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ABSTRACT

This thesis proposes the automatic paralicled 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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COLLECTOR
(BOTTOM SIDE METAL}

UM 2.7 URELE N TP KUY B it
{Fairchild Semiconductor,Datasheet HGTG20N6083D,2001)
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2.4.1 ﬂﬂﬁg“uﬁqunlnEI'JTIEIGnU?ﬂQfﬂ?ﬂﬂﬂ')'lunﬂ'lﬂ'l“ (IOW pass filter)

[ 7

NINTRIANNT ey ﬁmewﬁuaulﬁagmmmmﬁs’h:hu LLdazﬁuﬁn‘;ryﬂm
mmﬁqe‘h’ MN7UA 2.8 mewnﬂauauaamammﬁ'mamwsnsaamwﬁs‘hmulu
aaundlasfign ml.'%'undﬂuﬂawuﬁﬁaaaruaulﬁﬁﬂuiw thuaufisigy (passband)
WIBULUGIAT (bandwidth - BW) 2897997 muahuﬁuaﬂajuau'l.ﬁ:hu‘lm‘iun'h tu
ﬂ’nuﬁ'hqm( stopband ) mngﬂﬁ 2.8 ﬂ:t.ﬁu'l@ﬁwﬂmmmﬁdmﬂ:ags:ij 0 URs @,
nnuiisnaan (cut  off frequency) ‘lumaﬂg‘jﬁanw:'l;jmmmm"mmrﬁ'ﬁ
aapusuanludy 3u9 2.8 wiiuldhlumaljinugs Manuddvnaen szmanniy
Fi'lmwﬁﬁmmmaaé‘mury'lm@T’maanmanmrﬁﬂmuﬁ"’a'lﬂﬁﬁuu'l'fﬁ'u fAa Henriady

0.707 v (W3arlszam -3 dB ) mammm‘«’ryrywmgeqﬂ
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Number of filter in tandem
Filter
1 2 3 4 5 6 7
L 12 24 36 48 60 72 84

o -~ a
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A = dl W o - & 1 )
LaJa'lﬂmnmaamsﬁmummwmmmuu WIDUYIAIARTINITRANARY DY
auvuensasiszaunsomenud w i‘mﬁ’naaw"lﬁﬁoif

Au
Fo fa anuifmasw
P
lanf

F
& (2.4)
2 L

Fo =

4. mmmmmmmummua..mmuﬂi*ﬁ] lavihdr R, uazdn FAlduiunu
Tusumsldaoil da

L= Rd (2.5)
xF,
-1 (2.6)
mTF,Rd

5. MIBANUULUAZETIINTINTAINNAUAGEY (Low Pass Filter )
ludfazndnfanurhiussmseanuudamisinriny g% AR Tom
Falavilul TﬂmnmmanLLuuua-mismammumﬂwmmmm’lmmm‘lﬂu

5.1 mmammummummmmmaqmwuﬂﬁ'm'smmmwaﬂm

dmivimssenuuudamiisrilunjininaedsdaiu usfoengidse
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5.1.1. fwrtan il ia Tagladnaatoudludrody
5.1.2. mmmuaﬂmwun (4,)

Wﬂdd']ﬂﬂﬂ”ﬁllﬂﬂluﬂ’ll“uﬂﬁH'li]"llﬂ'“?’ﬂﬂll
1,
E =5 L]m (27)

Tov £ wanndle wﬁ’amuﬁﬂ:ﬂuag'luﬁamﬁmm ( joules )
L wnefly dnnumiiont (Hy
In WUBT NIZURNEATBI99T (A)
Imuwun'lumswwﬂmmmmmmwunuhmmau (N ) uasufimirdauag
VARIN () Sait

KhAw=N.a (2.8)

. 7 o
unuen a= v aslugumi (2.8)

L

KuAy= N. 2.9
“ANJ (2.9)

1nileny creast factor : K, 9z 1dn

K =tn (2.10)
]

1, Moty snszuasaa (A)
] & Qs 4
I winofis dnnusshdiesnalssiniug (A)

[} 1 L L7 o
wnuen 7= }(L adluaun1Ithosuazle

K, K A4,=N.I_ (2.11)

LRZIMN UM TLIIN UL I TIa 2= 16

e= L*—--ngj NA —_
di dt dt

11:H LI = NAB, (2.12)

WNUARNNIIA2.12) aoluaunish (2.7) ale
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|
=5 NI AB, (2.13)

wnue 7, lugumsfl 2.13) aeluaumsi (2.11) a1ef

2E
KW KC JBHI’

A= 4 A4, (2.14)

I ar = oo ol | & wa
lfaﬂzluﬂﬂﬁnnﬂqlﬂuﬂ'}u'\lﬂ]@]ﬂjﬂtwU{ILLﬂ'HH{I"q@ WWIsas U Kw Q:Lﬁﬂﬂlﬂ&lﬂ'\ 0.6

w ' v a - - & ' i d
ﬁ'l“?ULLnuulll“aﬂi]:ﬂaﬂﬂqﬂﬂslﬂanIﬂUI“ AP VBILNUUU 'Lﬁ'ﬂﬂ’lmnn'nmﬂ‘-a’m
FUMT (2.13)

o L ¥ LY A [-]
5.1.3. sawantaulunmmiuauniioli
-] ar e A a b
dwmsavlunsiudamiioaimusonlaan

= Im (2.15)

5.1.4. U9V IVARIAAIUN

P G Y ~ o o »
wuﬂ“unﬂﬂﬂﬂﬂmﬂﬂ?ﬂﬂ?u’lmN'l?ﬂﬂ']unm“']\lﬂ"ﬂ'lnﬁun'ﬁ
1
a== (2.16)
J

[ a~ o [ ° " - vt 1 o o
fwivranreanhazdasiimadenlasfenlasli@ufindda (o) fugadlu

.

{ 1 1 ] “ o o 1 dd‘ ~ i =
mauuIni Mﬂ’]&l’]ﬂﬂ']’lﬂ’m1ﬂi}’mn’lﬁﬂ”lu1m Ltﬂlun‘imﬂ1ﬂﬁ1&lﬂ1ﬂuﬁﬁdﬂﬂx‘lWi]"liﬂ«L"l

]

o - = d -~ L d -l e J’
ﬁwwaomm’lwﬂwgrymuLuaomnﬂﬂngmmimom (Skin effect) druTIdraTayeaad

A = E mm (2.17)

Jr

A vwnefly sruzfienamuuinsanturansinie 37 wafidud sinen
ns:uﬂ'lwﬂﬂ'?iﬁ?Lﬁmmnuamaaﬂﬂngmnﬁmaﬂ'J WiaanuwwIraIBrdiimaues
NITUR
£ winofs anufildom

HNADLILTH
ATl ) 50 Hz 5kHz 25kHz | 500 kHz
AMANUILBIFHIA I INAILS 106mm |[106mm |047 mm | 0.106 mm
NIZUE (A)

w o " o, W i -t i | L S
anuIEIaTaITaaInaalidkbundimiaiiiy A lusunsdt (2.16) udadan
= - 40 o, [ -l P = s -
handiinfmeusweflddwinldausims A 2.14) W"afudszgninmlunsing
YoInTEUR W
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5.1.5. Av980Y

miavigauamuiTavh lalasardndauly
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%qaﬂumw'fansi’m:e‘faalﬂuﬁa ua:ﬁwi’unsrﬁﬁaﬁumiﬁqnsh’a'lajtﬂuﬁw:ﬁ’aqﬁﬂms
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samIedhd st kaaufing I wdvavue

5.1.6. TadaIN1A
AnauMsuIaw Wi W Tl

e= [ .d._l = N 212
dt dt
g
N4,
ot p=2
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nnngussnauulfazle
I
H = _IN_ (2.18)
o & "
AIUY
B=pu IEI— (2.19)
PNFUMIA2.17) waz (2.18) 216
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m [4 + (2-20)

HA A 4,
Taw [, wanshy i maGuuingn m)
[, wedy szusvinarestesonnia m
- & d u o ' - 2
A, winady Auimihaevasunuuinin (m)
tunuwandaranumuduutimsn whlddanudunuwiindnfiidasn
-ﬂmmmm:ﬁfhgammﬁa;ﬁuuﬁ'umwﬁmmuuajmﬁnmaqunumjmﬁn vl
IC‘ < Ig
AuﬂdurAc AHOAC
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2
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afiiluatenes B, lwunumidn mldzesaimefismnaldaraes lilifipsass dnfy
Wwmafiid drenumilsaiddeims 8133zd A MIUTuudIR uMTYS Uz TR

Iatigl|

2.5 ssuafinuazdlsznaumas (3]

Buiasinainioaldungy uaunsalnediBnmsaiindfviaminAlunsuiag
wnssulnszura sl duussdnngsudioy #1464 "oy Luaommﬂmﬂau
tmﬂu'lwﬂaun'lﬂmnmaunanﬂamua.'lmmumuauwmmm‘lﬂnmsa wiz38nns
ﬁwm-uaaaunaimmm*’lmﬁn‘ﬁ JWaAla m‘uaounm‘lwmam’luﬂﬂngnmwman
(Output)  FApIRITY 9 uazlionulags tRavhmauiuszduvesunsssuarnenly
'lns‘ﬂ,ﬁuanu‘lwﬂaugﬂhumnﬂqﬂ momzmummﬁmqjmﬂm‘lwwaumumaanuam
afuafinlzluindan "i'iotﬂuwa'lﬁgﬂﬂﬁun'::um:uu'lwﬂﬂﬁmﬁuuﬁ'm Fninluiadail
whmsfinsan fueiinuasuansenuessiueiin

2.5.1. uefinuazanauRouansuaiingy

L =]

g1fuafin (harmomcs) wupfia muﬂnnau'lmﬂﬂau‘lﬂnwaaEmmnm 3D

LTI 7

uruduevlaeg ﬂm:uﬂ:n:unLﬂummumumwaomwnnanua G208 TH
gwlaznavfifinnudidy 2 mwaom'mnwanuaa%mmﬂ mmaunau@mr{ 2
(second harmonics) tuaw ety n"mmmmmﬂ'l.m"lsﬂﬂawmnauama
tl.nmu'lwﬁ"uni.ﬂuiﬂ‘lﬂnu"[ﬂuEmmm, ﬁ]*'luummaum'maumﬂlumm~nsﬂﬂnumaa
m,ua'lwﬁ'lmame‘lwﬂmmr,wuumn'lenuﬂ"ummaunmuaummaua msfiazuan
'niﬂﬂauuue] Aiouann mauau'l.ﬂmmﬂﬂau‘l'nuﬁrﬂaowmsmmnmmwmuu
asuefinT (total harmonic distortion : THD)

mﬁmﬁuum{uaﬁnﬂu (total harmonic distortion:THD)  wuqsfly Sadu
s:uiﬂashﬂnﬁaaa‘umwamnﬁﬁoaawaoe‘iﬂﬂnﬁﬂﬁmaamﬁu (rms) Ya3gIul3znay
gr3uadin ﬁ'uﬁ'lﬁ’né’qaaoLaﬁﬂmaamuﬂsznaummﬁwﬁnga asuaasluaunisfi 2.20
uaz 221 éir THD fddasazwunede dygrmaiuefinmuswalsunluiuaus

WANUR
L]

THD (2.21)

THD, (2.22)
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25.2. Nﬂm"wumaamfnaﬁnsianumhu'lwﬂ’uﬁ“ué'm‘%an’uﬂwﬂ’n

uammumnmmmmaunﬂamﬂwﬁﬂ sunsnuihieanldreuuusioiuds
LTSRS UL UTZ B 8 loguuuszns Emuanimummmmmu'lwmuwfﬂumn
ﬁJ.au‘luiﬂmmmﬂmwuwaameu'lwﬁ’mmamu HIUUUUTtzEM79sa 9L ldan
wuumunwau'lwsﬂmaomwﬂmmummumumaLmﬂumu
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a:ﬁﬁ'lﬁtﬁﬂn's:I.Lﬂm%'uaﬁmﬁuﬁv‘htﬁuﬂ::q -‘E‘Nmmwtﬁruumaottnﬁ'u‘lwﬁmizmm
5% - 10% aniina e inszuaafifuiemiudu 10% - 50% WATuaNINUUI I8 99z
\iasusesuduiiladidnaia (dielectric) 3R UAULZYENG

guaindsenaliidennuioufin (overheating) &wmalautlas Wi dsvswuLian
'lunimmuamJmmu‘[mﬂuuu'lmmmmﬂummumn lasfilunsdisansniniidanse

n

vaswdoutls Wi lasnahlhsfiosdafisvindy 0.9 v TaraahasIWihsing
(kvAuszd RiRanszusiufimoiiansen (neutral) Snday

2.6. NOBHNITURIWUKAII Y

IARAMIRNTHIATB MBI LR InauAiuilafidam miunsss o
M Favzmunsaiurnaldalyige uazldrmaunsd e udoans lunsouwn
UnEI918 DC ﬁ‘mTaaﬁL‘?iau'l'uﬁaT'Jnﬁmwauméﬁhuﬁ'ﬂmwmuﬁuwﬁaam’uﬁ'mﬁa
ﬂaaﬁ'u'laj'lmﬁﬂn?u.a'mmm ninaunaIds(circulating current) A IMIULRRITIE AC
Wy wmummwomm‘lﬂanmnmn?LLa‘lnmm.mmmaamumwau'lm'lun'uwmu
Wi onsuaduT il

[

1.uanddgauausidudaviniu
2. e afivaaumassndadyiniu
3WEI AT IR DINTIN
TﬂuLfiatmﬁwaaLmdoii'lmmﬁ'uueiLwﬂﬂ'ﬂaﬁu Active power azinaiulu
297 uWEaTTULELSIGUE1IY Reactive power 92 InaIulua993 wdthums sy

» A 8 s =3 3 z . .
ANNUYINWRURZLTIAL na:mﬂ'lnmum Active llaz Reactive power

P AL Q@ (2.23)
g =__51n .
X !

i

VV,cosg, ~V,’
X

1

0 = (2.24)
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mnﬁumﬁﬂ.ﬁu'jnﬁmmmﬂna-uao P ua: Q mwaunuwmuwmm VURe
V, (Q‘)‘)‘UOV\']TI'\] I Inas i nsIg 10T U N UL d0aMnIsUTuuna 1510 1WTid
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WNIND UBNLEBIINWAIN U IUD NGRS lassansoudleldlagnsgelaslug lag
mﬂ.‘HPhase lock

2.7 msommdwlaiiany (11

'lwnnmnﬂmnumwmmmmmu Wodusdunafiaa i nungss g
WULES AT mnamnmmnvua‘lumuwﬂaNa'lmnﬂmwmumumnmw laowaan
ns:cm‘lnmumm’lmqﬂnsmmwm WanMuiswin lunmsawwduiefiaatsidasls
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1.Concentrated Control
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WiNITAIVGUEEIBUIERaaTuGesi NITuEaIBULIL SRR TUG Az TN ¥I99TNT8
aananazgnianidudygrmlumslaunduuuusy %onizLLaTﬂamﬁa:gnSharing



24

Ups-:

Parallel controd wiit
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31N 2.11 Concentrate control [11]

2. Master Slave Control
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3. Active Reactive Power Method

wldnsdwimnnd P usz @ udaviinng Sharing Power Tﬂﬂmmnﬂﬂﬂu
M7 Share active power W38 ﬂ'mﬂuTﬂr_lmi Share reactive power Iﬂﬂuﬂ’]iﬂ"m‘im‘n
-nn’nauua:msﬁuqaTmﬂ'luﬁn"n:'lﬂu"uuﬂ'luﬂun

4.Wireless independent control

aad y - . (o « « o .

iz lifinmndendarznintdurafians laoesfomseinn data  bus  lag

ﬁunafmafnnﬁaﬁ'u wlwbisduinndinufildainnmiasiedud Acive uas

. | ' v 9 o, o w od
Reactive power Uazazpaipufiiaandvinanzaudis nmsuiuianuiinazussuig:
[ Y- ] :I' A () - = J Tt
m'lﬁ'l.uunamwaoﬂﬂ;mLm:Lmﬂuwmuﬂa:aunaﬂﬂa%’ TapAthortdansavns
ar ~ T & o & A - g™ ]
FYIBIUNIUURzINNANELTaTaYes Uy waReddyAiszuuiidasnisAdenis
m’m‘fuLm:mus;uﬁuaiut‘i'ma:nwﬁmdmﬁﬁm%'d
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f: 3+ 1
+:S
o IPwM ™
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+
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A
1 P Us
! Power
3 l : Q | catculate | i
&

11 213 Wireless Control [11]

5.Distributed Logic Control

1u5% Concentrated ﬁ'ﬁmﬁuaaivsﬁaamaﬁﬁamnﬁmUﬂmﬂmﬁuan,uunmhi
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a.,uﬂauTmauuﬂau'lunnTuﬂa WarmMIsiFmmn suauasauE maaaﬂmau

umuaulunnTuﬂaummaTuﬂa'lﬂ qononaasanlufilifinasdoszvunazfigursning
sl lduna
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312.14 Distributed Logic Control [11]

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

s scled o
’Jﬁmﬂuiﬁﬂwwmmmnn’limUﬂ:uLu.lU Master slave u&: Distribute Logic

Control Lﬂmﬁmaanﬁnm'luﬂ%‘mmmwuﬁu ﬁ]\'.lil.,ﬂﬂTJﬂ\ﬁ'IUﬂ“Lﬂﬂﬂ N"Iﬂﬂ’]"l’]ﬁi]%‘]

1wt 1999 Hongying Wu*, Dong Lin*, Dehua Zhang*, Kaiwei Yao™uas Jinfa
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> ﬂ‘: Fo =y 3 e A‘
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1.

Hysteresis Current Control 1wl HAABUAUEITINIIUEA U uslinns
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IMUAzVU nsEIadRansadaliaz zonaafulalasnisiwsandfansie
SPWM Current Control  fifinanafilunisadadaefined soldnanauauas
nilewfiafisiadatinear load Wy Non-Linear load Turmefifiiggg
munuﬁéwhi*ﬁ’uﬁ’aw‘ﬁa SPWM Current Control i ﬁﬁamsmuaunmm’tu
C Filter uazlu L Fillter @4l Paper umLﬂuan’ﬁ'l"ﬁmsmuﬂun's.,lm'lu L
ﬂmm..Lm'luﬂ'Jmuummmﬂumnﬂm'lummuﬂsvwa.m,uﬁ‘[mw F95%4
ralviAanaaouruasmalowiafisianda § Mefiosnwgs uazdimusndl
anszuslutafiifianisdalsarueslvas muuaamu'lumﬂmams,l.m 9%
Tumahnuwuunuwsesdwieiiae? wiaurdiaseiiatosmwaasreyuy
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luanaz lifinniz(No-Load) 50 % waslwas uas 100 % 2p3lvaa
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JuUn 2.15 gﬂuuumimuqumﬂuﬂ SPWM Current Control [10]

Tﬂﬂ%*'lfmnmumaamﬂuﬁmmm'lun”m‘]aunaumLﬂ"&uumuunuwmmm‘lmu
819899992 16V Hn Error voltage azgnaaLulay Pl regutator mauaﬂwmmmnmmmaaa
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il 2000 Tsai-Fu Wu ,YuKai Chenuz Yong-heh Huang léniauadsms
mmu‘ﬁunai’maﬁmu’lmj‘fmﬁwmmmnmsmuquLmu Master slave W&z Distribute
Logic Control §3fi@a  Circular Chain Gontrol (3C) *‘foﬁﬁmn"ﬁamia':zwj'laluqmﬂu
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{c})

A = o, x o
sin 2.16 Llﬁuumumﬁmsmuquna 3 7% (a) Master-Slave Control

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

uszlu Paper mﬁﬁﬂmﬁiwamLLa:uﬁuutﬁuumUﬁ:é}n%mw 189M4 3 3T

Performante MSC CLC —CCL G0
Index With With With With With
ideniical | different | identical | different | identical | different
modules | modules | modutes | modules | modules | modules
rise ime 7958 | 8BOIus | S44us ]| S49us | 585us| 607us
(individual)
overshoot 36.50% 36.45% 40,66% 38.19% 36.90% 37.08%
(individoal)
steady state error | 2.10% 10.05% 2.29% 2.30% 3.53%
{individual)
ripple 176.25mA |332.77TmA 214 ImA| 32820mA ]265.1ImA 1511 21mA
(individuoal)
steady state error| 9.10% | 10.08% | 1.9% | 1.28% 1.45%
{total}
control cost low high moderate
reliability low high high
redundancy low high high
tlexibility high low high

) -
#1579N 2.4 LLﬁuumuuqmauﬁ

o)
=ty

= .3 L3
mMItTwIuduLIadiead (8]
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mmnmﬂm.wmnﬁ 3C uuuﬂnnmmwmnﬂ MSC usz CLC (CDC) floudine=d
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2.8.1 auauvdidulossiywas dsPIC
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Onn —-

V
v, L

L
mﬁ-’- Inverter oad

P a . o
JUN 5.1 Kvmasauduaiiaeidenuinananuduniu

a o ¢ o o
anilasmaaTaiIn 1
Gﬂ’i’l\iﬁ 51 Nﬂmmﬂaawaaﬁunm‘mafﬁaﬁ 1 ﬁm:‘lliflﬂ'ﬁﬂ’ﬁ:ﬂ'ld‘lﬂﬂﬂ (no Ioad)

Input Output

m

a

Va(V) 1, (A) £y (W) V. (V) I (A) | cos@ | T,

0.8 48.2 0 0 E 27.11 0 0.99 0
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Power Qutput
ma
P (W) S(VA) | Q(VAR) PF DPF THD, (%) THD, (%)
0.3 0 0 0 0.99 0. 95.7 09

| a o o . v o
@1INNS.2 KeMIMaseLYIBuiefineidaf 1 vadnlnaenudumu A m = 0.8

Load Input Output n
(W) V,ovy | L)y | PROW)Y | V, (V) 1, (A) cos@ | P(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 i 51 71.13
145 479 2 95.8 19.35 373 1 71 74.11
Power Qutput
Load (W)
P (W) S(VA) | Q(VAR) PF DPF THD, (%) | THD, (%)
30 19 19 1 0.99 1 6.2 6.8
55 k)| 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

a o ¢ o o
DNLIDILADIOIN 2

< a o ol =
@17190 5.3 sammageuvaiduiafiaaiaaf 2 vaeliiminsznelwia (o load)

Input Output
s v, (V) 1,(A) P, (W) V.(vV) | L(A) |cos@ | P,
0.8 48.2 0 0 26.98 0 0.29 0
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 [ ' [ P
A1579Nn 5.4 Nﬂﬂ'ﬁﬂﬂﬁﬂﬂﬂﬂwjﬂul']ﬂi@]ﬂ{ﬂ']ﬂ 2 'ﬂma:i]'lﬂ'[ﬁa@]ﬂ']'luﬂ'luﬂ']u Nm, = 0.8

Load Input QOutput 7
(W) V,(V) I,A) | P(W) | ¥, (V) 1,(n) cosd | F(W) | (%)
30 48.0 0.5 24 20.88 0.94 0.99 19 79.17
55 47.9 0.9 43.11 | 2061 1.57 1 30 69.59
100 47.7 15 | 7155 | 19.66 2.66 1 51 71.27
145 47.5 2 i 95 19.29 3.78 1 71 74.73

Power Output
Load (W}
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 8.8 8.7
100 51 52 3 1 1 10.4 10.7
145 71 71 4 1 1 11.6 11.8
MITNASBIN 2 NATBUTARNILUE UIIeTH wards Wi g Inaadnaiu
Wisufsuszwinmsionaadlsduiaiiass 1 luga unz 2 Tugs fiRfara,
30W,55W, 100W Waz145 W tilamaszimSmwuazSoufloy
@199 5.5 nammasavislnaaddulsfiaad 1 Tuga

Load Input Output n
W | v, | L@ | BEwm | v, | 14 | cs8 | Bw) | @)
30 48.2 0.5 24.1 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 71.7 19.72 2.62 1 51 71.13
145 479 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 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
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Load Input Output n
(W) VW) | L) | Rowy v 1, (a) cosd | P(W) | (%)
30 48.3 0.65 28.86 21.71 1 0.99 22 76.23
55 48.1 1 48.2 21.10 1.62 1 34 70.54
100 475 L.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 3.7 38
55 34 34 3 | 1 6 5.8
100 57 57 4 1 1 7.8 8
145 77 77 5 1 1 9.3 9.3

naaBUTIen 15 20 W S sufousznine 1 Tuga uazvuudae 2 Tuga

UOLTS /AMPS JHERTZ

E 1‘01 ;l:& 2103VU= mMAax

054Uz MIH

499,

T

M SCREEN M

P o o - « '3
U7 5.2 Fygoussauuasnszugvaduiaiiaad 1 luga
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HARMONICS
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M SCREEH [ 6 |

<
ﬂﬂ 5.9 ﬂ'l’]&lLWUW]JBGE‘IE]JE]J’]IHHL,I.I.W‘U’In'a'ﬂﬂﬂH‘I‘HH

nadous1enszh 55 W alSoudiousening 1 Tuga uazvuimdae 2 Tuga
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HARMOHICS

M  SCREEN &N

78]
76-
74|
eff(%) 72}

|® 1 module

| Pa@“‘ij

—

100
Load(W)

88 3

145

A =1 = = . s =
3UN 5.18 noulRauifisudssfmimweesdunefinetandmussuunaun

mngﬂﬁ 5.19 %olﬁﬁagamnmmﬂaaoﬁ 2 susuifisudaandwldimnnss
'hil.ﬁuﬁﬁ'maaﬁunaﬁﬂm?hr.ﬁU'mwr‘i*m’muuus'f'nﬁuw:’lﬁ'ﬂ‘s:ﬁw'ﬁmwgon'h UarIN
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nammaravitahidnainndaiulnaaanudiumu laslfduwisiieafuuuaum

mMmasesd 3 mImagautaanTzug uidu ursmalWiwas lidnslwin
(no load) uazainaliiunandiaMuduniu ARNaMa7 30W, 55W, 100W uax
145W 2pIBUeNAaTULLILTUM usznagaudanlansruuiue fnes

o - ‘=
@A13519N 5.7 WaNTIMARUYaIBUIITI@aTULLLYUIY mnw'lamn‘rsm‘s:n'm‘lwﬂ”u(no
load)

Input OQutput
ma
v, (V) L,(A) P,(w) V, (V) 1, (A) cos¢ P,
0.8 48.2 0 4.83 27.06 0.08 0.01 0
tnverter Inverter2
ma T
Vi (V) I, (A) [ cos6 | B (W) V, (V) I, (A) | cos@, | B (W)
0.8 26.91 0.15 0 0 26.72 005 | 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
o a a ] Lo
119719 5.8 Nnmsnﬂaaumaaaunafm SILUUTUTU wm:muTﬁaﬂm'mmumu
tnput Output .
Load Warituny
W) V. (V) LA | BOW) | V,(V) | 1(A) | cos® | P, (W) i
30 48.3 0.55 24 21.02 1 094 | 19 | dwefiaas 1
55 47.9 0.9 3872 | 2044 | 156 1 31 dunafiaed 1
o - [X
puLlaitaay 1
100 46.5 1.5 72.3 19.68 2.7 1 52
ez 2
145 0 0 0 0 0 0 TathasInae
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Load Inverter! I Inverter 2
(W) |4 I, cos @, I v I, cosd, 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 i.28 0.99 23 19.68 1.32 0.99 24
145 0 0 0 0 0 0 0 0
Power Qutput
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 3] 2 1 1 9.3 8.8
100 52 52 3 1 1 7.8 8.1
145 0 0 0 0 0 0 0
)
N
&/ ®
v, v
cgf Inverterl ﬁ]"
—\&J B} ]
Load
R

Inverter?

o = 5 .8 ] gl LY
gﬂn 519 MITMARAUDIULIDILADTULLYUIUG aﬂUI‘H AARNTINATUYITH




76

5.3 a'gﬂ
P g = ' e o P
Tuunfl 5 fuaasfisnammasssmuiaglesdfdeanisdnm lasanms
A { - - ry “ e
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d o =3
6.3 Ty nnulunisardinnis

1. Yadriaun90t19989 program simulation ¥ldiiaUgualunas simulation

P o A tm® o, [ =
2. HdgwrlumsmeaasdTimaljid Wasaiummagud

o d - d = a A W = - el o

3. nqufinsdasidunw insmlauin Ssdasdnmanmouiimudinge
4. mamudlalunnumsatuguuunilounsy

=1 a» - J 1 o L
5. IFygrasunawfiaduluaiwainesmuquintiifedgmilunaugs

uuullaunsu (Close loop control)

" d Qe e ] aQ Qr X
6.4 danarslasunmavamaalldmiulassni
-] d e
1. lunseenuuuaisnsnisdilafie Loop area tiaiflunisaafnmauniy
= a &
nonafiadn
2. msdmvvasnvImTndnuliuniige iNenaszuzussmeInliionssdel
v ae = a &
NRGARTYQNMIUN IR AL
3. smiugUnIailasiuanudseasivsneg WWivsuy tiaidunisilestulu
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Stopped 3 2007 /02710 22:23:07
CH1=5V CH2=5V + © 20us/div
oc; 101 oc 101 1 {20us/div)
U SO T e e NORMSDMS /5
3;"‘" ............................... ol i e —— e e et
=Tracel= Pp-p  6.800v Mak  5.600v | Min -1,200v
: Rms  2.091y Freq 19.84kHz: : :
=Trace2= P-P 8.6500Y Max  G.400V Mih =2.200v
e RS 42009 Freq 19:84kHz’ =
: i ;
=Filter= =0ffget= =Record Length= =Trigger=
Smoothing : OFF CH1 . 0.00v Main 10K Muode | AUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay 0.0ns
Hold Off :  MINIMUM
r w -
3'1]1’1 n-1 GHTITIREL PWM naanann dsPIC
Stopped 3 2007 /02/10 21:59:02
CHI1=10V CH2=10V L 20us/div
oc 1001 oC 1001 I (20us/div)
SRS TORUL ORROE OO N S SO NORMESIMS /5.

Ra R LR R R R R R LS

ag .................................... H- .................
=Tracel= P-P  15.60V : Max ~ 14.80v  :  Min -800.0my
:  Rms  5.784Y Freq 19:84kHz: ; :
=Tracez2= P-pP 17;20v Max 15.60v Min =1.600v
: Rms 12;04v Freq 19;84kHz : :
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : a.0v Main | 10K Mode © AUTO
BW @ FULL CHZ : o.0v Zoom 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFF : MINIMUM

A o - w . A
51U n-2 Sy PWM figanainiestuiiadad
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Stopped 3 2007702710 22:00:13
CHi1=10V CH2=10V : : 10us /div
DC. 10:1 pC 1001 i : : D (10us/div)

e e T : NORMWUMS’S

-Trace1 = pP-pP

Rms 1Zi27v U Freq isigekiz R
16;40v Max  15;20v Mi_h —1.zunv

15:20¢v Mln -1. 2unv

eq 10; ?EkHz

eHiter= =0ffset= =Record Length= =Trigger=
Smoothing | OFF CH1 : o.ov Main ;| 10K Mode : AUTO
BW . FULL CH2 : oov Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFF |  MINIMUM

= W
JuUn n-3 usIRTYO L PWM 9

o o = & Aa Ly
Tngastuineiad Adieaing

Stopped q 2007 /02/10 21:3154
CH1=20V ' Ems7div
RC 1001 o {Smsfdiv)
: HORM 200&8 /s

{t._._.,_,_,_'!_,. T S I T

=Trace::1= P-'
: Rms 26; 10\'. - Freq S0:00HZ

75'20\' D MaXx

37,60v ©  Min -37;60V

=Filter=

=0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! ---—--- Main : 10K Mode @ ARUTO
BW : FULL CH2 : 0.00v Zoom : 10K Type ! EDGE CH1 4
Defay : 0.0ns
Hold OFf : MINIMUM
= v - < &
Eﬂﬂ N —4 LIIGURUIaINTDIDUIDIGADT
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{{ 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

/Hidefine PID_P 0.02
{i#define PID_| 0.0002

#define MAXHIS 20

#idefine Ma1 0.8

unsigned int sine_addr = 0;

char stt[16];

static float sine_table[400]={

0,3,86,9, 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, 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, -108,

-109, -111, -113, -118, -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, -1686, -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, -B5, -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, V2diff,

v_max1_use, v_max2_use, i_max1_use,i_max2_use;
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int
11,12,13,
V1,v2,Vv3,

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],

II U maxXZ_asD. |maxzZ_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 = cmd&O0x0F;
LATFbits.LATFO = 0;



e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;

delay(5);

void SendChar{unsigned char cmd)

{
LATD = {cmd&OxF0)>>4;
LATFbits.LATFO = 1;
e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
LATD = cmd&Ox0F;
LATFbits.LATFO = 1;
e_delay();
LATFbits.LATF1 = 1; e_delay(); LATFbits.LATF1 = 0;
delay(5);
}

void SendString(unsigned char stt[]) {

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)%10);
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() {

/1 find Vmax,Imax
V_Tun++;
v_dat1 = (ADCBUF0+1)-V_offset;
v_dat2 = (ADCBUF 1+1)-V_offset;
i_dat1 = (ADCBUF2+1)-!_ offset;
i_dat2 = (ADCBUF3+1)-I_offset;
il for cycle

if (v_run>20000) {

v_run = 0;
v_flag = 1;
V1

v_max1_dummy = v_max1;
v_max1 = 0,
It V2
v_max2_dummy = v_max2;
v_max2 = 0;
i
i_maxi_dummy = i_max1;
i_max1 = 0;
2
i_max2_durmmy = i_max2;
i_max2 = 0;
}
I 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 = 0xD1FF; /0000 0001 1111 1111
LATB = 0x0000;

TRISE = 0x0000;

LATE = 0x0000;

TRISD = 0x0000;

TRISF = 0x003C; //0000 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; I no special event
PWMCON1 = 0x0033; /I 2 output

DTCON1 = 62; H ~ 2us @ 7.3728MHz
PTCON = 0x8007; // enable timer, up-down

# Init ADC

ADPCFG = 0x0000; //0000 0000 0000 0000
ADCON1 = Ox00ES; //0000 0000 1110 0110
ADCON2 = 0x0414; /0000 0100 0001 0100

1
[}
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; 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 = 0x0OFF; {//0000 0000 1111 1111; Input Scan AN 0123
ADCON1bits. ADON = 1; i/Start A/D

{1 Init Timer1

T1CON = 0x0000; Il clear timer 1

TMR1 = 0x0000; It clear timer 1

PR1 = 1473; // scaling

IPCO = Ox6000; I/ top piority

IFSObits. T1IF = 0; Il clear flag

IECObits. T1IE = 1; I/l interrupt enable

T1CONDits.TON = 1; /1 start timer

{/Start

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

HISW Inverter 1=>0N,2=>0ON
LATEbits.LATES = 1;
LATEbits.LATE4 = 1;

fiDelay 10 s
delay(25000);

SendCommand(0x40+0x80);
SendString("I=");

while (1) {
ADCON1bits.DONE = 0;
while (ADCON 1bits. DONE==0) ;




/{ Vmax Calc
if (i_flag) {
i_flag = 0;
n
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_i1[i];
i_max1_avg = i_max1_avg / MAXHIS;
i_max1_use = i_max1_avg"* 0.004887585 * |_gain;
// 0.000977517 * 5.0 = 0.004887585

/I Select Mode

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

/lon off Inv

PWMCON1 = 0x0000; HINV_182 off
LATEDits.LATEQ = 0; 1 INV_1
LATEDits.LATE1 = 0;

LATEDbits.LATE2 = 0: fIINV_2

LATEDbits.LATE3 = 0;
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while(1)

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

}

}

else if {i_max1_use < 3.5) {

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

PWMCON1 = 0x0033; HINV_1&2 on

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

delay(100);
}

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

ffon off Inv
PWMCON1 = 0x0011; HINV_1 on
LATEDbits.LATEZ = 0; HINV_2

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

delay(100});
}

/{Display 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 = PDC1;

/{ Check Sine

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

/fLoop sine down

sine_addr++;

if (sine_addr>400) sine_addr = 0;

Calc_Param();

}
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Data Sheet

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

The HGTG30NB0C3D 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 variss only moderately between 25°C and 150°C. The
IGBT used Is the development type TA49051. The diode
used in anti-parallei with the IGBT is the development type
TA49053.

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

Formerly Developmental Type TA49014.

Orcdering Information
PART NUMBER PACKAGE BRAND
HGTG30N60C3D  |TO-247 G30N60C3D

NOTE: When ardering, use the entire part number.

Symbol

HGTG30N60C3D

December 2001

Features

« B3A, 60OV at Tg = 25°C

+ Typical FallTime. ............... 230ns at T, = 150°C
* Short Circuit Rating

+ Low Conduction Loss

+ Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247

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

4,364,073 4,417,385 4,430,792 4,443,931
4,598,481 4,605,948 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 4,641,182 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 4,868,027

€2001 Falrchik SBamiconductor Gorporation

HATAE3ONEOCID Rev. B
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HGTG30N60C3D
Absolute Maximum Ratings Tq = 25°C, Unless Otherwise Specified
HGTG3I0NGOCID UNITS

Collectorto EmitierVoltage . .. ... oo e e e e BVces 600 v
Collector Current Continuous

AT =250 i e e v--1ces 63 A

AtTe = IR T o2 lc11o 30 A
Averag s Diode Forward Current at 110%C. . ..., . ... ..ttt nnne e lava) 25 A
Collector Current Pulsed (Note 1} ... . ... oeu i i i s lom 252 A
Gale to Emitter Voltage Continuous. .. ... vttt i it e VaEs 120 v
Gateto EmiterVoltage Pulsed ....... ... ... . . i VGeEMm 130 v
Switching Safe Operating Area at Ty =150%C. . ... ... .. i, SSCA 60A at 600V
Power Dissipation Total at Ta = 25%C ... ..o vve e e ciarnnnens Pp 208 w
Power Dissipation Derating T > 2520 . ... vttt ie it iaa e 1.67 /e
Operating and Starage Junction Temperature Range . .. ............covnvnne, T, Ts1G -40 1o 150 %
Maximum Lead Temperature for Soldering . . ... vttt i e e T 260 °c
Short Gircuit Withstand Time (Note 2) Bt Ve =15V . . ..ot ier i vare i ervanevans tsc 4 us
Short Circuit Withstand Time (Note 2) at Vg = 10V. . ... ... o oi i et tsc 15 HSs

GAUTION: Stresses above those listed In *Absolute 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 specification Is not implied.

NOCTES:
1. Repetitive Rating: Pulse width Himited by maximum junction temperature.
2. Vegp) = 360V, T = 1269C, Rg = 260

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collactor to Emitter Breakdown Voltage BVces lg = 250pA, Vgg = 0V 600 - - v
Emitter to Collector Breakdown Voltage BVees lg = 10mA, Vgg = 0V 15 25 . v
Collector to Emitter Leakage Current lces Vee=BVces T =25 - - 250 pA
Vce=BVees T = 150°C - « 3.0 mA
Collector to Emitter Saturation Voltage VeE(SAT) le=lgq10 T =25°C - 1.5 1.8
Ve = 18V Tc = 150°C . 1.7 2.0
Gate to Emitter Threshold Voitage VGE(TH) I = 250uA, To=25° 3.0 5.2 8.0
Ve = VGE
Gate to Emitter Leakage Cumrent lges VgE = £20V . - 100 nA
Switching SOA S80A T, = 150°C, VeE(PK) = 480V 200 . . A
‘F"gi 23:15,\(' Ve (pK) = 600V 60 - . A
L = 100uH
Gate to Emitter Plateau Voltage VGep Ic=Ic110 VoE = 0.5 BVgES - 8.1 - v
On-State Gate Charge Qaion) Ic=lc11o Vge= 15V - 162 180 nC
Vee=05BVees [ To0v - 216 250 nC
Current Tum-On Delay Time taconI T, = 150°C, - 40 . ns
Current Rise Time try I\?:ET;E;;O& 8 BVees, . 45 ns
Current Tum-Off Delay Time ta(oFF) \F;g E==3:15'>V- - azo 400 ns
Current Fall Time t L = 100pH - 230 275 ng
Tum-On Energy Eon - 1050 - uJ
Turn-Oif Energy (Note 3) Eope - 2500 - ud
Diode Forward Voltage Ve lgc =30A - 1.75 2.2 v

€001 Falrchlid Sermconductor Corporation HGETGEIONGOC3D Rev. B




Current Transducer LA 25-NP

Far 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 |
{5 Primary nominal r.m.s. current 25 At
| Primary current, measuring range 0..£36 At
R, Measuring resistance Rime Rumo
witht 15V @t 25At_, 100 320 Q
@z 36At 100 190 Q
L Secondary nominal r.m.s. current 25 mA
K,  Conversion ratio 1-2-3-4-5: 1000
v, Supply voitage (x 5 %) t 15 \
i Current consumption 10+, 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 v
basic isolation 1700 v
| Accuracy - Dynamic performance data
X Accuracy @1,,,. T, =25°C t05 %
€,  Linearity <0.2 %
Typ | Max
l, Offset current? @ |, =0, T, = 25°C +0.05(+0.15 mA
o Residual current ®@ |, = 0, after an overload of 3x 1,1+ 0.05{x 0.15 mA
o Thermal drift of 1, 0°C..+25°C [+ 0.06jx0.25 mA
+25°C..+70°C |x0.10j£0.35 mA
t Response time* @ 90 % of I, . <1 Hs
dildt di/dt accurately followed > 50 Alps
f Frequency bandwidth (- 1 dB) DC .. 150 kHz
| General data |
T, Ambient operating temperature 0. +70 °C
¥, 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

: Y Pollution class 2
2 Measurement carried out after 15 mn functionning

¥ The result of the coercive field of the magnetic circuit

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

Features

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

« Insulated plastic case recognized
according to UL 94-V0.

Advantages

* Excellent accuracy

* Very good linearity

« Low temperature drift

¢ Optimized response time

* Wide frequency bandwidth

¢ No insertion losses

e High immunity to external
interference

« Current overload capability.

Applications

s AC variable speed drives and servo
motor drives

e Static converters for DC motor drives

s Battery supplied applications

e Uninterruptible Power Suppties
(UPS)

e Switched Mode Power Supplies
(SMPS)

» Power supplies for welding
applications.

880908/8

LEM Components

www . |lem.com
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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 }...:_
R oo — i ® |.Ac15€NP
df ] 3 e
” 7NN
3 H15.z:° 533 _-_gk‘i. 45 Standard 00 Yaar Veek
. or N* SP..
i Secondary terminals Connection
Loy _ Terminal + : supply voltage + 15V v +
T in -5
j—a———H”H”! - Terminai M: measure (p LA 25-NP HEOV
: Terminal - : supply voltage - 15V out o - -
Number | Primary current | Nominal Turns Primary | Primary insertion Recommended
ofprimary | nominal | maximum | output current ratio resistance | inductance connections
turns e [A)}|L [A]]I [mA] K. R, {mQ]|L, [uH]
54321 IN
o—0—0-0-0
1 25 36 25 11000 0.3 0.023 N
QUT 6 7 8 B 10
54321 IN
o—0—0
2 12 18 24 2/1000 1.1 0.09 oo
OUT 678 910
54321 IN
o0
3 8 12 24 3/1000 2.5 0.21 JANAN
OUT 676010
54321 IN
Q [s]
4 6 9 24 4/1000 44 0.37 NN
ouUrT &7 8 810
54321 1IN
=]
5 5 7 25 5/1000 6.3 0.58 AN
OUT 678810
Mechanical characteristics Remarks
e General tolerance t 0.2 mm e |, is positive when |, flows from terminals 1, 2, 3, 4, 5 to
» Fastening & connection of pimary 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 cn its transducers, in order to improve them, without previous notice.
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Data Sheet No. PD680147 rev.U

International
Ts2R Re Cf | ]c| er IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channe! designed for hootstrap operation
Fully operational to +500V or +600V VorrFseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
® UUndervoltage fockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and powsr ground x5V offset ton/off (typ.) 120 & 94 ns
¢ CMOS Schmitt-triggered inputs with pull-down s
* Cycle by cycle edge-triggered shutdown logic Delay MatChlng 82%11‘%)) 12% ns max,
® Matched propagation delay for both channels ns max.

® Culputs 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 output 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 cumrent 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-Lead PDIP IR21108/IR21135
IR2110/IR2113

Typical Connection up 1o 500V or 600V
N1
] . ] W@D T
Voo °‘_;!_:_“"" Voo Va %
HIN o HIN Vg * ° 10
SD o sD — & SFOAD
LIN o LIN Vee —-
Vgg © Ves  COM [—3° | ED
Vee > —] LO ANA~
-
(Refer to Lead Assignmanis for correct pin configuration). This/These diagram(s) show slectrical
connactions 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 voltage param-
eters are absolute vollages referenced to COM, The thermal rasistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.
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- International
TOR Rectifier

Symbot Definition Min. Max. Units
Ve High side fioating supply voltage (IR2110) 0.3 525
(IR2113) 0.3 625
Vs High side floating supply offsst voltage Ve-25 Ve +0.3
VHO High side floating output voltage Vg-0.3 v+ 03
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage 0.3 Voo + 0.3 v
Voo Logiic suppiy voltage 0.3 Vgg + 25
Vss Logic supply offset voltage Veg - 25 Ve + 0.3
Vin Logic Input voltage (HIN, LIN & SD) Vss - 0.3 Vop + 0.3
dVg/dt Allowable offset supply voitage transient {figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 16 W
{18 lead SOIC) — 1.25
RTHIA Thermal resistance, junction to ambient {14 lead DIP) — 75 o
(16 laad SOIC) — 100 cw
Ty Junction temperature —_ 150
Ts Storags temperatura -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The inputioutput loglc timing diagram is shown In figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vg offset ratings are testad 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 Vs va

Vee Low side fixed supply voltage 10 20 Y]
Vo Low side output voltage 0 VCC

Vop Logic supply voitage Vgg +3 Vgg + 20

Vss Logic supply offset voltage -5 {Note 2) 5

ViN Logic input veltage (HIN, LIN & SD) Vss Voo

Ta Ambient temperature 40 125 °C

Note 1: Logic operational for Vs of -4 to +500V, Logic state held for Vg of -4V to -Vpg. (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
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International
ToR Rectifier

Dynamic Electrical Characteristics

Veias (Vee, Ves. Vop) = 15V, CL = 1000 pF, Ta = 25°C and Vgg = COM unless ctherwise specified. The dynamic
electrical characteristics are measured using the test clrcult shown In Figure 3.

110

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

Symbol Definition Figure | Min. | Typ. |Max. | Units {Test Conditions|
ton Tumn-an propagation delay 7 —_— 120 | 150 Vg =0V T
tof Tum-off propagation delay 8 —_ 94 125 Vs = 500v/600V
tsd Shutdown propagation delay ] - 110 | 140 ns Vg = 500v/600V

tr Tum-on rise time 10 —_— 25 35

t Tum-off fall time 11 —_ 17 25

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

Static Electrical Characteristics

Vaias (Vcc. Vs, Vop) = 15V, Ta = 25°C and Vgs = COM unless otherwise specified. The VN, VT4 and ||y parameters
are referenced to Vgs and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and I 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 —_ —_ 6.0
Voo High level output voltage, Vpias - Vo 14 —_ _ 12 v g =0A
Voo Low level output voltage, Vo 15 - - 0.1 1o = DA
T4 Offset supply leakage current 16 — — 50 Vp=Vg = 500V/600V
laBs Quiescent Vgs supply current 17 — 125 | 230 ViN =0V or Vpp
lace Qulescent Vee supply cument 18 _ 180 | 340 LA Vin =0V or Vpp
laoo Quiescent Vpp supply current 19 — 15 30 Vin =0V or Vpp
hiNe Logic "1" input bias current 20 —_ 20 40 ViN = VDD
IiN- Logic "0” input bias current 21 — — |10 Vin = 0V
Vesuv+ | Ves supply undervoltage positive going 22 7.5 8.6 8.7
threshaold
VBsuv- Ves supply undervoltage negative going 23 7.0 8.2 94
threshald
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+ Quiput high short circult pulsed current 26 20 2.5 — Vo=0V. VIN=VDD
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 International

ToR Reclifier

Functional Block Diagram

ja]
a
m
[s]
[0 ]
[u]]
—I
]

HY
LeveL '—! PULSE C
SHIFT
FILTER
Voo/Vee

LEVEL !
sret | Hpuese v,

GEN { |
!
+—9 Ve
uv !
!
I

DETECT
Voo Voe
LEVEL LO
SHIFT |
DELAY :
COM
|

Lead Definitions

Symbol} Description

Vpo 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 (LO), 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

4 www.Irf.com
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International

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

Lead Assignments
] o [7] = Ho [3]
& voo vp [E] 0g ve [T
5] Hin vs (5] (g voo vs [E]
o so 2] [iz] Hin 1
2} un vee (3] 03] so |
(i3] vss com [7] 035 un vee (3]

51 vss com [Z]
(4] o~ o1 = =
14 Lead PDIP 18 Lead SOIC (Wide Body)
iR2110AR2113 IR2110S/1R21138
el HO £T7] =] HO {7
=] voo vB % =] voo ve [B]
o] Hin vs [ 5 (O8] viN vs [
{i7] so ! (7] so [
{0z} un veo 131 Oz} un vee [37
O3] vss coM | 2] 03] vss com [ 2]
[} o~ o] (4] —~ [T
14 Lead PDIP wio iead 4 14 Lead PDIP wio leads 4 & 5
IR2110-11R2113-1 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
a8 7 & &
Power Supply Control AL L 7
Switching Power Supply ;;[
Transistor Invertor TS
9662025 Eg
[x]
TLP3550 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, E
This unit is 8-lead DIP package. 2542025 ™
® Isolation voltage: 2600 Vrms {min.)
® Switching speed: tpHL, tpLH = 0.5ps (typ )J(RL=1.9 kQ) 1eanch
® TTL compatible
® UL recognized: UL1577, file No. E67349 TOSHIBA 11-10C4
Weight: 0.54 g
Pin Configuration (top view)
10 38 1:N.C.
2 1 Anode
2 A 37 3 : Cathode
s |7 4:NC.
5 : Emitter
= 16 8 : Collector
7 :N.C.
40 D5 g Cathode
Schematic
Icc
| Vee
F B8
VFT h 2 o
30— .t Vo
. 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 lo 8 mA
. Peak output current lop 16 mA
ﬁ Supply voltage Vee -0.5~15 \'
& Qutput voltage Vo -0.5~15 v
Qutput power dissipation
(Note 5) Po 100 mw
Operating temperature range Topr ~55~100 *C
Storage temperatura range Tetg ~55~125 °C
Lead sclder temperature (10s) Tsot 260 °C
Isolation voltage
(AC, min., RH. = 40~60%) (Notegy|  BVs 2500 Vvims

{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 1ps, 300pps.

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

(Note 5) Derate 2mW / °C above 70°C.

2002-09-25
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Electrical Characteristics (Ta = 256°C)
Characteristic Symbol Test condition Min. Typ. Max. Unit
Forward voltage IF=16mA 1.45 1.65 1.85 A
Forward vollage - s
o |temperature coefficient AVFIATa | IF =16 mA - -2 — |mvi=cC
= Reverse current VrR=5V —_ — 10 PA
Capacitance between -
terminal VF=0,f= 1{MHz _ 60 — pF
loH (1) lp=0mA Voo =Vo=55V —_ 3 500 nA
. High level output loH (2) IF=0mA Voo =Vo=15V - - 5 pA
g |curent IF=0mA, Veg = Vo =15V
g Ta = 70°C - | - % | v
High level supply | IF =0 mA, Ve = 15V 0.01 1 A
voltage CCH F  YCC & — . M.
Ta=25'C 10 30 -_
IF = 18 mA [Rank:0 | 19 30 —
Curmrent transfer ratio o/ lF Veg=4.5V %
Vo=04V Ta=0~70°C 5 — -
. [Rank:0 | 15 - -
= [Low level output v :F Z!ﬁﬂmvcc =48V _ - 0.4 Y
O |voltage oL o=1 -
(rank 0: Ig = 2.4mMA)
R.H. = 40~60%, V = 1kV DC _ 2| _
Isolation resistance {Note &) 10 Q
o e V=0,f=1MHz — | o8 | = | oF
Switching Characteristics (Ta = 256°C)
Characteristic Symbol Test Condition Min. Typ. Max. Unit
Ip=0— 16 MA, Voo = 5V, R = 4.1 k2 - 0.3 0.8
Propagation delay time t 5
(H=L) pHL H-
(Note 7){ Rank 0: R = 1.9k —_ 05 0.8
IF = 16— 0 mA, Voe = 5V, Rp = 4.1 k2 - 10} 20
Propagation delay time t s
(L= H) pLH H
(Note 7)) Rank 0: R = 1.9 k) - 0.6 1.2
Common meode transient Ip=0mA, Vom = 200 Vpp
Immunity at high output CmH R = 4.1kQ (rank 0: R = 1.9 k) - 1500 — V fus
level {Note 8
Common mode fransient Ip= t6mA, Vo = 200 Vpp
Immunity at fow output CmL RL=4.1kQ (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 sharted together.
{Note 7) Switching time test circuit.

iF;uISte o———lF Vee=5V 13 —_
° | & o .
pw=1oops —214 [0 zR
Duty ratio=1/10 ) 5V
I monitor [6]——0 Vo 0 = :"
a
- 3 Qutput
hid 4] 2 monitor 1.5V 1 b.gv
L
t, )
— pHL N <pLH
(Note 8) Common mode transient immunity tesi circuil.
Veoo=5vV ‘s Y " 90% 200V
[ B oo/ \
4 A 10%
e _.0——"'_|2 } Zl R ___7 ‘_a__ ov
o—t—0 5 Vo e e
@ Qutput Vo 5V
monitor (tr = OMA) / oV
Vem
— 0.8V
Vo \ Voo
Pulse gen {lF = 16mA)
Zo=500
160 (V) 160 (V)
My= CM.= (

tps) tr(vs)

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

4 2002-09-25
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WO005M THRU W10M

Bridge Rectifiers

Single Phase 1.5 AMPS. Silicon

‘oltage Range

250°C/ 10 seconds / 0.375" { 9.5mm }
iead length at 5 Ibs. ( 2.3 Kg ) tension

Mechanical Data

Case: Molded plastic
Lead: Solder plated
Polarity: As marked
Weight; 1.10 grams

PP

.ﬁ 1000 Volts
- Gurrent
L8 Amperes
Features WoB
ure s o
< UL Recognized File # E-96005
4 Surge overoad ratings to 40 amperes
peak e
<+ Ideal for printed circuit board
< Reliable low cost construction technique
results in inexpensive product 12008 N
4 High temperature soldering guaranteed: M

- omen pa

POS.LEAD

Dimensions in inches and (millimeters)

For capacitive load, derate current by 20%

Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

Type Number WOO0GM] WO1M | W02M | WO4N | WOGM | WOBM | W10M | Units

Maxlmum Recurrent Peak Reverse Voltage 50 | 100 | 200 | 400 | 600 | 800 | 1000 V

Maximum RMS Voltage 35 70 140 | 280 | 420 | 660 | 700 Vv

Maxlmum DC Blocking Voitage 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 v

@ 1.0A

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

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

Operating Temperature Range 1, .55 to +125 °C

Storage Temperalure Range Terg -55 to +150 °C

- 440 -
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T
EAIRCHILD
]
EEMGONDWETAR"

Zeners
1N4728A - 1N4752A

Absolute Maximum Ratings” =25 uvess otwrwisa nated

Tolerance: A=5%

Symbol Parameter Value Units N
Py Power Disslpation 1.0 w
Derate above 50°C 8.87 mw/ieC
Targ Sterage Teamperature Range -65 to +200 °C
T, Operating Junction Temperature + 200 *C
R Tharmal rasistance Junction to Lead 53.5 'CIW
Rusa Tharmal resistance Junction to Ambient 100 °CIW P
Lead Temperature (1/16” from case for 10 + 230 *C -7
saconds)
Surge Power** 10 w DO-41
*Theee rtings are kmiting valugs above which the sarvicaability of the diode may be impaired. COLOR BAND DENOTES CATHODE
**Non-necuTont squae wave P = 8.3 me, TA = 55 dagmees C.
NOTES:
1) These ratings & based on & MAXITAU function iemperature of 200 degrees C, ’
2) Thase are steady statelimits, The factory shoutd be consiltod an applicabions irvolving pulsed
of ke duty Cycla operations.
Electrical Characteristics  1,-25Cuneu oenwise noted
Device Vv, L @ I e @ b Ve @ s lsuree by
) (@) {mA) (Q) {mA) M (pA) (mA) | (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 5.1 7.0 49 550 1.0 1.0 10 690 178
1N4734A 5.6 5.0 45 600 1.0 20 10 610 162
1N4735A 6.2 2.0 41 700 1.0 3.0 10 730 146
1NAT38A 6.8 35 37 700 1.0 40 10 660 133
1N4737A 75 4.0 34 700 0.5 5.0 10 605 121
1N4738A 8.2 4.5 3 700 0.5 6.0 10 550 110
1N4730A 9.1 5.0 28 700 0.5 7.0 10 500 100
1N4740A 10 7.0 25 700 02 76 10 454 91
1N4T41A 11 8.0 23 700 0.25 54 5.0 414 83
1N4T742A 12 9.0 21 700 0.25 9.1 5.0 380 76
1N4743A 13 10 19 700 025 9.9 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
1N4746A 18 20 14 750 0.25 13.7 5.0 250 50
1N4747A 20 22 12.5 750 0.25 15.2 50 225 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 4
1N4751A 30 40 8.5 1000 0.25 22.8 5.0 150 30
1N472A 33 45 7.5 1000 0.25 251 5.0 135 27
Ve Forward Voltage = 1.2 V Maximurm @ I = 200 mA for all 1N4700 series

©2001 Falrchid Bemiconductor Corparailon

ANATO0A Rev. C

(VZSZUNL - V8Z.LYNI) Sisuaz




	1 Title Page
	ณัฐพล0000001A.tif
	ณัฐพล0000002A.tif
	ณัฐพล0000003A.tif

	2  Abstracts
	ณัฐพล0000004A.tif
	ณัฐพล0000005A.tif
	ณัฐพล0000006A.tif

	3  Contents
	ณัฐพล0000007A.tif
	ณัฐพล0000008A.tif

	4  Lists of Illustrative
	ณัฐพล0000009A.tif
	ณัฐพล0000010A.tif
	ณัฐพล0000011A.tif
	ณัฐพล0000012A.tif

	5.1 Chapter 1
	ณัฐพล0000013A.tif
	ณัฐพล0000014A.tif
	ณัฐพล0000015A.tif
	ณัฐพล0000016A.tif
	ณัฐพล0000017A.tif

	5.2 Chapter 2
	ณัฐพล0000018A.tif
	ณัฐพล0000019A.tif
	ณัฐพล0000020A.tif
	ณัฐพล0000021A.tif
	ณัฐพล0000022A.tif
	ณัฐพล0000023A.tif
	ณัฐพล0000024A.tif
	ณัฐพล0000025A.tif
	ณัฐพล0000026A.tif
	ณัฐพล0000027A.tif
	ณัฐพล0000028A.tif
	ณัฐพล0000029A.tif
	ณัฐพล0000030A.tif
	ณัฐพล0000031A.tif
	ณัฐพล0000032A.tif
	ณัฐพล0000033A.tif
	ณัฐพล0000034A.tif
	ณัฐพล0000035A.tif
	ณัฐพล0000036A.tif
	ณัฐพล0000037A.tif
	ณัฐพล0000038A.tif
	ณัฐพล0000039A.tif
	ณัฐพล0000040A.tif
	ณัฐพล0000041A.tif
	ณัฐพล0000042A.tif
	ณัฐพล0000043A.tif
	ณัฐพล0000044A.tif
	ณัฐพล0000045A.tif
	ณัฐพล0000046A.tif
	ณัฐพล0000047A.tif
	ณัฐพล0000048A.tif
	ณัฐพล0000049A.tif
	ณัฐพล0000050A.tif
	ณัฐพล0000051A.tif
	ณัฐพล0000052A.tif
	ณัฐพล0000053A.tif

	5.3 Chapter 3
	ณัฐพล0000054A.tif
	ณัฐพล0000055A.tif
	ณัฐพล0000056A.tif
	ณัฐพล0000057A.tif
	ณัฐพล0000058A.tif
	ณัฐพล0000059A.tif
	ณัฐพล0000060A.tif
	ณัฐพล0000061A.tif
	ณัฐพล0000062A.tif
	ณัฐพล0000063A.tif

	5.4 Chapter 4
	ณัฐพล0000064A.tif
	ณัฐพล0000065A.tif
	ณัฐพล0000066A.tif
	ณัฐพล0000067A.tif
	ณัฐพล0000068A.tif
	ณัฐพล0000069A.tif
	ณัฐพล0000070A.tif
	ณัฐพล0000071A.tif
	ณัฐพล0000072A.tif
	ณัฐพล0000073A.tif

	5.5 Chapter 5
	ณัฐพล0000074A.tif
	ณัฐพล0000075A.tif
	ณัฐพล0000076A.tif
	ณัฐพล0000077A.tif
	ณัฐพล0000078A.tif
	ณัฐพล0000079A.tif
	ณัฐพล0000080A.tif
	ณัฐพล0000081A.tif
	ณัฐพล0000082A.tif
	ณัฐพล0000083A.tif
	ณัฐพล0000084A.tif
	ณัฐพล0000085A.tif
	ณัฐพล0000086A.tif
	ณัฐพล0000087A.tif
	ณัฐพล0000088A.tif

	5.6 Chapter 6
	ณัฐพล0000089A.tif
	ณัฐพล0000090A.tif

	6 Bibliography
	ณัฐพล0000091A.tif

	7 Appendix
	ณัฐพล0000092A.tif
	ณัฐพล0000093A.tif
	ณัฐพล0000094A.tif
	ณัฐพล0000095A.tif
	ณัฐพล0000096A.jpg
	ณัฐพล0000097A.jpg
	ณัฐพล0000098A.jpg
	ณัฐพล0000099A.jpg
	ณัฐพล0000100A.jpg
	ณัฐพล0000101A.jpg
	ณัฐพล0000102A.jpg
	ณัฐพล0000103A.jpg
	ณัฐพล0000104A.tif
	ณัฐพล0000105A.tif
	ณัฐพล0000106A.tif
	ณัฐพล0000107A.tif
	ณัฐพล0000108A.tif
	ณัฐพล0000109A.tif
	ณัฐพล0000110A.tif
	ณัฐพล0000111A.tif
	ณัฐพล0000112A.tif
	ณัฐพล0000113A.tif
	ณัฐพล0000114A.tif
	ณัฐพล0000115A.tif
	ณัฐพล0000116A.tif
	ณัฐพล0000117A.tif
	ณัฐพล0000118A.tif
	ณัฐพล0000119A.tif
	ณัฐพล0000120A.tif
	ณัฐพล0000121A.tif
	ณัฐพล0000122A.tif
	ณัฐพล0000123A.tif
	ณัฐพล0000124A.tif
	ณัฐพล0000125A.tif
	ณัฐพล0000126A.tif
	ณัฐพล0000127A.tif
	ณัฐพล0000128A.tif
	ณัฐพล0000129A.tif
	ณัฐพล0000130A.tif




