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Automatic Paralleled Inverter

Nattphon Wongwasupongsa

Pravit Martroe
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Pornchai  Munmai

Assoc, Prof. Dr. Werachet Khan-ngern  Advisor
2006

ABSTRACT

This thesis proposes the automatic paralieled inverters which are used two
single phase 50 W full-bridge inverters connecting in paralleling. This method cannot
only improve an efficiency of the systems but also can control inverters to suit with the
various load by selecting the operation one or two inverters. The system is controlled by
a digital signal controller (DSC dsPIC30F4011). The DSC will generate sinusoidal
pulsewidth modulation to drive inverters and also sense the current output of the system
to decide the working states: lower load with one inverter operation, medium-high load
with two inverter operations and over-load with no inverter operation.

The important concept of the system is a synchronization of the output of two
inverters. These inverters must have the same frequency, amplitude and phase-shift to

make paralleled inverters working with more efficiency.
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2 ngu fia Eunaﬁﬂaé'ﬂjﬁﬂumiaii'lml,nﬁu( Voltage  Source Inverter: VS! ) ugs
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Lt?aﬁ‘ﬂ‘lﬂﬁ’lﬂ’maaﬂ ( fundamental - frequency component of the output voltage ) lag
wwlriududuivimn m,

sk m, > 1 '«J*Lﬂumamtmuauuuuianamaﬂm(ﬂ TINIUDILTIOU WA
ﬁ’maanﬂ:ﬁaaﬁﬂanaummaunmmﬂmommamammmu
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Wlassnuilindenlslesss Lﬁaomnﬁqmﬁuﬂ‘ﬁmm:am’r’ué’nwm:nﬁ'l’ﬁumﬁ
fOIMT
2.3.1 1a3{4 (Isulated Gate Biopolar Transistor : IGBT )
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COLLECTOR
(BOTTOM SIDE METAL)

U7 2.7 f9e93U 90491034
{Fairchild Semiconductor,Datasheet HGTGZONGOB3D,2001)

"la%‘ﬁﬁ‘e:ﬁ‘ﬁ'zanmﬂ'ms:uauamqﬂmm:uﬂﬁmm:mm 1 llasiud &
TWeRTaNTTUE WIS 2,000 woywLs wazAnaUTIaW NS 5,000 Taael & msy
Matsgtiledifliuanslilugui 2.7
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2.4 2993n509A14A [3]

' ‘luﬁﬁma:‘l‘ﬁwmmaamwﬁuuummﬁﬁﬁmu (low pass _fitter) fLflua997
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snhiiwdaddaiie il
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& a o o 48
2.4.1 nqnﬁwugmmnmﬁ‘aanmamnmamwnmmu (low pass f‘lter)

NIMIDIA TRy ﬂmoqmuau'haammmmwnmmu Ltm.nuﬁmmm
mmnm'h mnsﬂ*n 2.8 mewﬂmauauaamamwnmaafmsnsam'zmn@hmulu
aanadlasfipu muunmumwnmwmauhmmn grunuiidneig {passband)
Wisuuud3as (bandwidth - BW) 2837997 mumumwﬂuuaulwmu‘lﬂtmm‘l tiu
mmnnm( stopband ) 91n7Ifi 2.8 wwAwlddmanudiugs TOHTTNIN 0 waz @
Nanuiidnean cut  off frequency) ‘lunwﬂguwma~'lummmaﬂnmwu
NafousuadLiiues 'nln 28 3 mu‘lmﬂummgumum frnuidnaan WNUIBH
mmmnnmmwmammmmuaanmamnﬂmfﬂum‘lﬂnuuulﬂmu Aa feuvinuy
0.707 wir (Wieuszanmi -3 dB ) BOIVWIARTY UGG

Low Pass Fiiter Magnitudes Response
! T f I £

passband

Mannitide

stopband
altenuafion

atopband

Frequeru:y

Low Pass Flitar Magnitude Responsge
1 ! . ! | !

% passbanu .

: passhana rtpple

—_— = [ T

Mangnitude

;tuphaqu
attentation

R B

S i — L G e . — .

Freguency

P - 4 -t o o Odva
sulii2.8 Namaue«maamaﬂ'naumfaq‘mmsaommnﬁwmummqmg WRNINIFHIG [3]
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n) flm'lalﬁmtlﬁ’lﬁ'mﬁ'l‘h(power line frequency ) 11% 50 Hz wia 60 Hz
1) AuTIakYaIurEITR e (V minems )
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?) ahum'mﬁ'uaaﬁqmywmmmuﬁﬁaammanau

2. fuIwmId Rd 900

Vmin ms
Rd = }——— (2.3)

= - y w 5 o
lasft V. B8 fussaulwihengafiling
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MUIMemANA N HizsoundImIanTLy

Number of filter in tandem
Filter
1 2 3 4 5 6 7
L 12 24 36 48 60 72 84

o - a
A1919N 2.3 A TINIAGNAUAIND

A ™ d' L7 o B Qs & 1 s
Welddndainrsimuauszuniaua sy WIBNTHADRRTINTRANAUYD
JUuuueTnsasfisssuIowe g o ?@ﬁ’naaw‘ld’ﬁaf{

Fo @0 anufianean
Toui
F
V/Z (2.4)
Wi/

KLl

4, mmmmmmmummuwmmuﬂs*a lagyinen R, uazen Fn'lﬂml.mu
Tugunsldaaid de

, - X (2.5)
7F,
=l (26)
nFRd

5. NIBBNULUUAZEINNIINTBIRMAUTEM (Low Pass Filter )
'lunmmmummsmnua,mmamtuummummmmu ganafinlszamansons
Folaviul T(ﬂmnm‘saanLmuua,msm’mmmummmmﬁnm‘lmmm‘lﬂu

5.1 m'saammummummmmmagmwunﬁﬁmmmmwaﬂm

o w oel [ =l ° -~ ad v a v o ' -

fmIITMIsanuuu i nhlumad fiidiivas3sdauny uaflezndndlu

dI; L [] J § L L lil L) . A [] z
nua:'l.mmnagmwuﬁ fmivaunionhilsunuinaflsdlumsoanuuuringg Tages
afunsfmauinsaanuuuusznmsaia
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a ) A [ o ] L L A
5.1.1. duwramanumilo i Taelenandoudrludrody
5.1.2, mmmwaﬂmwu‘n (4,)
wmmunwauau‘lummummavumtmnu

1
E =5 L 2.7

lav £ winoda wﬁ’aamf’iﬁ:ﬁuagluﬁ'zmﬁmm ( joules )
L winefls dmnumilonh (Hy
In WUBTI NIZUEHOATDIIIDT (A)
Tﬂuwunlumswummmmamm~aunuﬁ1mmau (N ) uaziufimirdanag
VARIA (@) Fait

. I o
Unudn a= v adlusunmif (2.8)

I
KpAw= N. — (2.9)
J
INfleny creast factor : K, 2zl
I
K, = (s (2.10)
I, woty dinszuasan (A)
I wingfiy drnnuaafaisaadonainisug (A)
unuen 7= —;—;L avlwannisthaduas e
K,K A4,=N.I (2.11)
LRZMNFNMTLTIG WU Taas
e= L ~d—l =N— d¢ =N A —_—
dt at dt
H LI = NAB, (2.12)

unuENIAR.12) selusunmsi 2.7) e
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E=% NI, AB, (2.13)

wnus 7, Tusun1afl (2.13) asluaunisdi (2.11) 2le

2E

A=A A =
g ‘ A‘” KWK{.‘JBIH

(2.14)

P a - s o ol | & wa
Lm:Lumﬁnnmmummw@lmmwmr,mvsm'q@ Wzazdy K, azfanlwildn 0.6

L x] [l L 73 a R “.: [ [] [l cl
FTuUNuwtnaEnvsdaarimndanlanly A4, vosununwn I¥drunnnidrfienn
sUMT (2.13)

o L ¥ LY A (-]
5.1.3. Snwrntaulunisiuaaniiyaii

P [V o a 'Y
Swsavlumsiudamfiisnihaasonleann
- LII"
ACBHT
5.1.4. UMW IQVDIVARIAAUN

(2.15)

" A VR ] o [y
Wuﬂ““"l@]@Tﬂ\??lﬂﬂ'ﬂﬂﬂ?%’lﬂ']“'ﬁﬂﬂ']%']m“']1ﬂ'i]']ﬂﬂ'llﬂ']7
I
a=— (2.16)
J

Ehwmmmﬂmmi]“@}aamm'naanTﬂmﬂaﬂTﬂuiwwwn*nmm (a) Ausaslu
marwndl Sdannniendldnnmidiunam Lm'lummw"lwﬂ'mmmnmmaawmsm

mwamamm‘lﬂﬁwmumumaomnﬂﬁngm:mmom (Skin effect) mmwﬁmmﬂmu

QAR & (2.17)

Jr

A iy pzflenuwuuintaInTusanasnia 37 1lafidue N
m:uﬂ‘lw'ﬂﬂﬁﬁaLﬁaamﬂuammﬂﬁngmﬁdﬂ’mEn MIAUNUITDIAIG MBI
NITUR
£ wnsfy anuiifildom
INGIDLIT

ATl ) 50 Hz 5kHz 25kHz | 500 kHz

AMNBUIVIHINTUINBIUAS 106mm {106mm |047mm |0.106 mm
NIEUR (A)

o~ & v o i - . o L

aauIUIaTaIIaaIadalifkaanimiomindy A lusumsit (2.16) udadas
andiindmmuswaflddwaaldaumns # 2.14) Rafuzgnsnmlunmsing
PaINTEUF IWHh
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5.1.5. AT198aY

mIaveFausuIni ldlasandudonly
AK, > a.N

6?}\1aﬂun'lse'fqmiﬂﬂ:ﬁaalﬂuﬁo ua:ﬁmi’umrﬁﬁaaun'ﬁﬁonsi"n‘lahﬂm%'w:ﬁaoﬁwnw
Lﬁanmmmamnuuajmﬁﬂln‘lmﬁu mmfuﬁ'm'm‘hmmmﬂ“'}mmammwmmm
1o st neaufinganlntmye

5.1.6. TaI8InA
NnsuM LTI W s e el

e= [ .d._l e\ gﬂ
di dt
Bt
NA,
Tas B=?
AC‘
nnngrasuauulfazle
H = _IN_" (2.18)
v & %
faTin
B lﬁ"_ (2.19)
PMNEUMIA2.17) waz (2.18) 1:le
LN
HA, L
Toofl L:; wNBi fAnA U RWIREnAT YL
HA,
! I, I,
d LNQ (2.20)

HA ot A A,
lag I, wefy W umaduutinin m
. winetly sTosvTeItasenma (m)
A wanpily Audwidavasnnuudingn (m°)
unwninfidranusuduutiomdn e lddranufunuiminiiiiasn
ﬁaommﬂa:ﬁmgammﬁ'aa.'ﬁﬂuﬁ'umwvhumuua‘rmﬁn’uaqunumjmﬁn W
lll::‘ < lg
Hopt A, A,
qn InaNnIh (2.19) mu'ﬁniﬁ'@]gﬂﬂums’lmjtﬁamm 1, laeail

HNP A,
1= Bl A
L
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¢

Tumsduanszy gEiNTssTaseIMIFRTIMIRNNEE N uas B, #azlalivindy

v &

ififluatenas B, Tuwnumdn mldzesermefiduialdanses Slafinaass dnfu
Twnalfid anennumitesiafidaams avvzasdinIUiuussmontidsussasgas

Datialy]

2.5 srinafinuaziliznaumds (3]

dwnasinasnioalidunsy uaunsalmedidnnsafndfviminilunmsuag
unssnlwnszumassIiiiuussdnInadmdioy #1464 iy Luaqmm'ﬁﬂﬂau
usmu‘lwaaun’lﬂmnmaunasmamm.’lm‘mumuauammm"lenmsa w3ty
meuaqauL':mmawv'lmn'n'ﬁ aAla m‘uaau‘:muvlwmam'lﬂﬂﬁngnmumaan
(Output)  FILTIINIFY 9 uazdnnulags tRarimydiuszdurasussdunsanly
Ins'u’l,ﬁmnu'lwaaugﬂ"t«numnﬂqﬂ FanrzuammasiedygralWsdudiuenoanie:d
inafintzlusnde ‘fmn“Juwa'lﬁgﬂﬂﬁum:um:uu'lwﬂ']ﬁmﬁuuﬁ’m aaiuluviadadl
whms@nmansusfinuassanissnuvassnsuadin

2.5.1. aiunfinuazanuiouanfusiinsy

g15uniin (harmomcs)'nmﬂm fntsznavlusynanlaofvasfygim wio

Ynauiuaiuleg ﬂnwmwnLﬂuﬁnmumumwaemwnmnua LR EIE N
gawlsznavfifinanedidy 2 mwaommnuanumvtmn'ﬂ mmaunauﬂuﬁ 2
(second harmonics) tJua% aiin Lﬂa’lmmmﬂ”l.m’usﬂﬂaumamnuﬂma
lLNﬂH1N‘N’1ﬂLﬂ%iﬂ1‘ﬁ1ﬂﬂtlml'.l_lim i]*‘luummaunﬂuanmﬂ'lumwmﬂﬂawuaa
nsmua'lwﬂ'miaLmﬂu‘lwﬁmwﬂf,wuumn‘lfnumummaunifmaummaua nsfiazuan
'J'nﬂﬂauuuq AauRousnn mauau‘lﬂmmﬂﬂau‘lmuvﬂaawmim'mnﬂ“lﬂ'nmwzm
;SupiinTy (total harmonic distortion : THD)

mﬁmﬁuum{uaﬁnnu (total harmonic distortion:THD)  wangfiy sadIu
'::Whafi'mnﬁaawaaNamnﬁﬂﬁmawaofi'mnﬁws'{waal,a‘é’u (rms) vadgulssnay
a3uaiin ﬁudnr‘hé’aamLaﬁwaaﬁmm:naumwﬁﬂﬁnga aougaaluaun1If 2.20
uaz 221 61 THD Sddageznunete dugrmeivefinsivamelinuiuaud

RANYA
L]

(2.21)

(2.22)
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25.2. Nﬂn'swﬂumaaaﬁuaﬁneianuuﬁwu‘lwﬂﬁﬁﬂﬁqman"ﬁ'lwﬁ'l

uammumnmmnmmaun@]an'n‘lwﬁn sansautvaanldrasunudioiuds
LULTE LSS U LU T2 877 Tﬂuuuuru.auwansmummmmwm"lﬂ-mLm~'[ﬂuann
fﬂ.aﬂ‘lmﬂmaamﬂmwmmmLmﬂu‘IWW'mewu fanuvuIzszazasieneslddan
WILLRE um.au'lwsﬂmaqmwamLﬁummumumammumu

HENTENLLLLT oz dude mmmmlﬁ’[ﬁaﬂnummhmmmmmsﬂmu‘lm TN
Tnamnmuaumﬂﬂaummmm‘hmammmuwaausmu‘lwﬂn ueu

'lmjm:wwammaunmm'lwmmmuqmwaamsaam‘lﬂf‘hamaLLa:uanmnfu

L3

g3 A d0a LLa:mw:ﬁﬂﬁ'ﬁamuﬂnqﬁnmuﬁwwmmLmﬁzgmé'u'lwmm%uaﬁﬂ

]
-3

ﬁ]:ﬁﬂ‘lﬁtﬁ@m:uaaﬁuaﬁmﬁuﬁﬁ’?muﬂt:q -‘ﬁamm’mw‘{uumammﬁu'lwﬁ’lﬂi:mm
5% - 10% anlinarhidnssugarfifuomiuiu 10% - 50% uazuananuudsanay
\amussduiuiladidnase (dielectric) A uAUZENI

fvafindsealiiAennusowin (overheating) FanalaudaslWihdeswudas
'lummnvmauﬂmmuTmﬂuuu'lm’mama.lua'mmmn lasfilunsdisansranisaafiie
vamdlaulss Wi lasvia ez fnudadisnivinty 0.9 maamﬁwnmaomm‘lwﬁwﬂﬂng
(kvAuzF W ARnssumAinAsofianies (neutral) anag

2.6. nquﬁm'mmmmaiaaiw

IafAM AT BIUNE TS Inanedtnilaffonshundeinomvmwny
M Soezsunsaisnmeldo i laidte wazldvmaundsgreaudenis lunsuwn
unasine DC «namawLaﬂu‘l‘nﬂaivﬂﬂtﬂmwaoLLnaoawunmmmmunmmaomwnmwa
ﬂaaﬁ'u'hjlﬁl.ﬁﬂnmm'lﬂa'zm IWIIUNEIIY(circulating current) UAFINTUUKEITY AC
i wmummmfmmm‘lﬂsm’mnmnrLm'lnmu's.mmmaamumwau"lm'lumwmu
WrRIENTIURS LT

a

1.uanlfgevaussaudaayiniu
2 AMUAYBINS ST DI
3NFUDIUNEIT G DIATINY
Tapidlansoduzosunassrrinuusingsr Active power 3¢ nauly
297 TudeasIiuuauTIcudiY Reactive power 92 maimlulees (T I AT AT

» o & LY -3 o & . N
ANNUNUWNAIURSUTIAU nﬁ]:mm'lnmum Active lldz Reactive power

v

P =—sing, (2.23)

VVycosg ¥,
X

1

0 = (2.24)
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mnﬁwn'ﬁﬂﬂ.ﬁu')‘nﬁmmms‘lummo P uaz Q mmuannuwmuﬂmm YATES
V, (go,)mmn'-a W INsdna 9 BT U UL daatmsUSuunassnlniien
i 3 Faule fMILUNRIS NI uRRAL ns.,ua"lmmaw‘lunalhm@ﬁmm
WINUY  UBNLEHIIMNWIINUTMaaNARaag lossansoudlelalosnisdalaslud Tan
m3lfPhase lock

2.7 msommdmlaiiand [11)

'l’jmanm‘sl,ﬂmnun'lwu"ml,mamu Wesudduafiaafinduungsiongs
WULESads mwamnmmnnuﬁhmuwmNalmnﬂmmmumumnmﬂ lasmasn
n's..cm'l.nmm.,mlﬂqﬂﬂ‘smmwmra WnaaNuFemts luassunsuiefiaaiBegasls
wWInnemunuNilasludszuy smﬁomuqumfﬁjﬂuﬁ%’i’a‘lw%huﬁu ataduszuy
ﬁﬂs:ﬁn‘ﬁmwgo \whigsnIwge ﬁos:uumsmuquuﬁnmml.uua]:nm'sﬁq'luﬁ'ﬁa@ia'lﬂ

V £0
—

upsl1 2 UPS2

31]1‘1' 2.10 NITENYRVAIN TUUIBUAFIT

2.7.1 mInuaumMITwIKdwaiiaes

s:uumsmuquﬁuna%ma?ﬁ"uﬁumu%ﬁu@ia:"‘:%ﬁﬁaﬁ@iwﬁu Halunadu
é‘nmm:mimuqu UsefmBnmw wwliosmw uasminouawaddoanzlnag
1.Concentrated Control

Phase Lock Loop (PLL) luduiiefimaiudazdaiuazrinnis Synchronize sz
A éﬁoﬁﬂﬁ'ﬁwé‘a"lwﬂwﬁwaas:uua:augahammﬁunaﬁ‘maiwﬁa:ﬁﬂmmws
ARUIRIIMIIINTzULRlRAfINUS I MIUL I evaInTsuauR 2 do LU D uendra5
urivTINIUNNIBIBUIBfinoTudRs a7 nizusresduafinafudard IR i wIIINTE
aanuazgnibadudgradunilaunduwuuay "ﬁomzuﬂmﬂﬁazgnSharing



24

Ups-:

Parallel conitrol aiis

i

4
31U 2.11 Concentrate controf [11]

2. Master Slave Control

ﬁugmmsmuqufumﬁauﬁ’u Concentrated ~ Control @19 UATIT Master
s Tudaed PLL Sollunidalaslud anuiiuasa Bunsfiaofiiaurnu
ilu Slave %aa:gnmuqumu wimuANIINNIEaas lagazdudinizugmaanin
dudygmusaisasaiugy T@]uﬁuna‘ﬁﬂafﬁaﬁﬁns:uﬁg{aqﬂ%:tﬂummﬂai’ findae:
Wuaswlasdaludd Tﬂuﬁ":ﬁLﬂummﬂa%nﬂuﬂ"’m’mquLmé'u URZNITUEYIBANY Y
sdsazidunszuadredalimaiddng Taomnanmnsfifadom s ldamnsodng
aale smazilaswlidwinamen? dalavsaluds

Siave |

$'n

[
H
i
i
!
1
1
! -
I current control 3
1
t
'
1
1
]

31]17'1 212 MINIUQUULY Slave-Master [8]
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3. Active Reactive Power Method

limsdwimendt P usz @ udariinng Sharing Power Iﬂﬂfﬂmﬂ‘]Uﬂ&lIﬂﬂ
M7 Share active power w3a AuANlABNAT Share reactive power T@uumsmmnm
mnmauua:mmuqahaﬂ'luﬁm'::"l@muﬂ'luﬂuﬂ

4.Wireless independent control
aad o - . [ o « & o .
heldiimnFeudassnineduiasiaas lavacfoasin data  bus  log
ﬁulda'?tﬂa{vgnﬁaﬁ'u wlimbisdmuwinmdanuildsinnsasiadud Active uas
. | ' v v a“ P w o
Reactive power uaazwolsadaindvinanzaudiy nsiudnanuiuasusosuisa:
o el ' o B v o Y- o G
m'lﬁ"lumamwam'n;mLLa:Lm@ummuﬂa:auna'ﬁﬂa%’ lasdtfiastdanazas

[ P T = & al &
FYYIRILNIRUATINNA NN TaDaTa I uaRIE AR ATEuLTdaInIsAReNS
m‘m'fuLm:muquﬁuaiut‘hua:nwﬁﬂmmﬁnm’ﬁ

Common Bus
fr 4 1
+:S
el !
Ur 4 U
+
A
T P U
. Power
\ l: Q | catculate | i
&

gll‘ﬁ. 2.13 Wireless Control [11]

5.Distributed Logic Control

143% Concentrated ﬁ’t‘:’mﬁuazivxﬁaarjﬂoﬁﬁamnﬁmumumuﬁumuuunm'laj
sasadianudale Tﬂum‘smunmmuua amnwm-msmuaumuaunu’lunnimaaa
ir"uﬂauiﬂmwmaﬂ'lunnhﬂa Ravnsai iy mnssuauasa e maaau‘[maa
ﬁ@maulunn‘[umummaimalm qnnnamaan‘lﬂn'luunamas.uuuawammmmu
ma e‘lwﬁﬂﬂﬂnm
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Ta otiser modulsry

To other medulars H

UpPs-1

H
i
- -

]
312.14 Distributed Logic Controt [11]

6.Circular Chain Control (3C) [8]

'JﬁuLﬂmn“ww@ummmnmsmUﬂmmu Master slave U&: Distribute Logic

Control Lﬂmﬁ‘nmanﬁnm'luﬂ‘%mmuwuﬁu i]ﬁil.,nﬁ'l']ﬂ\ﬁ"lﬂﬂ"l.ﬂﬂ@l &l']ﬂﬂ'ﬂ'.lﬁau"]

w1l 1999 Hongying Wu*, Dong Lin*, Dehua Zhang*, Kaiwei Yao**ua: Jinfa

Zhang* WW3 zhejiang University,*™* Hwadar Electronics Co., Ltd. vl.ﬂmmumﬁmm’mﬂm

i]ul'lﬂTL@]ﬂﬂ%THN@Iﬂ’JUﬂ&JﬂS”LLE Aumafin SPWM  Current  Control I@umma‘n

dgue Aa A Current-Mode Control Technique with [nstantaneous Inductor-Current

u‘: =) 3 et A‘
Feedback for UPS Inverters w%’aumLLﬁumﬁuum'smuqum:um‘ﬁ'me 9lidadt

1.

Hysteresis Current Control %) HAAURMEITIINIMELS HuiT ualinng
un'ia'uaafhmmﬁlumm%ﬂsﬁaasﬂwﬂwn'a"'m Farunsovlwasildlanls
'Joﬁl'nﬁ'uL*ﬁ"larm?ama'l'ﬁ'm:mumimaﬁ%@am'ﬁwmmﬂammﬂu,a:m'm
HIEINYDIINT

Predictive Current Control lﬂ%’lﬁﬂ'ﬁﬂ?ﬁﬂ&lﬂi-uﬁﬂﬂ EN&I'LIEI;J&"HE]\'II‘HSGIG} 65
umsmmssmmmmu‘lmmnmaumﬂmmwm@nmmmu WonszuaRain
WUAzVY nsEiadentadalias zonaafulalasnisimnsnndRanaie
SPWM Current Control  fid1aufiluniseiaddefiaedl §slvnanauauas
malawfiafiTiaialinear load Wat Non-Linear load luymieifingns
mmmﬁdw'laifﬁ’u«ﬁauﬁa SPWM Current Control i ﬁﬁv‘amsmmunmmlu
C Filter uazlu L Filter %4l Paper umL:mamshmimuaun's.,ua'lu L
en\ms..Lm'lummummum's’mmm%m‘lummuﬂ's..w,a.ns,uﬁ'[mﬂ 9580
naldifiananauruaimalowifinfiviaii § Mafigsnimgs uazdimansodd
anszualugrmAanisdnlsnsueslnas muummu'lummmmmm 91u
umahruwuunwusasddwaeiined wiaundnmefiadosmwaagrsyuy
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Tugnz lifimsz(No-Load) 50 % waslnas uas 100 % wp3lvae
(Fulllaod)

d _—
311n 2.15 gﬂ LWLUNMIMURUINAUA SPWM Current Control [10]

Tﬂmr'l.-mwmumaamﬂuammm'lum:ri]aunaumuﬁﬂumuunuammm‘lw
saBad a9z let A Error voltage 9zqnuaimelay Pl regulator mawammmmnmmmam
rmLmﬂmmawmaawnnwmLﬁuumﬂunummmmaaa NEJQYIh error IzQNTALTY

q.-

1ae P regulator ﬂmmnuummmmnm‘lﬂLﬂ?uumﬂunuammmmumaﬂmwamﬂa

L

.
o, ol

SPWM&wIUNIsRI T3 ‘Eumu"l:ﬂ’]WSlJﬂ')’l;.Iﬂ'l.uﬂ"lifﬂﬂ“ﬂ'ﬁdﬂﬂaﬂllﬂ:11ﬂadynamic
respond

Tuil 2000 Tsai-Fu Wu ,Yu-Kai Cheniiaz Yong-heh Huang léniansdsnns
mmu‘ﬁunm’ma%’uuu'lmi‘ﬁaﬁmmmmnm'smuquLLuu Master slave Waz Distribute
Logic Control Bafa  Circular Chain Control (3C) “ﬁoﬁ%‘ﬁ"mnﬁamim:vrdn‘[u@mﬂu
é’nmmmannuiﬂuﬁ’mu‘lﬂmm’:uqum:ua SPWM Current Control - osnansnvinly
n*s:u,mnaanwaau.sia:'[ugmfmm 9N
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(b)

A =l o 8 .,
El.lﬂ 2.16 L‘Lﬁu‘i.lmUU’J'ﬁmimuqum 3 7% (a) Master-Slave Control

{b) Current distribution Control {c} Circulation chain control [8]

uszlu Paper mﬁﬁwmﬁ‘hamua:uﬁumﬁuumﬂszaﬂ‘ﬁmw 78914 3 AFLY

Performance MSC CLC —CCC 30)
Index With With With With With With
identical | different | identical | different | identical | different
modules | modules | modules | modules | modules | modules
rise ime 7958 | 8BOIps | S44us | 54945 | 5853 | 607us
(individual)
overshoot 36.50% | 36.45% [ 40.66% 38.19% 36.90% 37.08%
{individual)
steady state error| 7.10% 10.08% 2.29% 2.30% 3.62% 3.53%
{individual)
ripple 176.25mA |332.7TmATZ142ImA | 328 20mA | 265.1imA 1511 2ImA
(individuoal)
steady state error| 9.10% | 10.08% | 1.9% | 1.28% 141% 1.45%
{total}
control cost low high moderate
reliability low high high
redundancy low high high
tlexibility high low high

EI - i, ol =
A1919N 2.4 Lﬂ"’i’uumuuqmauumﬁmwmuaunas’ma{ (8]
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mmnmﬁw.wmnﬁ 3C %uuﬂiuﬁﬂﬁﬂ’l?ﬂﬂdﬂ'ﬂ MSC usz CLC (CDC) faudd19:=8
1 ripple VoINTTURALUAUNT 2 FFosan Lmnmna'nuaﬂaﬂ

gl lumshaatinrnmn WINTIMITUIRTUT IS 3 Tuga lunsdifiiia
mmmummaa‘[ma’lﬂiumnm s-uuuammmmﬁwmuau‘lmmuﬂnﬂ

gy 2.17 1'111mwnamauuu 2nﬁmwmuau'u:uLLavmumﬂuLﬁuﬂsﬂﬂﬂmua
wandusesuazansy mwumummumwaumusuammm mn"luuﬁmmm'lu
818351 Module 2 mﬂmm'mﬂ.ﬂmamlema'n’m'ﬁ close ®aef ‘n By pass 'n Module 1
Lwalwammmmmwaa‘rvuuuammmmmu‘lﬂ wazder vssuuiavsdanuiin
WNANLTWANTEUUUA SN Taraulditudy

(a) ()]
711 217 Msfaudeuuy 3 C (a) Steady State  (b) Module 1 Failure 8]

2.8 msUszaanady i 2]

wow

nmahzanadyyneslilulaseaulninsed Alszuanalasfygndieeats

¥ W

TWiRannansefie i DSP(TI)  dsPIC(MICROSHIP)

dsPIC ﬂﬂ'ﬂamaq”lu‘[ﬂmaﬂmamm 16 D937N Microchip Technology inc. NN&@
lulasnaulnsaaad Pic msannuujuatmeﬂ.ummmnwmuﬁ-uu'lu'[ﬂmau'[ﬂmmm
lag Microchip  Technology &t muadsairaiunensémiviulasnonlnsaisas
agnm’lmﬁf‘h Digital Signal Controller %38 DSC  Wuwanuaudl dsPic il
'I.&lTﬂiﬂau‘[mmaafﬁ‘lﬁ%’ummanuuumLﬂuﬁmmﬁaa’mﬂizmmNﬂé'cytyﬁmﬁﬁﬂaa
é’m’:’uaﬁ'ﬁaszuumnﬂué‘mhﬂﬁﬁﬁmmmmmga
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2.8.1 auanTdisulassinuas dsPic

1. ausulfivasdiy
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-qﬂﬁﬂé’aﬁwmm 24 fiq sanInlznisnadayald 16 da

dwhwenudrlsunsuduuuuuwss sannsuuszdioulngld ey
11 100,000051 swrTadoRumvE e uazmwsnlusunsuaaias Taald
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Aindganuirdaysddwsanfiscansasuusndauwlngldlitannia
1,000,000 A3

Aduteaifudianiaasiiuiunan 337895UNITADURUAIR Y I o
dwnasldles

GvsersiuunduwlvidsadiniimuenunTysunsale

Swnef-eauiioe, wwnnef-dUnwad uazsasdaaiasfaanda-silln
we¥

dihaetaantnwaiuuulysunsyld

-IvsarmaunTaihmrese i ulasya R

-ma%’nmi‘[ﬂmnm'lmnmuum‘mm (ICSP  : In-Circuit Serial
Programming)

-nnsoRannuamslawasamule
2 AuRuURswM TRy MeInes

-Tuandyiieasuug 40 On 2 d1 sasfunisthzanananeatiamaad
1eifiuatneg
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2.8.2 wuzin dsPiC30F4011
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Input Output

m

a

V, (V) L& | Pw | Vv | L® |cose| P

0.8 48.2 0 0 E 27.11 0 0.99 0
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Power Qutput
md
P(W) S(VA} | Q(VAR) PF DPF THD, (%) THD, (%)
0.8 0 0 0 0.99 . 95.7 09

A = s lﬂ‘ ] g
@1TNNS.2 ReMINaFBLYBIBuIeTineiif 1 vardneinaanudumu A m = 0.8

Load Input Output 7
(W) Vv | L) | PwW)y | V(v 1, (A) cosf | PB(W) | (W)
30 48.2 0.5 241 21.01 0.94 0.99 19 78.84
55 48 0.9 43.2 20.42 1.52 1 30 69.44
100 47.8 1.5 7.7 19.72 2.62 i 51 71.13
145 47.9 2 95.8 19.35 3.73 1 71 74.11
Power Quiput
Load (W)
P (W) S{VA) | Q(VAR) PF DPF THD, (%) | THD, (%)
30 19 19 1 0.99 1 6.2 6.8
55 31 30 2 1 1 8.2 8.7
100 51 51 2 1 1 10.6 10.7
145 71 71 3 1 1 11.7 11.9

o o o o
ANLIBILADININ 2

Pl a o o vl
@19191 5.3 wammasouvestuiiefiaaiaan 2 valifmensznalwih (no toad)

Input Output
i V, (V) 1,(A) P, (W) V.(V) | 1(A) |coso | P,
0.8 48.2 0 0 26.98 0 029 | ©
Power Qutput
e P(W) | S(VA) | Q(VAR) | PF DPF | THD, (%) | THD, (%)
0.8 0 0 0 0.29 0.5 99.2 1.2
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| P o~ - ' [ P
A1579Nn 5.4 Nﬂﬂ'ﬁﬂﬂﬁ'ﬂﬂ'ﬂﬂﬂaulflaglﬂa{ﬂ?ﬂ 2 'ﬂm:ﬂ"lﬂ.[“ﬂ@ﬂ']'luﬂ']uﬂﬁu Nim, = 0.8

Load Input QOutput 7
(W) V) | L) | POW) | V(W) 1,(A) cosd | P(W) | (%)
30 48.0 0.5 24 20.88 0.94 0.99 19 79.17
55 47.9 0.9 43,11 20.61 1.57 1 30 69.59
100 4717 1.5 | 7155 19.66 2.66 1 51 71.27
145 47.5 2 i 95 19.29 3.78 1 71 74.73
Load (W) Power Output
P (W) S(VA) | Q(VAR) PF DPF THD, (%) | THD,(%)
30 19 19 1 0.99 1 6.5 6.8
55 30 30 2 1 1 88 8.7
100 51 52 3 1 1 10.4 10.7
145 71 71 4 1 1 11.6 11.8

MINARAIN 2 NATBVIAAINTELR WIIeH uazad Wi Ran s Inaaid o

o " 1 [ 7 = [ & A PO IS e
Wirufpusswinamsine maadassuiaiaas 1 Tug}a Uaz 2 Iug]a ARNAMag
30W,55W,100W Was145 W tRamianUicintatwuaziySaufian

A ] L Y - 3 &
A159N 5.5 Han1InagauIslvaadindunafiagg 1 Iauga

Load Input Cutput n
(W) V) | L) | Powy | V(v 1, (A) cos@ | R(W) | (%)
30 48.2 0.5 24 1 21.01 0.94 0.99 19 78.84
55 48 0.9 43.2 2042 1.52 1 30 69.44
100 47.8 L5 71.7 19.72 2.62 1 51 71.13
145 47.9 2 95.8 19.35 3.73 1 71 74.11
Power Output
Load (W)
P (W) S(VA) | Q(VAR) PF DPF THD, (%) | THD, (%)
30 19 19 1 0.99 1 6.2 6.8
55 3l 30 2 1 1 8.2 8.7
100 51 51 2 1 1 10.6 10.7
145 71 71 3 1 1 11.7 11.9
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Load Input Output n
(W) vy | L) | Rowy v v 1, (A) cosf | FB(W) | (%)
30 48.3 0.65 28.86 2171 1 0.99 22 76.23
55 48.1 1 48.2 21.10 1.62 1 34 70.54
100 475 1.5 74.24 20.6 2.82 1 57 76.78
145 46.7 2 97.78 19.55 3.87 1 77 78.75
Power Qutput
Load (W)
P (W) S(VA) | Q(VAR) PF DPF THD, (%) | THD, (%)
30 22 222 2 0.99 1 37 3.8
55 34 34 3 1 1 6 5.8
100 57 57 4 1 1 7.8 8
145 77 77 5 1 1 9.3 9.3

nAABUTIBN 1521 20 W ilTsuifoysznin 1 Tuga uazvuudae 2 Tuga

UOLTS /BMPS 2HERTZ

E 1‘01 rms 2103U= MAR

U= 054U= MIN
T

499,

M SCREEN M

17 5.2 Fyannusiduuaznizusaduiefined 1 luga
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099 pF
100 opr
499 1=

FUHDAMENTAL
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1
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098 rr

100 opF

488 ux
FUNDAMENTAL

HARMOHICS

14
4353 Hz
el78v
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0«
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:I A‘ [ e -
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HARMONICS
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M  SCREEH | 6 |

=
ﬂﬂ 5.9 m’mmuwuaaammmmmﬁmmﬂﬂaﬂ‘nu

nadeuTIenTszA 55 W alSoufioussning 1 Tuga uazvuiuda 2 Tuga

UDLTS 7 AMPS /HERTZ
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HARMOHICS
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] o W ] L ko Bacw [ 4

nammaravuiiidnainndaiulnaaanudiumu laslfduwsiinafuuuawm

MIMaaeIn 3 nsnagauiaaInTzud widan ussmadlwihameludmaz 1w

’ [ . [ - o ows

(no load) uazamzIelituInaadauiuIu ARTAM&T 30W, 55W, 100W Laz
145W 1p93dwInsieasuuurun uaznaraudoulumsvwiuduiaiians

A o & & et
@1519N 5.7 wammagauvasdwisiieaiuuuruiu vuelidnsnirzn e wiine

load)
Input Output
ma
v, (V) 1,(A) P (W) v, (v) 1,(A) cosd P,
0.8 48.2 0 4.83 27.06 0.08 0.01 0
tnverter Inverter2
ma T
v, (V) I, (A) [ cosf | P (W) V, (V) I, (A) | cos8, | P, (w)
0.8 26.91 0.15 0 0 26.72 0.05 | 0.29 0
Power Qutput
mﬂ
P (W) S(VA) | Q(VAR) PF DPF THD (%) | THD, (%)
0.8 0 0 0 0.37 0.9 95.1 0.9
] = & . g
M13WN 5.8 HANTINARBUTIBULIaTIEB S ULLUIUIN Bt lraRn NN TIRIL
tnput Qutput .
Load WarkTwnng
(W) V, (V) 1,(A) F,0W) | Vi (V) | 1,(A) | cos@ | P (W) M
30 48.3 0.55 24 21.02 1 0.94 19 | dwefieat 1
55 47.9 0.9 38.72 | 2044 | 156 1 31 | Bwediead 1
o 4 [ 4
100 48.5 1.5 72.3 19.68 2.7 1 52 aunaiaes 1
uas 2
145 0 0 0 0 0 0 Tatiaslnan




75

Load Inverter] I Inverter 2
(W) v I cos 6, R v, I, cosé, P,
30 21.08 0.94 0.99 19 0 0 0 0
55 20.44 1.56 1 31 0 0 0 0
100 19.68 1.28 0.99 23 19.68 1.32 0.99 24
145 0 0 0 0 0 0 0 0
Power Output
Load (W)
P(W) | S(VA) | Q(VAR)| PF DPF | THD, (%) | THD, (%)
30 19 19 1 0.99 1 6.2 6.7
55 31 31 pJ 1 i 9.3 8.8
100 52 52 3 1 1 7.8 8.1
145 0 0 0 0 0 0 0
!
7
\A/ @
v, v
cgf Inverterl ﬁ]"'
T \A/ > 1
Load
R

o . 'Y & , A 'Y
Eﬂﬂ 519 ']\ﬁ]iﬂﬂﬁ'E]UﬂunaiLﬂaquUﬂuq“ﬂﬂnU‘[ﬂﬂﬂﬂ'Jquﬂquﬂqu

[nverter2
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6.3 ffavnnulunisadiuans

1. Yodaun98819999 program simulation il duwiluns simulation

= P P ~ =
2. fidgwlunimesasdimdfud bieseiumme s

S d v s ~ - o A - e o

3. nqufansdasiidumminemlden Sedas@nmanmauinundangy
4. mennuilalungumsauguuunilaunsy

=1 a» - J 1 o L -
5. Ifygrasunmwieduludusarsmuguihdifadywilunsewgu
uwuuilaunay (Close loop control)
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1. Tumseenuuuaiosasniadilafia Loop area ikaifwnsaadtygmsuniu
fiaaifiatn
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Stopped 3 2007 /02710 22:23:07
CH1=5V CH2=5v H © 20us/div
oc; 101 DC 101 1 {20us/div)
O SUSORIR L AU SEUPR NORMSIMS /5
2;"‘" ....................................................... ........
=Tracel= P-P  6.800v Mak 5600y i Min  -1,200v
: Rms  2.091v Freq 19.84kHz :
=Trace2= P-P B.6500V Mak  &.400V Mih =2.200v
v ST 4 28IV, Freq 19:84kHz: ©
%
=Filter= =Dffgel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main ;10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom . 10K Type : EDGE CH1 &
Delay 0.0ns
Hold OFf :  MINIMUM

517 n-1 Frygras PWM Reanain dsPIC

u
Stopped 3 2007 702/10_21:59:02
cHI=10V CHZ=10V 1 20us/div
oC 101 BC 1001 D (20us/div)
: : NORM:S(IMS /5

R e Lon R S ST BT B I L O T e e

ag ................................... H- .................
aTracel= P-P  15.60V & Max  14:80V Min  -800.0mv
: Rms  5.784Y Freq 19.84kHz: : :
=Tracez= P-pP 1F;20v Max 15,60y Min =1.600v
: Rms 12,04V Freq 19;84kHz :
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main @ 10K Mode © AUTO
BW @ FULL CHZ : o.0v Zoom 10K Type : EDGE CH1 &
Delay 0.0ns
Hold OFf : MINIMUM

P ar al @ o a
5Uf n-2 o PWM fisanaimssstuhaiod
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Stopped 3 2007702710 22:00:13
CHi1=10V CH2=10V : 10us /div
DC 10:1 nc 101 i (10us2div)

E i —
=Tracel= P-P  16.40v = Max  15.20v G Min  =1.200V
7 Rms 12:27v Freq 10.76kHZ: S
=Traceiz= P-P 16; 40V Max 15;20v Mih ~1.200V
......... ;. Rms 4,603V Freq 19;76kHz: ; :
=Fifter= =0ffget= =Record Length= =Trigger=
Smoothing : OFF CH1 0.0v Main ;| 10K Mode : AUTO
BW : FULL CHZ : DoV Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns
Hold OFF : MINIMUM

:‘ o &t (] = Ad
3UN n-3 usasdty A PWM vinuestuhedad Al ingd

Stopped 4 2007 /02710 21:3154
CHi=20V I smsydiv
ARC 10:1 : {5msydiv)

: MORM:200kS /5

=Tracelz P-P

Rms
=Filler= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! ------- Main : 10K Maode ! RUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type | EDGE CH1 4

Defay :
Hotd OFf :

0.0ns
MINIMUM

= a - L3 -4
Ell'n N —4 LLIIAULI0ONTYBIBUIBINDT
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If PWM Gen 50Hz, 20kHz S/W. Fixed Ma=0.8

#include <p30f4011.h>

#define V_offset 409
#define |_offset 409

#define V_gain 40
fidefine |_gain 2

#define VOLTPEAK 38.0

{fidefine PID_P 0.02
{i#define PID_| 0.0002

#define MAXHIS 20

#define Ma1 0.8

unsigned int sine_addr = 0;

char stt[16];

static float sine_table[400])={

0,3,6,9, 12, 15, 17, 20, 23, 26, 29, 32,

35, 38, 40, 43, 46, 49, 52, 54, 57, 60, 63, 65,

68, 71, 73, 76, 79, 81, 84, 87, 89, 92, 94, 97,

99, 102, 104, 106, 109, 111, 113, 116, 118, 120, 122, 125,
127, 129, 131, 133, 135, 137, 139, 141, 143, 144, 146, 148,
150, 1561, 153, 155, 1566, 158, 159, 161, 162, 163, 165, 166,
167, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 178,
179, 180, 181, 181, 182, 182, 183, 183, 184, 184, 184, 184,
185, 185, 185, 185, 185, 185, 185, 185, 185, 184, 184, 184,
184, 183, 183, 182, 182, 181, 181, 180, 179, 178, 178, 177,




176, 175, 174, 173, 172, 171, 170, 169, 167, 166, 165, 163,

162, 161, 159, 158, 156, 155, 153, 151, 150, 148, 146, 144,

143, 141, 139, 137, 135, 133, 131, 129, 127, 125, 122, 120,

118, 116, 113, 111, 109, 106, 104, 102, 99, 97, 94, 92,

89, 87, 84, 81, 79, 76, 73, 71, 68, 65, 63, 60,

57, 54, 52, 49, 46, 43, 40, 38, 35, 32, 29, 26,

23, 20, 17, 15, 12, 9, 6, 3, 0, -3, -6, -9,

-12, -15, -17, -20, -23, -26, -29, -32, -35, -38, 40, -43,

-46, -49, -52, -54, -57, -60, -63, -65, -68, -71, -73, -76,

-79, -81, -84, -87, -89, -92, -94, -97, -99, -102, -104, -106,

-109, -111, -113, -116, -118, -120, -122, -125, -127, -129, -131, -133,
-135, -137, -139, -141, -143, -144, -146, -148, -150, -151, -153, -155,
-156, -158, -159, -161, -162, -163, -165, -166, -167, -169, -170, -171,
-172, -173, -174, -175, -176, -177, -178, -178, -179, -180, -181, -181,
-182, -182, -183, -183, -184, -184, -184, -184, -185, -185, -185, -185,
-185, -185, -185, -185, -185, -184, -184, -184, -184, -183, -183, -182,
-182, -181, -181, -180, -179, -178, -178, -177, -176, -175, -174, -173,
-172, -171, -170, -169, -167, -166, -165, -163, -162, -161, -159, -158,
-156, -155, -153, -151, -150, -148, -146, -144, -143, -141, -139, -137,
-135, -133, -131, -129, -127, -125, -122, -120, -118, -116, -113, -111,
-109, -106, -104, -102, -99, -97, -94, -92, -89, -87, -84, -81,

-79, -76, -73, -71, -68, -65, -63, -60, -57, -54, -52, 49,

-46, -43, -40, -38, -35, -32, -29, -26, -23, -20, -17, -15,

-12, -9, -6, -3

}

float

V1Ref, V1diff,
V2Ref, Vadiff,

v_max1_use, v_max2_use, i_max1_use,i_max2_use;
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int
11,12,13,
V1,V2, V3,

v_run,
v_dat1, v_max1, v_max1_dsp, v_max1_dummy, v_max1_avg, his_v1[MAXHIS],
v_dat?, v_max2, v_max2_dsp, v_max2_dummy, v_max2_avg, his_v2[MAXHIS],
i_dat1, i_max1, i_max1_dsp, i_max1_dummy, i_max1_avg, his_i1[MAXHIS],

Il maXZ_0sD. |maxZ_aummy. |_maxZ_ava. nis_IZiMAXHIS]

char
v_flag =0,
i_flag=0;

void delay(unsigned int ms) {
unsigned int i,j;
for (i=0;i<ms;i++)

for (i=0:1<1000;j++)

void e_delay() {
unsigned int i;
for (i=0;i<100;i++) ;
}

void SendCommand(unsigned char cmd}) {
LATD = {cmd&O0xF0)>>4;
LATFbits.LATFO = 0;
e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
LATD = cmd8&0x0F;
LATFbits.LATFO = 0;



e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
delay(5),

void SendChar(unsigned char cmd)
{
LATD = (cmd&0xF0)>>4;
LATFbits.LATFO = 1;
e_delay();
LATFDbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
LATD = cmd&0x0F;
LATFbits.LATFO = 1;
e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
delay(5);

void SendString(unsigned char sttf]) {

unsigned int i;
for (i=0;stt[i]!=0;i++)
SendChar(stt[i]);

void DisplayValue(float val) {
val = val*100;
SendChar('0"+(int}(val*0.001)%10Y;
SendChar('0"+(int){val*0.01)%10);
SendChar(".");
SendChar('0'+({int){val*0.1)%10);
SendChar('0'+(int)(val)%10);

i
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void Calc_Param() {

i find Vmax,Imax
v_run++;
v_dat1 = (ADCBUFO0+1)-V_offset;
v_dat2 = (ADCBUF 1+1)-V_offset;
i_dat1 = (ADCBUF2+1)-|_offset;
i_dat2 = (ADCBUF3+1)-I_offset;
// for cycle

if (v_run>20000) {

v_run = 0;
v_flag = 1;
v
v_max1_dummy = v_max1;
v_max1 = 0,
V2

v_max2_dummy = v_max2;
v_max2 = 0;
i
i_max1_dummy = i_max1;
i_max1 = 0;
12
i_max2_dummy = i_max2;
i_max2 = 0;
}
/f get new value
if (v_dat1>=v_max1)
v_max1 = v_dat1;
if (v_dat2>=v_max2)
v_max2 = v_dat2;
if (i_dat1>=i_max1)
i_max1 = i_dat1;
if (i_dat2>=i_max2)

i_max2 = i_dat2;
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int main { void )

{

unsigned int ij;

// Init Port

TRISB = 0x01FF; /0000 0001 1111 1111
LATB = 0x0000;

TRISE = 0x0000;

LATE = 0x0000;

TRISD = 0x0000;

TRISF = 0x003C; /f0000 0000 0011 1100

LATD = 0x0000;
LATF = 0x0000;

/ init LCD
delay(1000);
SendCommand{0x33);
SendCommand(0x32);
SendCommand(0x28);
SendCommand(0x0C});
SendCommand(0x01);

I Init PWM

PTPER = 185; it ~ 20kHZ @ 7.3728MHz
SEVTCMP = 0x0000; Il no special event
PWMCON1 = 0x0033; /! 2 output

DTCON1 = 62; Il ~ 2us & 7.3728MHz
PTCON = 0x8007; {l enable timer, up-down

/f Init ADC

ADPCFG = 0x0000; /0000 0000 0000 0000
ADCON1 = 0x00ES; //0000 0000 1110 0110
ADCON2 = 0x0414; /0000 0100 0001 0100

1
[}
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; input = 1
; input = 1
analog = 0
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ADCONS3 = 0x0505; //0000 0101 0000 0101 ;

ADCHS = 0x0000; /0000 0000 0000 0000 ; S&H => 0 :A
ADCSSL = 0x00FF; {10000 0000 1111 1111, Input Scan AN 0 12 3
ADCON1bits. ADON = 1; HStart A/D

/1 Init Timer1

T1CON = 0x0000; I clear timer 1

TMR1 = 0x0000; /I clear timer 1

PR1 = 1473; i scaling

IPCO = Ox6000; {1 top piority

IFSObits. T1IF = 0; Il clear flag

IECObits. T1IE = 1; i interrupt enable

T1CONDits.TON = 1; {f start timer

{Start

SendCommand(0x00+0x80);
SendString("Wait ~ 10s");
delay(4000);

IISW Inverter 1=>0ON,2=>0ON
LATEDbits.LATES = 1;
LATEDbits.LATE4 = 1;

/iDelay 10 s
delay(25000);

SendCommand(0x40+0x30);
SendString("l1=");

while (1) {
ADCON1bits.DONE = 0;
while (ADCON1bits. DONE==0) ;
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/{ Vmax Calc
if (i_flag) {
i_flag = 0;
in

i_max1_avg = (;
{[Average Imax

for (i=0;i<(MAXHIS-1);i++)

his_v1[i+1] = his_v1[i];
his_i1[0] = i_max1_dummy;
for (i=0;i<MAXHIS;i++)

i_max1_avg += his_i1fi];
i_max1_avg = i_max1_avg / MAXHIS;
i_max1_use = i_max1_avg"* 0.004887585 * |_gain;

/1 0.000977517 * 5.0 = 0.004887585

/f Select Mode

if (i_max1_use > 3.5) {
HISW
LATEDbits.LATES = 0;
LATEDbits.LATE4 = 0;

fion off Inv

PWMCON1 = Ox0000; /INV_182 off
LATEDbits.LATEC = 0; fIINV_1
LATEDbits.LATE1 = 0;

LATEDits.LATEZ2 = 0: I INV_2

LATEbits.LATE3 = 0;
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while(1)

{
SendCommand{0x00+0x80);
SendString("Over load "
SendCommand(0x40+0x80);
SendString(" ")

}

}

else if (i_max1_use < 3.5) {

if (i_max1_use > 2.5) {
SW
LATEDbits.LATES = 1;
LATEDits.LATE4 = 1;

PWMCON1 = 0x0033; HINV_18&2 on

SendCommand{0x00+0x80);
SendString(“Inv1=>0ON,2=0N");

delay(100);
}

else if {i_max1_use < 2.5) {
ISwW
LATEDits.LATES = 0;
LATEDits.LATE4 = 1,

ffon off Inv
PWMCON1 = 0x0011; /INV_1 on
LATEDbits.LATEZ = 0; HINV 2

LATEDits.LATE3 = 0;
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SendCommand(0x00+0x80);
SendString("Inv1i=>0ON "),

dslay{(100);
}

fiDisplay Imax
SendCommand(0x42 + 0x80);

DisplayValue(i_max1_use);

/f Timer Interrupt1 => for gen sine
void __attribute_ {((__interrupt__, __ shadow__ )} _T1interrupt(void) {
IFSObits. T1IF = 0;

/{ Calc sine table
PDC1 = 185 + (int)(Ma1*(sine_table[sine_addr]));
PDC2 = PDCA1;

/f Check Sine

if (sine_addr==0) {LATEDits.LATES8 = 1;}
HLoop sine up
if (sine_addr==200} {LATEbits.LATES = 0;}

//l.oop sine down

sine_addr++;

if (sine_addr>400) sine_addr = 0;

Calc_Param();

}




MMANWIN 9

4

ayagunsalinlfiuiees



I
FAIRCHIL.D
e qeeyyee]

SEMICONDUCTOR®

Data Sheet

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diodes

The HGTG30NG0C3D is a MOS gated high voltage
switching device combining the best features of MOSFETSs
and bipolar transistors. The device has the high input
impadance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only modsrately between 25°C and 150°C. The
IGBT used Is the development type TA48051. The diode
used in anti-parallsi with the IGBT is the development type
TA49053.

The IGBT is ideat for many high voltage switching applications
operating at moderate frequencles where low conduction
losses are essential.

Formerly Developmental Type TA49014.

Ord'ering Information
PART NUMBER PACKAGE BRAND
HGTG30NGOC3D  |TC-247 G30NE0C3D

NOTE: When ardering, use the entire part number.

Symbol

HGTG30N60C3D

December 2001

Features

« B3A, 60OV at Tg = 25°C

« Typical FalTime. ............... 230ns at T, = 150°C
+ Short Circuit Rating

¢ Low Conduction Loss

* Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,386 4,430,792 4,443,931
4,598,461 4,605,048 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

€2001 Falrchild Semiconductor Corporation

HETGI0N6QCID Rev. B
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HGTG30N60C3D
Absolute Maximum Ratings Tg = 25°C, Unless Otherwise Specified
HGTG3I0NGOC3D UNITS

Collectorto EmitterVoltage . .. ... oo e e e e BVees 600 v
Collector Current Continuous

AT = 2 o vodeos 63 A

MTo = IR T o 110 30 A
Averags Diode Forward Current at 110%C. . .. ... .. ... oo it ccnne e lava) 25 A
Collector Current Pulsed {Note 1) ... . ..o e i e i e e es Icm 252 A
Gate to Emitter Voltage Continuous. .. ..ot i VGES 20 v
Gateto Emitter Voltage Pulsed . ... ... ... i VeEMm +30 Vv
Switching Safe Operating Area at Ty=150%C. . ... ... . it SSOA 60A at 600V
Power Dissipation Total at Tg = 25%C . ... ot ie oo ciar e Pp 208 w
Powar Dissipation Derating Ta > 25%C .. .. ..ot ce i ceaae e 1.67 wrC
Operating and Storage Junction Tomperature Range . .......c. v v avavnnes Ty TsTG -40 to 150 9%c
Maximum Lead Temperature for Soldering . . ... v v i iiniiii i aaas T 260 °c
Short Circuit Withstand Time (Note 2) at Ve =15V . . ..ot v e v v e et n s tsc 4 us
Short Circuit Withstand Time (Note 2) at Vge =10V. ... ... oo iii e e tsc 15 us

CAUTION: Stresses above those listed In *Abselute Maximum Ratings” may cause permanent damage to the device. This Is a stress only rating and operation of the
device af these or any other conditions above those indicated in the operational sections of this spacification is not implied.

NOTES:
1. Repetitive Rating: Pulse width Himited by maximum junction temperature.
2. Vggpxy = 360V, T, = 125°C, Rg = 25Q.

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collactor to Emitter Breakdown Voltage BVces lg = 250pA, Vge = 0V 600 - - A
Emitter to Collector Breakdown Voltage BVecs Ig = 10mA, Vgg = 0V 15 25 . v
Collector to Emitter Leakage Current lces Ve = BVcES Tg =25°C - - 250 HA
Ve =BVees Te = 150°C - - 3.0 mA
Collector to Emitter Saturation Voltage Veoe(san le=lgy10s Te=25°C - 1.5 1.8
Ve = 18V Te = 150°C . 17 2.0
Gate to Emitter Threshold Voitage VGE(TH) Ig = 260uA, Tg=25°C 3.0 ‘5.2 8.0
Vee = Ve
Gate to Emitter Leakage Current lges Ve = 120V - - 100 nA
Switching SOA S50A T, = 150°G, VCE(PK) = 480V 200 . - A
;gi“szfv' VoE(PK) = 600V 60 . . A
L = 100uH
Gate to Emitter Plateau Voltage Vaep Ic=Ig110, VoE = 0.5 BVces - 8.1 . v
On-State Gate Charge Qaiony Ic=lc1o Vge= 15V - 162 180 nGC
Vee=05BVees [y ""H0v - 216 250 nC
Current Tum-On Delay Time taconI T, = 150°C, - 40 . ns
Curmrent Rise Time i {?:;;f:)‘;od' 8 BVees, - 45 ns
Current Tum-Olf Delay Time ty(orFy \F';cé E==3:_EV. - 320 400 ng
Current Fall Tima ty L = 100pH - 230 275 ns
Turn-On Energy Eon - 1050 . wJ
Tum-Oit Energy {Note 3) Eorr - 2500 - |
Diode Forward Voltage Ve lgc =30A - 1.75 2.2 v

©2001 Falrchild Semiconductor Corporation HGTGIONEOC3ID Rev. B




=
1SN

L
!
&

Ze
i

Current Transducer LA 25-NP

For the electronic measurement of currents : DC, AC, pulsed,
mixed, with a galvanic isolation between the primary circuit
(high power) and the secondary circuit (electronic circuit).

| Electrical data

oy Primary nominal r.m.s. current 25 At
| Primary current, measuring range 0..+£36 At
R, Measuring resistance R/ Rt
with+ 15V @t25AL 100 320 Q
@x36AL 100 190 Q
L Secondary nominal r.m.s. current 25 mA
K, Conversion ratio 1-2-3-4-5 : 1000
LA Supply voltage (5 %) £ 15 v
1L Current consumption 10+1, mA
v, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 25 kV
v, R.m.s. rated voltage ", safe separation 600 vV
basic isolation 1700 vV
| Accuracy - Dynamic performance data
X Accuracy @1, . T, =25°C 0.5 %
€,  Linearity <02 %
Typ | Max
l, Offset current? @ 1, =0, T, = 25°C +0.05|£0.15 mA
tom Residual current *@ I, = 0, after an overload of 3x 1., i+ 0.05(£ 0.15 mA
L Thermal drift of | 0°C .. +25°C |z 0.06{£0.25 mA
+25°C .. +70°C [+0.10{x0.35 mA
Response time® @ 90 % of I, ., <1 HS
difdt  difdt accurately followed > 50 Alus
f Frequency bandwidth (- 1 dB) DC .. 150 kHz
| General data |
T Ambient operating temperature 0. +70 °C
T, Ambient storage temperature -25..+85 °C
R, Primary resistance per turn @ T, = 25°C <125 mQ
R,  Secondary coil resistance @ T, = 70°C 110 Q
R, Isolation resistance @ 500 V, T, = 25°C > 1500 MQ
m Mass 22 o]
Standards # EN 50178

Notes : " Pollution class 2
2 Measurement carried out after 15 mn functionning

9 The result of the coercive field of the magnetic circuit

9 With a di/dt of 100 A/ps
% A list of corresponding tests is available

l,, = 5-6-8-12-25 A

Features

e Closed loop (comper sated) multi-
range current transducer using the
Hall effect

= Insulated plastic case recognized
according to UL 94-VO0.

Advantages

» Excellent accuracy

* Very good linearity

¢ Low temperature drift

¢ Optimized response time

e Wide frequency bandwidth

¢ No insertion losses

e High immunity to external
intarference

» Current overload capability.

Applications

® AC variable speed drives and servo
motor drivas

o Static converters for DC motor drives

e Battery supplied applications

e Uninterruptible Power Supplies
(UPS)

s Switched Mode Power Supplies
(SMPS}

» Power supplies for welding
applications.

980909/8

LEM Components
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Dimensions LA 25-NP (in mm. 1 mm = 0.0394 inch)

Bottom view Right view Top view
il
152, . 0w_719
¢'2|’-5|‘ 0% B0, 7x058m ¥
< . U
— [EENETAN 3 }...:_
E v e , o &
ke knm = LAZ5=NP
df ] 3 i
” 7NN
3 ”15'2:!’ k. 34 ""9""1;,, ‘5 Standard 00 Year Week
. or N* SP.,
i El Secondary terminals Connection
PN o
#
Loy | Terminal + : supply voltage + 15V " .
T in -5
j—a———H”H”! E Terminal M; measure Ip LA 25-NP MEOV
o Terminal - : supply voltage - 15V @' ¢k K -
Number | Primary current | Nominal Turns Primary | Primary insertion Recommended
ofprimary [ nominal | maximum | cutput current ratio registance jinductance connections
turns | [A]|L [A]]ly [mA] K, R, {mQ]|L, [uH ]
543214 IN
o—0—0-0-0
1 25 36 25 11000 0.3 0.023 oo
QUT 6 7 8 910
54321 IN
2 12 18 24 211000 1.1 0.09 oo
QUT 87 8 910
54324 IN
o0
3 8 12 24 3/1000 2.5 0.21 c}_Q\ N
OUT 678910
54321 IN
Q (=]
4 6 9 24 4/1000 44 0.37 NGANN
QUT 87 8 910
543 21 1IN
[s]
5 5 7 25 5/1000 8.3 0.58 AN
OUT 878810
Mechanical characteristics Remarks
e General tolerance t 0.2 mm » |, is positive when |, flows from terminals 1, 2, 3, 4, 5 to
» Fastening & connection of primary 10 pins 0.7 x 0.6 mm terminals 10, 9,8, 7. 6
» Fastening & connection of secondary 3 pins & 1 mm # This is a standard model. For different versions (supply
¢ Recommended PCB hole 1.2 mm voltages, turns ratios, unidirectional measurements...),

please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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Data Sheet No, PD60147 rev.U

International
ISR Rectifier  IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channe! designed for bootstrap operation
Fully aperational to +500V or +600V VOFFSET (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dvidt immuns
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
¢ Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down s
® Cycle by cycle edge-triggered shutdown logic Delay MatChlng %:Eg:‘l 1‘%)) 12%::3 rr:::
® Matched propagation delay for both channels S .

® Qutputs in phase with inputs Packages

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced cutput chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or iGBT in the high side configuration which
operates up to 500 or 600 volis.

16-Lead SOIC
14-l.ead PDIP IR21105/IR21135
IR2110/IR2113

Typical Connection up 1o 500V or 600V
N1
| » N W@D T
Voo °‘_;I_:_‘"'" Voo Va %
HIN o HIN Vg * ° 10
SD o SD — X o-OAD
LIN© LIN Vee -
Vgs @ Vg COM [— | ED
Voo > —] LO ANA~
-
(Refer to Lead Assignmsnis for correct pin configuration}. This/These diagram(s) show electrical
connections only, Please refer (o our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All vollage param-
eters are absolute voltages referenced to COM, The thermal resistance and power dissipation ratings are measured
under board mounted and still alr conditions. Additional information is shown in Figures 28 through 35.
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- International
TSR Rectifier

Symbot Definition Min. Max. Units
Ve High side fioating supply valtage (IR2110) 0.3 525
(IR2113) -0.3 625
Vg High side floating supply offsst voltage Ve-25 Ve +0.3
VHO High side floating output voltage Vg-0.3 Va+ 03
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Voo + 0.3 v
Voo Logic suppiy voltage -0.3 Vgg + 25
Vss Logic supply offset voltage Veg - 25 Vee + 0.3
Vin Logic Input voltaga (HIN, LIN & SD) Vss - 0.3 Vpp +0.3
dVg/dt Allowabte offset supply voltage transient (figure 2} — 50 Vins
Po Package power dissipation @ Ta < +256°C (14 lead DIP) —_ 1.6 W
{18 lead SOIC) — 1.25
RTHIA Thermal resistance, junction to ambient {14 lead DIP) — 75 A
(16 lead SOIC) — 100 cw
Ty Junction temperature —_ 150
Ts Storage temperature -65 150 °C
TL Lead temperature (soldering, 10 seconds) —— 300

Recommended Operating Conditions
The inputfoutput loglc timing diagram is shown In figure 1. For proper operation the device should be used within the
recommanded conditions. The VS and Vss offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37,

Symbol Definition Min. Max. Units
Ve High side floating supply absolute voltage Vg + 10 Vg + 20
Vg High side floaling supply offset voltage  (IR2110}) Note 1 500
(IR2713) Note 1 600
VHO High side floating output voltage Vg Ve
Vee Low side fixed supply voltage 10 20 v
Vo Low side output voltage 0 vVce
Vop Logic supply voitage Vgg+3 Vgg + 20
Vss Logic supply offset voltage -5 {Note 2) 5
ViN Logic input veltage (HIN, LIN & SD) Vgs Voo
Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vps. (Please refer to the Design Tip
DT87-3 for more detalls).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2

www.irf.com
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Dynamic Electrical Characteristics

Veias (Vee, Ves. Voo) = 15V, CL = 1000 pF, T4 = 25°C and Vgg = COM unless otherwise specified. The dynamic
alectrical characteristics are measured using the test clreult shown In Figure 3.
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)Pbt

Symbol Definition Figure | Min. | Typ. |Max. | Units {Test Conditions]
ton Turn-on propagation delay T — 120 | 150 Vg =0V T
tof Turn-off propagation delay 8 —_ 94 125 Vs = 500v/600V
tsa Shutdown propagation delay 4] — 110 | 140 . Vg = 500vw/600V

tr Turn-on rise time 10 - 25 35

t Turn-off fall time 11 — 17 25

MT Delay matching, HS & LS {IR2110) —_ — — 10
turn-on/off (IR2113) — — — 20

Static Electrical Characteristics
Vaias (Vco, Ves, VDo) = 15V, Ta = 25°C and Vgs = COM unless otherwise specified. The VN, Vyy and ||y parametars
are referenced to Vgs and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and Ig parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.| Units |Test Conditions
VIH Logic "1" input voltage 12 9.5 —_ —_—
ViL Logic "0" input voltage 13 o — 6.0
Voo High level output voltage, Vpias - Vo 14 —_ —_ 1.2 v Ig=0A
Vo Low level output voltage, Vo 15 — —_ 01 g =0A
Ik Offgel supply leakage current 16 e — 50 Vg=Vg = 500V/600V
laBs Quiescent Vgs supply current 17 —_ 125 | 230 Vin =0V or Vpp
lace Qulescent Voo supply current 18 — 180 | 340 uA Vin =0V or Vpp
lapo Quiescent Vpp supply current 19 — 15 30 Vin = W or Vpp
N+ Logic "1" input bias current 20 —_ 20 40 ViN = VDD
- Logic "0° Input bias current 21 — — | 10 Vin = OV
Vesuv+ | Ves supply undervoltage positive going 22 7.5 8.6 8.7
threshold
VBsuv- Vps supply undervoltage negative going 23 7.0 8.2 94
threshold
Voouvs+ | Voo supply undervoltage positive going 24 74 8.5 9.6
threshold v
Vecuv- | Vece supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Qutput high short circuit pulsed current 26 20 2.5 —_ Vo=0V, ViN=VpD
PW s 10 us
Io- Qutput low short clrcuit pulsed current 27 20 2.5 —_ A Vo =18V, ViN= OV
PW <10 ps
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF Infernational

TR Rectifier

Functional Block Diagram

=]
4
m
(2]
[0 ]
[n]]
—I
Q

HY
LeveL '—! PULSE C
SHIFT
FILTER
VoofVee

LEVEL !
sHFT | PULSE —'E A

GEN { "
!
Ve
uv !
!
I

TECT
Voo/Vee e
LEVEL Lo
SHIFT |
DELAY :
COM
|

Lead Definitions

Symbol} Description

Voo Logic supply

HIN Lagic input for high side gate driver output {(HO), in phase
SD Logic input for shutdown

LIN Logic input for low side gate driver output (LQO), in phase
Vss Logic ground

Ve High side floating supply

HO High side gate drive output

Vs High side floating supply return

Vee Low side supply

LO Low side gate drive ocutput

COM Low side return
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International

ToR Rectifier IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Lead Assignments
E] Ho [T =] Ho [
(Z§ voo ve €] (ag] ve [T
(] Wi vs [5] 0t} voo vs [E]
oIl so 2] [iz] Hin 1
[z} un vee [3] 03] so |
(] vss com [F] (] un vee (3]

[l vss com [Z]
(4] o~ o [1] = — w}n
14 Lead PDIP 16 Lead SQIC (Wide Body)
iIR2110/IR2113 IR21105/IR21138
=] Ho 7] fe] Ho 1T]
=] voo vB % 2] voo vg [B]
o] Hnv vs [5 G0 HiN vs [
) r [} so [
{z] uN voc §4. Oz} un vee [
O3] vss coM | 2] 03] vss coMm [ 2]
[} o~ o] (4] —~ [T
14 Lead PDIP wfo lead 4 14 Lead PDIP wio leads 4 & &
IR2110-1/IR2113-1 IR2110-2/IR2113-2
Part Number
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TOSHIBA TLP550
TOSHIBA Photocoupler * Infrared LED + Photo IC
Degital Logic Isolation Unit in mm
Line Receiver Feedback Control .
8 7 5
Power Supply Control AL L 7
Switching Power Supply ;.;[
Transistor Invertor TS
9662025 Eg
[x]
TLP350 constructs a high emitting diode and a one chip photo diode—
transistor. 1201504 —
TLP560 has no base connection, and is suitable for application at noisy 05£0.1 3
environmental condition. 2
This unit is 8-lead DIP package. gl N
e Isolation voltage: 2600 Vrms {min.}
& Switching speed: tpHL, tpLH = 0.5ps (typ.)(RL=1.9 kQ) t-teocs
¢ TTL compatible
® UL recognized: UL1577, file No. E67349 TOSHIBA 11-10C4
Weight: 0.54 g
in Configuration (top view
Pin Conf t t i
10 38 1:N.C.
2 1 Anode
2 P 7 3 : Cathode
7 | 4:NC.
5 : Emitter
34 a 6 : Collector
7 :N.C.
40 )5 8 : Cathode
Schematic
Icc
| Vee
F B
VFT X o
30— - Vo
c GND
1 2002-09-25
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Maximum Ratings (Ta = 25°C)
Characteristic Symbo! Rating Unit
Forward current (Note 1} IF 25 mA
Pulse forward current {Note 2) IFp 50 mA
Peak transient forward [ 1 A
@ current {Note 3) FPT
Reverse voltage VR 5 v
Dicde power dissipation
(Note 4) Pp 45 mw
Qutput current Ig 8 mA
= Peak output current lop 16 mA
é Supply voltage Veo -0.5~15 v
3 QOutput voltage Vo -0.5~15 v
Qutput power dissipation
(Note 5) Po 100 mw
Operaling temperature range Topr ~55~100 °C
Storage temperature range Tetg ~55~125 °C
Lead sclder temperature (10s) Tsol 260 °C
Isolation voltage
(AC, min., RH. = 40~60%) (otesy[  BVS 250 \

{Note 1) Derate 0.8mA above 70°C.

{Note 2) 50% duty cycle, tms pulse width.
Derate 1.6mA / °C above 70°C.

{Note 3} Pulse width 1us, 300pps.

{Note 4) Darate 0.9mW / °C above 70°C.

(Note 5) Derate 2mw f °C above 70°C.

2002-09-25
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Electrical Characteristics (Ta = 25°C)
Characteristic Symbol Test condition Min. Typ. Max. Unit
Forward voltage IF=16mA 1.45 1.65 1.85 v
Forward voltage - — — °

o |temperature coefficient AVr/bTa | lp =18 mA - 2 my/*C

= Revarse cumrent VR=5V - — 10 pA
Capacitance between
terminal VE=0, f=1MHz - 60 — pF

loH (1) IFe0mA Voo =Va=55V —_ 3 500 nA
High level output loH (2) le=0mA Voo =Vo =15V - — 5 pA
§ currert Ir =0 mA, V Vo=15V

2 F=0mA Vec= Vo= — —

g Ta = 70°C 50 [ vA
High levei supply | = 0mA, Veg =15V — | oot | 1 A
voitage CCH F VeC = ) i

Ta=25C 10 30 -
IF = 16 mA [Rank:0 ] 19 30 -

Current transfer ratio lo/lF Ve =45V %
Vo=04V Ta=0~70°C 5 - -

3 l Rank : 0 16 —_ -

g' Low level output ") :F :.!FF&VCC S @ | —_ 9 0.4 v

O |voltage oL o=1" .

{rank 0: lg = 2.4mMA)
R.H. = 40~60%, V = 1kV DC A 12 _
Isolation resistance (Note &) 10 Q
Capacitance between - Y _
input 1o output V=0, f=1MHz 0.8 pF
Switching Characteristics (Ta = 25°C)
Characteristic Symbol Test Condition Min. Typ. Max. Unit
Ip=0— 16 MA, Voo = 8V, R = 4.1 k0 - 0.3 0.8
Propagation delay time ¢ 5
(H 1) Pl .
(Note 7Y Rank 0: R = 1.9k} - 0.5 08
If = 16— 0 mA, Vg = 5V, RL = 4.1 kO =4 1.0 20
Propagation delay time t s
(L H) pLH "
(Note 7)) Rank 0: R|_= 1.9 kQ —_— 0.6 1.2

Common mode transient IF=0mA, Vey = 200 Vpp

Immunity at high output Cun Ry = 4.1 kQ (rank 0: Ry = 1.9 k() - 1500 — Vius

level {Note 8

Common mode transient IF= 16 mA, Vou = 200 Vpp

immunity at low output CmL Ry = 4.1 kQ (rank 0: R = 1.9 k() — [-1500| — | Vius

level {Note 8)

3 2002-09-25
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TOSHIBA TLP550

{Note 6) Device considered two-terminal device: Pins 1, 2, 3 and 4 shorted together and pin 5, 6, 7 and 8 shorted together.
(Note 7) Switching time test circuit.

Pulste o IF Vee=5V P —
inpu l E: E - .
pw=1o00us 214 [d 2R
Duty ratio =1/ 10 v, 5V
I monitor Bl——o Vo 0 —
c
- 3 Cutput /
57 O 27 monitor 1.5V ] B8
oL
t, )i
— pHL _ <pLH
(Note 8) Common mode transient immunity tesi circuil.
. Vee=5V - N " 50% 200V
ik Bl J o 7 \
4 A 10%
oo E} zl R _._7 ‘___ ov
o——3 g Vo st el
@ Output Vo 5\
monitor (ts = OMA) s v
Veu
— 0.8V
Vo \ Vo
Pulse gen {IF = 16mA)
Z2o=500

160 (V 160 (V
60 (V) oM V)

ty(us) ts (ps)

My=

(Note 9) Maximum electrostalic discharge voltage for any pins: 100V (C = 200pF, R=0)

4 2002-09-25
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$ | woos5M THRU W10M

Single Phase 1.5 AMPS. Silicon Bridge Rectifiers
e Voltage Range

.ﬁ 'to $000 Volts
- Gurrent
L8 Amperes
Features WoB
B oa
< UL Recognized File # E-96005
4 Surge overload ratings {o 40 amperes
peak Sorisor
<+ Ideal for printed circuit board
< Reliable low cost construction technigue
results in inexpensive product 1505 1925.4)
< High temperature soldering guaranteed: o
250°C/ 10 seconds / 0.375" ( 9.5mm ) —_
lead length at 5 Ibs. ( 2.3 Kg ) tension ey DA

POS.LEAD
Mechanical Data

Case: Molded plastic e
Lead: Solder plated 3
Polarity: As marked s

Weight: 1.10 grams

PP

Dimensions in inchas and (millimeters)

Maximum Ratings and Electrical Characteristics

Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 80 Hz, resistive or inductive load.

For capacitive load, derate current by 20%

Type Number WOOSM{ WO1M | WO2M | WO4M | WOEM | WOBM | WIOM | Units

Maxlmum Recurrent Peak Reverse Voltage 50 | 100 | 200 | 400 | 600 | 800 | 1000 \'/

Maximum RMS Voltage 35 70 | 140 | 280 | 420 | 560 | 700 vV

Maxlmum DC Blocking Voltage 50 | 100 [ 200 | 400 | 600 | 800 [1000| V
" [Maximum Average Forward Rectified Current

@T, = 50°C 1.5 A

Peak Forward Surge Current, 8.3 ms Single

Half Sine-wave Superimposed on Rated Load 40 A

{(JEDEC method )

Maximum (nstantaneous Forward Voltage 1.0 Vv

@ 1.0A

Maximum DC Reverse Current @ T»=25°C 10 uA

at Rated DC Blocking Voltage @ TA=100°C 500 uA

Operating Temperature Range T, .55 to +125 °C

Storage Temperalure Range Terg -55 to +150 °C

- 440 -
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L T
EAIRCHILD
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EEMGLNDWETOR

Zeners
1N4728A - 1N4752A

Absolute Maximum Ratings® =251 uiess ctherwise noted

Tolerance: A=5%

Symbeol Parameter Value Units N
Py Power Disslpation 1.0 w
Derate above 50°C 8.57 mw/ieC
Targ Sterage Teamperature Range -65 to +200 °C
T, Operating Junction Temperature + 200 *C
R Tharmal rasistance Junction to Lead 53.5 'SIW
Russ Tharmal resistance Junction to Ambient 100 °CIW b, "
Lead Temperature (1/16” from case for 10 + 230 *C -7
saconds)
Surge Power** 10 w DO-a1
*These ratings ere kmiting valuss above which the servicaability of the diode may be impained. COLOR BAND DENOTES CATHODE
**NOR-NBCUTEN: SquUane wave PW= 8.3 ms, TA = 55 dagrees C.
NOTES:
1) These ratings sre based on @ Mimum junction lempenature of 200 degrees C. =
2) These are steady siatelimits, The factory shoutd be consulted on applicabions mvolving puised
of low dhty Cycla operstions.
Electrical CharacteristiCs  ,-25:Cuntoxs otherwise noted
Device Vv, Z; @ I e @ b Ve @ Ir lsuree by
[\ (@) {mA) (Q) {mA) V) (pA) (md) | (mA)
1N4728A 33 10 76 400 1.0 1.0 100 1380 276
1N4729A 38 10 69 400 1.0 1.0 100 1260 252
1N4730A 39 9.0 64 400 1.0 1.0 50 1190 234
1N4731A 4.3 9.0 58 400 1.0 1.0 10 1070 217
1N4732A 47 8.0 53 500 1.0 1.0 10 870 183
1N4733A 51 7.0 49 550 1.0 1.0 10 890 178
1N4734A 5.6 5.0 45 600 1.0 2.0 10 810 162
1N4735A 6.2 2.0 41 700 1.0 3.0 10 730 146
1NAT38A 6.8 35 37 700 1.0 4.0 10 8660 133
1N4T737A 75 4.0 34 700 0.5 5.0 10 605 i1
1N4T738A 8.2 4.5 3 700 0.5 6.0 10 550 110
1N473SA 8.1 5.0 28 700 0.5 7.0 10 500 100
1N4740A 10 7.0 25 700 0.25 76 10 454 91
1N4741A 11 8.0 23 700 0.25 8.4 5.0 414 83
1N4742A 12 8.0 21 700 0.25 91 5.0 380 76
1N4743A 13 10 19 700 025 g9 5.0 344 69
1N4744A 15 14 17 700 0.25 11.4 5.0 304 61
1N4T45A 16 16 155 700 0.25 122 5.0 285 57
1NATA6A 18 20 14 750 0.25 13.7 5.0 250 50
1N4747A 20 22 12.5 750 0.25 15.2 5.0 225 45
1NAT48A 22 23 11.5 750 0.25 16.7 5.0 205 41
1N4749A 24 25 10.5 750 0.25 18.2 5.0 180 38
1N4750A 27 35 9.5 750 0.25 20.6 5.0 170 34
1N4751A 30 40 8.5 1000 0.25 228 5.0 150 30
1N472A 33 45 7.5 1000 0.25 25.1 5.0 135 27
Ve Forward Voltage = 1.2 V Maximurm @ I = 200 mA for all 1N4700 series

©2001 Falrchiid Semiconductor Corparailon

AN4TO0A Rev. C
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