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ABSTRACT

The design and implementation paradigm of simulator and programmable
power supply for power electronics equipment validation are presented in this paper. A
power electronics equipment, such as hybrid inverter, multilevel inverter and multilevel
dc/de converter will be tested before applied in micro grid system. Equipment test signal
will be generated by microcontroller, and then these signals are amplied by using power
amplifier class AB rated 3kW for magnifying signals. Finally this simulator and
programmable power supply can be utilized to validate power electronics equipment

instead of the real renewable energy resources.
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[(snuguFUVRIAINER X L) x ” ] (2.1)
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Rn=R/2" .
2n-1 ___J\ /\ /\ e
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2 —ANA—
=R/2
21
R1=|
20
RL>>R

A el an
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Rn=2R Vout
1 —AM——
R
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22 —AANN—
?
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2 —MWW—
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2.3.2 qmé’num:uazmﬂﬁma{ﬂao D/A converter
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@" —1)

vout 1nan

7 4
6 -
5 —
4 -4
3
2 -

N £©

<

T ;T‘i']‘?lnalnpul
0 1 2 3 4 5 8

linearlity error =

o> ..

A o -a [ ]
3un 2.4 sesulnssgaradinaaduswisanuuulasatheuuy R-2R

2. anudwdadu (Linearity)  Ausianuazdinandunnazdas

P o e ¥ a o e, . . v v ' d a
Lﬂaﬂuuﬂadauwufnuuum‘mLauﬂ’lllneanty error AwAINAHNIN Volt /2 LUAIAAR

-y [ Qo v G A
auniilu 0001 mmwauwuﬁgﬂn 2.4

1 & J ] 1 o oo L (]
3. anaudngn (Accuracy) ludranuuandresznitussauida lanueda

- 9 "¢ € [$ 2 [~ [ o A
Tuqﬂuﬂmmv\uﬂmmﬂmﬂaswumaammuamamuqmanumau 9
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2.4 n5wBaaad (Transistor)
' - o - FE
nMudsast fs Fyszdndinenansnidnhliarnen (Three  leads)
a d ol P al P oA a o ' &
ATTUEWIaUSIARDU l.wmmml’aUnm'mma:muquns:uanmﬁmmmn‘n‘lvmmumm
LY (Y v € & ¥ v N - .5‘ a
7893908 runpenEIImTwisaefduniedasuens (Amplifier) uasaindniudained
nmudnasfrfiassssevdaiSundrndatedn BJT (Bipolar Junction Transistor) BJT gn
9 [} ) ' A Q- d o Q.
i lulFuatauninane 1in N'mlmu'lmma_nmnqua:LmaamenﬂﬁﬁaﬁﬂﬂM
-~ a al (% « a . . [ Yy o
I etBiinntafindfivimiafidusing (Switching) 1% 1lla-Ua 1ad (Relay) 1#e

muquqﬂmm"’lﬂﬂ'\ﬁu 9 {udu

2.4.1 Tassadsuaznisrinnyasnsudainas
nnudnaafriiasessondania BIT & ﬂiznaus'f'aumsﬁaé”;ﬁwﬁ@ﬁuaz
Budarn Tasmadumaiiays (Doping) 1wan 3 TurnlWifiasesde (Junction) iu
$ruan 2 Teude MIrhmTudaiaeiserele 2 1iia Ao sRefilanTadia N $wau 2
T4 Funi1uiia NPN uazrfiefilareiia P $1uam 2 4 Gonialle PNP Taseathanas
niwdmaairiia NPN uaraila PNP uamtﬁaﬁmsmmngﬂﬁ 2.5 aziiuilasaae
gammudmasfacimitedh 3 T4 udastuizdamadahainiiasnsfasai luld

& ﬁ a _d ol
AU TU tannq@ (U'Nﬂqﬂ)

J - oal > ]
;s_i.ln 2.5 2ITVBINTIWTRADTNUTZNAUAIBUE9)

Q& Qv

4 o Qe J Qo & A
Fonin luR (Base) @aanwIta B & mTumisneddinruniniens

« a ! aa a < oa a & a
noaldnina¥ (collector 3o c) uardliainat (Emitter ¥3a E) wufannudsiasiniziia
NPN 3tdl 3 91 fia 20w (B) 1Bfiea¥ (E) uszvnaaiiniaed (C) lwisasdidnniading
o =i s > [ Lo Qo A o 9 [ %]
foudsunruimasfunudrofyansolasgun 2 snmudsaasiszneudlnsinedanh

1 daa [ 4

) ﬁ“ ) A b Qv & ) o Qu
3udaiiaunuainuisditendaPNd 1 uIn 2 ﬁ'umﬂ.dmuwmnauwmasnumm'ﬂaunu
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° d a P
nMsneawnuIInueniv
mssdsunasdn i lvnudsaafinauluusnauendviduwnisuan
a o [ o T an ¢ [ o d ' ¢
didumsludaassfitende shalnasius uatludansunseudansalaniaas-lug
Qs -9 -3 ; 1 J v o ) -8
aannsvaursinTndmaedluiimiiaziisin  fRTanlensasdebialaed-
wa lasunudaodyansafusdlalen [Fuufussdusznitsiuauazanaaianiant
: o .
(Veg) Benannwafiazinlilaleathom (i desanm 07 V. uazGe dszanm 0.3
] ¢ [ [ a o v a (Y ] .n‘ ]
V)] savdanasianmaai-wrldiunmsludansy vldudinnsaanimeninnitnsasde
aa J [ Qe Qe & L sl &S o A .Y
alaaaf-uad lasumsludaass daiu anuduwmuiiuslliig mawmsmlugﬂ
& ] ] A & Ad [ (: A -3 [
289laleqastAwI AINTUANTNUE  WWRNTSURNAATGININ LWBINBUNUNTEUR
4 [ ¥ P ¢ ¥ - ¢ 0
aoniantaas uasiingnnitsrainteusnaaianiaad daunszusdliaaninas sanlng
X .) A 1] 1] -
saflunseuadiaaniae’ druseudanaaanned- e vanTudsines
PS ¢ o e 9 A o o
nudsaefidugunialdignaiugueanenszugiud naahe Wansuan
al A [ 7y | v & o ¥ )
A ug SninUisundssudifios Wnissfasildnsusdiwes uasnizuanaaiaainad
d v X - . . .
wWisuudasldse wennniidisuianyIaunsvinan (Operating Region) n3arinns
o o . a ’x4 o . « o aa ¢
\usafiseudevammuisaning 2 dumildinainzan deldnzusdliawmad uasnszus
¢ A - & ﬁ P e ol d 4d [
aoaalaniaad dofluwauindwliafisuiudinssuanaius lash adufygrmnssus
A - A 9/ = o [ 43 [ g (4 A Y- ¢ A
ac NULUR maﬂmuauw‘maenﬂwamasnaﬂmumyry'lml.mm!emmamunas wazh
¢ o X o - ed o 9 o ¥ @
Pnesanasy Sumafutn MussneuniaunniaesfrinldvnssusWianawaluds

ﬁ‘: = 4 A' J § st v
TnananaatyemTndsaaffidufuinEonit sansionszug i (Current Gain)

o v s a4 A v v o ¢
PFIWNUAILDNWININ Ad LUK (Beta:B ) ﬂ']ﬂﬂ@ﬂqiﬂqﬂ%uqmnfzuquﬂﬂalaﬂL(ﬂﬂi’ﬂﬂ\)

F-) &t ] v a s L] [ o
‘nﬂwmmasmwmumgm I AUNNALLUGN L'Ilil%tﬂ%ﬂ&lﬂ’lﬁ’vlﬂﬂa
lo= By (2.3)
= lg+lg (2.4)

A a ol ' ¢ a &
e IC fe n’:u.ﬂﬂ‘“ﬂN'\%‘Iﬂﬂﬂﬂtﬂﬂl@lﬂ?ﬂﬂx‘lﬂﬂ%'ﬂﬂl.ﬂﬂ’
o ' a
ls A8 nazuaf sk uLRTBINI T aIAas

. - o ] aa ¢ a ¢
lg 99 N3C Ltﬂﬂvl“ﬂ HIKPIDUALADIVAINTTVITRIADT
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2.5 2TpEBT Y oBaEn
'Y A a [ val -J’ []
29asvgratnifisesdyginuwaiinldawialngiu ndafe
o d adme o wd X o a o o ) [
fygaiiuwiaTssaiRtamangeu dasnstairdaainunadsitemasiih

' o v v P “ @ a o
NICULRATY I.Wl;sﬂ wuuvas ﬁfy mv'] mﬂ'lﬂﬂ\j LAAIN ﬂfy ty'] WaniLuy ﬂ\‘]zﬂﬂ 2.6

| [ & v
Eﬂﬂ 2.6 RaNNTNIULL2IA U BINTVHNE

2.5.1 29950gUBIEwARELD (Class A power amplifier)
o o . .
aaTugnoidadunainie U 2.7 fia vsenfimsludannudsiasd
a a o P P d o o ol
ananlaifia wis 1 munmeisyyruduyausndwissidmungariu fdsunm
o ) ) o d s & a o
nananyidulnag (Load line) A33UN 2.8 Taprsashesrhamduisarusneidadulunsdin
s - & v € a a ol -
syymBunaswiadan g avatidminnesldnmudsaafiissdndo lagnudsaef
o & a - ¥ P ~
@R hauIsURYYIMBUKAAREANY 1 ALLIA laufiesesinmaen sy Iwdn
) o | o 8 wal a & ) o - XY o v
UInuazauniaung N JUN 2.9 vldfinnuRaiowies IWqunmiunn uddnazSaule
1 Xa an - ' 9/ ; o o [ 1ol
1 vrsmaniitussininndeutredlasnammudsiae fviauassaiaiullld
v a LY [-4 a - o o -l & o € .
sygrmdunatiauniany TasfidseinFaand o 25 Wafidue las 8u1sond

a a [ d
UseEninnldangunsh 2.5

P :
%mn=—Lx100 (2.5)
Pd

o
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he? []

- a v
31]71 2.7 @88 NUDINITYLIULITIEUARRLD

«+————— AC load line

DC Ioaq line

> VCE

VCEQ

al - h
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les AC load line

input

14 o a
U 2.9 newvinmsludsnensemnsidaduamae

2.5.1.1 f1depd (P(de)) 2s9saaiBaduaaiae
fssndhusssesumpnunssing saclifidygraeidhingliaeas
& d da o
aefinsIifnszurasaiiiuuilnalusas Winszurassiife nyzusluds

[~ [ 4 o &
ABRLANIADT (Icg) AIUL
P (dc) = Vg *leq (2.6)

v . 7 a ) ol - v
LL&IT\:JH’I?%’]EIG!UIUJ]W?JRV!GI HLAANARLUBINTEURVIDANUIITINUARIAIEY
a ] a Qs & LA o JI L 1
PIASLNILAN AJURRUNTT 2.6 d501‘5“’"'\’1&0‘11%‘%”‘01E.IIWN’%‘J"Hil'ltlﬂﬂ'lﬁtﬂ uuuaa

Tnsalapassle

2.5.1.2 M&N0aN (P (ac)) 29958 1eBIdEHwATELD

e J - d v a
UWINARTIBBNURENITURUIBANNIANIIBU 9 qm’hmuﬂ’mﬁmm’nﬁmo

d ' L 4 ) - ol e y [
10 ina eseluinszmalni nidifnsonduaivuasdyanm (P, (ac))
P, (ac) = Vg (rms) X (rms) (2.7)

P, (ac)= lz (rms) X R (2.8)
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2
_ V¢ (rms)
P, (ac) = ——— (2.9)
RC
dmumgyiiresirmaneidigyisraimsuniniznsiugy

L 3 O L) ) & Y
au¥an (Power Dissipation: Pg) muludmmudmasfivinnuszldann
Py =P (dc) —P, (ac) (2.10)

2.5.2 299sus1aLBILdwaandil (Class B power amplifier)
- da [ o & o
NIRRT B99ITUBNYARIRL 2ATIE NI T I uTmaasifas
J - A A (] [
a9 lAR ﬁqﬂmsﬁ'\muawqﬂgm‘f (cut off) gUn 2.12- 2.13 wiansyihaweanidv
' 3 1 ] ol N N ~ - o a
2§ udasiIunIoudnsndIu097937 (One-Half Circuit) nszumisandvlifanaseiu
[ [ ] -] 1 J & val J ) ] J Py 9
PrUN% NH1IAB a’mnuwao’m%a:nanatyqnm'lvmmgwmxv\'m'ﬂ'mﬂw'lmﬂamu
Y. [ J o« [ wel ; ' A J a [ d |
Uqn umanmwuwamww:mmytmm.'lv\umman:m*mmome"l-nmamuau (WO
[ v A -r. b . .
myry'lm'lﬂﬂﬂngnnw:ma‘lﬂﬁ'\ 19199130n2997891 299IHANAL (Push-Pull  circuit)
a -l ) o & d a y a v e v
mgﬂn 2.10 - 2.11 WRAINTITHINIUVIVIBTHRNA maumsmﬂmunpmmm'lnnmoat
1 s f d o . ) ” PN [
a:mu‘lé’muwa:ﬂswn'uamwsﬁ'muaaunmwammyrg'\mmaanum:ﬂﬁ"lmmamm
Qo A’ v o 8/ a =l - a
el nsthenlndnwmeiitsia it daduastsd Jussindnnlu

' a  w da
MINRIINATTNVTVLUITITFUARIRLD L’Wﬂ:‘%‘ﬂﬁ’l\‘l’l%ﬂ f7n1

P

input

»*

< o N a v P o e 4 a
31."" 2,10 Y NNWITVUIDLTILAUARITRL VIUSTURY YT UAIITNLIN
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Vee

OFF

o o~ a W P v o A a
5UN 2.11 @081 NITVUIUTNRUARIRL mmﬂﬂﬂmm'\mﬂ?ﬂ'ﬁnau

Ic

lceay AC load line
<+———DC load line
Q
» Vce
Vee

A o [ v
zﬂﬂ 2.12 IANNINY DI NITVUIHLTILRWAR &i
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/
le /
/
4 /
: /,/ output signal /

AC load line / )/

/ /

wt

» Vce

Input signal

A g o W
gﬂ‘n 2.13 nTINMs s aweN T duauaawd

2.5.2.1 fasnd (P,) wasusgBaduaanad
wildan

P,(de) = Vegleg (2.11)

2.5.2.2 i18sn100n [P (ac)9vsvaiiBaduaatad

w1 ledwn

2
P, (ac) = Y lms) (2.12)
RL

2.5.2.3 Use@nBnmvvsvanaiBaiuaanad

P
%n=—-2x 100 (2.13)

Pdc

d - P v& - W« P
IﬂUYILI?:Nﬂﬁﬂﬁ‘ﬂﬂvlﬂu%ﬂ:ﬂﬂ’h?\ﬁﬁ‘ﬂ BIUUUULBILFUARIRLD IQUYI

1ol

] ] L) P W« vV (y_| =l
alifinszuanadwnmudmeeswsmeilififygrawnidrudiun lasseldiingie

o O ) - vV A []
gaymswunmudanef Windawssnmodaduamme fudimgyiuasaaniali
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' o - (ol o v o a w a d a a a -

Jraziivielifidygraidi Teemseressdaduasa O dezlidszindawgeds 75%
' P a v & o a & [ d ., [

wiatnelsid 2vemesdadueatsd wusilinnuiaifsuraIsygIunaINa NI A9
A 3 [ 7K} ‘ & a o :: A A 3 ¥ ] Q. [

U 2.14 azduldin Waussdudunaiidrdas dadadasnipaniuseuswitmiug
an ¢ v a X7 d o ' o v & M
wazprdfianad shlinudsaeduungarom Sfidwgudsianunisssdinns
Aiau ?'1auﬂé'u‘éuvgmﬁaamnn'hLmﬁ'm:wi'mmmaua:m‘éﬁmma'? NIUTRADI

A' [ A & o . ) b 4 o a
S ua:'lumumausmuawmaaaohm'\usmm:mwmLu«u.a:'znaumwm-f
a 1 P A adv oo o d ¥ P a o
niudsiassfivzngarninu mgﬂﬂaun‘lﬂmaﬁ’maaaoﬂso'l'mﬂamﬂunua:'lﬁ

A [ %) O & ¥ J A ¥ U-v v. -3 A’ A ¥
ARURY I mzﬂﬁ 2.15 aufinindun ldelisnwasAafowlangdainduuuy

. " o o o o d -l "o ¢ “ o o d
lutr9vassandanusIansuan uaziasfiazifswnrudsaaiiawldifiudnaaniie

@, conducting
(> off

1%

ot

Both Q, and Q5 off ™~

(crossos er distortion)

2, off
(2 conducting

< o o Py a w a
zﬂn 214 ﬂnﬂm:'ﬂaﬂﬂtulu‘lmﬂvlﬂﬂ'\n']QQﬂfJ'\fJL’ﬂ\'ﬂﬂuﬂa'\ﬁU

\ TR

Crossover
Distortion

TR;

o = & [} ] =
zl.h’l 2.15 ANUHAANLUTIITBUNBIINIIITVUIUARTIRL
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2.5.3 w95usuIBudanaanded (Class AB power ampilifier)
a o« o -t o ¢ o a -
asasvenaaatl Wuwnesesefiinisludannudsiaesaseloda we
s v o v a o d ' [ v o
180 29A1 VIRTYYIUVLTY 'naawm'lmnﬂn'mwzmwmmamaaaryry'\mmaanﬂvlm
- v = =l A’ A [l t [ ] v
F9ITVU LTI RRARIRLU AV INEUNTIITOUAE ﬂtymmnm’m:mﬂvlﬂmmu.ﬂm
o L7 -\ & a (4 1 as ("
asupneEasuaatat Iludansudaiaaiuinnin 180 83AT8IRYYIUVILYT L3N
A‘u ) d v A’ 1
38N “009 T8N LTS R RARNELEL” 1I18IIINANNABINTIANANUINEUATITEBAD
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iuamaauaztasrensduduaaiatunldinnu lasnsldnudaeas 2 drdauuy
o o o o a o a a a ' ' a v
9etuanaaluassd mgﬂ'n 2.16 ma:uﬂs:a‘nﬁmwags:mwmwwmmmmuﬂmma
o a v a o v =) '
fusasvenodadunaiaile pN9ai197% Q-point 2899973 uaaaliazagge
¥ ) v [ & v L A
m’nefn'mrJ'\tll.'mLauﬂa'mﬁaQURw\m 0.7V RIsuINNIRMIENNDY ﬂegﬂ‘n 2,17 - 2.18
@& A « o a @ AW e o v &
seiinszuaneatdnimesinaluisanisadnteslnymen bilisy g oenth Ssenunsoaa

& [ ¥ v v a v ada = & ar 9
ANuREuTNTands e v msdaduammelndanuiaiNoureIngygravs e

mi’lamwwmrJﬂmmaLLa:ﬁﬂ'\é'agamflawmmm guaARED

Vee

output V

OFF /I ON

a

A A ] a v a . o
71U 2.16 MethseTunuFuEuasIaed AdaUULNANAS (push pull)
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Iciaat) AC load line

«+— DC load line

lea Q
\ > Ve

Vcea Vee

A ) %/
U 247 amahnussnsemnodusuaasai

les AC load line

input

| o - W
Jun 2.18 nimsludavasss e sdnduaametl
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2.5.4 2995ugrsuuunaua (Inverting Amplifier)

Rf
r——AW—
Ri +V
N\~ CO—WWW >
input ’
RY output

< )y
31U 2.19 ATV IWUUUNRULNE

P o ) o

3n3Uh 2.19 vasrpsnuunavinalaslfastusul 1uwisasasien

Qe Qr Qe L] Qr A
ENNTNVLN DR YYPIUUALN AW SR Y QI (A1NWUANGIIDBIFY YT 180 8IeN) Lanh

[ & ' [ [ 9 ' o v
2931781 U’IJE]\‘]'J\’Q?'H%BgﬂUﬂ'lﬂ'J'lNﬂ'luﬂ'luﬂ ABNALURIUAIYAININUATUNIRDILYT

(-RfIRi) JWATBILIITRINBBnEINTas It A InEIMT 2.14
(2.14)
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[ d a @ &
auawiaslwih sing wazkanszmuifesndymiussdnlafhandaume s

[ a v de e a ¢ &
wannIstuaeasensBadunldnudsaasuazeaduandidudrudsznauy
° o o d a w ad a a a ' v d a @
fnTudedvasisasvensdaduaarsieduuiilszinTaindaudvgaiiaifinuiy

a L -3 & o - ; Qv v 3 o L7
waspniEdusaiae annsdilinnalafivuresfygiskasniieesusndads
a4 W woe - A o a v av a4 .
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|
nn 3
v - )
N9 NLULUALHINILATDIAWILUL

3.1 un

o L% : ] ~Q A LY
ﬂ'\“'a’UUﬂu"J:Lﬂ%ﬂ'ﬁﬁ'\Lﬁuaniﬂ'ﬁﬂﬂﬂLLUU“a:ﬂ'h\‘llﬂia\'l@luuUU U
d i [ v &
38918 dunsddsaniaulysunsule Lﬂunwﬂs:qneﬂﬂﬂﬂmaﬂmaLaa'f
(Microcontroller) kat399ssnuiiaifunainiail (Class AB power amplifier) n1silau

[ o € o o ¢d a o 4
Tusunsushesggagadinloius:dygingdeiulminiioussduanarune
"
3.2 laseasafingin

iwdasdinasunssinonisulusunaule Slassadafugmdszyd 3.1
dsznauludle 2 daunaneg Ao

1.8 udas I

2 §IUMTVLNUNY I | |

EmmnLﬁmu'[ﬂmnm'lﬁ’ﬁ’uﬁmé’ty:y'lmgﬂﬂﬁu'l-nﬁﬁﬂmﬂﬂﬁmuuﬂae'lﬂ‘lu
Snumuzeneg aumqudamnwiidainih Taodftamssgegafiazanm 3 kW Ausedn

311 Vp (220 Vime)

Cluss AB power amplifier

AC IV /% He T
(Sine wave)
AC 0-220 V/50 Hz
[ - @ - Op-Amp
(Sine wave)
Microcontroller and D/A l

Phase Shift 180 Cluss AB power amplifier

A ¥ A’ - ] ' s v
UM 3.4 Tassshofiuguvasiniasimasunssiomfanuldsunsyld
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o ° ' o &
3.3 Lasad9d9aay I.I.We'iai)’lﬂ n"a\,\jqurﬂ'suniuvl;f

3.3.1 damnInitady o
3.3.1.1 misanuuulusunsa
dmadswldsuntululasnenlnsamasaiedygimguainledn
ausoimuaiiAamaddonulsslusnunusiusiauduandau me (Voltage sag) A
aunnIf (3.1) Famaansaldnisdwandeiau Sin (0 leen Math Library Failun
aax'lnina¥ (Compiler) udiilasannistuwrnuduuuiasfanafioy (Float point) vinlk
Kosldszozinatwnlumatiziians Jald3Emsdwindadtu sin 0 9nldsunsy
muuanuanfiudnlilugussmns (Lookup table) udasalusunswlulasnaulnsaned

' ' J o ¥
IUATIRINATTNNEIWY m‘lﬂ

T
) (3.1)

128 + 127(m,)Sin (2
2 27(m,)Sin ( Px180

Yx

A 3 [} d &
ol P o n'lsuuo'u';waagﬂﬂau"lmf 360 asswin 0-27C aaniilu 180 qa

a A
m, fe LLauﬂagﬂmaogﬂﬂau‘lmf

P ' o R Y | v v oA

NRIMIA (3.1) mIvanaleian Sin () e 128 1JunsanTzaudnegs
Qv - & wal A g a €al L, '
fygmiuanlind 128 Wesnndygragadulaliniduinuazdiay mavily
o A’ ] v ' < [ i <
anwaedl s limsdrmadiisdruldddaidusy iwszlalasaaulnssiaadas
o ’ M v v a ey A d - &
Fygrmsausenn il dunsldsunsuliifedygraguaiulmiiiaussduanluin

"’ v v A ]
Tl uninusoudl m,

Fathdn m, = 1 wneisdyyugUeinlefing uasdid m, = 08
pangdenisiiadyginuseduandane 20% snsunstdumansobhandowiu
i seldnrFygmguaedulelddgui 3233 Foiarnmadiwasiadariau
Warldw Sin () anusam (3.1) luusazaauunsnluunu X (180 ga) udrazldauen

e

a & o ' ° &
ﬂagﬂ'luu.nu Y vianan 180 laoldlusunsy MATLAB uaaedatinan1seiwitadth
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Qo

@2 omsmwxmmv‘(onﬁu Sin 0

o a
gﬂﬂauvl-miﬂnm

fiP=0m,=13ald

T
= 127(1) Sin (2(0
Yo 1?8+ (1) Sin (2(0) * 725)
= 128
1 P = 45, m, = 1 3ld
.- 7[
Ves = 128 +127(1) Sin (2(45) x —8—0)
= 255
fA P =90, m,=1vle
3
= + —
Yoo 128 + 127(1) Sin (2(90) x =)
= 128

A P=135m, = 1 3zl

A
= 1 in (2 —
Yi3s 28 + 127(1) Sin (2(135) x 180)

= 1
t P = 180, m, = 1 a¢l@

T
= +127(1) Si 0) x —
Y1g0 128 + 127(1) Sin (2(180) x =)

= 128

Degree

Bak
[
=n
b,
N
&'

gradfisfieldannaumsi (3.1) m, = 1



fradrnsdinamarfe s Sin ) da

junsulminifaussaulnihaniavne (7 20%)

T P=0m,=08ald

: T
Y, = 128+ 127(0.8) Sin (2(0) x
0 (0.8) Sin (2(0) 180)
= 128
t P = 45, m, = 0.8 3¢le"
n
Y = 128 + 127(0.8) Sin (2(45) x ——
45 27(0.8) Sin (2(45) 180)
= 2304
th P =90, m, =08 3tle
4
Yoo = 128+ 127(0.8) Sin (2(90
% 27(0.8) Sin (2(90) x 7=7)
= 128
% P =135 m, = 0.8 a¢l¢
T
Yis = 128 + 127(0.8) Sin (2(135) x —)

180
25.6

# P =180, m, = 0.8 azl¢

3
)

Y
120 180

128 + 127(0.8) Sin (2(180) x

128

300 ;

H ; H
20 10 680 a0 100 120 140 160 180
Degree

Uil 3.3 dygraieieldanaumai (3.1) m, = 0.8
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3.3.1.2 NT88NULLITT

Asilddniusdefyyin d93u 34 lun1seensuuezld
ulasneulniaiaed ziin PIC18F4431 dmiumadwimmstuiiadygro sedgyarmd
furnldaanwasad (Port C) thwsssudasdudygrmddsesidudyyineuiianawa
8 {ia dauuy R-2R Ladder

muqun‘nﬁ’mumaa'[ﬂsunw L% N5 Start/Stop MIunI eI
Tusunsulifiadyyrnussdwlniandaumei 10% uaz 20% 9390 Push button switch
dau.uumsﬁﬂmmfluquﬁ (Active low) #anshanulasldnasaie (Port A)

NTLRAIROTNSYINITUTDIIITHIUTOURAING LCD 1w1@ 16%2 lapnis

dowlsunsuusasnasenwaind (Port B) sedaysuuy 4 fa lavldWerdau LCD.C In

[.4
noylniaas
Op-Amp
Y 2R N
T l/»—C:J Output
R <&
< < 4: < —NW
b4 :p :h :ER
kg
. 3R .
Switch A | Digital to Analog
o 3 R-2R Ladder
30
]
w SR
220 V /50 Hz E L
» T
Sine Wave Ml T l

A Qo - P
37U 3.4 wariullasygan



3.3.1.3 WIIAIANTTAVUTIARUIENAUINATY Y™
@ L A Qv
nssanuuuzlfasyuan (Op-Amp) wad TLO72 YhwihninluquIzay
[ [ [ [ € o | g
ussanvaINy Y auasnaunsvesfyyImanlulasasulnsiaed vk lddygrm
[Y) [ v [¥) [ P &) ' Y v
duNLL 2 JEYQIm nRUWENY 180 891 a¥3UN 3.5 umsdeluinwmsasouuunay
o R . v W
\WasTyg e (Inverting amplifier) 2 3937 84T1VLILVBINIT Ao (Rf /Ri) w3n13RUAU
o @ e o~ d e “ v o v
szdvunsaudygrahidlasnsifuen (Rhy) Feldidudadrunmuuuudiudald s

mus»zus:s'fuuna’u'lﬁ'lwﬂw 0-2.4V 1 WIS 897995 +-12VDC

'3' f1 ‘i‘
Input Ri, +12v
=D = N\
ATUANTTALNY QI Rf
uf yo A2v | "A"z'
Output
2 Ri, +12V
i Lo
naulad ™
-12V
g
P . (Y] a ar a
31]7] 3.5 Nﬁ:imuqmzﬂuu':mmm:namﬂﬁmy,tmm
. g; 1C1 .
Ii“ BACKE TN
1 =i o
= -
\ M 7’[:] o
E . Ge

* §]

1

i

o a s
31 3.6 mesaTiuilasgygin
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Input Port LCD Port

L2

E

B o N R W omom Ao

Microcontroller D/A (R-2R Ladder)
1l 3.7 ansinRadygadaiede
LY

28 LCD UHAIHA

Switch a1Uqd

3 Variable input

A Ll o
37U 3.8 Jumrugumsinuuazlausadna LCD



3.3.1.4 vt ldvnszuanse +5v, +-15v

' d o v '
v lninsusas i 3.9 dsznavlddrendoudasiWirdansiu
Ratio 220V/oV  (3uenszuadusesuiadlalaanus? DB104G Hawmadarudafivileg
(Capacitor) 2u18 470uF/16V rwlediues 7805 axldunsduiniinizusasvasias

Wulasnaulnsainativiniu +5V sz 1000uF / 25V Winladiues 7812 7/ 7912 «ld

usean I nszugaTIvedaTeatusnliviniy +/-12v

220V / 9V 7805 | — +5V
_[ 470 uF 470 uF
—* I — 0V
220V / 9V
-
—I—c: +12V
1000 uF
220V / 8V >—{—c‘ ov
1000 uF
99 = :

BRDIGE
+74

A 4 o o v
31U 3.10 mwasasiniwiinusassdmitseriuliasygro
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Bridge Diode

IC 7912

Transformer

IC 7812

IC 7805

4 3 o b a W d v
3uUn3.11 wasmu'lﬂﬂ‘ms:u.amemmuawsﬁmmamrmmnmoifu

3.3.1.4 n1InavausdTidad gy m

nanrmaseuifasduvarsrsdnfiadyyin gﬂﬁ 3.12 wldfygm

03 ol Qv ) Qv A ‘
gﬂﬂ‘é'u'l-mfﬂnﬂﬁuusmmmnu 1.45Vp (1Vyms) AN0L TN ™ 50.3 Hz

2010-03,04 OH:11:00 wi Nornal
OKOGAWA ¥ 392 ; HOKS, s 20N54ie
R ot 1t :
S Lna Wi !
1l full

S Edye 1§
Loautn
RS IRY)

: CHE O

Ros(C1) 1.0240°0 @handuidth

Frig(C1)y  H0.30101Hz ;
Fuil

A o o &
31]71 3.12 HANTTINERDUIITAUNRARYYITU
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3.3.2 dawNIBeu Y YIne

msnedg g o idumaduvsmavassggrmeinlulasaeulnsaised
'lﬁ'ﬁmumﬁﬁaﬁwé’aﬁgq'ﬁué":Umsﬁoﬁ‘nﬁ‘ﬂwﬁ']mnuaﬁiwU‘lﬂﬁ'\ns:uamalum:
aanuuua:].’&’wawmuuuumLﬁuﬂmmaﬁmm:ﬁqmmwmmﬁ’mﬂmmﬁﬁ na1afed
anuAnfpuasfygradunaan (Output) dafgygaeuudh (input) fasannuaz
UstnEnngetia 78.5% aunnuj)

Taslumssanuuuimualdisdesduuuuiiftaidagege 3 kw fiusedu
311 Vp (220V,me) 2193093080013 duammiadisiuin 2 2993 dnstusygimusau
2 Fygafindunadiu 180 a3 ndunsiifladyyin it afiazir s
usaaldgatie 311 Vp (220V,) waziiliussdulniinszurassnioundnzasasligann

™ a v ~ o ' | ' o &
wn 10@7?lﬂﬁﬂt’ﬂﬂlﬁuﬂa']m,aﬂ ﬂ\‘]zlh’l 3.13 LLU\’ﬂ'\Tﬁ']\"luaaﬂuJu 4 FINAIH

1.8IWNTTUSTY QY ™4 (Drive)
2. 8MNITURYYIowgaE9 (Super drive)
3. 83w Tuenantias (Power output)

4.gamn133ne Wl nszuaase (DC Power pupply)

3.3.2.1 @%N13VUFYY o (Drive Board)
o o o v o o v o =
2TTURYYI™ JUN 3.14 - 3.16 imfidas g 2810 RYLIRARLLLNG
a val l{ ' 3 o v & «“ Qv v
guraiinunldfomalnginarunasiudres g aldiludygrmdueriuald
Ymu‘frmmaﬂmwvﬁ'uﬁ'tytyﬁmgdﬁwiavlﬂ fgmdsznauussnannisviiuusIudssEIn
o
A%
o o v ] o
o mndg MY 192995 Low pass filter wdnaadgygimsuniu
. o mt P o o o Y ¢
(noise) NAAMANFI ) NUzUuiNUEYGIUAKLLLIINTIIN
® NATLILUTIAG FABINITVLNBANNUANGS (Differential amplifier) 1%
o A7 L] -3 \ 4 A
mmmmma{ﬁw'\g NPN-PNP (MPSA42 uaz MPSA92) Yinnuvizeny
fygraussauldifugedu lausanus1susiduednesi fe
& ] J ' v J (<3 ] ’ v o
damdnszninaanumunmuiimnaaidniaafdadinnadiunui

mafame? (Ro/Re) asgnrudmans udrssdalldansaniilad (Pre-
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» A o had b Qs

Drive) 182 0N BULALINHNTLAUNY YITUTIARIINIITVUIBAN

wandns rantlauldnuaavenenszug (Drive)

¥ - A A )
® maupiensiud  nTudaiaednidng NPN-PNP  (MJE340  uas
MJE350) vimmsihfueesgygrmnszuaduiuuligeln ivemanindy
-~ el A 3 Qs ] v =

nrudmaaflurssshasfidesuuiunas 9gld lasidmaslalaa
(Zener Diode) imsasussdudedsliussnludansudanaily
“ A va ) ) a '3 [
maveeine ielilddanumunszuags enaldniudsaaiaeii

#danuLuUANRIGU (Darlington) asivenenseualidyiiny sasiusy

= x Q- Qe
NICURUDINTINDRLA O%‘YN SON mgmnu

“ ' d o

o nan1sdaunsuuuuay (Negative feedback) INnuINRInUA
o ¥
8ATIVINUTINTDIWNITNIRUA

o mansnuny ldmludimmudseeiaaimal uuy Ve Multiplier
I~ Qv v Ve 1A [V Qv
dudrnruquniriudaldiusesrsenszuaninuadsznaudinen
v s J v d Qe , Qo b -
Fumududnle wodSudusaWludw (R=47Q) ldnmudsiaasin
29338189 (Power output) Bnarulndruwaaiseiuazdaiduaausy

d a & L d & Qo

nTTuERIUYI29T WaldiFyy rmand ivadunisdasiu

nudmeafihnzusudnfannufoussanauionole

3.3.2.2 d'mn'nﬁ'ufityty'nmgoéo (Super Drive)

'soa's'ﬁ'uﬁ'tytmmgoﬁq gﬂﬁ 317 - 3.18 vmthflapedgagrausiduuss
n‘s:uamn'sws{fuﬁtytyﬁmwgo'i‘fu‘lﬂﬁn asasumsludamamudanaifdesuinin
wng g giwsarsenoies lasldnmudsaed viia NPN waf 285200 uaz PNP wa¥

25A1943 (HuduRY YU

3.3.2.3 d2wn1708181189 (Power Output)

v d o ~ ) o
esmzseiis JUf 3.19 - 3.20 hmihhesesy g sInEIuNTY

'
=

v v - o ~ P S v a '
gymgeds Wlvwnefinamigeiu Wumesmomagarisvesises dnszuslnadv
o ' v v a d v
anfiga lun1seenuuyiedaslinmudmasiiidng NPN-PNP (25C5200 uaz 25A1943)

t & J ] [ ]
aauInnUY Class AB push pull complementary G3IN1IAI YU IUNIINDRLA afnae 99

J o Qo W
wupfisnansasasiumsludanizuageg ld
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3.3.2.4 nmamivg IMianszuanse (DC Power Supply 3 KVA)
235918 WAl NIz LERTI 31]?1' 3.21 - 3.22 9 lUTIAW IWHINTSLEN TS
WinNy +/-155Vde, +/-170Vdc, +/-185Vdc, +/-200Vdc +/-215Vdc Wwuseenluiaasldiu
- O :
2995288 AFndsznauadi
o wiaudaslnfnAing 3kVA fidwnsdaw Ratio 220V / (110 0 110) V,
(120 0 120) V, (130 0 130) V, (140 O 140) V, (150 0 150) V Il
o« [ %] Qo J L 4
gunsausuasusseuusianWimoaesle

® 1337 IUINTEUR (Bridge rectifier) Tu1afing 400V / 50 A

® @ufiulsy (Capacitor) 218 10,000uF / 450V §1mau 4 @3 vh
v_da ¢ & a o O v .
wiANataad Ao JaanunsnItiNauTaIRYUIMUITIAK (Ripple)
v o &M v ar o a
vltuseanfilaidwussau I WiinTsurassnizoy
Qs A 2 @ Vv -
o dunitpln (Inductor) aw1@ 5mH $13an 2 41 lasidanldunuafie
A4 v J Qs
wmasapduazldalranasuaausd 17 vinnvinflasnunssuanseann
o d [ . v A )
ymuzidalniad (329M7T Charge Capacitor) Lazyinsinfinyenszua
v - Y o a a P al
amztulnaailaannlildnumdfonutaslunuivulallalnaad

o
nTdaeuuyag

3.3.2.5 mMInadauNTVBgIBadEwaadtell

Mmmesaunesrnedasuaasied pJﬁ 3.23 tfnlan lduseaun
Un&fl 311V (220V,me) Tondgygraiiisinasesnmaiufidnwazisuidoriuiudygiud
'loi’mmwsﬁwLﬁﬂé’mtmmua:gﬂﬁ 3.24 HRMATINTBIATOIIINDIUREIT AN

Py | R 4
Tusunsuldnaanuuuussaiedn
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ga.lﬁ 3.15 MUNITRIMMIVUTYY ™4 (Drive)

43

—I:l (|

L
N
A ll-lllll' lr

Control / Feedback

Drive Pre-Drive Pre-Drive Drive

Differential Ampiifier

o ' o o . P &
31 3.16 WITEMMITUSY Yo (Drive) AFF19AN
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o,

Transistor 28A1943

e

T ~1
A B E o
A - i 4

4
Transistor 28C5200

| ' @ o - . d v &
Eﬂn 3.18 1\1@7“1““'\7‘””“‘”‘”'\“‘5\18\1 (Super drlve) NIV
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45

< . o
zﬂﬂ 3.19 MYWITRIUNITVLIUNRI (Power output)

Transistor 2SA1943

sesesanceny
.
H

T T N A T i TR 1)

Transistor 2SC5200

4 hod A e/ :
31 3.20 2993L181RS (Power output) NETNIK
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To Power Amplifier A
<3 +180 Vdc

SmH l
<3 -180 Vde

= e
220V I—%II%—F 20V OV 120V
] J' l | - <1 +180 Vdc

10000uF $ 1k

I
I — 0V
L

= 10,000 ©F

.'
-
=

5mH = 10,000 uF

10000F 3 1k

—
*+—i—e

<3 +180 Vdc

To Power Amplifior B

31]7'\ 3.21 25w infnszuaass (DC Power supply)

Bridge Rectifier

| Transformer

3 kVA

Capacitor 10,000 uF Inductor 5 mH

gﬂﬁ 3.22 2395910 IR nszuanss (DC Power supply 3kVA) Aeatu



2010,03,04 02130 4% . Nornal
YOKOGAWA 4 . RUT) VRN

7

Edyir CHY
autn
0. 0D0KY

Ras (€1
w1y

: t

d a v e ‘W oud v
EIJYI 3.24 NINTAULATAIIADY meanummmu'[ﬂsun‘m'lﬂnmoifu
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3.4 19A2955239

) e .3 =Y & a -} . a a
1.mwamanhxqNwma:ﬁn‘lﬁmamwmumuua:maaumﬂu
o [ -1 ¥ = 4’ [ 4
2 fasnindfiudssafiwalng sufanszuanszmniinyneriialsey
[ %] A [ %]
$uiludasdduniisnhvminfeeiu
v 1o | o G A
3.mst‘a"anh¥q1]nmf s lliuaRnantnue

o ' ' ' (Y v o ) '
4.l'ﬂau@lﬂ']\“n'uﬂa:fnﬂa’)u‘lﬂﬁn@]aﬂlla:ﬂﬂl’ﬁﬂﬂﬂa«aﬂuuuﬂu’]

3.5 dauUnzin
1.a738igunsallumsflaanumsneq993 (Short Circuit) uazmilasnszua
a ¥ ¥ (- . . da v
\in (Over Current) dasmildimasiaiusnined (Cirouit Breaker) Nilgmninuazld
o & A 1 ] [ b ¥
1185 lasdaaslugaifiondadne g iiu ussnnlnfred (Voltage input)
> O ;
ws9ewIWHI1128n (Voltage output) kazussaw IWIaB91935 (DC Link)
-l (4 3 ~ - ] A ] v
2.a7308aaT (Meter) WaaInafdUTIARLAZNTLT B WIAITBNGBMNI g

) =l v a & o &
ulagINUNITANaIlTaTNALLININGY

3.6 unagy

nssenuuLaRPeTasaesunasieianulsun e ldduwuy o
15luTnsnanlnsaaa$ (Microcontrolier) ifludrduilasygrmuasldaisasroioidisu
anmiall (Class AB power amplifier) 2 2993 iudrvnofygrm Foafasdunuuil
mmsnTﬂmnsulﬁﬁwé’mnpmgﬂﬂﬁu‘lcmfﬂnaua:é’zymnrugﬂﬂﬁu'lmfﬁLﬁﬂusaé’umn

Tt (Voltage sag) 'l
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o
unm 4

HANTINARDY.
4.1und

P g I N . : : = :
1“1‘11.’!.“11:11'1 tauaht 2 -muﬁa ﬂﬂ'ﬂ'ﬁi’mlﬂﬁlﬂiﬂiﬂniuﬂ BANIUN EI{LLS: HR
o - d_ DU PR . v o « A‘ 2 # P 127 o
MIIMNMANAUITI YaILNTEY Ot AAILWRITT A IRITTUAUNTIIATH 1ﬁ'ﬂﬂﬂuﬂ.ﬂ1’ﬁﬂﬂﬂﬂ
A w o A M v Lot R e . %-‘J'r v
3 inaiumsiubwimannsgadesmaumne]) umsssanausswhminsahnu
e o A e w a a o L , &
1‘?\@5"\1 n r}u‘n%awaﬂ Q pICT g G’J%'ﬁ-’l%ﬂiﬂ* QNI lﬂ'-ﬂﬂ“’l?ﬁ'\ [RUARINITAARDUTIITU

Auiuuduifiussintnawduedaels

- o ‘ a. &
4.2 ﬂ"ﬁﬂ_’!’ﬁﬂ\‘!ﬂ'\ﬁ’ﬂ%ﬁ DANMURADT

2.4 ArEsuuusiassdhwnisauiadyyio

passhuuudassnnsduiiadgyiudaslulasasulnaned
{Microcontroller) ﬁfagdﬁ"4..1 318 aiqm:i‘i":mulwlﬂ‘sL'_Lmn-‘l?.cdteus Lﬁgﬁ;ﬂﬁftﬁ:ﬁﬂkﬁ;ﬁyu'

Tusnsusdnsygragedwlminfussiyggugdedulmidoussduldiensismue

‘DIA 8.bit
R-2R Ladder

Qp-Amp

. ﬁt TR N o N 0. & & . -
FU 4.1 uwuhRen i la Ry
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4.2.2 mIainuuuiIResE RN ITNER Y™

mysfinuuiaatERMTIEURYYIs fauRITvmminsuasisiad
’ . LW A'. . “ & @ o )
(Class AB power amplifier) #93ufl 4.2 wazavesudnygno dagun 4.3 lulusunsy

o ! A & ) 4 o . 3
. MATLAB/SIMULINK (Heinmeiisussntsugrofgqnaunsisdin laulasaenlnissed

-V ﬁ -"

Phase Shift 180

Py . e ; e
31 4.2 LLUIRBVNITILURYYI

| - ) s
31]?1 4.3 WHUINBITIY Koyt
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o = o
4.3 HA msmaao‘mm‘luﬂ aANILADT

4.3.1 dansvnassd@msnuiadggin
a e 1Y) « o o &
Nnnuuudteadeiuiesygranintulesaaulnisiaad luiadan
o Y o &
4.2.1 UM 4.1 1ev¥nsmassuasit
“ o o ) 2 . d w
Mmyiadgygimann Scope 1 luguft 4.1 szdwldindygiuguaduled
P a v e . v ad . o
Un@anlulasneulnsawmes dussauinny 145V, asgUn 4.4 wastavinnislusunsuld
s a [ <& [ a [ ;e [ o °
SYQIMARLTIAUANIIVMAL 20% FRYRNmazluTIAwYinny 115V, AsgUn 4.5 duwam
NRFNITBINTIaNY STt 0.3V, Aaidlu 20% vasuaudng
“ o o 1 w4 4 o '
Mmsiadygrman Scope 2 luguft 4.1 mdnldidlafyyoiu
o N 4 - Y o~ a & al o~ y &
vsaadusud selidygraguaduleind 2 fygrunsudatuuaziiusinuiriiny
[ P ad X . o v P %
145V, M3gUN 4.6 el EeEasuaataiatl 2 JsvTiiauiuuRsuiWa

CTLaTal ALY
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2 i i ] 1 i
-0 [:£.3 1 14 2 25 3
Time {mS) 10’

U 4.4 sygraguaiulnling vinlulaseenlnaiaed

T
Y

D 2 - 35 3
Time (mS)

qUA 46 ity;yamg‘ﬁﬂﬁu%dﬁnﬁ flaldearuaudnauianu
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4,32 HANIFIIRDIT MM TV LAY YN

PNuLLIReNIITIE LR YIME U EIduwaamel Tukaded

422 7 42-43 Iammessussi
- AnATIASTY RN Scope 1 1%31Jﬁ 42 sudnldiufohdygrouns

Un@anasiuiiadygiaandmasesseeaseit 1 alddygragueiuleiunang
usIewiiL 150V, uasiliaNygandigwida é’q;sﬂﬁ 4.7

MM TIARYYI1M4eIN Scope 2 'tugﬂﬁ 42 audnliiuiinh fyguid
medowna 180 s T sTiNRaFggTaatw eI 2 alddygnu
gﬂﬂﬁﬂ-ﬂﬁfﬂnaﬁi'l-usaé-'uwhﬁ'u< 150V, wazdimsiRouine 180 asenitwdal 6‘1’0-311“?'1 48

A TInFYYPIMIN Scope 3 114,31.11"'1 4.2 Yafygai 2 Wisuifisy
fAwle "a;ﬂ-ﬁ- 4.9 uaniladygmAimaRawneiu 180 a9 2 FygIUHINIITTLNY
LATA R Y BTNNIZTUTIAULNAL 311V (220V 1) @Tagﬂﬁ 410 uaziilavimsy
Tosunsaldidaindyomusseuandrame 20% an'lulasrenlnsainaderldfygrud
fuseduvindu 248 Vo 95'0311'?'1 4.11 dmuadnTIaniaiviany 63ve Amilu 20% 189

LIGuUN&



i i i i
2030 as 1 18 2 25 3
Time (mS)

K| o 4 a d . . o
UM 4.7 fygmguadulniing WekwseTsmedygnm (29931 1)

«

| o Cd o 4 d [y
U7 4.8 SygraguatulnininaRewns 180 asm Warkwiserumadygim

(299571 2)

0 06 1 15 2 25 3
Time (mS)

U 4.9 FygnagUatulmiidnindeuns 180 aem



i i i
(] [ \ [0 2 28 3
Time (mS) . x10*

| o o a A o a
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DIGITAL OSCILLOSCOPE DL1620

(YOKOGAWA)
Analog input channels : 2 channels
Maximum Sampling Rate : 200 M§/s

Bandwidth : 200 MHz

Maximum memory length : 8 MW/ch

POWER QUALITY ANALYZER 43B (FLUKE)
Voltage rating : 600 Vrms, CAT 11
Current input range : 1A - 500A AC rms

Input impedance : 1 MQ, 20 pF

Frequency range : 511z - 10kHz
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MULTIMETER 973A (HEWLETT PACKARD)

The 3 172 digit display (with (),1% basic dc accurucy)

Frequency range : 20 kHz

Accuracy : 0.1% for dc, 0.7% tor e,

{1.2% for ohms, 1.2% for capacitance

DIFFERENTIAL PROBE DP* 25 (CHAUVIN

ARNOUX)

Differebtial input voltage : 1000 Vrms

Common mode voltage : 600 Vrnw

Accuracy : + 2%
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Data Sheet
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MICROCHIP

PIC18F2331/2431/4331/4431
Data Sheet

28/40/44-Pin Enhanced

Flash Microcontrollers

with nanoWatt Technology,

High Performance PWM and A/D

© 2003 Microchip Technology Inc. Preliminary DS396168
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MICROCHIP PIC18F2331/2431/4331/4431

28/40/44-Pin Enhanced Flash Microcontrollers with
nanoWatt Technology, High Performance PWM and A/D

14-bit Power Controi PWM Module:

« Up to 4 channeis with complementary outputs

* Edge- or center-aligned operation

Flexible dead-band generator

Hardware fault protection inputs

+ Simultaneous update of duty cycle and period:
- Flexible special event trigger output

Motion Feedback Module:

* Three independent input capture channels:
- Flexible operating modes for period and pulse
width measurement
- Special Hall Sensor interface module
- Speclal event trigger output to other modules
¢ Quadrature Encoder Interface:
- 2 phase inputs and one index input from encoder
- High and low position tracking with direction
status and change of direction interrupt
- Velocity measurement

High-Speed, 200 Ksps 10-bit A/D Converter:
* Up to 9 channels

* Simultaneous two-channel sampling

» Sequential sampling: 1, 2 or 4 selected channels
Auto-conversion capability

4-word FIFO with selectable interrupt frequency
Selectable external conversion triggers
Programmable acquisition time

e e o @

Flexible Oscillator Structure:
* Four crystal modes up to 40 MHz
* Two external clock modes up to 40 MHz
* Internal oscillator block:
- 8 user selectable frequencies: 31 kHz to 8 MHz
- OSCTUNE can compensate for frequency drift
+ Secondary oscillator using Timer1 @ 32 kHz
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown of device if clock fails

' Power-Managed Modes:

Run CPU on, peripherals on

idle CPU off, peripherals on

Sleep CPU off, peripherals off

idle mode currents down to 5.8 pA typical
Sleep current down to 0.1 pA typical

Timer1 oscillator, 1.8 pA typical, 32 kHz, 2V
Watchdog Timer (WDT), 2.1 pA typical
Two-Speed oscillator start-up

Peripheral Highlights:

*

High current sink/source 25 mA/25 mA

Three external interrupts

Two Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 8.26 ns (Tcy/16)
- Compare is 16-bit, max. resolution 100 ns (Tcy)
« PVWM output: PWM resolution is 1 to 10 bits
Enhanced USART module:

- Supports RS-485, RS-232 and LIN 1.2

- Auto-Wake-up on Start bit

- Auto-Baud detect

RS-232 operation using internal oscillator block
(no external crystal required)

Special Microcontroller Features:

100,000 erase/write cycle enhanced Flash
program memory typical

1,000,000 erase/write cycle data EEPROM
memory typical

Flash/data EEPROM retention: 100 years
Self-programmabie under software control
Priority levels for interrupts

8 X 8 Single-cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Single-supply In-Circuit Serial Programming™
(ICSP™,) via two pins

In-Circuit Debug (ICD) via two pins

- Drives PWM outputs safely when debugging

Program Memory Data Memory Ssp ® .
10-bit % .g 14-bit Timers
Device | Flash | #Single-Word | SRAM | EEPROM | 0 | AD |CCP| | Slave EUSART| o § | PWM | g 0
{bytes) | instructions | (bytes)| (bytes) {ch) 2cm™ 3 & | (ch)
- s s P

PIC18F2331| 8162 %008 | 768 256 4] 5 2 Y| Y Y Y 6 173
PIC18F2431| 16384 8192 768 256 24| 5 2 Y| Y Y Y 6 13
PIC18F4331| 8162 4096 768 256 B| 9 2 (Y| v Y Y 8 13
PIC18F4431| 16384 8192 768 258 B| 9 2 | Y. | Y Y Y 8 13

© 2003 Microchip Technology inc:

Preliminary

DS30616B-page’ 1



PIC

18F2331/2431/4331/4431

sr— ”
Pin Diagrams
28-Pin SDIP, SOIC
[ -
MCLR/VPPIRE3 ———— | *1 28 [ ] «——« RB7/KBI3/PGD
RAO/AND +———e [ {2 27 {_] «—— RB6/KBI2IPGC
RA1/AN1 =—— [13 26 [ ] +——e RB5/KBI/PWM4PGMY)
RA2/AN2/VREF-/CAP1/INDX +—— [ ] 4 - 5 [ ] «— RB4/KBIO/PWMS
RA3/AN3/VREF+/ICAP2QEA —— [[| 6 Q@ 24 [ ] «—— RB3IPWM3
RA4/AN4/CAPIIQEB w——— [ 6 S 23[7]<—— RB2PWM2
AVOD —— 17 § 22 [] = RB1/PWM1
Avss — [18 W 21]7] +— RBOPWMO
OSC1/CLKIRA? w——— [19 & 20 [ J+—— VoD
OSC2/CLKO/RAS []10 & 19 [ ]=—— Vss
RCO/T1080/T1CKI On 18 [] =—— RC7/RX/DT/SDO
RCA/T10SIUCCP2FLTA -—— [} 12 17 [[] =———= RCB/TX/CK/SS
RC2/CCP1/FLTB ——— [ 13 16 || =——= RCS5/INT2/SCK/SCL
RC3/TOCKITSCKIINTO m——e 14 15 || «——— RC4/INT1/SDI/SDA
Note 1: Low-voltage programming must be enabled.
40-Pin PDIP
MCLRAVPP/RE3 —— [ 1 N 40 [J +—— RB7/KBI3/PGD
RAO/ANO ———e[] 2 39 [J <= RB6/KBI2IPGC
RA1AN1 -—[] 3 38 [[1 =—— RBS5/KBI1/PWM4/PGMZ
RA2/AN2/VREF-/ICAP1/INDX w——[] 4 37 [} «=———= RB4/KBIO/PWM5
RA3/AN3NVREF+/CAP2JQEA +—[T 5 38 [[] =— RB3/PWM3
RA4/AN4/CAPI/QEB -——[] 8 - 353 RB2/PWM2
RAS/ANS/LVDIN ~——[] 7 3 34 [J ~——s RBI/PWM1
REO/ANG =— [} 8 3 33 {J <= RBO/PWMO
RE1/AN7 =——=[] g 2 32 [0 <— VoD
RE2ANS <—= [] 10 hd 31 [ -—vss
AVDD ———[] 11 ] 30 [J =———= RD7/PWM7
AVSS ——e ] 12 Q 29 [] «——= RDB/PWM6E
OSC1/CLKIRA7 =——= [} 13 o 28 [] =— RD5/PWM4)
OSC2/CLKO/RAS ~— [ 14 27 [} «—— RD4/FLTAR!
RCOM10SOMICKI -—=[] 15 26 [J <——— RC7T/RX/DT/SDOM
RCA/M10SI/CCP2FLTA <] 16 25 [ «— RC6/TX/CKISS
RC2/CCP1FLTB «—[] 17 24 [0 ~——— RCSANTSCKWscLM
RC3TOCKITSCKIINTO ~+—[] 18 23 [0 ~—— RC4/NTY/SDI/sDAM
RDO/TOCKITSCKI <—e[] 18 22 [ <——= RD3/SCK/SCL
RD1/SDO ~—=[] 20 211 RD2/SDI/SDA
Note 1: RC3 is the alternate pin for TOCKI/TSCKI; RC4 is the alternate pin for SDI/SDA; RCS5 is the alternate pin
for SCK/SCL.
2: Low-voltage programming must be enabled.
3: RD4 is the alternate pin for FLTA.
4: RDS is the alternate pin for PWM4.

. __________________________________________________]
© 2003 Microchip Technology Inc.
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TLO72
TLO72A - TLO72B

LOW NOISE J-FET DUAL OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO Vec*) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
LOW NOISE e, = 15nViNHz (typ)
OUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

LOW HARMONIC DISTORTION : 0,01% (typ)
INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION

HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TLO72, TLO72A and TLO72B are high speed
J-FET input dual operational ampilifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset current, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

il

N
DIP8
(Plastic Package)

*

D
sO8

(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range N 5
TLO72M/AM/BM -55°C, +125°C 3 .
_’_l'_L072I/AI/BI -40°C, +105°C . .
TLO72C/AC/BC 0°C, +70°C . .

Example : TLOT2CN

N = Dua! in Line Package (D
D = Small Outiine Package (&

%) - also available in Tape & Reel (DT)

—/

1 [ BE
2 [ ] 7
3 ] e
4 [ 15

1 - Offset null 1

2 - Inverting input 1

3 - Non-inverting input 1
4 - Vcc'

8 - Non-inverting input 2
8 -inverting input 2

7 - Output 2

8 - Vcc+

March 2001
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TLO72-TLO72A - TLO72B

SCHEMATIC DIAGRAM

Veot [— J

\11

Non-invortlng 0

lnve:]tlpr:ﬁ C G ¥
E 1000 ] 2000

- {7 Output

1000
30k J 1/2 TLO72

L -
4 j e
—

- 8.2k H 'y
1.3 35k U 1.3k 35k | [ 1000
Veo T [}
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter TLO72M, AM, BM| TLO72I, Al, Bl | TLO72C, AC,BC | Unit
Vec | Supply voltage - note ") +18 Y;
Vi |input Voltage - note 2 15 Y;
Vie | Differential Input Voltage - note 3 +30 Y]
Puwt | Power Dissipation 680 mW
Output Short-circult Duration - note 4) Infinite
Toper | Operating Free-air Toemperature Range £5to +125 ] -40 to +105 Oto +70 °C
Tag | Storage Temperature Range <05 to +150 °c
1. Au v a.vx\lm ’n'xm\rlocncﬂ;lam!vo. are with respect tc the zero reference level (ground) of the supply vokages where the zero reference
2, Tho mnnltude of the input voitage must never exceed the magnitude of the supply voltage of 15 volis, whichever is less.
3. Difterential voltages are the Inverting input | with respect to the inverting input terminal
4.

n\:&utput rrmayd be shorted to ground or to either supply, Temperature and/or supply voages must be fimited to ensure thal the dissipation rating
exceed

210 ’ 57
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TLO72 - TLO72A - TLO72B

ELECTRICAL CHARACTERISTICS
Voo = £15V, Tamp = +25°C (unless otherwise specified)

TLO721,M,AC,Al,LAM
g aa TLOT2C
Symbol Parameter BC,BI.BM Unit
Min. | Typ. | Max.| Min.| Typ. | Max.
Input Offset Voltage (Rg = 50Q) : mv
Tymp = +25°C TLOT2 3| 10 31 10
TLO72A 3 6
Vio TLO72B 1 3
TminS Tamb S Timax TLO72 13 13
TLO72A 7
TLO72B 5
DVio |Input Offeet Voitage Drift 10 10 VL]
input Offeet Current - note V)
ho Tamp ® +25°C 5 100 [} 100 | pA
Tmln s Tamb < Trex 4 10 nA
Input Bias Current -note 1
lib Tamp = +25°C 20 | 200 20 | 200] pA
Tmin S Tamb S Trmax 20 20 nA
Large Signal Voltage Gain (R » 2kQ, V, = £10V) vimVv
Ava Tamp = +25°C 60 | 200 25 | 200
Trvin S Tamb S Tmax 25 15
Supply Voitage Rejection Ratio (Rg =500Q) ')
SVR Tamb = +28°C 80 86 70 | 88
Toin S Tamb S Tmax 80 70
Supply Current, no load mA
leg Tamp ® +26°C 14| 25 14| 25
Trun S Tamb < Trmax 25 25
Viem |Input Common Mode Voitage Range 11 t:g 11 ] t}g v
Common Mode Rejection Ratio (Rg = 50Q) 48
CMR Tamp = +25°C 80 | 88 70 | 86
Trin S Tamb S Trmax €0 70
Output Short-circuit Current mA
los Tamp = +28°C 10| 40| 60| 10| 40| &0
Trmin S Tamb S Trmax 10 60 | 10 80
Output Voltage Swing Vv
Tamb @ +28°C RL = 2kQ 101 12 10 | 12
Vopp | RL = 10kQ2 12 | 135 12 | 1386
Trmin S Tamb S Tmax RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (Tymp ® +25°C) Vipe
Vin = 10V, R = 2k, C; = 100pF, unity gain 8 16 8 16
t Rise Time (Tamp ® +25°C) ps
r Vin = 20mV, Ry = 2k{2, C = 100pF, unity gain 0.1 0.1
K Overshool (Tgmp ® +25°C) %
v Vip ® 20mV, R = 2kQ, C; = 100pF, unity gain 10 10
o8P Gain Bandwidth Product (Tymp = #25°C) MHz
Vip ® 10mV, R = 2kQ, | * 100pF, f= 100kHz 25 4 - 25 4
R; [input Resistance 1012 10'2 Q
&7 ano
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TLO72 - TLO72A - TLO728

TLO721,M,AC,ALAM '
Py TLOT72C
Symbol Parameter BC,BI,.EM Unit
Min, | Typ.| Max.| Min.| Typ. | Max.
Total Harmonic Distortion (T ® +25°C)
THD f= 1kHz, R( = 2kQ,C; = 100pF, A, = 20dB, %
0.01 0.01
Vo3 2V
o Equivalent input Noise Voltage v
n Rg= 1000, f = 1KHz 15 18 JHz
@m {Phase Margin 45 46 degrees
Channel separation dB
VoiNo2 A, =100 120 120

1.

410

The input blas currents are junction leakage currents which approximately double for every 10°C increase in the junction lemperature.

9
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MPSA43

MPSAS2 Is & Preferred Device

High Voltage Transistors
NPN Silicon

s

ON Semiconductor™

http:lionseml.com
MAXIMUM RATINGS - co
COLLECTOR
Rating Symboi Value Unit 3
Collector-Emitter Voltage Veeo Vdec
MPSA43 200 2
MPSA42 300 BASE
Collector-Base Voltage Veso Vde
MPSA43 200
MP8A42 300
Emitter-Base Voltage Veso 6.0 Vdc -
- i, mAd
Collector Current — Continuous c 500 c MARKING DIAGRAM
Total Devioe Dissipation Pp
@Ta=25C 625 mwW ) [d N,
Derate above 25°C 5.0 mwWrC MPS
Total Devioe Dissipation Po 1 "
@Tc=25C 15 Watts 2 3
Derato sbove 25°C 12 mW/°C
Operating and Storage Junction Tu Tetg <55 to °C {l uu
Temperature Range +150
THERMAL CHARACTERISTICS MPSAdx= gPe%'ﬂ" Device Code
X =20r3
Characteristic Symbol Max Unit Y = Year
Thermal Resistance, Rea 200 . | c/mw W =Work Week
Junction to Ambiert LR
Thermal Resistance, Rajc 833 °C/mW ORDERING INFORMATION
Junction to Case Device Package Shipping
MP8A42 TO-82 5000 Units/Box

MP8A42RLRA TO-82 2000/Tape & Reel
MP8A42RLRE TO-62 2000/Tape & Reel
MPSA42RLRF TO-82 5000 Units/Box

MPSA42RLRM TO-82 2000/Ammo Pack
MPSA42RLRP TO-82 2000/Ammo Pack

MPSA43 TO-02 5000 Units/Box
MPSA43RLRA TO-92 2000/Tape & Reel

I NRERT SR AN e AR S 1k

Preferred devices are recommendax choices for future use
and best overail value.

-

© Semicenducior Gomp Publioation Order Number:
October, 2001 —Rav. 2 MPSA42ID




MPSA42, MPSA43

ELECTRICAL CHARACTERISTICS (T5 = 25°C uniess otherwise noted)

I Characteristic [ Symbol I Min I Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (Note 1.) V(er)ceo Vde
(lc = 1.0 mAdc, g = 0) MPSA42 300 -
MPSA43 200 -
Collector-Base Breakdown Voltage V(sricBO Vde
(Ilc = 100 pAde, Ig = 0) MPSA42 300 -
MPSA43 200 -
Emitter-Base Breakdown Voltage Viereso 6.0 ~- Vde
(g = 100 pAde, ¢ = 0)
Collector Cutoff Current lceo HAdc
(Ve = 200 Vde, |g = 0) MPSA42 - 0.1
(Vcp = 160 Vdo, Ig = 0) MPSA43 - 0.4
Emitter Cutoff Current leso pAde
(Vea w 6.0 Vde, Ic = 0) MPSA42 - 0.1
(Ve = 4.0 Vde, i =0) MPSA43 - 0.1
ON CHARACTERISTICS (Note 1.)
DC Current Gain hrg -
(Ic = 1.0 mAde, Veg = 10 Vdc) 25 -
(Ic = 10 mAde, Ve = 10 Vde) 40 -
(Ic = 30 mAdc, Ve = 10 V) 40 -
Colloctor~Emitter Saturation Voltage ch(.ag) Vde
(Ic = 20 mAdec, I = 2,0 mAdc) MPSA42 ~ 05
MPSA43 - 04
Base~Emitter Saturation Voitage VeE(sat) - 0.9 Vde
(Ic = 20 mAde, ig = 2.0 mAdc)
SMALL-SIGNAL CHARACTERISTICS
Current=Gain - Bandwidth Product fr S0 - MHz
(Ic = 10 mAde, Vg = 20 Ve, f w 100 MHz)
Collector-Base Capacitance Cev pF
(Ve =20 Vde, Ig= 0,1 = 1.0 MH2) MPSA42 - 30
MPSA43 - 4.0

1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%.

T e

http’:IIonse;:lv.‘;g;t;w
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hiFE. DC CURRENT GAIN

V, VOLTAGE {VOLTS)

MPSA42, MPSA43

120 l [ [ T T T T
Vee =10 Vdo
100 TJ.#‘%"C \
” N
& 25°C I
W = y N
-65°C \
20
0
0.1 10 10 100
I, COLLECTOR CURRENT {mA)
Figure 1. DC Current Gain
100 2
Co @ tMHz
BH 1 1
& 10
=
Py
S
1.0
S H Cay @ 1MHZ 3 :
0.
01 10 10 100 1000
Va, REVERSE VOLTAGE (VOLTS)
Figure 2. Capacltance
14
12 - - Vorpa) @ 25°C, Igflg < 10
10 ! - - Voziu) @ 125°C, o/l = 10
’ ] —— e - e« Vg1 @ -55°C, Iflg = 10
PRERESE B :.ag_' Vo @ 25°C, loflg = 10
08 — ok (o) 7}
= IR o = 1| T TP PRPPEPEEREES Vot 8 125°C, ol - 10
0.8 T sird A 22 11 1 Ve @ -55°C, lofig = 10
. -4 =11 T VT2 - Vieioy © 25°C, Ve = 10V
04 =y - // —— = — — —— — Vg, @ 125°C Vge= 10V
> Vgg(w @ -55"C, Vg =10V
02 N P |y
] = fampets |o[ ff e =] metd ] P * ]
MSastin et
(Y] 1.0 10 100
I, COLLECTOR CURRENT (mA)
Figure 3. “ON" Voltages

hitp:lionsemi.com
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MPSA42, MPSA43

PACKAGE DIMENSIONS

TO-92

TO-226AA
CASE 29-11
ISSUE AL

» )

N

SECTION X-X

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1082,

2 CONTROLLING DIMENSION INCH,

3 CONTOUR OF PACKAGE Bl YOND DIMENSION R
13 UNCONTROLLED,

4 LEDDIDEN&)NBI.NMMLLEDNFW

ON Semkonductor and ‘ED are trademarks of L Ci

without further notice to any products herein. SCILLC makes no

! ‘ ries, LLC (SCILLC) SCILLC reserves the right to make changes

9 without limitation special,

’foreach
SCILLC pr are not dos intended, or authorized for use s

or g the suitability of its products for any particuler

purpose, nor does SCILLC sssume any liability arhhg oul of tho appik:atlon or use of any product or om:un, and specifically disclaims any and all Siability,
“Typicai® parametars which may be pravidad in SCILLC data sheets andior
lpocvﬁutlons can and do vary in different lpphcam and lctual performance may vary over time, Al ti including *Typicais® must be

rs | experts. SCILLC doss not convey any license under its patent rights nor rthe rights of others.

in for surgical impiant into the body, or other applications

in!endod to support or sustain life, or for any other application in which the hllure o' pm scu.l.c pmduct eould uute a situation where personal injury or

alleges that SCILLC was negligent regarding the design or manufacture of the part SCILLC ks an Equal O

death may occur. Should Buyer purchase or use 8CILLC pi for any such Buyer shall ind and hold
SCILLC and its offioers, employees, subeiilaries, affiliates, , and distributors harmless agalnlz all clalms, cosls and and
atiorney fees anising out of, directly or indlrectly, any ctaim of personal Injury or death d with sugh 'or use, aven Iif such dlaim

mative Action Employer.

ot st S

PUBLICATION ORDERING INFORMATION

Literature Fulfitiment
Literature Distribution Center for ON Semiconductor
P.O. Bax 6183, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800~-344-3880 Toll Free USA/Canada
Pax: 303-675-2176 or 800--344-3867 Toll Free USA/Canada
Email: ONlit@hibbertco.com

N. American Technical Suppert 300-262-9855 Toll Fres USA/Canada

PRI R RS o emten

JAPAN: ON Japan Ci Foous Canter
4-32-1 Nighi-Gotanda, Shinagawa—ku, Tokyo, Jspan 141-0031
Phone: 81-3-5740-2700
Emait r4625@onsemi.com

ON Semiconductor Website: http://oneemi.com

For additional information, please contact your looal
Sales Representative.

PSR

MPSA42ID
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MPSA92, MPSA93

MPSAS2 Is a Preferred Device

2 I
High Voltage Transistors
PNP Silicon
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage Vceo Vde
MPSAS3 ’ =200
MPEAS2 -300
Collector—Base Voltage Vceo Vde
MP8AS3 =200
MPEAS2 ~300
Emittor~Base Voltage Veso =50 Vdo
Collector Current -~ Continuous Ic =500 mAdc
Total Device Dissipation Pp
@ Ty =25°C 825 mw
Derate above 25°C 5.0 mwW/eC
Total Device Dissipation Pp
@ Tc=25°C 15 w
Derate above 25°C 12 mW/eC
Operating and Storage Junction Ty Tay ~55t0 °C
Temperature Range +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Raua 200 CIW
Junction-to-Ambient
Thermal Resistance, Royuc 833 “CIW
Junction-to-Case

ey, e

LLC, 2003

August, 2003 - Rev. 3

e S At
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ON Semiconductor”

EMITTER

STYLE1
MPSAS2, MPSAS3

MARKING DIAGRAM
A 7N
i MPS

ASx
CASE 29

oun (W

MPSA9 = Specific Device Code
X =20r2

Y = Yoar

w = Work Week

1
2

3
TO-92

ORDERING INFORMATION

Device Package Shipping
MP8AG2 TO-92 $000 Units/Box
MP8AB2RLRA TO-62 2000/Tape & Reel
MPSAS2RLRE TO-82 2000/ Tape & Reel
MPBAS2RIL.RM TO-82 2000/Ammo Pack
MPSAS2RLRP TO-92 2000/Ammo Pack
MPSAS3 TO-52 S000 Units/Box
MP8AG3RLRA TO-92 2000/Tape & Reel
MPSAS3RLRM TO-82 2000/Ammo Pack

Preferred devices are recommendad choices for future use

and best overall vaiue.

- Pwmnon Clder Numbol
MPSAS2/0



MPSA92, MPSA93

ELECTRICAL CHARACTERISTICS (T4 » 25°C unless otherwise noted)

L Characteristic ] Symbol [ Min I Max I Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voitage (Note 1) Vierceo Vde
(c =~1.0 mAde, Iz = 0) MPSAS2 -300 -
MPSAS3 ~200 -
Colloctor-Base Breakdown Voltage V(eRrycB0 Vde
(Ic = -100 pAdc, Ig = 0) MPSAS2 ~300 -
MPSA93 -200 -
Emitter~Base Breakdown Voltage V(ereso -50 - Vde
(g = ~100 pAde, Ic = 0)
Collector Cutoff Current lcso pAde
(Vcp = =200 Vde, [g=0) MPSA92 - -0.28
(Ve = =180 Vdc, I = 0) MPSAS3 - -0.25
Emitter Cutoff Current lego - -0.1 wAdc
(VEB w-30 Vde, 'c - 0)
ON CHARACTERISTICS (Note 1)
DC Current Gain heg -
(ic = -1.0 mAdg, Vg » —10 Vde) Al Types 25 -
(ic ™= =10 mAdc, Veg = =10 Vdc) All Types 40 -
(c = =30 mAde, Vce = -10Vdc) MPSAQ2 % -
MPSA93
Collector—~ Emitter Saturation Volage VCE(sat) vde
(I = =20 mAdc, Ig = ~2.0 mAdc) MPSA92 - ~0.5
MPSAg3 - -0.4
Base-Emitter Saturation Voltage VBE(sat) - -0 Vde
(c = =20 mAdo, |g = ~2,0 mAdc)
SMALL~SIGNAL CHARACTERISTICS
Current=Gain ~ Bandwidth Product fr 50 - MHz
(c = =10 mAdg, Vg = =20 Vdo, f = 100 MHz)
Collecter-Base Capacitance Ceo pF
(Vcg ® =20 Vdc, [g = 0, f» 1,0 MHz) MPSA92 - 6.0
MPSA93 - 80
1. Puise Test: Pulse Width < 300 us, Duty Cycle < 2%,
’ S i e s s http:llbnsenil.com , . I
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MPSA92, MPSAS3

300 FTTTH v, L \;d '
e~ 10 Vde
Ty= +125%C N
250 — .
= N
3 A
E 25°C
T
150
T \
8 -55°C N
5 100
i \
-
%0 N
0
(X 10 10 100
kg, COLLECTOR CURRENT (mA)
Figure 1. DC Current Gain
100 =7 e 150
T G, @ 1MHz g
—1 130
[ ——
g ., P B —
S " § 10 /'
F 90
g F G @ Mtz 3 il | /
g a 2 o
3 s 1/
(%) r o 50 / Ty=25°C
-3 Vge = 20 Vdo
§_ K Fu20MHz
0.1 - 10 | I
0.1 1.0 10 100 1000 ) [ 7 9 1 13 15 17 19 2t
Vg, REVERSE VOLTAGE (VOLTS) 1c, COLLECTOR CURRENT (mA)
Figure 2. Capacitance Figure 3, Current-Gain - Bandwidth
14
1.2 - - Veesat) @ 25°C, Ic/lg = 10 ]
5 10 ’ - - ch(nn @ 125°C, Ic/ip =10
g T ——— Vee(say @ -55°C, Ic/lp = 10
g o8 UL - Ll Vaggeay @ 25°C, Ig/lg = 10
§ e aysn|wgeu) YN N 1 B i V(s @ 125°C, Ic/ig = 10
5 o8 == i LRSI Vae(say @ -55°C, loflg = 10
el I. .41 T 17 - - Vieon) @ 25°C, Veg = 10V
0.4 [ F T i T / _— T T T = = Vegon) @ 125°C, Veg = 10V
02 A Vegen) @ =55°C, Vcg =10V
Ll 4| f1_1"
I i 3 1l
0t 1.0 10 S 100

Ig, COLLECTOR CURRENT (mA)
Figure 4, "ON” Volitages




MPSA82, MPSA93

PACKAGE DIMENSIONS
TO-82
TO-228AA
CASE 29-11
ISSUE AL NorES:
—= A [ -B 1. DIMENSIONING AND TOLEMNCING PEA ARSI
NP PSS Yi45M, 1962
L 2 CONTROLLING DIMENSION INCH.
1 3. CONTOUR OF PACKAGE B YOND DIMENSION R
R L 1S LNCONTROLLED.
4. LEAD DMENSION |3 UNGONTROLLED N P AND
T iy _p# BEYOND DIMENSION K MNMUN,
f L
SEATMG | _WNCHes | MNLIMETERS |
L -tk o T i T | A
airs 1 o205 | 46 1 520 |
| 0170 L 0210 L 4% 1 &3
01261 0,485 L 418 1 419
D 0018 } 0021 1 0407 1 0502 |
> : I 0045 1 0058 (FREE)
— e~ G | H | 0pos | 0105 269 |
; | J_1 0015 10020 080 |
THH @ J 000 | —- 11
"— f T C 1o | — -
—.I' A I' C . i} a6y | 0108 |04 |28
N SECTION X=X G HU-E— T
(X7 I T
Ni— T STYLE T STVLE ta:
PIN1. EMITTER PRC1, EMITTER
2, BASE 2. COLLECTOR
3. COLLEGTOR 1 BASE
ON Semiconductor and Q) are reg d of C Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCLLC maies no d garding the suitability of its products for any
particular purpose, nor does 8CILLC assume any ihbllny lrismg out ol the applmhon of use of any product or circuit, and specifically disolaims any and ail
liability, Including without speciel, “Typical which may be provided in SCILLC data sheets and/or
spacifications can and do vary in dlﬂ‘omn{ upplmﬁonl and actual performance may vary over time. All i g “Typicals” must be
lidk for each by ‘s ieohnical experts. SCILLC does not convey any license under its patant rights northe rights of cthers.
SCILLC are not designed, intended, or authorzed for use as in i d for surgical implant into the body, or other applications
intended to support or sustain Ife, or for any other appiication in which the fallure of the SCILLC prnduo( oould create a situation where personal Injury or death
may occur. Should Buyer pumhase or use SCILLC prodwets for any such unintenck h ion, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and disiributors harmiess against alt clmml. costs, d and and ble attomey fees
.afising out of, directly or indirectly, any olaim of personal injury or death i with such unintended or sthorized use, aven If such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC Is an Equal Oppx Y ive Action Employ
PUBLICATION ORDERING INFORMATION
Literature Fulfiliment JAPAN: ON icond Japan Ci Foous Center
Literature Distribution Center for ON 8emioonductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 183-0051
P.O. Bex 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850
Phone. 303-675-2175 or 800-344~3850 Toll Free USA/Canada | .
Fax 303-675-2176 or 800~344-3867 Toll Frae USA/Canada ON Semisonductor Website: hitp:/ionsemi.com
Email orderlit@onseml.com For additional information, please contact your ool
Sales Representative.

N. American Technical Support 800-282-8855 Toll Free USA/Canada
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ON Semiconductor®

-
Plastic Medium Power NPN
[ ¥ 1] -
Silicon Transistor
0.8 AMPERE
... useful for high-voltage general purpose applications. POWNE:NTSG?:%:TOR
® Suitablo (or Transfonnerless, Line—Operatod Equipment 300 VOLTS
¢ Thermopad Construction Provides High Power Dissipation Rating 20 WATTS
for High Reliability
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VeEo 300 Vde J—
Emitter-Base Voltage VEB 30 Vdc 3% P BumER
Collector Current — Continuous ic 500 mAdc 1 L e
OCASE 7708
Total Power Dissipation @ Tc = 25°C Pp 20 Watts
Derats above 25°C 0.18 wrrc TO-228AA TYPE
Operating and Storage Junction T4 Tatg ~B85 to +150 °C
Tempersture Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 8Jc 6.25 “CW
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
] Characteristic ] symbot | Min | Max | unit ]
OFF CHARACTERISTICS
Collector~Emitter Sustaining Voltage VCEO(sus) 300 - Vde
(¢ = 1.0 mAde, Ig = 0)
Collector Cutoff Current iceo - 100 nAde
(Vcp = Y00 Vde, g = 0)
Emiiter Cutoff Current {£EBO —_ 100 HAde
(VEB= 3.0 Vdg,ic = Q)
ON CHARACTERISTICS
DC Current Galn hFE 30 240 -
(ic = 50 mAdc, Vg = 10 V)
o v ohes, LG22 1 Publication Order Number:
April, 2002 - Rev. 10 MJE340/D
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MJE340
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There are two limitations on the power handling ability of
a transistor; average junction temperature and second
breakdown, Safe operating area curves indicate Ic - VCE
limits of the transistor that must be observed for reliable
operation, i.e., the transistor must not be subjecied to greater
dissipation than the curves indicate.

The data of Figure 3 is based on Tj(pk) = 150°C; T is
variable depending on conditions. Second breakdown pulse
limits are valid for duty cycles to 10% provided Tj(pk) <
150°C. At high case temperatures, thermal limitations will
reduce the power that can be handled to values less than the
limitations imposed by second breakdown.
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ON Semiconductor®

Plastic Medium Power PNP MJE350

Silicon Transistor

... designed for use in linc-operated applications such as low

power, line—operated series puss and switching regulators requiring 0.5 AMPERE
PNP capability, POWER TRANSISTOR
PNP SILICON
® High Collector-Emitter Sustaining Voltage — 300 VOLTS
VCEO(sus) = 300 Vde @ Ic 20 WATTS
= 1.0 mAdc

® Excellent DC Current Gain —
hFE=30-240 @ IC
=50 mAdc
® Plastic Thermopad Package

MAXIMUM RATINGS
Rating Symbol Value Unit -
ASE 77-09
Collector-Emitter Voltage VCEO 300 vde T0c-225AA TYPE
Emitter-Base Voltage VEB 3.0 Vde
Collector Current — Continuous Ic 500 mAdc
Total Power Dissipation @ T¢ = 26°C Pp 20 Waits
Derate above 25°C 0.18 wr*C
Operating and Storage Junction Temperature TJ Tatg —65 to +150 °C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal! Resistance, Junction to Case 8jc 6.25 *CW
ELECTRICAL CHARACTERISTICS (T¢ = 25*C uniess otherwise noted)
| Characteristic | symbol | win Max Unit
OFF CHARACTERISTICS )
Collector~-Emitter Sustaining Vollege VCEO(sus) 300 - Vde
(Ic = 1.0 mAdc, I = 0)
Collector Cutoff Current icBO —_ 100 wAdc
(Vca = Y00 Vdc, Ig = 0)
Emitter Culoff Current leBo - 100 wAde
(Vep 2 3.0Vde, Ic = 0)
ON CHARACTERISTICS
DC Current Gain brg 30 240 -
(lc » 50 mAdc, VoE = 10 Vde)

° .LLC. 2002 o 1 ' Publication Order Number:
April, 2002 = Rev. 12 MJE380/D
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TOSHIBA 25C5200

TOSHIBA TRANSISTOR SILICON NPN TRIPLE DIFFUSED TYPE

25C5200

POWER AMPLIFIER APPLICATIONS Unit in mm

¢ Complementary to 28A1943

¢ Recommended for 100W High Fidelity Audio Frequency
Amplifier Output Stage.

MAXIMUM RATINGS (Tc=25°C)
CHARACTERISTIC SYMBOL | RATING | UNIT
Collector-Base Voltage VCBO 230 \ 5451045 5a53015
Collector-Emitter Voltage VCEO 230 v "o g
Emitter-Base Voltage VEBO 5 v g?l o 5
Collector Current Ig 15 A 3 —
Base Current I 1.5 A e
Collector Power Dissipation :
P, 150 w 1. ' BASE

(Te=25"C) ¢ 2. COLLECTOR (HEAT SINK)
Junction Temperature Ty 150 °C 3. EMITTER
Storage Temperature Range Totg ~55~150 °C JEDEC —

JEITA —_

TOSHIBA 2-21F1A
Weight : 9.75¢ (Typ.)

ELECTRICAL CHARACTERISTICS (Tc= 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Collector Cut.off Current IcBQ | VCp =280V, Ig=0 — | — | 50| 4A
Emitter Cut-off Current IgBO VEBR =5V, Ig=0 . — - 6.0 | uA
Collector-Emitter Breakdown _

Voltage V(BR) CEO | Ic=60mA, Ig=0 80| — | -V
bFE (1) =

DC Current Gain (Note) | VCE=6V. Ic=1A 56 160
hpe(2) |VCE=5V, Ic=7A 36 | 60| —

Collector-Emitter Saturation _ _ .

Voltage VCE (sat) |Ic=8A, Ip=0.84 040 80 | V

| Base-Emliter Voltage VBE Veg=56V, Ip=7A — 10 16| V

Transition Frequency fp Veg=5V, Ig=1A —_ 80| — | MHe

Collector Output Capacitance | Co}h Vo =10V, Ip=0, f=1MHz — | 200] — pF

(Note) : hpEg (1) Classification R: 56~110, O : 80~160

1 ' 2001-11-05



TOSHIBA

25C5200
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TOSHIBA 25C5200

RESTRICTIONS ON PRODUCT USE

@ TOSHIBA is continually working to Improve the quality and reliability of its products.

Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and vulnerability to physical stress, it is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe
design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could causae, loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent TOSHIBA products specifications. Also, please
keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

000707EAA

@ The TOSHIBA products listed in this document are Intended for usage in general electronics
applications (computer, personal cquipment, office equipment, measuring equupment industrial

~~~~~

a malfunction or failure of which may cause loss ‘of human life or bodily injury (“Unintended
Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer's own risk.

@ The Information contained herein is presented only as a guide for the applications of our
products. No responsibility is assumed by TOSHIBA CORPORATION for any infringements of
intellectual property or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any intellectual property or other rights of
TOSHIBA CORPORATION or others.

@ The Information contained herein is subject to change without notice.

3 2001-11-05
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TOSHIBA

25A1943

TOSHIBA TRANSISTOR SILICON PNP TRIPLE DIFFUSED TYPE

POWER AMPLIFIER APPLICATIONS

o Complementary to 25C5200

25A1943

® Recommended for 100 W High Fidelity Audio Frequency

Amplifier Output Stage.

MAXIMUM RATINGS (Tc = 25°C)
CHARACTERISTIC SYMBOL | RATING | UNIT
Collector-Base Voltage VCBO —280 \
Collector-Emitter Voltage VCEO —230 A
Emitter-Base Voltage VEBO -5 \
Collector Current Ig =15 A
Base Current Ig -1.6 A T3
Collector Power Dissipation .
o Y 150 w 1.° BASE
(Te = 25°C) ¢ 2. COLLECTOR (HEAT SINK)
Junction Temperature Ty 150 °C 3. EMITTER
Storage Temperature Range Tstg —55~150 °C ||JEDEC —_
JEITA —
TOSHIBA 2-21F1A
ELECTRICAL CHARACTERISTICS (Tc = 25°C) Weight : 9.75 g (Typ.)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |[MAX. [UNIT
Collector Cut-off Current IcBO Ve = -230V, Ig =0 — — | -50! pA
Emitter Cut-off Current EBO VEp=-iV,Ig=0 — — | =h0] /A
Collector-Emitter Breakdown
Voltage V (BR) CKO|I¢ = —b60mA, Ig = 0 =230| = | — | V
hyE (1) - - =
DC Current Gain (Note) |VCE=—5V.Ic=-14 % 160
bpg@) |[VCE=-6V,Ig=-TA 86| 60| —
Collector-Emitter Saturation
Voltage VCE (sat) |Ic = —8A,Ip = ~08A — | =15 =30} V
Bage-Emitter Voltage VBE Vegg=-6V,Ig= -7A — | =10} ~15{ V
Transition Frequency fp Vog= -5V, Ig= -1A — 80| — | MHe
Collector Qutput Capacitance | Cob yg]i ;ﬂ;z 10V, Ig =0, — | 860| — | pF

(Note) : hyg (1) Classification

R : 56~110, O : 80~160

2001-10-29
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TOSHIBA 25A1943
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TOSHIBA

25A1943

TRANSIENT THERMAL RESISTANCE
rth (C/W)

. Tth — tw
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. EE =£ l INFINITE HEAT SINK
L1
ol i % %
041 ﬁ
Yoot 0.01 o1 1 10 100 1000
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TOSHIBA 25A1943

RESTRICTIONS ON PRODUCT USE

@ TOSHIBA is continuaily working to improve the quality and reliability of its products,
Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and vulnerabllity to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe
design for the entire system, and to avoid situations In which a malfunction or faiture of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
in developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent TOSHIBA products specifications, Also, please
keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or "TOSHIBA Semiconductor Reliability Handbook” etc..

000707EAA

® The TOSHIBA products listed in this document are intended for usage in general electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc.). These TOSHIBA products are neither Intended nor
warranted for usage in equipment that requires extraordinarily high quality and/or reliability or
a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended
Usage™). Unintended Usage include atomic energy control instruments, airpiane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, 8l types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer's own risk.

@ The information contained herein is presented only as a guide for the applications of our
products. No responsibility is assumed by TOSHIBA CORPORATION for any infringements of
intellectual property or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any intellectual property or other rights of
TOSHIBA CORPORATION or others.

@ The information contained herein Is subject to change without notice.

4 2001-10-29



105

v

eI lian

witiTirs Fania Raiudl 8 AR1AN3 2530 ﬁ%’owi’wquaﬂmmﬁ
wnAnmszaudsuafinmeeudaunn 1rdgezuzammg
ImTaguan et awuTygyed Iaanssuini endmIniades
naatwinalulad WizvaunaTIgUnnITaIan Tzl
NINNUMIUAT

Wi wweymnas iadud 6 fuau 2531 Aismda
Ruglan swnsfinsnazdudsundnmasuainen w.a.amansal
NyinmRpImiadsnlan wliygred deanssulwi swiin
Tiries amnamdiunalulad wizeamnddrgunmisianszy
NIUNWANIUAT

winfows  F3luf (Ratudl 13 nangiau 2530 ASamda
aMIUTINT IWMTAN AL TENANIABUUREIN 1.5.863
mmanMITmiasynatTIms wliygned Seanssulwih
a3 Wihid snsmdinalulad wesuindudganms
ManIz nRINWIMIUAT



") ° o & o o
ATDIINADY lma'dﬂ"l ﬂﬁ'] adﬂ’lufﬂiun 7“1% N B1§ﬂﬁﬂauqﬂniﬂ§a lgnﬂiaﬁnanﬂaﬂ

Simulator and Programmable Power Supply for Power Electronics Equipment Validation

fwa STluA

7914 Fania

1w lwweTunus

mianss Wiy ams3aanTsumany amﬁ‘umnTuTaﬁwszsamna"'mi"\qtunmimﬂntzﬁ'c

nuuuamnge UPRIANTELY 1IARNNTEL NPINnY 10520

undada
o~ A& Ad a4 - o~
unmAdeiyaiunezfinmduguniniadsini

4.
uazrfuiadssdinasundiiomssmuuuTisunsald Weldidu
unsddn oy gyrnusedudidsgeluntinassvgunsal
fiinnTedindiiss Andadunondrludndantelusruysine
Adaliawadn 1iu Bunefinefmaiuszau Tnunindon
Tsunsuafudygrowssusmainnlulasneulnsawas
wazkums sl udnwnizi gmungeionniwidainia wu
nmifiausesuidirandrsme uddFygimilaean
lulasneulmamefinunoiwsemnodaduidognsiaied
Wingrmliidonefinaddigegatszuim 3w Ausdu
Un@viany 311V w30 220V, 4w=mmmﬁwwdtzqnﬂ{
nasaugUnaflaedeldluntajud Taglidududesundeine
Adseurnssiefindstukesisn
d1ddny : ndasdaesundsiamsuullsunsele, wdesnen

o
AfIFIOY

Abstract

The design and implementation paradigm of simulator
and programmable power supply for power electronics
equipment validation are presented in this paper. A power
electronics equipment, such as hybrid inverter, multilevel inverter
and multilevel dc/dc converter will be tested before applied in
micro grid system. Equipment test signal will be generated by
microcontrolier, and then these slgnéls are amplied by using
power amplifier class AB rated 3kW for magnifying signals.
Finally this simulator and programmable power supply can be
utilized to validate power .electronlcs equipment Instead of the

real renewable energy resources.

Keywords : Programmabie Power Supply, Power Amplifier
Class AB '

1.undn

sruudsruiaeiiaamaiin wurods nmndeusie
swivngududa Wi modEndungudld i degtnaendu
i iunrsadanszusiiiladrsinaluladanldnsdaonn
ryndvuduiulng iy wdsnuuaserfinduasioiuan donts

. fezbinszurwiringald WidenToaiuszuudesrotde Wi

A «- v a “ o &
swnidniu ududadltinaluladinredidnnsefinddngs dans
P - - . ar - ~ " -~ [ -~ weal
WdsdlimituussiwurgUnsaldudiinniefnddaalag

- ‘ a & & o, - a a 1}
Uninimwgpouszmantadaadlfiuldeduldsziniam ud
d d a o ¢ o~
tuawmns:ua'lﬂﬁmunn‘lamnuﬁaemuwmnunquﬁuwm
a & a. e & -~ d
PR RN um'\uaﬂuauagwu afiuninivuulasrssanaz
wadourirlXdsnsdsamn g WA FanWmwrsoriing

(Y v o~ E il P
nareuldnnancludesive Snnadadsaunnasliazaand

a & v aw @ o o ]
wzvmtfanluissise mmm]dmmrnmmehaamnmm
fdsulysunsyld ‘s’nLﬂu'ﬁw'uﬂud'mi'ummﬂaauqﬂ nyal
dunnsefinddrasiuasisny

A& d ) ™
Tasanfradugrnvasindosdrnesundssrudidseu
Tdruntaled é‘ezﬂﬁ 1 daznouludie 2 #2u Ae dauntsduiia
FYYIUURSH UM TUL BT Y YT
A Vo o [ 4
ta3svdra0qunadvvrsArgvarulysunsnladn (u
e d o~
malulatinnaianlng fmuzaudmiumslinasevgunya
Bidnnyefindriagy v‘i'\'lﬂ"mnIuTaﬁﬁ"mmmﬂaauqﬂnmf
a = o v t -~
Sidnniefindiaaiinlentu ndrafesursanasevldazidoa
o & o o~
sza7n aduszlszndanindun snasatnisvonadauas
Aaurvssgunsaldildnnsedndifaluszuudedrodrfinia

awadndwlyidatenadiieiu

ACOIA VAR M
e W

| & 4 Vo 9 »
U 1 TanaduiugruniasiassundesromrssemlvsunTyld




ad d o
Z.Ylﬂﬂ'g‘n nyIYas

2.1 quemnias I (mafanssduanianme)

unmsliddrinanusesiigwiusssuiviantu:
MUNATPM IEC Standard usz IEEE Standard 1#ldamamany

“ <& ve &
vadunaninfantrune i

IEC Standard laldnaununiii
Frume fo Uringnisalfiuseininifisassnnszdudndadne

wradnldan

rufiriule ussfiundugenzun@moluszoziam 0.8 cycle fi
Ursum 2-3
wWeRiiudFvuifsunurduusenniniuing
IEEE Standard leilfanumineldh  ussswlwiran

Frume fa szduussmu Wi fianseTzning 0.1 # 0.8 p.u. 9N
TAUUIAU RMS Un@ muusziamvssussiulwiien wail

- vufiviule (Instantaneous): 0.5-30 cycles

- 'f;")'um: (Momentary) . 30 cycles - 3 sec .

- 'ﬁ'?ﬂﬂ'l (Temporary) ¢ 3 sec-1 min

2.2 I iasyy I
madwamiarieu Sin 0 swasmad 1 fuillu
JUMLLL8IRITN (Lookup Table) $1mau 180 i

m
y = 128 + m,128Sin (2P x 7=7) M

Tt P @o msuﬂoi‘awmgﬂﬂaﬂmf (0-27) 1l 180 qn
m, fia fi'\uauﬂagﬂmm“nlﬂﬁu'l-nd

2.3 2997081ULBILEW

2.3.1 WorppuiBsiinartale
~ J
WITtweaIme fe NeTunodggraidyansiem
P -~
(Q-Operation) ayfisna19Lfu AC Load line WunshdlinTluds
nmudanefasealmfsvesdygruvut lieslaggrouda
will midlddygramneeniilanufiakewnndgyrueish
LY 1ol o ) a o -4
Regann usilidaidy e noudmmefexhnuegasenianiderh
Wifnawfaugs SefiuminBandn
2.3.2 WervsuBaidnaanail
P |
werenuamatl G3an13vheu (Q-Operation) agiign
qudl (cut o) MrludmrmdmaafifiventalmAsvosdygyroimn
1 Ssdeslinrudmaafanda (NPN, PNP) vmsludadaaz
o - .. 3 v
sidlmda neludsuuniliSunt Push Pul Complementary vinlst
furziminmgs wnzlifemsgyiuyucliddygrodh
1l & -l a ) A [ 4 »~ -~ -~ ) v
wildaiiy fis FarnTudmast 2 A asunwhausenindu
Y a a o . Y |
vanussdusuziiamAniNoudsToudoves Ny yranien
13un1 Cross over distortion

- . v P
Mt Tnprzaussesnliinanasszuaandn

2.3.3 wornvmBadnaaraad

wvpwaamal Amualiiiyariem (Q-Operation)
ﬂaanﬂuﬁstnafvf\maalﬁaani‘n aginilagn Cut-off Tuluuu
11 AC Load line tinikay maludaezagludasszninndelaida
fadulmds neudmesinhnzumdntosymeluddyyrun
v TauildiAeanafiniduutisrause (Cross over distortion)
ndnlfistesoaaised fe 1seTssefiuetadves
NITVUIABIFIOUREITIE LR FTN TN i ldEeany
ﬁmﬁuwmi’tyty'\mﬁ"xmﬁaummoua:ﬁﬂs:ﬁnimwgamﬁau
ARET)

3.11782NUULUAENITINRDIlnADNRIGDT

3.1 damnmInuiadgygim

Gouldsunsuaiedygrmaniularaeulnaased
(Microcontroller) RI%&NNTA 1 AOHIUNIVTUYRIRUAY Y4
avneaidudtyyrmeniien (Digital to Analog Converter) ¥fin R-
2R Ladder 7410 8 ﬁﬂ‘lf‘ﬂ.ﬂuﬁmm'\mﬁﬂs‘a’nun&:adnﬁu‘lmfﬂnﬁﬁ
Husadulszants 1V, anuid 80 Hz musalusunaulwiAants
Wi MIERTLIELT GBI ER gPUIL TR RD T GV A BRY S
19 1n mudaunsduwiniangivne (Voltage Sag) daunsy
wanil (Op-Amp) ﬂ‘mﬁ'lﬁmuqunﬁ'um'mutwaaﬁtymmua:
nauinmasdygraanlulnmoulnaaef dewdriseruuds
Wudmdaly

Op-Amp

> N
- l/r—a OQutput

3V

!

Switch

AW Digital to Analog
b R-2R Ladder

| HEE 2

220V /S0 Hz E LI
Sine Wave l

U 2 2werluTasmaulnsnsediifadiygo

O — e i e g

2 e —
)

i

1

15 2 - 25 3
Time (mS) 10"

J ° g
U1 3 mrdaasdygnm nlulasneuInnaed



3.2 SWNIVL LAY YIT
FIMNITVLINFY Y w‘i'wmﬂmaaﬁ'tuty'\munﬁ'umn
'luTﬂmauImmaaﬂWga{mﬁ'aﬂ'mi'ul'i‘lunnaaua‘ieﬁ'uqﬂnmf
lunrseenuuusslfseseororiediduuuuidaduasised
(Class AB power amplifier) mn:ﬂqmmwwmﬁ'ryzywmﬂﬁ
niafe danudnisurssdygnadumnasndasyyadmen
whdasinnuaslidssninmgsiis 78.5% munnej
1f10991NABINTTUTIRURIUIIBEN 311Vp (220Vime 39
sanuuuliliermewuudasuammalidman 2 2097 vns

FUFYRIMLTIAUNSLIHETY 180 9rn MatuflavhlusaRuaten
udazeTlgannin wenmodggadaiuisigensaiaed
wthnmahauesmiiiu 3 muﬁezﬂﬁ' 4-5

1.§IUNIVUNY QY04 (Drive)

z.ﬁ‘mn'm'fué'zyzy'\mgefie (Super drive)

3.8 mmTuesrfal (Power output)

[T NANY

zﬂﬁ 5 2 TIUNYY (Drive Board)

400 : L ) ‘ _
400 05 1 1.5 2 25 3
Time (mS)

~ o YY)
gﬂd 6 mMIdmeINgYYIm ArhwnaTiesdnsuasmed

v
4 AANINATIUTHITUITY

Usznavfusuudssdmididaoiu dalasetugulu
plﬁ 1 eldinfosdnasunssdumdsrmllunsaley

ﬁ'mnaamwsﬁmﬁﬂﬁ'tumﬁmgﬂaﬂu‘lmfﬁtﬁmmﬁ’uﬂn
-E’wm:mn'lulmnau'[mmaaﬂdﬁ’qﬂﬁ' 7 ninladn fygrod
uRRulnd 145V, unnilledggnanfinusduantasaciuseiu
1.15Vp AadIT8ILTIaulTzI M 0.3V, Ay 20 % T8IuTION
Uné

Ammassuaamimoduduasaied [aggruilsy
nnlulammanlnswmefiiludgygrosidt Wedmaserusnouda
Indyyrmnsandaglil 8 wiulddn dygrailadsnwo:
milsurudygradldnnlulameulnssined uallinauses
Rudu fe Tuseduiinddl 311v, waniodggroufnussduan
Fromefurenn 248V, HaFILTIRRLTIINM 63Ve fAaillu 20%
183U TUNG

mmareuidaieissduuuuduntszialnih 1 kW e
uldd dygruusduansania 216,62V, uszlddyyin
NITUN 4.05A s'fezﬂﬁ 9

Mnsdminizininwsanniassaesinasduns
malvthil 1 kW ausmil 2 Weussimimmdszanmeed

=]
- %100 % 2
=]

n

EFF

(216.62)(4.05)

= ————aee 3

(240)(4.28)

100%

854 %

MmatmanmanuRniouwsaeias Iﬂmﬁw"m“lua
N1TNARDLNIN Oscilioscope ¥ Man1sdwamlulysunty
MATLAB/SIMULINK azldsnaufiaifiuuvasusesswlad (Total
Harmonic Distortion: THD,) iy 2.78% i‘fezﬂﬁ 10 uazldein
anudmAswvesnszualad (Total Hamonic Distortion: THD;)
Wini 6.45% fiaguil 11



Ynfuat %Voltage Regulation meiedestunise
malvist 1kw Iewsunnsi 3 wofl

V(no load) - V(full load
( ) - W( ) X 100

%(VRegulaﬂon) = V( | d) (3)
no loa
220.22 - 216.822
= —————— x 100%
220,22
= 1.633%

P ) B Hhona
oNDavia # . [P

Fgost
wan
Ry

et
1 PRSI
LR U T

o s 2700

Foat
Lot Nl

Fdpoom .
it
g

ey
a1 to

.32 e

4. . o
U 9 AygrnusssuussnIzkasmrduMIzmMe i 1 kw

»
g
i
i
i
i

Uinve Yollage (V)
o s
4 . 8%
;
8
i
|
d 1

N - | S PR U S
U o807 (1) 0.008 0.008 (1] uoi? nuie o8 0.0% g2

leng
g T i T ; T ; ]
:E o THD, = 2.78 %
; 1:"' R T T o i S e
Frigesncy (12)

J [ ; LA -
U 10 fenuAaiBUTaITIAK vndunTema w1 kw

i e B T o ey A T T -

Lane Cuerent (A)
i T
L
t
1
}_
i
|
L .
{
|
[

0007 LR 0008 0008
g 100 v - T r v T r—
g ]
bl . . ]
b THD, = 5.54 % y
i 2l 4

LK} 0.4 08 08 0
Frogemmcy (k1)

o y P4 o
31 11 fanulaiouysinisus vustunTEme Wi 1 kw

5.a71
wwissdrnssunsssrodrdssmltsuntuld faqu
winzrulumnaseugnIniBifinniafindidaluiesid lay
swrtaldsunsudnsazuraauiduuudrsg ladau
. o~ a &
ulasnaulnisined snvtudgyyradarnuiaiioues

o d 1w= 4 - - a

Fygamateuun lkdanukuiefiovesusifunasouge i
a &

TagnuazazaaniumIianltonm

6. Aiadnvsnsene
- ; [ s
NuiTeildfunuadvayu Mindrdnaunenu
wilummmiiy (@n1.) moldlarams IRPUS menmedidnis
A
TBUBURIAN B Tanis

1BN&121989

[1] Charies Alexander and Matthew Sadiku,
Fundamentals Of Electric Clrcuits,McGraw - Hill Third
Edition 2007

[2] D.V. Bugg, Electronica; Circuits, Amplifiers and
Gates, Second Edition 2006

[3) Peter Staric and Erik Margan, Wideband Amplifiers
2007

{4] Pederson,D.O.,Electronic Circuits,New York :
McGraw-Hill,1965,(Prelimed.) ,Chapter 5



a4 a dJda - . a )
933v4 3mada , v mseganua , Fywa IsTuw
s inimnssnliih aaedmnsmmand aatumalulainszesundudnamminanseds
King Mongkut's Institute of Technology Ladkrabang (KMITL)

> ahnnesmifiadoyenaussduiiihionnsohlsunss ——
% drehdasneulmaned

> senuvutazaunTecvmumidega

ACBR29 N8
(Skee Wave)

> e lnageueia qUuncldiinnrefindidsld

> o sugadl$tumaTilaihal osdunluewnn ' o A
1w inTesdiasadiayial (Opal-RT)

Y
p m

Driser Beard

829 20.% (178






