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ABSTRACT

This thesis focuses on the design of paralleled Inverters which uses three 100
W single phase full-bridge inverters. This method is not-only improving the efficiency of
system but also-controlling inverters capacity with various load conditions at 80 W, 160
W, 240 W and 32C W. The dsPIC microcontroller is used to control and generate the
sinusoidal pulse-width-modulation to drive the inverters. The dsPIC. receive current
sensing signals from_each inverter to process and select the suitable inverter to run with
closed to inverter rate to achieve high efficiency. Mereover amplitude modulation can be
adjusted automatically-to compensate the output voltage stability. The main idea of the
designed system is to'.control. three ‘inverters synchronization based on frequency,

amplitude and phase angle to operate paralleled inverters'working with high efficiency.
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3.2 NOBHNITIRIRUNEINTS [3]
inafamsnrwesasundsinsiig Snansitnileffemnbhunssiionnmu
i Fovrmansarisuwnaldaiielidine wasldvmaunsssoamudosms lumsswu
unasine DC SidaadiTonlufoussdnuasunassiofiiunawininasaadriniuite
Haanuliliifanszualnainsznineundesnp (circulating current) WAEMTUUNAITIY AC
i ﬁumﬂmmq‘faa:ﬁﬂﬂzjmﬂﬁﬂm:Lmvlumm:uﬁw.meioﬁhu%oﬁau‘lwlumwmu
unsdsenszuaduiieai
1. UaNLRIRTAIUTIAUA DIV
2. amaduaaunssipdorintu
3. INETIURAIINEADIGTINY
TosiiiausssuvosungssTainanutsinaaiainActive power vz Inauluiasdn
INEATINUUALTINUG I Reactive powar 3£ Inaanluisa s uddunssinssenunaa

URZLTIAH NaziNa lBRIUNI Active Las Reactive power

= —2ginp. 3.1
P{ X,‘ w’ ( )
%
Q‘ A V;VOCOSCD,- V:) (32)
i X

i

PARYNFITR LIS s Maas P uas Q a:ﬁua;’iﬁuqu@imwmao V, Uas
Vy (@) Faranasm 09 s UREIS BT W kAW §a9Y 3T Fuuna s 1R dn
wiriuns 3 dewlidmuundsshentzuaraunizuainaiueis lifalifiAadgn
AnansuandsamnasIndueantiaasy lagemsoudluldlasmsdolasiug Taams
14 Phase lock

vV /0
TN ————2—e TR
X, 4 Lo X,
+ + | +
Vio, z, V.40
UPS1 - UPS2

- '
NINN 3.2 WITRUURAITYUTUUARIEY



23

3.3 nufn1smudniaafinad [8]

Tnsnmadsrtunsrwnunasing iRsddnnafineuiuunaesnoigs
wuuEded Jamsnnmifinrzuslnamesssnaliiinanudewisuinni lagnasn
ns:ua"lvmm:ﬁﬂlﬁqﬂmrﬁa"‘m%a Wfieanuioris luntsawimduiesinaiiedaald
annaugunsdlariudrzuy smﬁamuqajmﬁimﬁwé’a'lwﬂ'rs"mﬁ’u atafluszuy
fidszdnbawgs sfissnwg *‘ﬁas:uumsmuquffuﬁwmmmua:nemﬁa'luﬁ'ﬁa@ia'lﬂ

s:uumimuqu‘éunaﬂmaf&fuﬁumﬂ"‘J%Lwia:'i%'ﬁ’ﬁ'aﬁ@mﬁu ralunsdn
é’ﬂumxm‘smuqu Usz@nSnw wiiosnw uazmsaauaussdeanizlvaa  laplu
Wyarinutisuitldiiaeiimanudunsfiadld 3 53¢ osu dun

1. Current Distribution Control

2. Master — Slave Control

3. Circulation chain control

3.3.1 Current Distribution Centrol
Phase Lock Loop (PLL) WWauiaasiaasusazanunazyian1s Synehronize 1Waua:
a‘ d o [ T3 b - 3 [ 3 (3 ) G
AN mm'l%mmvlwﬁmiamaoi:uua:ﬁu@lahaﬂmaaauna‘nmaﬂma:m Taen9393
muQm:ﬁﬂmﬁunimﬂmwmLLﬁ’dﬁﬂmmﬂwm@maom:uﬁuﬁ']da"lﬂ'lﬁiﬂuma"'laﬁa
w9 sRIURuBaanieiiaaiudaz A nizlarasBun e TRdazd i mI9IINIEY
o '™ as " &

aanma:gnmmLﬂuﬁmunpm'lum*sﬂaunauuwﬂn ‘Hdﬂi:LLﬁIﬂﬂﬂﬂ’ﬂ:gnSharing

o
N\ Y
T *G I' current
DistributionCDC
Module 1. ¥ o 1§ ol . Hoad
+imz l [ E N ]
m il’l’l1 iml in-m e

+
Lol

T |« !

Modulen 2 li,

ri
NN 3.3 NMIANURAUUUY Current Distribution Control [5]



24

Voltage controt

Load

m

(]
<
3
@
3
-
o
Y
-
e
jif- o000

-
AN 3.4 NIFNIVANULUY Master Slave Control [5]

3.3.2 Master Slave Control

ﬁugmmimuquﬁ?umﬂauﬁu Concentrated Control §9fmuassfi Master rsin
fsududasdl pLL @sldluntsdslotlued arufussing Sundwateauinwmin
Smwe%aﬂ:gnﬂ1Uﬂuﬂ1u wirpaIURuINNIRLAeT lagazavdnszusaisanyuilu
fyanmwssnviniugs lasdunafinefendnnirgigaaniummest findosaiy
Slave laudalndd Tﬂné’hﬁijumama%a:n.ﬂuﬁamuqmmﬁu URENTZURTI0DNYBY
Slave Saanilunszuaddold slave dadug laswin Master e amnoliaunsodne
aale siave azdanlihili-Master salondaludd

3.3.3 Circular Chain Control

’J%ﬁtﬂumsﬁﬂLauamwmuﬁuna?tﬂaﬁmu'lﬁajﬁ‘ﬁaﬁwmmmnmsmuquuuu
Master Slave Control LR: Current Distribution Controi Lﬂua'ﬁﬁlﬁanﬁnuﬂuﬂ?mmﬂ
fiwut SeazndndeneazBuaunnnin 338ug 993% 3c ﬁmn%amimm’i’nﬂugmﬂu
snwuzanaulagraululnuesiuqunizus daenaiia SPWM Current Control GR
aiinsananiisnnuilunmssiadtefied fildnanaumueimielamdafisaian
Linear load u&z Non-Linear load lumm:ﬁﬁawsmuquﬁhﬂ1aj«ﬁ'u=59u%a SPWM
Current Control ﬁﬁy'amimuquns:lm‘lu C Filter uazlu L Filter @al% Paper ftiiaus

. d e AL & . =
nsldnsaiugunszuale L Senszualuduniisvihfazyuminszusludufivyszquas



25

A aad, v a a o & a 4 a
nazusluaa WiTHneliifanansuauamwlandafivanda fiafiornings uszdy
surnafenszuglutnfitienmsanasradlnan aeuudsielumsudamszigiuly
mMahauluuswseasduaiiaed wisunslmnziisiosnineesszuulusniz il
N3z (No-Load) 50 % vadlnas LAz 100 % 2adlnae (Full Load) lapazlduseauan

&) Y] a ol =) Qs G € 3 o o 3
sanilusygrolunslonndunnlsmfsuiuaygraleidred s FeesldaEror
Voltage 1:Qnsawsalag Pl regulator LNBNAARTY QY INTTUREIBINTZURNHINNIINTDY
sxgnivundIvuifisuiudgygimd 8 fygio eror szgnuairslan P regulator
winuuiy g sz lwisufsuivdganusannisaiesiie SPWM dmsy

= ﬂn’ AHA‘ ] ar ‘HI = Aal d' a‘ ] .
mIgiadsitlmunedniuanuiilumsaladtefinsfiuaslide dynamic respond

INVERTER MODULE L

e ~
5.4 S34

vdc !, C Cs3

Sz S, -ig

To 8,558,585,

1
avol

—

n"l'l'lﬁ 3.5 EIJLLuumimuqumﬂﬁﬂ SPWM Current Control-[7]

|
|
—E_— ‘K} jE Load
Modua ‘F—L_ e T
T |44 1

Module 2

-t

U
Lo

1
-

Moduie n 4

P . .
AN 3.6 NINUAUNLUY Circulation Chain Control [5]



26

Bty

d - -
@171 3.1 Wisuifisugmenl@iinizwuBuiefiaat [5)

MSC CDC CCC(3C)
Performance With With With With With With
Index Identical | Different | ldentical | Different | Identical | Different

modules modules | modules | modules | modules | modules

rise time
795 us 804us | 544 pus | 549us | 58d5us | 6.07 us
(individual)
overshoot
36.59% 36.45% | 40.66% | 38.19% | 36.90% | 37.08%
(individual)
steady state
error 9.10% 10.08% 2.29% 2.30% 3.62% 3.53%
(individual)
ripple
176.2mA ) 1-332.2mA | 214.2mA | 328:2mA-{ 265.1mA | 511.2mA
(individual)
steady state
error 9.10% 10.08% 1.29% 1.28% 1.41% 1.45%
(total)
control cost Low High Moderate
reliability Low High High
redundancy Low High High
flexibility High Low High

J i = “: o~ -3 - 1
B3I RE TN IR BR LY 3C WU ENEAINEIATY MSC uaz CLC
fowii1azlien ripple BdsnIzUFABLAING 2 TFazann iy waddsdainiaoag

Iull 2000 Tsai-Fu Wu ,Yu-Kai Chenttae Yong-heh Huang léiiauaitnisouin
“aunas‘mai’uuuiﬂai%wi’eummmnmimuqmmu Master slave W&z Distribute Logic
Control @3fifia Circular Chain Control (3C) ‘%aﬁ’:ﬁmn%ﬂﬁdﬂi:ﬂ’hﬂuﬂﬂlﬂu§ﬂum:
naulanululuuaaivgunszus SPWM Current Control Fasnasarildnszuaan

panuasndazluganringiu
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L, =~2x1,=651A
4.2.3 WITWIARNALIIOU INHdHaan

o G - ; o . | = = - :
wnmlaaam?aﬁmaﬂuTﬂNa'mun’muﬂ‘hﬁ 100 W I@lEIW'i]'ﬁm’llJT:ﬁY]D'ﬂ'IWﬁ

80% BAINN® Aanuiad NI wT I ldnaans

g

= 2 v 100% 4.3

1 P (4.3)
P

P =~ x 100% = 100 100 = 125 W
n 80

4.2 4 WIRNONSTUEOUWTIINFUINDT

Fi=44V, (4.4)

=222 2 o0
60

) d“ L Y S -3 . - o J
IINNTTAUNIULLBDIAU mmmagﬂwnmmawaaauna{maﬂﬁmv«.

WsIauNITUFaTIMINEY () 48 1 60V (wmanyalndld 6o vy
nzua Wi (L) 208/ A

g ISt ¢2,) 125 ‘W

wsaau inganaan (V) 27.16°V

nszus IWiewean (1,,) 46 A

e WA aamaean (£) 100 W

UstnFaw 80, % (lastlszunm)
stsznauringe (PF) 08 (laplszunm)

[ |
+

4.3 2995N3DIAINAA Y
AJ [ - L Qs A 'y = 1 =} ] Qs -
TuAfiis19zna1 D9NITaNUUBLAE AT NG UNR LA DIaELG B §IuaaLAY
v PR . N T . ¥
ﬂs:quummsnmma"lam'lﬂmuwammﬂ Taon1saiaamietin s auTua o a9it
Jv Aﬁ' b - A
1. lulassuiidasnisaonuuulsasniadndnudanasnvaddwrataasuuuniiana
A 100 W anudidueanfiaednisia 50 Hz lasfiunssdnlefunimsuniuiaisas
o W . 0 ‘l o 0 oa o b ' .:f
fae Lm:'lmsmquaamaunaimaﬁao JIRNaIwaanUasBuIaTiaasasda lUi
- tmé’uﬁ'maanéhqﬂ fin 4243V

- m:uaﬁmaan@i'\qﬂ fin 2.95 A
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g A o = A - w 1 G [ Hlﬂl L ) Lo |
Tagldardumuluniszinae Sesuudldiviinu R, sranuiiidasnisindada 40 kHz

4 ca dd a a a « &
Jaife anudnltlunssiadivasiuaiiaad

2. 193TNYaNRaN 1A Low Pass Filter uuy LC lapil daminsaanauauansef 4.1

< o i
MA177IN 4.1 aaINITEAN auAIUN

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

3. dmuwial R, N

Tasfi ¥
I

min, rms

min, rms

Vmin_rms
R, = i (4.5)
Ry = 4243 L asa

2.954

- )

Ao Aussaulnfasganldam

A A AAa a
fa mm:ua'lwﬂ"nqaqﬂﬂ'l'ﬁmu

o 1 A s
4, FurmaIsIaunanaansIn

lagit F,

dB

F
Fo S B (46)
2/
F E e\ B
212

fAa Anudienaan

) mmf‘imaaé’tgtywmﬁv‘n’mmiﬁﬁﬂ

Ao smsaanauiidans o awifaeInsinga

fio AL (oss) wie Ardamnisaansulumiay dB/decade 1993
nissemudidenldauatsafia. 1 wouues S0 L = 12N

fa ﬁfnmwgmanw*mmaLtﬁia:uuuﬁmeiamgmmﬁ'u drotarulunsd
manwinsamuuuaaﬂs:naud’auéf'nuﬁmﬁ’lua:@'f’uﬁuﬂs:qazi’ma:vﬁia

Q24 1 |3 A o %@ 4 bt kol
Gl']ﬂﬂ'l"ll‘].]%“‘u;d?‘!ﬂ ﬁ]:‘hﬂ N=1 ﬂ']ﬁﬂ']'i@lﬂﬂ']ﬁmﬂﬂuﬁﬂﬁzﬂ'ﬂtiﬂ N=2
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5. fnmmmiddimitsnhuazdiiudz lassidr R, uazd F, filauunulu

JUNT (4.7) Ul (4.8)

L= Ry 4.7
2nk,
n(7.5kHz)
= 1 (4.8)
R,

1

C= =295 pF
7(7.5kHz)(14.38)

AauwBenly C = 3 uF

6. MIDANLUUIBREIUN
6.1 nMIsanuuyainieaileodlensweon data sheetPaIU31N mircometals

AIUUMTEONUULAWARBIU-L = 610 pH, | = 4.17 A

WA TN RN UTZRY
£ \>»
E=—1Li 4.9
5 (4.9)
E = %(610;1H)(4.17)2
E =.5303.6 pJ

6.2 M3 NI 9IRS (- 26 Material ) laudsamisfiaa faai

UNUNETaBa T 18426 (. WNUNaTouARINRBUINT) Lﬂ@lﬁLﬁanLLnuﬂaiaﬂﬁT
184 IWINZIUNFWITNAA energy storage-limit TermnnWaawd 4.4 Sallunswu
MUY full winding g 25 °C nw T 184 1z AC Energy Stofage i 23200 J 49
Hufiseuiuldnnnisdmssmimwsiwasauluiadad 61 a1d N = 140 a1 =

417 A

aeley  N= 140 _ 5387
4.174

AIUU N = 34 38U
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NN 4.4 AC Energy storage of -26 Materials

6.3 nIslRenywIalduaI99 NI Winding  Table  ( “single layer ) lapil
s dweaait

WIMWENNETAEE T 184 — 26, S1ausBUE N ) =34 38U MasvniLsesldeann
a3199 4.1 lunaswmnaluae dsenansesldinitefatasil AWG # 13



n'lﬂ\'lﬁ' 4.1 Winding Table

3

SINGLE LAYER WINDING TABLE
WIRE SIZE (AWG) 8 2 2% a2 ] ] '8 17 1% 1E 14 13 g 1 H
N TITY Al ren 1) 1paq owar] san] me e 20| e | 132 row fcere |uese fosas | o4 |oooa Teba PR
LEwhH AT R NAT TS

BAAXCGIE N Anths 1L & e 1o the pan b sty 3tz faas | B2 63 | Tal Jetd Jrroe [cro |2 (=S

PR Ao avidn L 20T LR b8P 17 a0G 441 6% 6.27 ?ED agr 126 152 I nT 20 TERY ot
HOREY A t 3 TG7 i 2w LRCHE SO IS LR R 1t | g 186 AR EAXES P 34

LR AT

oA W s NUMBER OF TURNS e | ae |
T8 a0 G 9 & 4 2 1 Q13 | oug | ObS
T20 95 | 116 11 8 5 3 ‘ 1 018 | GBS | 067
125 119 | 188 18 14 1w 7 5 4 3 2 1 030 | o8 | 57
T2% 1.4 26z 15 1t 8 5 K 2 1 F+ P2 I P O 7 |
T 144 | 249 25 ) 1% 11 i 5] 9 4 3 2z 1 1 AdE | 833 | 233
Ty Y53 1377 ¥ ot z 1¥ 12 11 g 7 G B 4 4 2 1 1 e C O I TR ) (1)
Tis 192 442 31 e 18 173 M 3] T 5 4 3 2 2 i a7 211 3
T44 184 523 43 3 M M % 13 1 k] 7 3 & 4 3 Fs 1 DAY 24% 437
150 201|686 5% 4 3l 28 Frd 13 16 14 12 10 8 4 & A a W | 3N | b7
TS6B | 232 (143 59 47 3/ 2 22 13 16 T4 iz W B 7 [ 4 a 125 | 323 ] 658
TS0D | 29 ] a8y 59 47 a7 28 : 22 4 16 14 12 0 8 ’ 11 4 3 157 A0 v, )
T51C | 25 7.56 56 5 2 6 2 13 a v [ 5 4 3 2 1 120 0 | 6833
TS0 248 | 984 &7 %3 43 = ] sl 13 16 14 ¥2 19 B I 8 4 b33 468 | 824
T60D | 368 | 143 6F 53 41 3z ¥ ¥a| 19 18 4 ¥4 1% 8 7 [ 4 228 | &8y | 120
T6d 247 112 74 5n a8 36 28 24 2t 18 16 11 12 10 B 7 ) 478 | B33 | 9w
Te8A § 277 128 74 <] A 3 i) 4 Fal 18 16 T4 12 1] 8 ' 3 w'a ot | 104
TEBD | 341 | 152 74 59 e I 28 Fed P 1& 16 14 12 10 & b 5 | 2 2
7 3% 1133 e 43 XY 26 g 17 14 1< 11t 2 ’ G b 4 3 1 6 [ 11y
Teo 2B0 {155 Fws | €2 o L1 39 35 30 27 w3 20 17 1% 13 1 9 246 | 26 | 130
TAOR | 344 (BT W3 B2 o4 1 39 35 30 21 ¥3 20 17 15 13 11 L] 298 | 892 | 157
TOD | 407 (2210 163 82 4 51 39 35 30 7 23 20 17 1% 13 1" 9 L35G | 105 | 184
TOO 164 | 224 15 92 'y LY 44 9 3 30 F. 23 el 17 1% 13 " e | 107 188
TS4 348 1220 175 5 T4 54 A% 40 % I 2F P 21 18 1% 13 iR | 50 | to8 [ o1 EY
T106 | 449 |30 118 94 4 2k Wy 4 35 a r 24 21 18 1% 13 1 402 | 147 | 2%0
TI08A| 388 | 268 118 i 4 b9 Ay 40 a6 31 2 4 Val 14 1% T ok AP | w28 | 205
T1068B| 519 {3455 1158 Sily 75 5y i W 3% a3 27 4 21 18 15 13 Tt 585 1135.0. 297.
TI24 | 395 | 333 150 120 o5 T 59 74 %5 4 Jo ki | ar e Fal 18 1% 529 | 158 1 219
T30 | 475 | 422 165 33 153 83 £5 58 at 435 A0 3% at 27 3 » i¥ 685 | 201 | 283
TI0A| 367 232 S i3 43 - %3 By L8 51 £ 40 35 a1 el 23 pai] 17 B29 1 158 | 278
Y31 | 1 {42y ] a4 | wr 8y &7 v 46 47 38 32 28 24 29 AL} 1% 13 | 669 [ 200 | 382
T132 | 496 422 147 113 93 iy 58 51 AD 40 35 3 27 23 20 18 5 BFt | 207 | 383
TeAY § 475 | 468 | 188 § 151 | 119495 ) 3] 59 52 46 A k-] 31 @ ] 20 | 44| 223 | 392
TI50 | 572 (532 180 145 194 4] Al B3 7] 43 44 S8 34 29 B 'S 19 845 | 253 | 445
TIS7 | 589 (632 204 168 129 § 103 81 2 £4 B M0 L4 38 34 n 5 23 101 | 301 | 529
TITS { 858 | 791 230 188 147 147 a2 82 i3 4 57 50 44 29 33 0 P 126 | 34 | 616
Tiee | 754 (892 | 200 183 1 128 Pz | st FRECEE N E N EE R Y - - R R A T
TW0 { 650 X9 0| 21 172 137 108 o A6 6 [i§] &0 5 46 41 205 3 145 | 433 | 764
T2008| 878 | 12D 270 | z7 1 Fs 137 108 95 86 6 67 6l 53 46 41 36 3 191 [ 524 | 1
T201 | 890 | 191 202 183 129 102 &1 7?2 63 HE 50 44 a8 kZ | 25 o 2z 176 | 528 | 928
T225 | 483 { WS 305 | 245 195 156 123 Hh a7 86 I£: ] <] 60 &3 46 44 % 174 ) B2t {916
T2258| 9 21 143 305 | 245 1595 156 123 A a7 86 T 2] 2 &3 46 41 36 22T BT 119
T250 | 104 | 166 20§ 217 s 137 108 a6 & 6 &7 60 53 46 41 36 3t 263 ] 788 ] 139
TIO0 | 795 ] 473 Q422 § 3t a7e 2 e f 13 ] 136 | 121 | 108 | @6 85 75 6 58 52 [ 2% ] 823 | 143
13000) 105 { 223 | a2z | 34y J2ry oo f trn | oex | 136 | 121 [ 10B | 98 8% 7 6 L5 52 | 355 1 106 | 187
T400 " 3m 494 39 37 254 2m W 160 142 126 13 WwH B3 e 69 61 479 | 143 | 252
T400D| 144 | 385 | 494 | 299 | 317 | zne | oo | vrw | van | 14z | 126 | 103 | 103 | w6 | 78 ] &% | 61 | 60| 162 | 2zt
50 137 | 898 680 550 437 34 2/8 248 pril 197 176 156 39 123 1049 47 88 T88 | 236 | S15
TE00] 77 | 629 680 | 550 | «37 | 350 | 2re foesn f 2oy |19y J1re | 66 ) 39 ) 123 | 109 | 97 86 | 100 | W0 | @7
1650 {22t | ome | a9 ezt ] e | 306 | 3% Fozet | ozne | zea | o1un | 122 | orea o139 | 124 | 110 | o8 | s | s6o | azs

ganlulasauiladanlsununasond T 184 — 26 1aaluas AWG # 13 Wu
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5.1 aUnsaluaziaiaaiiainlnin

- A o He o ™ -l a
Lﬂﬁawa?ﬂ'iwﬂmlﬁnﬂaaumnua:taummu
1. a%maaaaa%aiaﬂﬂﬂju DL 1520 8 bit 200 Ms/s 150 MHz YOKOGAWA 17tu

a A ¥
MIIAFUARUEYYIUNINGa S
2. FLUKE 43 Power Quality Analyzer 1Hlum1sUufindinssus® usaau A8 W

uazAnIaalsen auﬁwﬁ’o‘lu&hmao‘lﬂﬂwm:uaaa’mm:gﬂﬂﬁuﬁ‘lﬁmnﬁunai‘maf

3. MULTIMETER s;'u. 973 Ava3y HEWLETT.PACKARD
5. MULTIMETER 5:“ UT30D 184 UNI-T

6. Digital Clamp-on Tester 314 234302 483 YOGOGAWA
7. uwnaddousianIiiInssuaanlSudale (voltage regulator) standard SD 16

capacity 4 kVA max 16 A

5.2 HamInaaad

nam‘smaauaimﬁwé'ol.mﬁ*qmi anulnaaa TNTIUNIN

MSNHAasIN 1 MTnaaaLIadniste wisaw uwasinad s i Wia

(no load) wazamzingldAnulnansinanudiunn ARNARI89 80 W, 160 W, 240 W ua

~ a - PR o oA A ™ oS
320 W Iﬂﬂﬂ:uﬂ’ﬁﬂﬂﬁauﬂul')ﬂflﬂﬂ?ﬂﬂﬁﬂluﬂq HIHIITINTINARDINIUFTAIGVUNTINN

ey
5. 1ULRSHANINAADINIG D 1T

I, 1

L
T uinan P
v, V.
Inverter

Load

A = 1 -
NINN 5.1 'Ni]'mﬂaauauna{m E]{Gl ﬂﬂUI“ﬂﬂﬂ'TlN@T’]“ﬂ"]u
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@1519% 5.1 Hanmegautadduieiiaeianf 1 valiliamszmalait (no load)

Input Output
" V,(v) 1,(A) P, (W) V.V) | I,(A) | cos® | P,
0.64 60 0 27.76 0 0 0
Power Output
e P(W) | S(VA) | Q(VAR) PF DPF | THD, (%) | THD, (%)
0.64 0 0 0 0 0 0 0.3

‘l‘ a & & o o 1 v
AITWN5E.2 HENITNATBUVDIDULIBILGDTAIN 1 'uru:mﬂiﬁﬂam'mmun’m

Load Input output n
W) | (0 | A2, LM 7 )| LAA) | eosd [ B W) | (%)
80 | 5535 1/ l6.|:88.8 [/082 27.1 1 2.:62 1 69 | 777
160 | 52:7.[ 33 (173.91| 091 | 268 | 527 1 138 | 79.35
240 || 150 250 0.98 | 2567 | 7.53 1 191 | 76.4
320 | |49 294" 0.98 | 23.57 |1 '9.61 1 213 | 7245
Load Power Output

(W) P(W) “[“S(VA) .| Q(VAR) | _PF DPE | THD, (%) | THD, (%)

80 69 69 5 1 1 4.1 4.5
160 138 138 9 1 1 4.0 4.1
240 191 191 7 1 1 7.5 7.7
320 213 213 13 1 1 8.8 8.7
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A - hd ‘il t
A15797 5.3 nanTInarauTasdwaniiaaiean 2 valifinszmaWih (no load)

Input Output
" Ty | La | BRw | Ko | Lo [eso] B
0.64 60 0 27.67 0 0
Power Output
e P(W) | S(VA) | Q(VAR) PF DPF | THD, (%) | THD,{(%)
0.64 0 0 0 0 0 73 0.5
A13971 5.4 WAMNINAEBLYBIE RIS RABIT 2 Vs eInaanNNFI UMY
Load Input output n
W) | ¥ LAy R o | PR T ) L) | cosfn| BwW) | (%)
80 555 1.6 88.8 0.82 27.1 2.64 1 71 79.95
160 523 3.5 183.05 0.9 27 5.28 1 140 76.48
240 | 493 52 256.36| 097 | 2598 | 7.68 1 198 77.24
320 | 48.5 6.2 300.7 10.98 24 936 1 222 73.83
Load Power Output
W) | PW) |\S(VAY | Q(VAR) | _PF DPE~_{ ' THD, (%) | THD, (%)
80 71 71 4 1 1 4.7 48
160 140 140 5 1 1 6.7 6.5
240 198 198 7 1 | 8.5 8.1
320 22 222 8 1 1 9.4 9.1
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A = s d' 1}
@15197 5.5 wan1megauvatduasfiaaialn 3 smsliiinnszmalwi (no load)

Input Output
" V,(V) 1,(A) P,(W) V(V) | I (A) |cosO | P,
0.64 60 0 0 27.6 0 0 0
Power Output
e P(W) | S(VA) | Q(VAR) PF DPF | THD, (%) | THD, (%)
0.64 0 0 0 0 0 93 0.4
A15197 5.6 WaNInagatuedulIsfiaeTean 3 amesralngannaudimniu
Load Input output n
W) | o0 | sy P, | AL (v | LA [eoso | B (W) | (%)
80 554 [e=F- 94.18. | /0.84 | 27.22 |- 2.63 1 70 74.33
160 S17 3.60.1186:12 | -0.93 1 2672 | 5.25 1 141 75.76
| 240 49.7 5.8 || 288.26.| 0.98 | 2528 74 i 184 63.83
320 48.9 6 293.4 098 23 8.96 1 204 69.53
Power Output
Load (W)
P(W) | 'S(vA) ['Q(VAR) PF DPF | THD, (%) | THD, (%)
80 70 70 3 | t 3.6 3.8
160 141 141 5 1 1 5.8 55
240 184 184 7 1 ! 8.4 8.4
320 204 204 8 | 1 9.4 9.1
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AISNARDIN 2 NAFBLIAAINIZLE Uwseeh waziad Wi AgnzInaadoinu

Winunuszwiensinalnaaaivduiiesiaad 1 Tuqa 2 Tuqﬂ uax 3 Tuga ARNARNR

80 W, 160 W, 240 W uaz 320 W iNalIouisuadssansnw

nl ] 9 o [ 4 [
@159 5.7 wanTinagauitluaaeiy Sunasiaes 1 Tuga

Load Input output n
W | v, | L@ | Bowy | MLV | L(A) | cos® | BW) | (%)
80 | 555 | 1.6 | 888 | 0.82 | 27.1 | 2.62 1 69 | 77.7
160 | 52.7 | 33 |17391| 091 | 268 | 527 1 138 | 79.35
240 | 50 5 250-170.98 | 25.67-| 7.53 1 191 | 76.4
320 | 49 6 294.].0.98 [1/2357 | 9.61 1 213 | 72.45
Power Ouiput
Load (W)
P (W) | S(VA))|'Q(VAR) |\ < PF DPF ' |“THD, (%) | THD, (%)
80 69 69 5 i 1 4.1 4.5
160 138 138 9 1 1 4.0 4.1
240 191 191 7 1 1 7.5 7.7
320 213 213 13 1 1 8.8 8.7
GI'IT’N# 5.8 wﬂmmﬂaauaiwhaﬂﬁw Sunai'mas' 2 Tuga
Load Input output n
W) | ¥,V | L) wPrew) | M3y (VT AA) | cos® | B(W) | (%)
80 | 557 | 1.66 | 92.46 | 0.78 | 27.16 | 2.56 1 70 | 75.71
160 | 52.5 | 323 [169.58| 0.87 | 27.21 | 5.19 1 140 | 82.56
240 | 49.5 | 4.92 [243.54| 095 | 26.87 | 7.68 1 202 | 82.94
320 | 47.8 | 6.65 |317.87| 0.98 | 25.61 | 9.77 1 251 | 78.96
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Power Output
Load (W)
P(W) | S(VA) | Q(VAR) | PF DPE | THD, (%) | THD, (%)
80 70 70 3 1 1 3 32
160 140 140 5 1 1 45 44
240 202 202 7 1 1 5.5 5.3
320 251 251 9 1 1 6.5 6.4
3197 5.9 wantimaseuinsInaadi Suediaa 3 lugs
Load Input output n
W) | v,V | L) oW | M| VL) | cos@ | B(W) | (%)
80 55.4 1776 | 97.504 4 -0.77 /| 2704 2.57 1 69 70.77
160 52.5 3.49--{183.225 0.85 | 26.98 |-5.19 1 140 | 76.41
240 49.6 5.25 260.4 0.91 26.73 | 7.68 1 204 78.34
320 47.7 6.62- 131577 {-0.97 | 26.23 1-10.01 1 260 82.34
Power Output
Load (W)
P(W) |-S(VA) | Q(VAR)| PF DPE- | THD, (%) | THD, (%)
80 69 69 4 1 1 22 2.3
160 140 140 5 | 1 35 3.3
240 204 204 5 1 i 42 43
320 260 260 6 1 1 5.2 4.8
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NISNAABIN 3 NMINARALIAMIATILR WI9an wazri1ad Wi amelsdnrse Wi

(no load) uazamzwlinulnaadinnudiunu ARNaN1as 80 W, 160 W, 240 W uas

a & & - a I 4
320 W 283aUL95La 0L UDIUIU ll.ﬂ:ﬂﬂﬁa]JNﬂu‘l'llﬂ"ﬁ'ﬂuﬁuﬂ%nﬂﬂﬂﬂi

| a ™
A15191 5.10 kanmInasauvaddutafisaTuuuruin smelifiaszmalWii (no load)

Input Output
ma
V,(V) 1,(A) P, (W) V, (V) I, (A) cos@ F,
0.64 60 0 0 27.15 0 0 0
Inverter1 inverter2
ma
V, (v) | I (A) | cos@ I PooWy ¥, V) | L, (A)| cosB, | P, (W)
0.64 27.15 0 0 0 27.15 0 0 0
Inverter3
mﬂ'
v, (V) I-(A)—| cosO, | B (W)
0.64 2715 0] 0 0
Power Output
mﬂ
P (W) S(VA) 1| Q (VAR) PE DPF THD (%) | THD, (%)
0.64 0 0 0 0 0 85.15 0.5
A7 5.11 HADAITNaRBLIIa B U Laa U LB oz lvadnrueunmn
Load Input Output Hafduns
ma o
W) | V,(v) NEWA. B (W) VW I (AY\ cosg” | P (W) | "o
80 | 56.5 | 1.6%0%9047[210:82 1,27.29-" 2.59 1 1 68 a“m:m“
160 | 53.4 | 323 |172.48 | 092712705 | 532 | 1 145 E’“”f;ma’
240 | 504 | 525 | 2646 | 096 | 27.12 | 786 | 1 207 E’“‘;’Z’;ﬂm
Tata¥
320 - - - - - - - -
Tnaa
Load Inverterl Inverter 2
(W) v, I cosé, P vV, I, cosd, P,
R0 27.29 2.59 1 58 - - - -
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160 2713 2.58 1 70 27.17 2.63 1 70
240 26.62 3.26 1 86 26.91 2.72 1 73
320 - - - - - - - --
Load Inverter3
(W) 4 I, cos B, R
80 - -- -- --
160 -- - -- --
240 26.94 2.08 0.98 52
320 -- -- -- -
Load (W) Power Output
P (W) S(VA) (| - Q(VAR) PF DPF THD, (%) | THD, (%)
80 68 68 4 I 1 4.4 4.3
160 145 145 5 1 1 4.6 4.7
240 207 207 8 1 1 4.8 4.7
320 -- - -3 4 -- -- -
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#include<p30f4011.h> // Header file for dsPIC30F4011
#include <pwm.h>
#include<adc10.h>
#include<lcd4011.h>

#define INT PORTCbits.RC13
#define DEC PORTCDbits.RC14
#define LED LATBDits.LATB5
#define INV_1 LATBbits.LATB8
#define INV_2 LATBDbits.LATB7
#define INV_3 LATBbits.LATB6
#define V_offset 518

#define |_offset 518

#define V_gain 40

#define |_gain 2

#define VOLTPEAK 38.0
#define MAXHIS 20

68

_FBORPOR(PBOR_ON&BORV.  208PWRT 64&MCLR_EN&PWMxH ACT_LO&PWMxL

“ACT LO&RST PWMPIN);

_FWDT(WDT_OFF);
_FOSC(CSW_ON_FSCM-OFF & XT_PLL16};
_FGS(CODE_PROT_OFF);

unsigned int sine_addr_p="0;

float ma = 0.64;

unsigned int sine_n,gain;

float sine_p,i_max1_use,pdc1;pdc2;iomaxs1_use,i-maxs2_use,i_maxs3_use,

int 11,V1,v_run,count,Vr=190,er,stage, i,j,k,l,m,p,x,y,z,0,

/I, v_max1_dsp , his_v1[MAXHIS]

v_dat1, v_max1,v_max1_dummy,v_max1_avg,v_max1_use,
i_dat1, i_max1, i_max1_dummy, i_max1_avg,
i_dats1,i_maxs1, i_maxs1_dummy, i_maxs1_avg,
i_dats2,i_maxs2, i_maxs2_dummy, i_maxs2_avg,

i_dats3,i_maxs3, i_maxs3_dummy, i_maxs3_avg;

char

v_flag = 0,
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i_flag = 0,
static float sine_table[400]={
0,12,23,35,46,58,69,81,92,104,115,126,138,149,160,172,183,194,205,216,227,238,249,
260,271,281,292,302,313,323,334,344,354,364,374,384,394,404,413,423,432,441,450,4
60,469,477,486,495,503,511,520,528,536,544,551,559,566,574,581,588,595,601,608,61
4,621,627,633,638,644,650,655,660,665,670,675,679,683,688,692,695,699,703,706,709
712,715,717,720,722,724,726,728,729,731,732,733,734,734,735,735,735,735,735,734,
734,733,732,731,729,728,726,724,722,720,717,715,712,709,706,703,699,695,692,688,6
83,679,675,670,665,660,655,650,644,638,633,627,621,614,608,601,595,588,581,574,56
6,559,551,544,536,528,520,511,503,495,486,477,469,460,450,441,432,423,413,404,394
,384,374,364,354,344,334,323,313,302,292,281,271,260,249,238,227,216,205,194,183,
172,160,149,138,126;115,104,92,81,69,58,46,35,23,12,0,-12,-23,-35,-46,-58,-69,-81,-92,-
104,-115,-126,-138,-149,-160,-172,-183,-194,-205,-216,-227,-238,-249,-260,-271,-281,-
292,-302,-313,-323,-334,-344,-354,-364,-374,-384,-394,-404,-413,-423,-432,-441,-450,-
460,-469,-477,-486,-495 ,-503,-511,-520,-528,-536,-544,-551,-559,-566,-574,-581,-588, -
595,-601,-608,-614,-621,-627,-633,-638,-644,-650,-655,-660,-665,-670,-675,-679,-683,-
688,-692,-695,-699,-703,-706,-708,-712,-715,-717,-720,-722,-724,-726,-728,-729,-731,-
732,-733,-734,-734,-735,-735,-735,-735,-135,-734,-734,-733,-732,-731,-729,-728,-726 -
724,-722,-720,-717,-715,-712,-709,-706,-703,-699,-695,-692,-688,-683,-679,-675,-670,-
665,-660,-655,-650,-644,-638,-633,-627,-621,-614,-608,-601,-595,-588,-581,-674,-566, -
559,-551,-544 -536,-528,-520,-511,-503,-495,-486 -4 77,-469,-460,-450 -441,-432,-423, -
413,-404,-394,-384,-374,-364,-354,-344,-334,-323,-313,-302,-292,-281 ,-271,-260,-249,-
238,-227,-216,-205,-194,-183,-172,-160,-149,-138,-126,-115,-104,-92 -81,-69,-58,-46 -
35,-23,-12};
void delay(unsigned int ms)
{ intia;

for(i=0;i<ms;i++)  { for(a=0;a<816;a++); }
}
void _ISR _FLTAInterrupt{void) {

IFS2bits.FLTAIF = 0;

return;

}

void display_adc_value(unsigned char addr,unsigned int val)

{



char i; /I Counter for send character
lcd_command(2); // Set origin of LCD
lcd_command(addr); /I Set address of LCD
for(i=0;i<4;i++)
{
lcd_text(0x20); /I Send character to LCD
}
inttolcd{addr,val); /I Display integer
}
void display_title()
{
led_puts(LINE1," Auto Parallel); /f Display.message start at
address 00H
led puts(LINE2," " Inverters "); /f Display-message start at
address 40H
lcd_delay(1000); il Delay 1 sec
}
void pwm_int()
{
IEC2bits. PWMIE = 1; HPWM_INT_EN
IPC8 = 0xd000 ;

DTCON1". = (PWM DTAPS4 & PWM DTA6);
FLTACON = (PWM_OVA1H ACTIVE &
PWM.QVA2H_ACTIVE &
PWM_FLTA_MODE_LATCH &
PWM_FLTA1_DIS &
PWM_FLTA2_DIS );
PTCON = (PWM_EN &
PWM_OP_SCALE1 &
PWM_IPCLK_SCALE1 &
; PWM_MOD_UPDNY;
PWMCON1 = (PWM_MOD1_COMP &
PWM_MOD2_COMP &
PWM_PEN1H &
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PWM_PEN2H &
PWM_PEN1L &
PWM_PEN2L);
PWMCON2= (PWM_SEVOPS1 &
PWM_OSYNC_PWM &

PWM_UEN);

i

void PWM()

{ sine_p = (float)(ma*(sine_table[sine_addr_p]));
if(sine_p<(-735)){sine_p =(-735);}
if(sine_p>735) {sine-p=735;}
pdc1= 735 +/sine_p;

pdc2= 735 - sine_p;

sine_addr_p++;
if (sine_addr_p>399) {sine_addr_p = 0;}
return;

}

void _ISR _ PWMInterrupt(void)

{ LED=1;

RPDC1 = pdcl;

PDC2 =pdc2;

PWM()

iIFS2bits.PWMIF = 0;

Calc_Param(),LED=0;
}

void adc_init()

{

ADPCFG = 0x0000; /0000 0000 0000 0000 ; analog = 0
ADCON1 = 0x00ES6; /10000 0000 1110 0110 ; CH

ADCON2 = 0x0414; //0000 0100 0001 0100 jrmmettem e
ADCON3 = 0x0505; //000C 0101 0000 0101

ADCHS = 0x0000; //0000 0000 0000 0000 ; S&H => 0 :A

ADCSSL = Ox00FF; //0000 0000 1111 1111; Input Scan AN 0 12 3

ADCON1bits.ADON = 1; //Start AID
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}

void Calc_Param()
{
i_dat1 = (ADCBUF0+1)-|_offset;
i_dats1 = (ADCBUF1+1)-1_offset;
i_dats2 = (ADCBUF2+1)-1_offset;
i_dats3 = (ADCBUF3+1)-1_offset;
v_dat1 = (ADCBUF4+1)-V_offset;
if (sine_addr_p==99%)count++;
if(count>=1)
{ count=0;
i_flag=1;
11
if(i |dats1>=i_maxs?)

i maxs1 =i_dats1;

i_maxsi_dummy = i_maxs1;

i_maxst =0,
12
if(i_ dats2>=i_maxs2)

i ‘maxs2 = i_dats2;

i_maxs2 dummy = i_maxsZ;

i_maxs2=0;
3
if(i_dats3>=i_maxs3)

i_maxs3 = i_dats3;

i_maxs3_dummy = i_maxs3

i_maxs3 = 0;

i1l total
if(i_dat1>=i_max1)

i_max1 = i_dat1;

i_max1_dummy = i_max1;

i_max1=20;
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/I V total

if(v_dat1>=v_max1)
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v_max1 = v_datl;

v_maxi_dummy = v_max1;

v_max1i = 0;

}
}
void display_complete()
{
led_puts(LINE1,"
")://lcd_delay(1000);
}
void display_In1_fail(}
{
lcd  puts(LINE1,"
");/lcd_delay(1000);
}
void display_In2_faik)
{
led_puts(LINE1;"
");///lcd_delay(1000);
}
void display_In3_fail()
{
led_puts(LINE1,"
");//lcd_delay(1000);
}
void display_In23_fail{)
{
lcd_puts(LINE1,"
");/icd_delay(1000);
}
void display_In13_fail{)
{

Inverters")lcd puts(LINE2," complete

Fail

Fail

Fail

Fail

+1");led_puts(LINE2,"Inverter': 1

: 1");led_puts(LINE2," Inverter.: 2

s 1");icd_puts(LINE2," Inverter : 3

1 2 ");lcd_puts(LINE2," Inverter : 2,3
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lcd_puts(LINE1," Fail : 2 "};lcd_puts(LINE2,” Inverter : 1,3

"):/\cd_delay(1000);

}
void display_In12_fail()

{

lcd_puts(LINE1," Fail : 2 ");lcd_puts(LINEZ2," Inverter : 1,2

");//lcd_delay(1000);

}
void display_all_fail()

{
lcd_puts(LINE1,"

}
void display_No_ input()

{

all fail ");lcd_puts(L.INE2;"

nverters “);//lcd_delay(1000);

icd_puts(LINET,” No Volt Input!”}lcd_ puts(LINEZ2,"or inverter

fail");//lcd_delay(1000);

}
void display_Overlacd()

{
icd_puts(LINE1,"

fail");//lcd_delay(1000),
}

void display_value()

{

int main(void)

{

OVER-LOAD ™) /lcdputs(LINEZ2,"or inverter,

lcd_puts(0x80," Operating..");
/lcd _puts(0x88,"IN_1:");
lcd_puts(0xC0," Ma :");
icd__puts(0xC8,"IN_3:");

TRISBbits. TRISBS = 0O;
TRISBbits. TRISB8 = 0;



TRISBbits. TRISB7 = 0;
TRISBbits. TRISB6 = 0;

TRISCbits. TRISC13 = 1;

TRISCbits. TRISC14 = 1;

PTCONDbits.PTCKPS = 0;

pwm_int();

PTPER = 735;

led_init();

adc_init();

display_title();

NV A=1INV_2=1;INV. 3=1://délay(1000);

while(1}
if(IINTY{while(}INT)m=1;lcd_clear();display_value();}
if(p==0)
{INV_1=1;INV..2=1;INV/ 3=13}
if(p==1)
{INV_1=0;INV_2=0;INV -3=0;}
if(p==2)

{

if((I>0)&(1<21)) {INV_1=1;INV_2=0;INV_3=0; if(v_max1_use>10) x=1;/else x=0; }
if((1>20)&(I<31){{INV__1=0;INV_2=1;INV_3=0; if(v-max1_use>10) y=1; else y=0; }
if((1>30)&(I<41))}{ INV_1=0;INV_2=0;INV_3=1; if(v_max1_use>10) z=1; else z=0;
led_clear();}

if(1>40}
if((x==1)&(y==1)&(z==1)K
if(m==0){display_complete();INV_1=1;INV_2=1,INV_3=1;}  else {stage=1;p=3;}}
if({(x==0)&(y==1)&(z==1)}{
if(m==0){display_In1_fail();INV_1=0;INV_2=1;INV_3=1;} else {stage=2;p=3;}}

if((x==1)&(y==0)&(z==1)){
if(m==0){display_In2_fail();INV_1=1;INV_2=0;INV_3=1;} else {stage=3;p=3:}}
if((x==1)&(y==1)&(z==0)}

75



76

ifim==0)display_In3_fail);INV_1=1:INV_2=1:INV_3=0;} else {stage=4;p=3;}}
if((x==1)&(y==0)&(z==0)}

if(m==0){display_In23_fail(INV_1=1;INV_2=0:INV_3=0;} else {stage=5;p=3;}}
if((x==0)&(y==1)&(z==0)}
if(m==0){display_In13_fail();INV_1=0;INV_2=1;INV_3=0;} else {stage=6;p=3;}}
if((x==0)&(y==0)&(z=_=1 M

if(m==0){display_In12_fail(};INV_1=0;INV_2=0;INV_3=1} else {stage=7;p=3;}}
if((x==0)&(y==0)&(z==0)if(m==0){display_all_fail(); INV_1=0;INV_2=0;INV_3=0;}}

}

switch(stage)
{case’1:{ if ({i_max1. use>0)&(imax1_use<3b)X
INV_1=1;INV_2=0C;INV_3=0; }
if ((i_max1_use>35)&(i_max?l_use<65))y
INV_1=1;INV_2=1;INV_3=0; }
if ((i_max1_use>65)&(i_max1_use<86)) {
INV_1=1;INV_2=1;INV_3=1; }
if (i max1 use>86){ INV_1=0;INV_2=0;INV_3=0;delay(100);
i_flag = 0;
ADCON1bits.ADON = 0:led_clear{}display _Overlaod(); }};
break;
case2; { -if ({i.max1 use>0)&(i: max1_use<35)){
INV_1=0;INV_2=1;INV_3=0; }
if ((iLomax1, use>35)&(i.max1_use<65)){
INV_1=0;INV_2=1;INV_3=1; }
if (i_max1_use>65} { INV_1=0;INV_2=0;INV_3=0;delay(100),
i_flag = 0;
ADCON1bits. ADON = 0;lcd_clear();display_Overlaod(); }};
break;
case 3: { if ((i_max1_use>0)&(i_max1_use<35)}{
INV_1=1;INV_2=0;INV_3=0; } i
if ((i_max1_use>35)&(i_max1_use<65)¥
INV_1=1;INV_2=0;INV_3=1; }
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if (i_max1_use>65) { INV_1=0;INV_2=0;INV_3=0;delay(100);
i_flag = 0;
ADCON1bits.ADON = 0;lcd_clear();display_Overlaod(); }};

break;

case 4: { if ((i_max1_use>0)&(i_max1_use<35)){
INV_1=1;INV_2=0;INV_3=0; }
if ({i_max1_use>35)&(i_max1_use<65)¥
INV_1=1;INV_2=1;INV_3=0; }
if (i_max1_use>65)-{INV. 1=0;INV_2=0;iNV_3=0;delay(100);
i_flag = G;
ADCQON1bits.ADON = 0;lcdclear{);display. Overlaod(); }}; break;
case 5: {  if ((lLmax1_use>0)&(i. max1_use<35)){
INV_1=1;INV_2=0;INV-3=0; } if (i_max1-use>35) {
INV_1=0;INV_2=0;INV_3=0;delay(100); i flag = 0;
ADCON 1bits. ADON = 0;lcd_clear();display _Overlaod(); }}; break;
case 6. { Lif {(i. max1 use>0)&(i_max1_use<35)){
INV_1=0;INV2=1;INV_3=0; } if {i_max1_use>35) {
INV_1=0;INV_2=0;INV_3=0;delay(100); i_flag = 0;
ADCON1bits. ADON = 0;lcd_clear();dispfay_Overlaod(); }}; break;
case 7: {if ((i_max1. use>0)&({i max1_use<35)}{
INV_1=0;INV_2=0;INV_3=1; } if (i_max1_use>835) {
INV_1=0;INV_2=0;INV_3=0;delay(100};i_flag =0;
ADCON1bits. ADON = 0;lcd_.clear();display_Overlaod(); }}

ADCON1bits.DONE = 0;
while (ADCON1bits. DONE==0);
if (i_flag) {
i_flag = 0; j++k++;
iffm==1)}
if(j<20){
i_max1_avg +=i_max1_dummy;
i_maxs1_avg +=i_maxs1_dummy;

i_maxs2_avg +=i_maxs2_dummy;



/N _total

n 1

n_2

n_3

i_maxs3_avg += i_maxs3_dummy;

}

else

i_max1_use = i_max1_avg/20;
i_max1_use = i_max1_use*0.55;

i_max1_avg = 0;

i_maxs1_use =.i"maxs1_avg/20;
i"maxs1 use-=J maxs1 use*0.9;

i_maxs1_avg = 0;

i_maxs2_use =i maxs2_avg/20;
i_maxs2 use = i_maxs2 use*0.9;

i_maxs2_avg = 0;

i_maxs3_use =i _maxs3_avg/20;
i-maxs3_use =i maxs3 use*0.9;

i_maxs3._avg-= 0;i=0;

1

if(k<5) {
v. maxli_avg +=wv_maxl_dummy;
h

else

{

v_max1_use = v_max1_avg/5;
er=\r-v_max1_use,;
if(er>5){ma=ma+0.01;if(ma>0.98) ma=0.98;}
if((er<=5)&(er>=1))ma=ma;
if(er<1){ma=ma-0.01; if(ma<0.4) ma=0.4;}
gain=ma*100;

if(p==3)
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{display_adc_value(0xC9,gain);}
v_max1i_avg = 0; k=0; |++; if(1>45)I=45;
if(1==10)
{if(v_max1_use<10)}{p=1; display_No_input();} else p=2;}
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P g o e
FAIRCHILD HGTG30N60C3D

A R R e £
SEMICONDUCTOR®

Data Sheet December 2001

63A, 600V, UFS Series N-Channel IGBT Features
with Anti-Parallel Hyperfast Diodes - 63A, 600V at Tg = 25°C

TEHGISENeten s a MEs g ighnings « Typical Fall Time. ............... 230ns at T, = 150°C
switching device combining the best features of MOSFETs

and bipolar transistors. The device has the high input * Short Circuit Rating

impedance of a MOSFET and the low on-state conduction  Low Conduction Loss

loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
IGBT used is the development type TA49051. The diode

* Hyperfast Anti-Parallel Diode

Packagin

used in anti-parallel with the IGBT is the development type kag g

TA49053. JEDEC STYLE TO-247

The IGBT is ideal for many high voltage switching apglications

operating at moderate frequencieswhere low conduetion o c
losses are essential. G

Formerly Developmental Type TA49014.

Ordering Information
PART NUMBER PACKAGE BRAND
HGTG30N60C3D TO-247 G30NB0C3D

NOTE: When ordering, use the entire part number:

Symbol

FAIRCHILD CORPORATION IGET PROISUCT IS .COVERED BY ONE OR‘'MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,587,713
4,598,461 4,605,948 4,620,211 4,681,564 4,638,764 4,639,762 4,641,162 4,644,637
4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 4,794,432 4,801,986
4,808,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 4,860,080 4,883,767
4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 4,969,027

©2001 Fairchild Semiconductor Corporation HGTG30N60C3D, Rev. B



HGTG30N60C3D

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

HGTG30N60C3D UNITS

Collectorto EmitterVoltage . .. .. .. .. ..o BVces 600 v
Collector Current Continuous

AT =250 L e e RN Ic2s 63 A

AtTC‘-“HOOC Y Ic110 30 A
Average Diode Forward Currentat 110%C. ... ... iv i l(AvG) 25 A
Collector CurrentPulsed (Note 1) .. ... .o i i i i e s i lom . 252 A
Gate to Emitter Voltage Continuous. . ... ... ... ... .. i it VGES 120 A
GateloEmitterVoltage Pulsed .. ........ ... i i VGEM 30 v
Switching Safe Operating Area at Ty=150°C. .. ..., ..o it inennnnns SS0A 60A at 600V
Power Dissipation Total at To=25%C .. .. ..ttt e e Pp 208 w
Power Dissipation Derating To > 25% .. ... i i e e 1.67 wrc
Operating and Storage Junction Temperature Range .. ...........ccieun. .. T1Tsrg -40 to 150 oc
Maximum Lead Temperature for SoIdering . ... .. ... ... .cocins . eruosmmmmmne s T 260 °c
Short Circuit Withstand Time (Note 2) at Vg = 15V.o . .ot o oo e Iso 4 us
Short Circuit Withstand Time (Note 2) at Vge =10V . ... .o on iy isc 15 us

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specificatior is not implied,

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junctiontemperature.
2. Vge(pk) = 360V, Ty = 125°C, Rg = 25Q.

Electrical Specifications Tg = 25°C; Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voitage BVcEs lc =250pA, Vge = OV 600 - - v
Emitter to Collector Breakdown Voltage BVecs lc = 10mA, Vgg =0V 15 25 - \)
Collector to Emitter Leakage Current lces Ve =BVcEs T =259 } - 250 HA
Ve =BVges Te = 150°C = - 3.0 mA
Collector to Emitter Saturation Voltage Vegsan e =Ic1io To=259C - 1.5 1.8
Vae = 15V Te =150°C - 17 2.0
Gate o Emitter Threshold Voltage VGE(TH) Ig = 250pA, Tc=25% 3.0 5.2 6.0
Vee=VeE
Gate to Emitter Leakage Current IgES Vgg = 120V ¢ - +100 nA
Switching SOA S50A T, = 150°C, VCE(pKy= 480V 200 - -
Vee =15V,
Rg =30, Vice(PK) = 600V 60 - - A
L=100pH
Gate to Emitter Plateau Voltage Vaep lc=ic110. VoE = 0.5 BVgeg - 8.1 - v
On-State Gate Charge Qg(oN) Ic=1c110s Vge =15V - 162 180 nC
Vee=058BVees 1y — v . 216 | 250 nC
Current Turn-On Delay Time taon)! T4 = 150°C, - 40 - ns
Current Rise Time ty :?(SE.(-P'K?;%‘ 88Voes, - 45 - ns
Current Turn-Off Delay Time taioFF)! \FI!gE:S;fV' - 320 400 ns
Current Fall Time i L = 100pH - 230 275 ns
Tum-On Energy Eon - 1050 - w
Tum-Oft Energy (Note 3) EoFF - 2500 - TN ]
Dicde Forward Voltage Vec lgg = 30A - 1.75 22 v J

©2001 Fairchild Semiconductor Corporation . HGTG30NGOC3D Reyv. B



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 |
L. Primary nominal r.m.s, current 25 At
L Primary current, measuring range Q..+ 36 Al
R, Measuring resistance Ry min R,
with+ 15V @+25At 100 320 Q
@+t36At, 100 190 0
ko Secondary nominal r.m.$. current 25 mA
K, Conversion ratio 1-2-3-4-5 11000
V. Supply voltage (5 %) +15 V
L Current consumption 10+ 1 mA
v, R.m.s. voltage for AG isolation test, 50 Hz, 1 mn 2.5 kV
Vv, R.m.s. rated voltage ", safe separation 600 v
basic isclation 1700 vV
[ Accuracy - Dynamic performance data ]
X Accuracy @1, T,=25°C 105 %
£ Linearity <0.2 %
Typ | Max

Thermal drift of |,

t Response time® @ 90 % of |, __,

di/dt accurately followed
f Freguency bandwidth (- 1 dB)

| Offset current? @1, =0, T, = 25°C
Residual current® @ |, =0, after an overload of 3 x1,

0°C', +25°C
+25°C .. +70°C

+0.05/+£0.15 mA
1 0.05j 015 mA
£ 0.06{+0.25 ~ mA
+ 0.10}£0.35 mA

<1 s
> 50 Alps
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 <1.25 mQ
R,  Secondary coil resistance @ T, = 70°C 110 Q
R, !solation resistance @ 500 V, T, = 25°C > 1500 MQ
m Mass 22 g
Standards 9 EN 50178
Notes : » Pollution class 2

3 Measurement carried out after 15 mn functionning

¥ The result of the coercive field of the magnetic circuit

Y With a di/dt of 100 A/ps

% A list of carresponding tests is available

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

Features

* Closed loop (compensated) multi-
range current transducer using the
Hail effect

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

Advantages

¢ Excellent accuracy

¢ Very good linearity

e Low temperature drift

¢ Optimized response time

¢ Wide frequency bandwidth

s No' insertion losses

® High immunity to external
interference

s Current overload capability.

Applications

e AC variable speed drives and servo
motor drives

¢ Static converters for DC motor drives

s Battery supplied applications

e Uninterruptible Power Supplies
(UPS)

s Switched Mode Power Supplies
{SMPS)

e Power supplies for welding
applications.

980909/8
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Dimensions LA 25-NP (in mm. 1 mm = 0.0394 inch)

Bottom view

26

292 10,1 _ 7,92

4x2.94

212

il
1 3

-t
10 6

3x@imar

2.62 17.6

5,3 1524 _5.39

208
163

.

151

0% @ 0.7x0.6mm

Secondary terminals

Terminal + : supply voltage + 15V

Right view

Top view

.44

8.89

1.43
20.32

S.44

Terminal M: measureg

Standard 00
or N* SP..

Connection

in

Year Week

4. + +
+3 Is RM
P LA 25-NF M ov
6-10 _ _

:}7, Terminal - : supply voltage - 15V it
Number | Primary current; Nominal Turns Primary | Primary insertion Recommended
ofprimary | nominal | maximum |-output current ratio resistance [inductance connections
turns [ L [A] L (A} [ 1, [mA] K, R, Im@] | L, [ uH]
54321IN
o—0—0—-0—0
1 25 36 25 1/1000 0.3 0.023
OUT 678 910
54321 IN
o—0—=0
2 12 18 24 2/1000 11 0.09 00
OUT 678 810
54321 IN
3 8 12 24 3/1000 2.5 0.21 o_Q\ \H
OUT 67 8 910
54321 1IN
Q
4 6 9 24 441000 44 0.37 ANGANN
OoutT 6 78 910
54321 IN
5 5 7 25 5/1000 6.3 0.58 AN
QUuT 67 8 810
Mechanical characteristics Remarks
* General tolerance £ 0.2 mm e |, is positive when |, flows from terminals 1, 2, 3, 4, 5 to
s 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 e 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 orderto improve them; without previous notice.
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International
ISR Rectifier  IR2110(41-2)(S)PbF/IR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER
Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VOFrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
* 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 tanjoff (typ-) 120 & 94 ns
& CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg qgg} :%)) 12% ns max.
® Matched propagation delay for both channels ( ns max.
& 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 output chan-

nels. Proprietary HVIC and latch immune CMOS technologies enable 16:Lead SOIC
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V iogic. 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 volts.

14-Lead PDIP IR21108/IR21138
IR2110/R2113

Typical Connection Uip 10 500V or 600V
'j_

Vop o VY Vg

) X

HINo HIN Vg [—% I
SD o sSD - Y JLOAD
LINo LIN Vee 4

Vs 0 Vgs COM &

Vcc-°_| — LO AN ’ ED

(Refer to Lead Assignments for correct pin configuration). This/These diagram{s) show electrical
connections only. Please refer to 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 voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35,

International
TSR Rectifier

Symbol Definition Min. Max. Units
Ve High side fioating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg +0.3
VHo High side floating output voltage Vg-03 vg+0.3
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Vgc +03 v
Voo Logic supply voltage -0.3 Vgg +25
Vss Logic supply offset voltage Ve - 25 Voo +0.3
VIN Logic input voltage (HIN, LIN & SD) Vgg-0.3 Vpp + 0.3
dvg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta'< +25°C {14 lead DIP) — 1.6 W
{16 lead SOIC) - 125
RTHJIA Thermal resistance, junction to ambient {14 lead DIP) —_ 75 A
(16 lead SQIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The V5 and Vg 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 floating supply offset veltage. © «(IR2110) Note 1 500

(IR2113) Note 1 600

VHO High side floating output voltage Vg Ve

Vee Low side fixed supply voltage 10 20 v
VLo Low side output voltage [ Vce

Voo Logic supply voltage Vg +3 Vgg + 20

Vsg Logic supply offset voltage -5 (Note 2} 5

ViN Logic input voltage (HIN, LIN & SD) Vssg Vpo

TA Ambient temperature -40 126 °C

Note 1: Logic operational for V5 of -4 to +500V. Logic state held for Vg of -4V to -Vgg. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2
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Internatio

ISR Rectifier

nal

Dynamic Electrical Characteristics

Veias (Vce. Ves. Vop) = 15V, CL = 1000 pF, Ta = 25°C and Vgs = COM uniess otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

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

Symbol Definition Figure | Min. | Typ. Max. Units [Test Conditions
“ton Turn-on propagation delay 7 — 120 | 150 Vg =0V
toff Tum-off propagation delay 8 -— 94 125 Vg = 500V/600V
tsa Shutdown propagation delay 9 — 110|140 ns Vg = 500V/600V
tr Turn-on rise time 10 - 25 35
tf Tumn-off fall time 11 — 17 25
MT Delay matching, HS & LS _(IR2110) — -4 =110
turn-on/off {IR2113) - — — 20

Static Electrical Characteristics
Veias (Vee, Ves, VDp) = 15V, Ta= 25°C aind Vss = COM unless otherwise specified. The V), Vin and N parameters
are referenced to Vgg and are applicable to-all three logic input leads: HIN, LIN and SD. The Vo and |g paramaters are
referenced to COM and are applicable to the respective output feads: 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 T — 6.0
VoH High level output voltage, Vpias - Vo 14 — — 1.2 v o =0A
Vor Low level output voltage, Vo 15 - — 0.1 lg = 0A
Lk Offset supply leakage current 16 — = 50 Vp=Vg = 500V/600V
loBs Quiescent Vg supply current 17 — 12571 230 ViN= 0V or Vpp
lgce Quiescent Vo supply current 18 —- 180 | 340 1A VN = 0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 ViN =0V or Vpp
N+ Logic “1” input bias current 20 — 20 40 VIN = VDD
hiN- Legic “0” input bias current 21 - — 1.0 Vi =0V
Vesuv+ Vps supply undervoltage positive going 22 75 86 9.7
threshoid
Vesuv- | Vas supply undervoltage negative going 23 7.0 82 | 94
threshold
Vecuv+ | Ve supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Vecuv- | Vee supply undervoltage negative going 25 7.0 82 | 94
threshold
10+ Output high short circuit pulsed current 26 2.0 25 — Vo=0V, VIN=VDD
PW <10 ps
lo. Output low short circuit pulsed current 27 2.0 2.5 — A Vo =15V, VIN=0V
PW <10 pys

www.irf.com



International

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF T e
Functional Block Diagram
I v,
e ) — e |
: R‘;Q VooVee Iéi\:ﬁo_fﬁ_gt; : "
1
i |I g LSE!Y% B pggéss _|E | Vs
N
(I 3 1
sD b2 ! — v,
g5 F $| & v
= T DETECT :
LIN §13 1 LEVEL Lo
g SHIFT
l = R 1 DELAY E
Vs : | COM
I

Lead Definitions

Symbol| Description

Voo Logic supply

HIN Logic input for high side gate driver output (HQ), in phase
Sb Logic input for shutdown

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

Vg 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 retum

4 www.irf.com



';’;i’égﬂﬁ{;;' IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Lead Assignments
E vo 7 9 HO | 8
(8] voo ve {® - ve [ 1)
[[] HiN vs % 07} vop vs [€]
[ so ] 2] HIN ]
GZ] uN vee [3] [i3] sp [
3] vss com 2] 0] uw voe [3]
[z} T 1] i5] vss com [2]
[16] o~ Lo 1]
14 Lead-PDIP 16 Lead SOIC {Wide Body)
IR21101R2113 iIR2110S/1R2113S
fa] Ho | '7] [F] HO |7
3] voo va/[8] (2] voo ve [8]
[0} rn vs [ 5] 10 HIN vs [
[]-sp i 111/'sb A
12| LIN Vet Eaj 2] UN vee 2]
13} vs§ coMm [ 2] 13| vss com[ 2]
[E —~ to 1) 14 o~ o [ 1]
14 Lead PDIP w/o lead 4 14 Lead PDIP w/a leads 4 & 5
IR2110-1/IR2113-1 IR2110-21IR2113-2
Part Number

www.irf.com 5




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

HIN
LIN
B |

2 [ F

Figure 1. Input/Output Timing Diagram

Voo 215V
m—" Vi
lm 10,1 1 | 35
Wk L wF 04l Lo
= s 3 6 T TuF 1_5v
0 Vg

10 5 Lo

HIN O———_D_u TS, o] o ws0ovisoony

SD O] 11 I“;
n

LlNo————‘l-D—'_ ]C R
L
a\\ [

Figure 3, Switching Time Test Circuit

50%
SD
tsd

HO 90%
LO

- Figure 5. Shutdown Waveform Definitions

TOR Rectifier
Ve =15V HV = 10 to S00V/600V
[+]
T 10KF6
10 Los >
» 200 +
WF l“F 1™ 1 los 3 1004F
l 5 3 & Tur WH 1DKFGI
A
10
D_‘ z o HO -
—1 " v l —5.550 Vins
12 DJ—L OUTPUT  10KFS &
- MONITOR
132
l ] IRFBZDQE I
& v

Figure 2. Floating Supply Voltage Transient Test Circuit

90% 90%

Figure 4. Switching Time Waveform Definition

LO, HO

10%
MT MT
90%

LO HO

Figure 6. Delay Matching Waveform Definitions

www.irf.com



TOSHIBA TLP550
TOSHIBA Photocoupler Infrared LED + Photo IC
Degital Logic Isolation Unit in mm
Line Receiver Feedback Control
8 7 6 5
Power Supply Control AL
Switching Power Supply gl
Transistor Invertor TE e
966%0. 35 r@&i

TLP550 constructs a high emitting diode and a one chip photo diode—
transistor.

TLP550 has no base connection, and is suitable for-application at noisy
environmental condition.

1.220.15)

852017
222

08%025

This unit is 8~lead DIP package. 2544025
® Isclation voltage: 2500 Vrms (min.)
® Switching speed: tpHL, tpLH = 0.5ps (typ.}(RL=1.9 kQ) a0ca
® TTL compatible
® UL recognized: UL1577, file No. E67349 TOSHIBA 11-10C4
Weight: 0.54 g
Pin Configuration (top view)
1 18 1:N.C.
2. Anode
2 ol M7 3 Cathode
!L/' 4:NC.
5 Emitter
3 16 6 : Collector
77 N.C.
40 [15 8 : Cathode
Schematic
Icc
‘.—
| Vee
F
2075 % °
VFT *" lo
3 <+ Vo
6
GND
5
1 2002-09-25



TOSHIBA TLP550

Maximum Ratings (Ta = 25°C)

Characteristic Symboi Rating Unit
Forward current (Note 1) Ie 25 mA
Pulse forward currént {Note 2) IFp 50 mA
Peak transient forward
@ current (Note 3) IFPT 1 A
Reverse voltage VR 5 A
Diode power dissipation
(Note 4) Po 45 mw
Qutput current o 8 mA
_ Peak output current lop 16 mA
o
g Supply voltage Vee -0.5~15
a Output voltage Vo -0.5~15
Output power dissipation
(Note 5) Po 100 mw
Operating temperature range Topr —55~100 °C
Storage temperature range Tstg -55~125 °C
Lead solder temperature (10s) Tsol 260 °C
Isolation voltage
(AC, 1min., R.H. = 40~60%) (Notegy|. | BYS 2500 /rms

(Note 1) Derate 0.8mA above 70°C.

{Note 2) 50% duty cycle, 1ms pulse width.
Derate 1.6mA / °C above 70°C.

(Note 3) Pulse width 1ps, 300pps.

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

{Note 5) Derate 2ZmW / °C above 70°C.

2 2002-09-25



Electrical Characteristics (Ta = 25°C)
Characteristic Symbol Test condition Min, Typ. Max. Unit
Forward voitage Ve I = 16 mA 1.45 1.65 1.85 \
Forward voltage - o
o | temperature coefficient AVp/ATa  [lF =16 mA - -2 = |mvi°C
i}
— | Reverse current Ir VgR=5VY —_ —_ 10 WA
Capacitance between =0 f=
terminal Cr Vg=0,f=1MHz - 60 - pF
IoH (1) IF=0mA Vec=Vo=55V — 3 500 nA
o [ High level output loH (2) Ile=0mA Voo =Vo=15V - — 5 pA
% current IF=0mA,V Vo=15V
8 F=0mA Vec=Vp = _ -
8 IOH Ta =70°C 50 uA
High level supply = = _
voltage lecnH lF=0mA Ve =15V 0.01 1 uA
Ta=25°C 10 30 —
lF'=116 mA [Rank: 0. 19 30 -
Current transfer ratio lo HE Voo =4.5V %
Vo =04V Ta = 0~70°C 5 — _
[Rank:0 | 15 - —
3
a IF=186 mA, Vgc =45V
3 | Low level oulput VoL Jlgs 1.4 mA — — | o4 v
© 9 (rank 0: lp = 2.4mA)
Isolation resistance Rg R.H. = 40~60%, V = 1kV D((JNote ol 102 - 0
Capacitance between L "
input to output Cg " |V=0,f=1MHz — 0.8 — pF
Switching Characteristics (Ta = 256°C)
Characteristic Symbol Test Conditicn Min, Typ. | Max. Unit
) . IF =0=» 16 mA, Voo =5V, RL = 4.1 kQ — 0.3 0.8
Propagation delay time i
(H—1) PHL Ks
(Note 7)| Rank 0: R = ¥.9 k0 | — 05 0.8
. If=16—0mA, Voo = 5V, R = 4.1k} — 1.0 2.0
Propagation delay time t
(L— H) pLH ps
{Note 7)|Rank 0: R_ = 19kQ | — 0.6 1.2
Common mode transient IF=0 mA, Ve =200 Vo
immunity at high output CMH R =4.1kQ (rank 0: R = 1.9 k() - 1500 | — Vs
level (Note 8
Common mode transient IF =16 MA, Vom = 200 Vpp
immunity at low output Cm RL = 4.1 kQ (rank 0: R_ = 1.9 kQ) — |-1800| — | Vius
level (Note 8
3 2002-09-25




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.

iF:mth? N Vee=5V ko —
1 8 o
g R I
PW = 100ps 2 1 2R
Duty ratio=1/10 & D v v
I monitor 3 @-—AL—O Vo o — 5
= 5 Output [
s monitor 1.5V 1 1.5V
Voo
t
) tHL | {toH
(Note 8) Common mode transient immunity test circuit:
Vee=5V i ~ 200V
1 E__" ¥ \ 90%
cM
F _|—_4 X 4 10%
F 2 G 71 2R 7 o
o—ir_E @———JL——O VO . Atf » ‘tf
E 5 Output v sy
o]
maortitor (5= OmA) V oV
Vew
JL 0.8v
Vo \ Vou
Puise gen (|F= 16mA)
Zo=500)
160 (V) T4 180-(\)
tr{ps) t{us)
(Note 9) Maximum electrostatic discharge voltage for any pins: 100V (C = 200pF, R = 0)
4 2002-09-25



TOSHIBA

TLP550

IF (mA)

Current transfer ratio

Forward current

lon (bA)

High level output current

o/ F (%}

lp—VE
4 —
B ez 257G =
50 - ~
30 y 3
10
5 ;i
y
y
1 —
0.5
0.3 "
01
0.05
0.03 7
0.01 I
1.0 12 1.4 16 1.8 20
Forward voltage Vg (V)
loH{1)-Ta
300 /
- /
50 -
7
i 4
o /
5 y A
y 4
5 V4
1 =
06
[s] 40 80 120 160
Ambient temperature - Ta ., (°C)
lo/de—=IF
100
Voo =6V,
VO = 0.4V
50
30 -I#
Ta=-25°C e
’
/
. N o
10 - 100°C
1T 4
INIAY 4
5 25°C
3
03 05 1 3 5 10 30 50
Forward current I {mA)

Forward voiltage temperature
coefficient AVE/ATa (mV/ °C)

1o (mA)

Quiput current

lo/If

Normalized

AVFEIATa-If
~2.
-2.4
-2.
[
..\-
-2.
-1
-1
-1,
0.1 03 05 1 3 5 10 30
Forward current I (mA)
lo—If
10
I£ vee =5V
5) VO = 0.4V
3 Ta=25'C
5
7
05
0.3 7
a1
0.05
003
0.01
0A 0305 1 3 5 10 30 50 100 300
Forward current- I (mA)
lo/lF-Ta
1.2
[y
10 . [
/ \\
08
™
08
Normalized To :
a IF = 16mA
Voe = 4.5V
02 VO = 0.4V
Ta=25C
0
—40 =20 _0 20 40 60 80 100

Ambient temperature Ta (°C)
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TOSHIBA TLP550

lo-Vo Vo-IF
T 5
30mA | voe = sv Voo =5V
0 ,--—'----—-"T"Tuzs-c —» IF
R r Z?mA 4 3Ry
8 T < =
g 20mA = \ —oy,
o | g 3
_ 8 15mA °
[ 1 o o
& ] F, \ Ta=25'C
3 4 1CI)mA [] 2 ‘ \nL=2kIQ
3 ! ] K1 3.9k0
3 IF=5mA 3 ; 10kQ
? \
0 0
o 1 2 3 4 5 6 7 0 4 8 12 16 20 24
Output voltage Vo (V) Forward current IF  {mA)
tpHL, toLH — RL
9 1F = 16ma
Voo =5V -
4
Ta=25°C
toLH 1/
@ v
£
B
gZ
s 7
Tz b7
s A
® T A
gd° 4
& o
7 toHL:
01
3 5 10 30 50 100

Load resistance Ry (kQ)
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TOSHIBA TLP550

RESTRICTIONS ON PRODUCT USE 0Q0707EAA

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

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

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

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

« The information contained herein is subject to change without notice

7 2002-09-25



wWTE WO005M - W10M

POWER SEMICOUDUCTORS
1.5A BRIDGE RECTIFIER
Features
® Diffused Junction
® | ow Forward Voltage Drop le— A —»
@ High Current Capability
® High Reliability b
® High Surge Current Capability B
@ Ideal for Printed Circuit Boards . + o~ o~ - wOB
® UL Recognized File # E157705 Y 1T Dim Min Max
A 8.60 9.10
c D B 5.0 5.50
Mechani c 27.9 —
echanical Data I A o4 —
® Case: Molded Plastic E 0.7 0.81
® Terminals: Plated Leads Solderable per G 4.60 5.60
MIL-STD-202, Method 208 All Dimensions In mm

Polarity. As Marked on Body
Weight: 1.1 grams (approx.)
Mounting Position: Any
Marking: Type Number

Maximum Ratings and Electrical Characteristics @r,-25°C unless otherwise specified

Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol |WODsM{ WO1M | WO2M | WO4M | WO6M.| WOSM | W1OM | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 )
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \Y

Average Rectified Output Current

(Note 1) @Tx=50°C I9 o A

Non-Repetitive Peak Forward Surge Current
8.3ms Single half sine-wave superimposed on IFSM 40 A
rated load (JEDEC Method)

Forward Voltage (per element) @Il =1.5A VFM 1.0 \"
Peak Reverse Cuntent @Tp= 25:C “IRM 10 bA
At Rated DC Blocking Voltage @T, = 100°C 500

Operating Temperature Range Tj -55tc +125 °C
Sterage Temperature Range ) TsTG -55 to +150 °C

Note: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.

WOQO05M — W10M 1 0of 3 © 2002 Won-Top Electronics



1.5 T T T T 1 10
Single phase half-sine-wave < //
— B60Hz resistive or inductive load - =
< z
w
7 g 7
2 3 4
Z 10 o g
8 @ EEEEéEEE
1.0
o <
z : '
=z ] 7
5 @ 7
w g5
Q A N ——— —— : ———————
o ,‘E i
w = I
z < f
o <£ T,=25C —
ot Pulse width = 300us
0 Lo L )
0 25 50 75 100 125 150 0.2 06 1.0 1.4
Ta, AMBIENT TEMPERATURE (°C) V. INSTANTANEQUS FORWARD VOLTAGE (V)
Fig. 1 Forward Current Derating Curve Fig. 2. Typical Forward Characteristics, per element
50 T T T 100 -;--125:(; H
— Pulse Width 8.3 " H
< S::w;lee Hlalf-Sineansava 'l =1mz 1n
= (JEDEC Method)
40 =
4 e
= i
[&] \ % N
6 30 ™ Z d e
14 N 5] .
| \\ b "'\._\
w h o 10 ==
2 e 3
Q s
g 20 P =z
4 \ o ~
o hat [
e Y Q
ﬁ by =3
o =N
P (&)
o
100
! 10 1 10 100
NUMBER OF CYCLES'AT 60 Hz Vg REVERSE VOLTAGE (V)
Fig. 3 Max Non-Repetitive Surge Current Fig. 4 Typical Junction Capacitance
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ORDERING INFORMATION

Product No,

Package Type

Shipping Quantity

WOO05sM

Round Bridge

1000 Units/Box

WO1M

Round Bridge

1000 Units/Box

WO02M

Round Bridge

1000 Units/Box

WO4M

Round Bridge

1000 Units/Box

WOEM

Round Bridge

1000 Units/Box

WOSM

Round Bridge

1000 Units/Box

W10M

Round Bridge

1000 Units/Box

Shipping quantity given is for minimum packing quantity only. For minimum order
quantity, please consult the Sales Department.

Won-Top Electronics Co., Ltd (WTE) has checked all information carefully and believes it to be correct and accurate. However, WTE cannot assume any
responsibility for inaccuracies. Furthermore, this information does not give the purchaser of semiconductor devices any license under patent rights to
manufacturer. WTE reserves the right to change any or all information herein without further notice.

WARNING: DO NOT USE IN LIFE SUPPORT EQUIPMENT. WTE power semiconductor products are not authorized for use as critical components in life
support devices or systems without the express written approval.

Won-Top Electronics Co,, Ltd.

No. 44 Yu Kang North 3rd Road, Chine Chen Dist., Kaohsiung, Taiwan

Phone: 886-7-822-5408 or 886-7-822-5410
Fax: 886-7-822-5417

Email: sales@wontop.com

Internet: hitp://www.wontop.com

WOO5M = W10M
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