulniaiae s AVR(de)

——————————— Y M CLELLEE (W

Overview The ATmegaB535 is a low-power CMOS 8-bit microcontrolier based on the AVR
enhanced RISC architecture. By executing instructions in a single clock cycle, the
ATmega8535 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Block Diagram Figure 2. Block Diagram
FAG - FAT

STh v e e e e

Yy y e ® v vy

re x '3

— 3
% PORTB DIGITAL INTERFACE i

é
“2;

'3 T
Py %
; H i H
! PORTBDRNVERSTUFFTRS 2 | FORTDDANEASEUFFERS |
L T FITTF AT X B AA‘AAAAA'
— IR
= PN,
ver vy vy vrvrrr .
Pm-PET P00-PO7
2502X—AVR-1G06 E;
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AT90S8535 Compatibility

AT90S8535 Compatibility
Mode

The AVR core combines a rich instruction set with 32 general purpose working registers.
All 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontroflers.

The ATmega8535 provides the following features: 8K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 512 bytes EEPROM, 512 bytes SRAM, 32
general purpose /O lines, 32 general purpose working registers, three flexible
Timer/Counters with compare modes, internal and extemal interrupts, a serial program-
mable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit ADC with
optional differential input stage with programmable gain in TQFP package, a program-
mable Watchdog Timer with Internal Oscillator, an SPI serial port, and six software
selectable power saving modes. The ldle mode stops the CPU while allowing the
SRAM, Timer/Counters, SPI port, and interrupt system to continue functioning. The
Power-down mode saves the register contents but freezes the Osciliator, disabling ali
other chip functions until the next interrupt or Hardware Reset. In Power-save mode, the
asynchronous timer continues 1o run, altowing the user to maintain a timer base while
the rest of the device is sleeping. The ADG Noise Reduction mode stops the CPU and
all IO modules except asynchronous timer and ADG, to minimize switching noise during
ADG conversions. In Standby mode, the crystalresonator Oscillator is running while the
rest of the device is sleeping. This allows very fast start-up combined with low-power
consumption. In Extended Standby mode, both the main Oscillator and the asynchro-
nous timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed In-System
through an SP! serial interface, by a conventional nonvotatile memory programmet, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmega8535
is a powerful microcontroller that provides a highty flexible and cost effeclive solution to
many embedded control applications.

The ATmega8535 AVR is supported with a full suite of program and system develop-
ment tools including: C compilers, macro assembiers, program debugger/simulators, in-
Circuit Emulators, and evaluation kits.

The ATmega8535 provides all the features of the AT90S8535. In addition, several new
features are added. The ATmega8d535 is backward compatible with AT90S8535 in most
cases. However, some incompatibilities between the two microcontrollers exist. To
solve this problem, an AT90S8535 compatibility mode can be selected by programming
the S8535C fuse. ATmega8535 is pin compatible with AT90S8535, and can replace the
AT90S58535 on current Printed Circuit Boards. However, the location of fuse bits and the
electrical characteristics differs between the two devices.

Programming the S8535C fuse will change the following functionality:

= The timed sequence for changing the Watchdog Time-out period is disabled. See
“Timed Sequences for Changing the Configuration of the Watchdog Timer” on page
45 for details.

« The double buffering of the USART Receive Register is disabled. See “AVR USART
vs. AVR UART — Compatlibility” on page 146 for delails.

s ATmega8535(L) mu————————

2502K~-AVR-10/06
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s AT e ga8535(L.)

Pin Descriptions

Vee Digital supply voltage.
GND Ground.
Port A (PA7..PAD) Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used.
Port pins can provide intemal pull-up resistors {selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAQ to PA7 are used as inputs and are extemally pulled fow, they will source
current if the intemnal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

Port B (PB7..PB0) Port B is an 8-bit bi-directional 'O port with internal pulf-up resistors {selected tor each
bit). The Port B output buffers have symmeirical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are extemalily putied low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega8535 as fisted
on page 60.

Port C (PC7..PCO0) Port C is an 8-bit bi-directional /O post with intemnal pui-up resistors (selected for each .
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are extemally pulled low will source
current if the puli-up resistors are activated. The Port C pins are tri-stated when a resst
condition becomes active, even if the clock is not running.

Port D (PD7..PD0) Port D is an 8-bit bi-directional /O port with intemal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capahility. As inputs, Port D pins that are externally pulled low will source
cument it the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega8535 as fisted

on page 64.

RESET Reset input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum puise length is given in Table
15 on page 37. Shorter pulses are not guaranteed to generate a reset.

XTAL1 Input to the inverting Oscillator amplifier and input to the intemal clock operating circuit.

XTAL2 Output from the inverting Oscillator amplifier.

AVCC AVCC is the supply voltage pin for Port A and the A/D Converter. It should be extemnally
connectad to V¢, even if the ADC is not used. if the ADC is used, it should be can-
nected to Vg through a low-pass filter.

AREF AREF is the analog reterence pin for the A/D Converter.

e ﬁ 5

2502K-~-AVR-~1006 P Z]
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Electrical Characteristics
Absolute Maximum Ratings”*

Storage Temperature.

Voltage on any Pin except RESET

Operating Temperature.......vwwcsserecscanasssenns -55°C to +125°C

with respect 1o Ground ......eeeoeeereeressanereses -0.5V to Vg+0.5V

Voltage on RESET with respect ta Ground......-0.5V to +13.0V

-65°C to +150°C

“NOTICE:

Stresses beyond those listed undar “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure fo absolute maximum rating
conditions for extended periods may affect device
reliability.

Maximum Operating Voltage 6.0V

DC Current per /O Pin 40.0 mA

DBC Current V¢ and GND Pins ... . 200.0 PDIP og

400 mA TQFPMLF/PLCCmA

DC Characteristics
T, = -40°C to B5°C, V= 2.7V to 5.5V (unless otherwise noted)

Symbol : Parameter Condition : Min Typ Max Units
¢ Input Low Voltage except . . [0

vy ' XTALY and RESET pins Ve=2.7V - 5.5V 0.5 0.2 Vee v
 Input High Voitage except | \, . @ '

Vi XTAL1 and RESET pins | V=27V - 5.5V 0.6 Ve Ve +0.5 v

{nput Low Valtage N m

Vs XTAL1 pin * Veoe27V -85V 0.5 01 Ve v

Ver :;:g“‘ HighVoltage XTAL1 v 5 7v -5.5v 08Ve® Voo +05 - v

Vis L‘i'p“n tlowVoage RESET 57y .55v 05 02Vee | v
* Input High Voltage

Vie RESET%hin g  Vgo=2.7V - 5.5V 0.9 V@ Veg +0.5 v

v | Output Low Voitage™ lg_ =20 mA, Vg =5V 0.7 v

oL ! {Ports A,B,C,D) "l =10 MA, Vg = 3V 0.5 v
v : Output High Voltage!! | gy =-20mA, Vo =5V 4.2 v
oH . (Ports A,B.,C,D) Doy =-10mA, Ve =3V 22 : v

. ! Input Leakage | Vg = 5.5V, pin low 1 A

w | Current /O Pin i (absolute value) : o

. . Input Leakage ! Vg = 5.5V, pin high : ] A

H : Current VO Pin i (absolute value)

Rasr . ResetPull-up Resistor 30 : 60 k2

Rpy | /O Pin Pull-up Resistor 20 : 50 KQ

2502K-AVR-1006
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T, =-40°C 10 85°C, Voo = 2.7V to 5.5V (unless otherwise noted) (Continued)

augasnmand llasnaulniaiaed AVR(da)

AEL

Typ Max © Units

Symbol Paramater ¢ Condition Min

Power Supply Currant

| Active 4 MHz, Vg = 3V

- (ATmega8535L)

© Active 8 MHz, Vo = 5V

i (ATmegass35)

- ldle 4 MHz, Vo =8V

| (ATmega8535L) :

| Idle 8 MHz, Ve =5V
{ATmega8s535) i

14 : mA

10 : 7 mA

- Power-down mode®

" WDT enabled, Ve =3V Po<t0 : pA
* WDT disabled, Vee = 3V ; <3 : . A

' Analog Comparator : Vgg=5V ' ; 40 mv
¢ Input Cffset Voltage | Vi = Vel ]

. Analog Comparator i Vgg=5V : . f
 input Leakage Cument | Vip = Vool 50 50 nA

i Analog Comparator ! Vgg =27V : 750
. Propagation Delay i Vgg=4.0V : f 500

ns

256

. *Max” means the highest value whers the pin is guaranteed to be read as low.
. “Min° means the lowest value where the pin is guaranteed to be read as high.
. Although each /O port can sink more than the test conditions (20mA at Ve = 5V, 10mA at Ve = 3V) under steady state

conditions (non-transient), the following must be observed:

PDIP Package:

1] The sum of all IOL, for all ports, should not exceed 200 mA.

2} The sum of all IOL, far port AD - A7, should not exceed 100 mA.

3] The sum of ati [OL, for ports B0 - B7.C0 - C7, DO - D7 and XTAL2, shoutd nat exceed 100 mA.
PLCCMLF/TQFP Package:

1] The sum of all [OL, for ali ports, should not exceed 400 mA.

2] The sum of ali IOL, for ports A0 - A7, should not exceed 100 mA.

3] The sum of all {OL, for ports BO - B3, should not exceed 100 mA.

4] The sum of all IOL, for poris B4 - B7, should not exceed 100 mA.

5] The sum of ali {OL, for ports CO - G3, shouid not exceed 100 mA.

6] The sum of all 1OL, for ports C4 - C7, should not exceed 100 mA.

7] The sum of all IOL, for ports DO - D3 and XTAL2, should not exceed 100 mA.

8] The sum of ali 10L, for ports D4 - D7, should not exceed 100 mA.

If IOL exceeds the test condition, VOL may exceed the related specification, Pins are not guaranteed to sink current greater
than the listed test condition.

. Although each VO port can source more than the test conditions (20mA at Ve = 5V, 10mA at Ve = 3V) under steady state

conditions (non-transient), the following must be observed:

PDIP Package:

1] The sum of ali [OH, for all ports, should not exceed 200 mA.

2] The sum of all IOH, for port AG - A7, should not exceed 100 mA.

3] The sum of all IOH, for ports BO - B7,C0 - C7, DO - D7 and XTAL2, should not exceed 100 mA,
PLCC/MLF/TQFP Package:

1] The sum of all IOH, for all ports, should not exceed 400 mA.

2] The sum of ali IOH, for ports AO - A7, should not exceed 100 mA.

3] The sum of all IOH, for ports BO - B3, should not exceed 100 mA.

4] The sum of all IOH, for ports B4 - B?, should not exceed 100 mA_

5] The sum of ali IOH, for ports CO - C3, should not exceed 100 mA.

6] The sum of afl [OH, for ports C4 - C7, shoutd not exceed 100 mA.

7] The sum of all IOH, for ports DO - D3 and XTAL2, should not exceed 160 mA.
8] The sum of alt IOH, for ports D4 - D7, shouid not exceed 100 mA

ATmegas535(L) mmmmm————————————
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Operation

Figure 98. Analog-to-Digital Converter Block Schematic
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The ADC converts an analog input voltage to a2 10-bit digital value through successive
approximation. The minimum value represents GND and the maximum value represents
the voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2,56V refer-
ence voltage may be connected to the AREF pin by writing to the REFSn bits in the
ADMUX Register. The intemal voltage reference may thus be decoupled by an extemnal
capacitor at the AREF pin to improve noise immunity.

The analog input channel and differential gain are selected by writing to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GND and a fixed bandgap voltage refer-
ence, can be selected as single ended inputs to the ADC. A selection of ADC input pins
can be selected as positive and negative inputs to the differential gain amplifier.

If differential channels are selected, the differential gain stage amplifies the voftage dif-
ference between the selected input channel pair by the selected gain factor. This
amplified value then becomes the analog input to the ADC. If single ended channels are
used, the gain amplifier is bypassed altegether.

—m 207
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Starting a Conversion

AE], e

The ADC is enabled by setting the ADC Enable bit, ADEN in ADCSRA. Voltage refer-
ence and input channel selections will not go into effect until ADEN is set. The ADC
does not consume power when ADEN is cleared, so it is recommended to switch off the
ADC before entering power saving sieep modes.

The ADC generates a 10-bit result which is presented in the ADC Data Registers,
ADCH and ADCL. By default, the result is presented right adjusted, but can optionally
be presented left adjusted by setting the ADLAR bit in ADMUX.

if the result is left adjusted and no more than 8-bit precision is required, it is sufficient to
read ADCH. Otherwise, ADCL must be read first, then ADCH, to ensure thatthe content
of the data registers belongs to the same conversion. Once ADCL is read, ADC access
to data registers is blocked. This means that if ADCL has been read, and a conversion
completes before ADCH is read, neither register is updated and the result from the con-
version is lost. When ADCH is read, ADC access to the ADCH and ADCL Registers is
re-enabled.

The ADC has its own interrupt which can be triggered when a conversion completes.
When ADC access to the data registers is prohibited between reading of ADCH and
ADCL, the interrupt wiil trigger even if the result is lost.

A single conversion is started by writing a logical one to the ADC Start Conversion bit,
ADSC. This bit stays high as long as the conversion is in progress and will be cleared by
hardware when the conversion is completed. i a different data channel is selected white
a conversion is in progress, the ADC will finish the cumrent conversion before performing
the channel change.

Altemnatively, a conversion can be triggered automatically by various sources. Auto Trig-
gering is enabled by setting the ADC Auto Trigger Enable bit, ADATE in ADCSRA. The
trigger source is selected by setting the ADC Trigger Select bits, ADTS in SFIOR (See
description of the ADTS bits for a list of the trigger sources). When a positive edge
occurs on the selected trigger signal, the ADC prescaler is reset and a conversion is
started. This provides a method of starting conversions at fixed intervals. if the trigger
signal stifl is set when the conversion completes, a new conversion will not be starfed. If
ancther positive edge occurs on the trigger signal during conversion, the edge wili be
ignored. Note that an interrupt flag will be set even if the specific interupt is disabled or
the global interrupt enable bit in SREG is cleared. A conversion can thus be triggered
without causing an interrupt. However, the interrupt flag must be cleared in order to trig~
ger a new conversion at the next interrupt event.

28 ATmega8535(L) mme——————
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Prescaling and

Figure 99. ADC Auto Trigger Logic
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Using the ADC interrupt Flag as a trigger source makes the ADC start a new conversion
as soon as the ongoing conversion has finished. The ADC then operates in Free Run-
ning mode, constantly sampling and updating the ADC Data Register. The first
conversion must be started by writing a logical one to the ADSC bit in ADCSRA. In this
mode the ADC will perform successive conversions independently of whether the ADC
Interrupt Flag, ADIF is cleared or not.

If Auto Triggering is enabled, single conversions can be started by writing ADSC in
ADCSRA to one. ADSC can also be used to determine if a conversion is in progress.
The ADSG bit will be read as one during a conversion, independently of how the conver-
sion was started.

Figure 100. ADC Prescaler
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By default, the successive approximation circuitry requires an input clock frequency
between 50 kHz and 200 kHz to get maximum resolution. if a lower resolution than
10 bits is needed, the input clock frequency to the ADC can be higher than 200 kHz to
get a higher sample rate.
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The ADC module contains a prescaler, which generates an acceptable ADC clock fre-
quency from any CPU frequency above 100 kHz. The prescaling is set by the ADPS bits
in ADCSRA. The prescaler starts counting from the moment the ADC is switched on by
sefting the ADEN bit in ADCSRA. The prescaler keeps running for as long as the ADEN
bit is set, and is continuously reset when ADEN is low.

When initiating a single ended conversion by setting the ADSC bit in ADCSRA, the con-
version starts at the following rising edge of the ADC clock cycle. See “Differential Gain
Channels” on page 212 for details on differential conversion timing.

A normal conversion takes 13 ADC clock cycles. The first conversion after the ADC is
switched on (ADEN in ADCSRA is set) lakes 25 ADC clock cycles in order to initialize
the analog circuitry.

The actual sample-and-hold takes place 1.5 ADC clock cycles after the start of a normal
conversion and 13.5 ADC clock cycles after the start of an first conversion. When a con-
version is complete, the result is written to the ADC Data Registers, and ADIF is set. In
Single Conversion mode, ADSC is cleared simultaneously. The software may then set
ADSC again, and a new conversion will be inftiated on the first rising ADC clock edge.

When Auto Triggering is used, the prescaler is reset when the trigger event occurs. This
assures a fixed delay from the trigger event to the start of conversion. In this mode, the
sample-and-hold takes place two ADC clock cycles after the rising edge on the trigger
source signal. Three additional CPU clock cycles are used for synchronization logic.

In Free Running mode, a new conversion will be started immediately after the conver-
sion completes, while ADSC remains high. For a summary of conversion times, see
Table 82.

Figure 101. ADG Timing Diagram, First Conversion (Single Conversion Mode)
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Analog-to-Digital
Converter

Features

10-bit Resolution

0.5 LSB Integral Non-linearity

12 L.SB Absolute Accuracy

85 - 280 ps Conversion Time

Up to 15 kSPS at Maximum Resolution

8 Multiptexed Single Ended input Ch i

7 Differential Input Channels

2 Diff ] input Ch Is with Optional Galn of 10x and 200x'"
Optional Left Adjustment for ADC Result Readout

0 - Vo ADC input Voltage Range

Selectable 2.56V ADC Reference Voltage

Free Running or Single Conversion Mode

ADC Start Conversion by Auto Triggering on Interrupt Sources
interrupt on ADC Conversion Complete

Sleep Mode Noise Canceler

Note: 1. The differential input channet are not tested for devices in PDIP and PLCC Package.
This feature Is only guaranteed to work for devices in TQFP and QFN/MLF Packages.

The ATmega8535 features a 10-bit successive approximation ADC. The ADC is con-
nected to an 8-channe! Analog Multiplexer which allows eight single-ended voltage
inputs constructed from the pins of Port A. The singie-ended voltage inputs refer to OV
(GND).

The device also supports 16 differential voltage input combinations. Two of the differen-
tial inputs (ADG1, ADCO and ADC3, ADC?2) are equipped with a programmable gain
stage, providing amplification steps of 0 dB (1x), 20 dB (10x), or 46 dB (200x) on the dif-
terential input voltage before the A/D conversion. Seven differential analog input
channels share a common negative terminal (ADC1), while any other ADC input can be
selected as the positive input terminal. if 1x or 10x gain is used, 8-bit resolution can be
expected. If 200x gain is used, 7-bit resolution can be expected.

The ADC corntains a Sample and Hold circuit which ensures that the input voltage to the
ADC is held at a constant level during conversion. A block diagram of the ADC is shown
in Figure 98.

The ADC has a separate analog supply voltage pin, AVCC. AVCC must not differ more
than £0.3V from V.. See the paragraph “ADC Noise Canceler” on page 214 on how to
connect this pin.

Internal reference voltages of nominally 2.56V or AVCC are provided On-chip. The voit-
age reference may be externally decoupled at the AREF pin by a capacitor for better
noise performance.

200 ATmega8535(L) s ————————————
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#include <mega8535.h>
#include <delay.h>
#include <stdio.h>
// Alphanumeric LCD Module functions
#asm
.equ __lcd port=0x15 ;PORTC
#endasm
#include <lcd.h>

char dis[8];
unsigned char key_pad[4][4]={{'1',"2",'3",'<"},
{4,5,6,>},
{'7',|8l’l9!,l2nl} s
{lcl,|0|,lh|"e|}
¥
unsigned char scan_col[]={0xef,0xdf,0xbf,0x7f};
unsigned int col,row,p1,p2,p3,enter,flag,num;
unsigned int
num 1,num2,num3,total,nums,numw,shift,degree k time,time_max,lad,clear,m help,zero,q
w,d;
interrupt [EXT_INTO] void ext_int0_isr(void)
{

TCCR1B=0x02;
TIMSK=0x04;
TCNT1=time max-(degree*k);

}

interrupt [TIM1_OVF] void timerl_ovf_isr(void)
{
m=m-+1;
TCCR1B=0x00;
TIMSK=0x00;
switch(m)
{
case 1:
PORTD.7=1;
PORTD.1=1;
delay_ms(10);
PORTD.7=0;
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m=2;
case 2:m=1;

}
TCCR1B=0x00;

TIMSK=0x00;
PORTD.1=0;

void buzzer(void)

{

PORTD.0=1;
delay_us(3000);
PORTD.0=0;

}

void clear_monitor(void)

{

switch(clear)

case 0:/numw=numw;
break;

case 1:
numw=0;
flag=0;
led_gotoxy(12,2);
led_putsf(" ");
lcd_gotoxy(7,3);
lcd_putsf(" ")
/cd_gotoxy(7,3);
/Ncd_putsf("Setting ");
clear=0;
PORTD.1=0;
enter=0;
TCNT1=0;
break;

void check ladd(void)

{
switch (lad)

{
case 1:lcd_gotoxy(0,1);
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lcd_putsf("*");
lcd_gotoxy(0,2);
lcd_putsf(" ");
break;
case 2:lcd_gotoxy(0,1);

lcd_putsf(" ");
lcd_gotoxy(0,2);
lcd_putsf("*");

break;
}
}
void check keyl(void)
{

switch (col)

{

// PORTD.0=0;

case 0:numw=1;
break;

case 1:numw=2;
break;

case 2:numw=3;
break;

case 3:q=1;
break;

}

}
void check key2(void)
{
switch (col)
{
//[PORTD.0=0;
case 0:numw=4;
break;
case 1:numw=5;
break;
case 2:numw=06;
break;
case 3:w=1;
break;
}
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void check key3(void)

switch (col)
{
// PORTD.0=0;
case 0:numw=7;
break;
case 1:numw=8,;
break;
case 2:numw=9;
break;
case 3:d=1;
break;
}
}

void check_key4(void)
{
switch (col)
{
///PORTD.0=0;
case O:clear=1;
break;
case 1l:zero=1;
break;
case 2:help=1;
break;
case 3:enter=enter+1;
break;
}

}

void check_flag(void)
{
switch (flag)

{

case 0:
if(flag>3)
{
flag=0;
}

else

{
flag=flag;
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¥
break;
case 1:flag=flag;
break;
¥
void show_dis(void)
{
switch (flag)
{

case 1:numl=numw;
nums=num]1*1;
/I clear_monitor();
/I check_ladd();
sprintf{dis,"%d",nums);
led gotoxy(12,2);
led_puts(dis);

//  PORTD.0=0;
break;
case 2:num2=numw;
nums=(num1*10)+num2*1;
/I check ladd();

// clear_monitor();
sprintf(dis,"%d" ,nums);
led_gotoxy(12,2);
led_puts(dis);

// PORTD.0=0;

break;

case 3:num3=numw;

nums=(num1*100)+(num2*10)+num3*1;
//check ladd();

/l clear_monitor();

sprintf(dis,"%d" ,nums);
led_gotoxy(12,2);

led_puts(dis);

// PORTD.0=0;
break;
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void set_key(void)
{
switch (col)

{

case 0:PORTA.4=0;
PORTA.5=1;
PORTA.6=1;
PORTA.7=1;
break;

case 1:PORTA 4=1;
PORTA.5=0;
PORTA.6=1;
PORTA.7=1;
break;

case 2:PORTA 4=1;
PORTA.5=1;
PORTA.6=0;
PORTA.7=1;
break;

case 3:PORTA.4=1;
PORTA.5=1;
PORTA.6~1;
PORTA.7=0;
break;

}

void check row(void)

{
switch(PINA.3)

{
case O:row=3;
buzzer();

// PORTD.0=1;
check _key4();
flag+=1;
delay_ms(500);
clear_monitor();

switch(enter)

{

case 0:
switch(help)

{
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case 0:
switch (zero)
{
case 0:
led_clear();
lcd_gotoxy(0,0);
lcd_putsf("Impulse Generate");
led_gotoxy(1,2);
lcd_putsf("Set Degree:");
led_gotoxy(0,1);
led_putsf("HighVoltage Lab");
led_gotoxy(0,3);
lcd_putsf("Status:");
lcd_gotoxy(0,2);
led_putsf("*");
lcd_gotoxy(7,3);
led_putsf("Innitial");
delay_ms(1000);
lcd_gotoxy(7,3);
led_putsf(" ");
lcd_gotoxy(7,3);
led_putsf("Setting");
break;
case 1:numw=0;
zero=0;
break;
¥
break;
case 1:
flag=flag-1;
help=0;
break;
}
break;
case 1:PORTD.1=1;
led_gotoxy(7,3);
lcd_putsf(" Ready ");
PORTD.0=1;
delay_ms(1000);
PORTD.0=0;
delay_ms(1000);
PORTD.0=1;
delay_ms(1000);
PORTD.0=0;
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flag=4;
break;

case 2:lcd_gotoxy(7,3);
led_putsf("Completed");
degree=nums;
time _max=65536;

flag=4;
m=0;
break;
}
// num=key pad[row][col];
break;
case 1:col=col;
break;
}
switch(PINA.2)
{
case O:row=2;
buzzer();
// PORTD.0=1;
check _key3();
flag+=1;
delay_ms(500);
switch(d)
{
case 0:
break;
case 1:flag=flag-1;
d=0;
break;
}
// num=key pad[row][col];
break;
case 1:col=col;
break;
}
switch(PINA.1)
{

case 0:row=1;
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buzzer();
// PORTD.0=1;
check_key2();
flag+=1;
delay ms(500);
//mum=key pad[row]{col];
switch(w)

{

case 0:

break;
case 1:flag=flag-1;
w=0;

break;

}
break;

case 1: col=col;
break;

3
switch(PINA.0)

{

case 0:row=0;

// PORTD.0=1;
buzzer();
check_key1();
flag+=1;
delay_ms(500);
// num=key padfrow][col];
switch(q)

{

case 0:

break;

case 1:flag=flag-1;
q=0;
break;

}
break;

case 1:col=col;
break;




}
}
void main(void)

{

PORTA=0x0f;
DDRA=0x10;

PORTB=0x00;
DDRB=0x{t;

PORTC=0x00;
DDRC=0x00;

PORTD=0x70;
DDRD=0x83;

TCCRO0=0x00;
TCNT0=0x00;
OCRO0=0x00;

TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;
OCRI1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

ASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

MCUCR=0x00;
MCUCSR=0x00;

2! '
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TIMSK=0x00;

ACSR=0x80;
SFIOR=0x00;

TIMSK=0x00;

GICR|=0x40;
MCUCR=0x03;
MCUCSR=0x00;
GIFR=0x40;

led_init(16);
lcd_gotoxy(0,0);
led_putsf("Impulse Generate");
led_gotoxy(1,2);
lcd_putsf("Set Degree:");
lcd_gotoxy(0,1);
led_putsf("HighVoltage Lab");
led_gotoxy(0,3);
led_putsf("Status:");
led gotoxy(0,2);
led_putsf("*");
led gotoxy(7,3);
lcd_putsf("Innitail");
delay _ms(1000);
led_gotoxy(7,3);
led_putsf(" ");
led_gotoxy(7,3);
lcd_putsf("Setting");
shift=10;
#asm("sei")
while (1)

{

/time=55.5;
k=111;

/I led_clear();
for(col=0;col<4;col++)

set_key();
check _row();



//check_flag();
show_dis();
/I check ladd();
3
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