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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 aiso controlling inverters capacity with various load conditions at 80 W, 160
W, 240 W and 320 W. The dsPIC microcontroller is used to controi 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. Moreover 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 NOBHNITIRIRUNEIITY [3]
nARANISRNTWIALBIUNEITILANEI Tnaedinilefifommhunsssiounaun
fu Svzaansniiuawnaldsgielisine uasldumaunsssioaudonts lunrvun
wiaeine DC MadasdiTonlufausedurasunasstofiiiuirwuinasdasiimie
Hasnuldliifanszuslnauszninunadsine (circulating current) U MTULME I AC
i i"mmﬂmmq%aa:m'lﬂzjnmﬁﬂm:Lm'l“mm:wmtmsiashu%at?iau'lm'lum‘smmu
umsssenszuaduiiaail
1. uanlRIsuBIuTIaUABIYY
2. amufirasunssodayiniu
3. IARTDIUNAITNEADINTINY
Tazfioursdunasunsdsdviiuudinasnaiu Active power a2 lnamluleasi
\HEATINUUGUTITHAINU Reactive power 2= e dulun997 uddunasspaeiuiona

WAZUTIU Nazlia lWaIung Active Was Reactive power

P, = —*sing, (3.1)
2
Q _ VV,cosp =V, (3.2)
i X

1

nFuMIERRIUTINMMTInaLe P uaz Q a:ﬁuagﬁ’uqu@hmwmao V, WAz
Ve (@) Favnazimnasiunasinsunvuiuiuig dasrimsuuunsainsliden
widu 3 douly dwfuundednizuasdunszuainaauarslinelwifa Ty
anunsuanEsnInwasudnsaniiaaas lasmansoutluldlasmsdsletlug Taoms
1% Phase lock

V /0
TI———2— d1IT%
LY 1 1, AR
+ + | +
Vi, Z, V.2,
UPs1 = UPS2
.

| C
n1nn 3.2 WITRVYAN TVUIUUNRINTE
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3.3 nufjn1sownduiediaed (8]

Tdwsnmadsrtumsuwinunassne iRpsudannafinefuiuwunsssnoiid
LuLEded Fansnnmafinszusnamessanaliiiaaudomisuinnit lagnasan
m:ua'lwavua:ﬁwlﬁ'qﬂnsrﬁa”m%a Weanuiomis lunsvwimduwinefiaaiiadaals
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Uygninufianilldihaneiinsswuduaofinefly 3 33dein Idun

1. Current Distribution Control

2. Master — Slave Control

3. Circulation chain control

3.3.1 Current Distribution Control
Phase Lock Loop (PLL) Tuduiiasiaasudazaamunazyinnns Synchronize LWaLaE
a 4 o vo o a a & ¢ as
PR mm'lnmm‘lwﬂwﬂmmanzum:ﬂuqaT‘na@m a9fullaileatudazdn lagadas
muqm:ﬁmwﬁuns:uﬂwaﬂmu.éhv‘i'm'mnjwmﬂmmni:uaua”dﬁa'lﬂ“lﬁlﬂmhé’waﬁa
wAeIMILRuunIduiefinafudazdy nizuavasBuneiinaiudazdifiiinisanias

a | o Ot A I3
aanma:;‘]nmmLﬂuamq1m1unﬂiﬂaunanLmuau ‘HGﬂT:LLﬁIHﬁﬂﬂ%:QﬂSharing

i
] ™
T *G .I. current
Distribution CDC
Module1 & i al. Load
+im2 l l
m imi im;.. in-m -

+
Lo

T |« 1

Modulen 2 li,

¥
AINN 3.3 NMINIUAUULY Current Distribution Control [5]
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Voitage control
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I_ — — o———— b ,ﬂl ot — — — — —— — —— — —
| ™ | -
|
LT T
N I |
: Slave 1 A iy - |
| current control i m :
| M I
. ;
! l
| |
|
[

o
NN 3.4 MIANUAULUY Master Slave Control [5]

3.3.2 Master Slave Control

ﬁugmnwmmufumﬁauﬁ'u Concentrated Control #n9ruaT97 Master Lvinvin
fisudusaadl PLL Fol#lun13Bslaslud aufiussis Suafimasednriouiu
Slave ﬁ’i‘iaa:gnmm}umu wiauguanIaaed lagazivdintzusieanyuiu
fyyrowensniniugy lasdunefinefffinrusgegaanimnanef findosniu
Slave landnluwdd Tﬂuﬁqﬁlﬂumﬂma%ﬂnﬂuﬁ'zmuquLm@'\'u URZNTSURUNDDNUDI
Slave faasiiluntzusdn98slit Slave aug laswin Master Wadawiliaansning
eald Slave azldnwliiiu Master smlagdaludis

3.3.3 Circular Chain Control

3‘1’5’1‘11.?]1*11’1511’1Lﬂuamwmuﬁuna?ma?‘uuulmjﬁ‘fmﬁ'@ummmnmimuqmmu
Master Slave Control wax Current Distribution Control Lﬂ%ﬁ%ﬁtﬁanﬁnuﬂmﬁmm‘l
finuf Soaznanafamuandoauinnin 555us 495% 3c ﬁmﬂ%amim:whﬂugmﬂu
snwuzansulasinululnaanivgunszug dainafia SPWM Current Control &4
inadiadansnnddnuiluniaiadiified Silnaasuausimslamiafinaiin
Linear load W&: Non-Linear load lumm:ﬁﬁaaﬁmuquﬁdﬂu'l.ajd?ueﬁau%a SPWM
Current Control 5t ﬁﬁamiﬂduquﬂi:tﬁlu C Filter uazlu L Filter #alw Paper fisiiaua
mildmsnugunizuslu L Sonvzualudunionhizruminsualudufiulzquss
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A4 aad v a a 4 44 4 a
nazualnaa TaAbdnaliifiansnauaussnelawliafiviaiia Swfissnings uaxds
sunsoddanszuslusnfifenssasasuasinea aeuudeinlunmutdimszyinginly
mMahauluuruwsasddueiieed wisunslmnzdistissnmweasszuuluanizlud
N1z (No-Load) 50 % 8alnam LAz 100 % 28311aa (Full Load) lapaslfusasuan

& a " - a“ a ey o d )
sanfludyaralunistlawndusnSsunAsuiuFygrwladdreBedae 16 Error
Voltage :zQnaaisalay Pl regulator LNENAARTY QY INTTURENIBINTZUNHINNITNTDY
xgnivunFoufisuiudygind 198 Fygim eror szgnraisulas P regulator
winuusy g sz i suifsuivdggrasamisuiiaaiis SPWM dmiy

= ;al AAJ o o -:l = n' t:’ A‘ [ .
nmigadsAtimnzamitanudlumiadadifiasiiuazlde dynamic respond

INVERTER MODULE L

MM -~
S, 4 S34
S, 4 S, ‘ig

To 5,,5:5,5,

Vde 1, C

O

N

1l
avon

—

Vref

A -
AN 3.5 JluuumIniuquinaila SPWM Current Control [7]

|
™
E 4G jE Load
Modure wi—t_ . T
T |k 1

Mcodule 2

-t

U
L]

1
-

Module n 4

Fi . .
nnn 3.6 N13IAIUAUNLUY Circulation Chain Control 5]
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J e ) F-)
@170 3.1 Winufisugaani@iimszwuduiieiiaed [5]

MSC CcDC 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 us | 549us | 585us | 6.07 us
(individual)
overshoot
36.59% 36.45% | 40.66% | 38.19% | 36.90% | 37.08%
(individuat)
steady state
error 9.10% 10.08% 2.29% 2.30% 3.62% 3.53%
(individual)
ripple
176.2mA | 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

o 1a z = o o 1
‘]Ix‘l‘c]']ﬂ@l']?’]\‘]'ﬂ:WU'JT]%H']T'U“’W“LLUU 3C uuuﬂs:ﬂﬂﬁmwzjan’n MSC iz CLC

flouwdiirazlien ripple Ba9nIzUmAUTLING 2 TFazannnin wafidsiainianag

1ul 2000 Tsai-Fu Wu ,Yu-Kai Chenuaz Yong-heh Huang ldiiauadfmIsuin
5una?’mas’tm‘u‘l‘nuﬂfaﬁ'wmmﬁnnmimuqmmu Master slave Waz Distribute Logic
Control Hafifia Circular Chain Control (3C) “ﬁaﬁﬁ%mn%audﬂﬁ:ﬁ’i’]ﬂugaL'ﬂuﬁ'nwm:
nsulasinululnuaniugunszus SPWM Current Control Sasmansavinlwnszuann

asanyadndazluganuringin
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3.4 m3assmTawmwdutiafinad
M TsaaImainaudanlysunTy Matlab Simulink 2006a laufisiszidye

PaIM 58 Inail

- awmduaaiiaad 3 module MUANIETT Circular Chain Control (3C)

- Bunafinasudazaafiznin 100 W a"‘m%aﬁ'mmaﬁﬂgﬂwm%

- U339 DC 1191 48 V Y9 uA M, = 0.8

- I1GBT (Juaunsnllunsatias finufl 20 KHz

- sesnsasmufiansiiu L = 820 UH,C=6 uF

INVERTER MODULE |

s <3
51

|
»
%
(%
{ avon l )

W, AW
AYAVAY & V =
‘ N welpuaing adl h_L
INVERTER MODULE 2 Stae ref
L
N
L2 *

L
d

<1

%
E‘—é= PI
e b .

Sine rel

INVERTIER MODULE 3

ORI
1

P >3- N
A
WI A, st J .
I u Sine refl

- . .
NN 3.7 NMIAILANUDY Circular Chain Control
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4.2 WITMAIBRLIDIADS

uvduasians 1 LN&NQU‘%@E‘{ qﬂnmfaemﬂi IGBT 1ua3 GTB30N60C3D

S1 S3

Vde —= c

S2 S4

P o % & o« (3
NINN 4.3 I TNIRIULIBILADT

oo o e = 3 (3
4.2.1 wRNAUSIAUA UMD ONVBIBUIEILIa T
WarmuausianlWinazuadud ¥, = 60 1ad uazduagadunianizund

'3 4 b ko = ™ o J
m,= 0.64 ﬂ’]N']Tﬂﬂ']%’]m‘r\’]ﬂ']I.lﬁ\'lﬂuﬂ'luilﬂﬂﬂliNE)'l«W]E]{I.Glﬂﬂ(ﬂﬂ\'lu

(4.1)

ﬁm%‘u|.'3au‘l'n'uaotmé’u‘lwﬂ'}ﬁmtﬁ'}@‘hqﬂ A lavinldiAanisvinaululnuala

< a “ o a & -1
L')BT'NE]GJI.G'DN m, >1.0 Iﬂﬂﬂlt?dﬂuﬂ’]“ﬂﬂﬂL}Gﬂdl@]&luu mmsnm‘lmmu

o “; L =) L L 7 > 1] I: 1 A [ =Y
AT u WA N Laa IR Ut pd lidININ 38.4 V e LY AiAan sl
nai‘uaqm‘ﬁ’u
o ) L7 ~ L'y .3
4.2.2 MIANANIZURAIUDANYDIA WD SLADT

TaurinuaRneniasd uaan 100 W dnaatsznauninu 0.8 az'le

P

ol

=V, I, cos¢ (4.2)

1 = 100 x100 =486 A

I =
° ¥, cos¢ 27.153x0.8
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[, =~2x],=651A
4.2.3 WMTUWIARNALTITU INHAGIHa8n

- L) ; o ., i = - [ i
wn@maoaunaﬁ‘maﬂuiﬂsomuumuum‘hﬁ 100 W TGIUW"D'le'IIJT:ﬂYIﬁﬂ'IWﬁ

80% PINNG AINUANEI IWHIT UM ldanauns

n = For 4 100% (4.3)
B, -
P

P = 2o x 100% = 190 100 = 125 W
n 80

4.2 4 WIRNONIZULRAWINIINFNINIT

Fy=1,V, (4.4)

I, = 125 08 a
60

o & L4 s & g O = 0 &
INNIATUITULUBDIAU mmmagﬂwnﬂmﬂwaaauna'?maﬂﬂﬂm

URAUNTEURATIG WL (V) 48 — 60 V (1ad) (Indld 60 V)
nIzuR WA (7,) 2.08 A

M HeI9e T (P)) 125 W

ussaundduean (V) 27.16 V

nyzuawienusan (1,,) 46 A

s lWissedmaan (P) 100 W

UseEnEmn 80 % (lanUszunm)
fdsznaumase (PF) 08 (lapiszunm)

1 1
= o 4

4.3 299INTIAMNDAEIW
Wifiiesnandenieanuuuuazaeenilpniiniaiiaden dmaniy
ﬂs:qt‘fummsnms‘??a'ls‘fﬁ"a‘lﬂmuﬁ'ammm Taumiafeduniisnhddduinaon e
1. lulaTaonitsasnmsaanuuua9asnsasnnuisuaanvasduadiaasuuunilana
Afia 100 W auiisiuaandidasnisfa 50 Hz lasfiunasifiafygimsuniufianses
&l uazrvImURuYadmduailaaiie FaRnasuaanvasduatiaatenalulil
- Ltsaﬁuﬁﬂuaane‘hqﬂ fia 42.43 v

- NITUAFIUBANATA fia 2.95 A
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o G [ % [ ‘J = » 1 s 1 gllsl' *“ o Lo |
laglFamumuiumszlnae Teauudiiviany R, denudifisasnisinaade 40 kHz
A ca PP a a a & «
dafae anudnlslunissiadivasiuiiaiinad

2. 193Ie9nilRanlTae Low Pass Filter wuy LC lapil aaTIn138anauaiuansei 4.1

< o =
A7 1IN 4.1 aTINITREaUAIUD

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

3. MUIMMIAT R, 97N

Vmin,rms
Rd i Imin,rms (45)
42 43V
Ry= 24¥ _ 430
2954
laofl ¥, . #e susssulwidigadiltom
Lo e 8 snazualWingegenldom

o 9 A L)
4. swumiaanutanaanIn

F
Fa - TB (46)
2L
F,= 2K _ 25 e
i

o - - o
lagf F, @ anudanaan

- H Q- A " & Qe

F fa anudadsygimiasinisfiee
A ' A v ad v o

dB  fp AMNIRaNaniineInis o aNUDNAsINIi9e

L fe danugids (oss) wia Mdanmiaanauluniie db/decade 2993

d ™ i '

nyasnNuiRanlTaua19A4.1 WVUBR T L = 12N

N #8 i‘imm'qmamwﬁmaau,@ia:uuuﬁmeiamgnﬁuﬁ‘u #3081 TR INN I

v o - ° v . ]

293249INI0UBVUBN TENB UG BRI R BNIUAz AN ALz g8t Ias nily

a2 1 | A v b ' bt »
mna’mﬂu‘nua'qﬂ 'il‘.:vl(ﬂ N=1 mﬁmmammﬂﬂnuﬁnqmﬂﬂ N=2
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5. fwimmidaunilsniuazaniuysz lamiidi R, uazdn F, Alduunulu

RUNT (4.7) UAT (4.8)
R,

L= 4.7
27F, (4.7)
7(7.5kHz)

c=_1 | (4.8)
R,

5 uF

C= =
7(7.5kHz)(14.38)
fanuLianles C = 3 uF

6. NTAANUUUNWARLIUN
6.1 nMyaanuuUanie1inlaeIF1ENTINeIN data sheet VaILUIEIN mircometals

FINUNITEANUULAINHREIEIN L = 610 uH, 1 = 4.17 A

RIATWAIITUAZRY
1 .
E=—-L; 49
5 (4.9)
E= %(610;1H)(4.17)2
E = 5303.6 pJ

6.2 MIMEN NI 3nnT N ( - 26 Material ) Tapfiewimfiiaaseail

WNUNATENA T 184 — 26 ( UNUNAITBURFLNREYT ) mqﬁﬁammuﬂasamﬁ
184 IWIZIUTIRWINGA energy storage limit TdnnswnInd 4.4 Warduniswn
WY full winding flgmnndl 25 °C unw T 184 9:il AC Energy Storage i 23200 pJ @9
Wudrfisausuldnmisswimminsinuazsuluinded 6.1 9216 NI = 140 fia 1 =

417 A

2le N = 140 _ 33.87
‘ 4.174

AIUY N = 34 581
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NINN 4.4 AC Energy storage of -26 Materials
6.3 mafanvwaiualanniW Winding Table ( single layer ) las
1 = ar A’
fmdiaataci

=3 o a ﬂr s 4
WNWRANNaTaLa T 184 — 26, MUWIUIALU( N ) = 34 78U nasnfieelddien
{ L 2 IJ w0 a A‘
TN 4.1 'lun'nwmwmmumﬂ ﬁd%ﬂﬂ@]’]i’]{l’ﬂ:‘lﬂﬂﬁL‘]JE]{R"J@]GI\IH AWG # 13
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SINGLE LAYER WINDING TABLE
WIRE SIZE (AWG) P b2 24 &3 ] A '8 17 14 3% 14 1" 7 1t 5
RN TV TH A rpn FA K] 132 -2 HA s JaL Falc L 137 1o [3: LG 521 G433 | Laga TR iR
LEOSE AT A CNAETS.

RV ETEER P S N [ Y 1 L] 282 ER¥ 312 443 FACE I AT T el We 3 A +

PR A LA 250 TRT L TEE LI 0GP At | S 6 ] TED | ey §7 J1ze s Qs |t | ae THEE sond
R FRE 3 . 07 | 2w L RTH ] ver LA T (RN Y ] \X4 AR w3 é 2 330

L3E AT

Eoal el Roiiee NUMBER OF TURNS wo | ase }ao
T16 30 | B | 9 € 4 ? 1 13 | 038 | 0o
T20 06 |16 | 11 | A 5 ) z 1 018 | 65y | 097
T25 |11 |18 ] 18 | 14 | 1w 7 5 f 3 2 ¥ 030 | a8 | sf
T 1.74 {267 AL 1t B 5 3 g 1 42 f g 273
T | tas |22 | 25 | 20 | 85 | 11 P & 5 4 3 z 1 1 o4 | 433 | 233
YT | t53 |ar7 §ar | 2 | = | v |z | 11 9 7 6 5 4 a 2 1 I EAETESD
TI8 | taz 442 | 3t | 24 | 18 ] o | < B 7 5 4 3 2 ? [ a7y | 211 | art
Ta4 [ 184|523 | a3 ] 2 ] m ] o | 1w | 13 ] 1 ) 7 s 5 4 3 7 1 | oRd | 243 | 437
TS50 (201 |686 | %9 § 47 § 3/ | 2 | 22 | % | 16 ] 14 | 2 | w0 | 8 7 % P 3 | 19 [ 36 | sie
T50B | 232 [ 183 59 47 a/ s 22 14 16 14 12 10 ] 7 [ 4 a A | 3131 &2
T500 | 295 (067 | 69 | A7 | a7 | 28 22 | 5 L e a1z ] w ] & 7 5 ) 3 | 357 | 470 | &%
TSIC | 268 | 756 | % | 28 | 22 | 16 | t2 | 10 ) 7 [ 5 4 3 ) 1 120 | 360 | 633
TS0 | 248 |84 | 67 | &3 | &1 Z | 5 | 21 | s | . | 1a ]2 @] & 7 6 T 1w | 468 | 624
TGOD | 368 (143 | 67 | %3 | at | a2 | 2 | 21 | 19 | w | 4 | 32 | w | 8 T 6 4 | 725 | 681 | 120
Te8 | 247 {112 | /4 | 5o | a6 | 36 | ew | 24 | 2t | 1@ | w6 | 4w | 2] w{ 2 7 s | 478 | 533 | 9
Te8A | 277 {126 | 74 | %0 | a6 | 3 | o8 | 24 | 21 | te | 6 § | 2] w | 8 7 5 | 108 | sus | 104
TOBD | 341 (52 | 74 | 50 | #8 | 36 | 28 | 24 | 27 | 8 ] % | 14 | 12§ w0 8 7 s | e | faz | v2f
T2 {3133 [ s [ | @ [ 26 | 9 [0 ] 14 ] 1z 3 n v 7 € 5 4 R ETRERR
Teo | 280 {956 J1ca | 82 | 64 | ut | 39 J 35 | 30 [ 2r | @ [ 2w ] 7 f 1w 13| 0 9 | 246 | 73 | 130
Toon | 344 {87 Jion ) Bz | o4 | st | se f s a2 [ ;L] oir s o1s | s | 238 | me2 [ 147
TBOD [ 407 |z2n0 |03 | 82 | 04 | 51 | 09 | a5 [ 30 | 27 | 23 | 20 | 17 | % § 13 | 1 9 ] ash | 109 | 124
T | 364 |z24 | 115 ] 92 | 17 | W | A% | 93 § 34 | 30 | 26 1 23 | 20 § 17 4 15 | 3 | v | 2% | 107 | 28
To4 | 344 |720 |17 ] % | 74 | %8 | as | a0 ] 35 | 30 | 27 { 28 | 2 ] W d % | 3 | 01 [ .350 ] 105 | ves
1106 | 449 |310 | 118 | 95 | 74 | %% | an | a0 { a6 | a1 | 2r | 24 | 21 ] 18 4 15 | 13 | 11 | a0z | 147 | 259
Ti06A| 366 |28 {116 | 9% ] 74 | 58 | a6 | a0 { % | 31 | 2r | 24 | 21 | 8 § 15 | %3 | 1t | 427 | 128 | z 2%
T106B| 519 Ja68 |18 | 95 | 9 | 86 | 46 | a0 § a6 | a1 | 27 | 24 | 2t | 6 | 15 | 13 | 11 | 565 | 163 | 297
Ti24 [305 [333 jwso |20 ] 95 [ v | 50 | 52 | 6 | 0 | a6 | &1 | 27 | 2a | 21 | 18 | 15 | 529 | 158 | 279
T30 | 475 |422 Jt65 | 133 | 1wa | 83 | 65 | 58 | 2t | 45 | 40 | a5 [ v | 27 | 23 | 20 | 17 | &F1 | 201 | 358
Tisoa| 367 {332 Tses Jraz [tos | By [ es | sa [ st [ as [ a0 [ 5 [ v [ 2 x| oo | 37 [ sz 1%a|2va
TI31 | 511 |42 113 | to7 | 85 | 67 | s2 | 46 | a1 | 08 | 32 | 28 | = ) = § 8 | 6 | 13 | eew | 200 | 352
T132 ] 406 |22 {47 j11a] 93 | r4 | 58 | 81 | 45 | s0 | a8 | 31 | 27 | 23 | 20 | 1@ | 15 | 671 | 201 | 353
TH4Y | 475|468 |88 § 151 J 119 ] o5 | 75 | 66 | w9 | 52 | 4B | 40 | 35§ 3t | 27 | 24 | 20 | 744 | 223 | 3%
T150 | 528 |532 |80 § 145 § 14 ] w 1 71 | Ba | o6 | 49 | 48 | 38 | M | @ | ™ | 22 | 19 | e46 | 253 | 445
1157 [SB9 {632 {200 | 164 § 129 103 | BY | 7z | 68 | 6 | 50 | a4 | 39 [ .« | @ | 26 | 23 | 101 | 301 | 520
TATS | 658 |79t | 230 | w6 § 147 ) 117 § 92 | #2 | 73 | 64 | 57 | 50 | a4 | 39 | 34 | 30 | 26 | 126 | 3/6 | 616
Tiea | 754 |B92 {22 | 163 | 129 § 10z | B1 | 72 | 63 | B | G0 | 44 | o8 | 3¢ | 2 [ 2 | x | 142 | 425 ] 747
TW00 | 650 {908 | 270 | 217 ] 172 | 137 L 108 | G0 f 66 1 6 | 6F | 60 | 53 § & | 41| 36 1 a1 | 145 [433 | 767
T200B| R7€ | 120 | 270 | 247 § 472 ] 137 0B 9 | 86 | 6 | 67 | 60 | 53 | 46 | A1 | 36 | 3% | 187 | 574 | wm
T200 [Boo [ 141 Jooz {163 {129 | 102 | 81 | 72 | 63 | 56 | 50 | 4 | a8 [ 3 | 20 | o6 | 27 | 178 | 528 | w28
Y225 | 6a3 | 109 | 906 | 245 § 195 | 156 [ 123 | 08 | 97 | 86 | /6 | 68 | B0 | 53 | 46 | 4% | 36 | 174 | 52t | 916
T2258] 921 [ 143 [ 305 ] 245 1995 {156 [ 1z3 [ | 97 | 86 | 76 | 6B | O0 | 63 ) 46 | 41 | 36 |22 [ 679 | 119
T250 | 104 | 166 | 270 | 217 0 17z | 127 | w8 | 96 | B | 76 | 67 | 60 | 53 | 46 | 41 | 38 | 3t | 263 ] 7ed | 139
TIO0 | 795 | 173 | 422 § 341 § 271 | 26 | 11 | 53 | 136 | 171 | 10B | w5 | 85 | 7% 58 | 52 | 276 | B23 | 145
13000] 105 | 223 | 422 § 341 27t 2is § 171 | x| to6 | 121 |08 | o6 | 85 | 75 | 68 | S8 | 57 | 355 | 108 | 5.7
T400 | 111 f 3 | wna { a09 | 337 ] 28 | 201 | 179 | 16> | 142 | 126 | (13 | 100 | BB | 78 | 69 | 6 | 479 | 143 | 52
TAD00| 144 | 384 | 494 | 29w | 317 | ahe | 201 | 79 | too | 142 | 126 | 13 ] 10 | 8B | 75 | 63 | 61 | 610 | 162 | 224
TS0 | 3.7 | 496 | 680 | 556 | 437 | 3% | 278 | 2a8 | 22t | 197 f 146 | 156 | w39 | 123 | 09 | 97 | 86 | 788 | 236 | 415
TS200] 177 | 629 | 680 | 550 | 4a7 | 3G | 278 | 248 | 221 | 197 | 176 | 156 | 39 | 123 | w08 | o7 | e | 100 | 300 | 527
1650 | 231 | ¥96 | 760 | €21 | 499 | 396 | 015 | 28t | 290 | 23 | 1w | 177 | 18 1 139 | 124 | 110 | 38 | 167 | 469 | 825

sanlulassuidufanltununasond T 184 — 26 ldaa1u0s AWG # 13 Wi
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MINAaILRSHaNIINA[aDd

5.1 aunsaluaziaisedaialnin

- A o PRI ™ P o &
m'iamam‘lwﬁ’ml'unﬂaaumnua:taummu
1. aﬁﬂaﬂaaa%aTaaTﬂﬂju DL 1520 8 bit 200 Ms/s 150 MHz YOKOGAWA 171

L ¥ d Lo
MIIAFUARUIYYIUNINARI

2. FLUKE 43 Power Quality Analyzer 13lumstufindinszua ussas Anag 1w

LLa:fhﬂaﬁ'Jﬂs:nauﬁwé’q‘luchumaﬂw'.'4'1n‘s:uaaﬁuua:gﬂﬂﬁumﬁmn‘e‘mn SRR

3. MULTIMETER ?:'Ha 973 A 189 HEWLETT PACKARD
5. MULTIMETER T"u UT30D 189 UNI-T

6. Digital Clamp-on Tester 3u 234302 189 YOGOGAWA
7. wnsdnsunianWinszuasauliuanle (voltage regulator) standard SD 16

capacity 4 kVA max 16 A

5.2 Han1maaad

Nﬂﬂ’l?ﬂ@]ﬁﬂﬂ‘-j'lﬂﬁ’l’;ﬂﬂ’lﬁﬁﬂ@iElﬁUI‘HﬂG\ﬂ’J’INGﬁHYI’IH

AIINAADIN 1 NMINATDVIAAINTEUE LTI uazritad Wi liins:s1Wiln

(no load) wazrmeinolinulnaasianudunmu NN

a & o A
320 W lagaziininarauduiasiaaimianuag

[

<4 o

. . ow Y
5. 1URZHANTINARBINIGA 115t

NOB18 80 W, 160 W, 240 W UAY

o

URITNMINARDIAIUFNIATUNTINN

Inverter

Load

4 - 1 @
NN 5.1 IITNARDLDUL] a{lﬂ a'::@l aﬂU‘[“ﬂﬂﬂ'Tl UATUN I




a ¢ & o o
aNLIDNADIAIN 1
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@1519% 5.1 HanInegevzadduiaTiaeinln 1 vahifinnsznalWdn (no load)

Input Output
e V. (V) I, (A) P, (W) V, (V) 1,(A) | cos® | P,
0.64 60 0 0 27.76 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
A1519715.2 HEMINARELVEIAUIaTAa TR 1 amzinnInaanudunn
Load Input output n
W) [ V() | L@ | 2wy | M3 0 pvy | L(A) | cos® | B(W)| (%)
80 55.5 1.6 88.8 0.82 27.1 2.62 1 69 77.7
160 52.7 3.3 17391 | 0.91 26.8 5.27 1 138 | 79.35
240 50 5 250 0.98 | 25.67 | 7.53 1 191 76.4
320 49 6 294 0.98 | 23,57 | 9.61 1 213 | 7245
Load Power Output
(W) P(W) | S(VA) | Q(VAR) PF DPF | THD, (%) | THD,(%)
80 69 69 5 1 1 4.1 4.5
160 138 138 9 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




a 4 ¢ o o
AULIDIPDIAIN 2
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A a o A s
AN3797 5.3 wanmInarauvaddwaaiiaaiean 2 ameliiinszmatWia (no load)

input Output

" Tvw | La | aw | nv | L@ [ese] R

0.64 60 0 27.67 0 0
Power Output

" P(W) | S(VA) | Q(VAR) PF DPF | THD, (%) | THD, (%)

0.64 0 0 0 0 0 73 0.5
A7 5.4 HaNINAFALTRIB WL TAETAAT 2 TmzinInaanNEIUMY

Load Input output n
W v | Lw| pw | MLy | L@ | cosh | FW | (%)
80 55.5 1.6 88.8 0.82 27.1 2.64 1 71 79.95
160 52.3 3.5 183.05 0.9 27 5.28 1 140 76.48
240 | 493 52 |256.36| 0.97 | 2598 ; 7.68 1 198 77.24
320 | 485 6.2 300.7 | 0.98 24 9.36 1 222 73.83
Load Power Output

(W) P (W) S(VA) | Q(VAR) PF DPF 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 1 8.5 8.1

320 222 222 8 1 1 9.4 9.1




ol a o Va
@131971 5.5 naniimeaavvaddwiafiaataan 3 smzlaiimsznalwia (no load)

P « ¢ o o
DWLIDIEDIAIN 3
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Input Output
" Tvw | Lw | pw | v | L [eso] 2
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 93 0.4
@159 5.6 nanTImasavvasBwaaflaateaf 3 anziininaaenudiunn
Load Input output n
W) |V, | L | Pwy| MLy vy | LA | cos8 | BwW)| (%)
80 | 554 | 1.7 | 94.18 | 0.84 | 27.22 | 2.63 1 70 | 74.33
160 | 51.7 | 3.6 |186.12| 093 | 2672 | 5.25 1 141 | 75.76
240 | 497 | 58 |28826| 098 | 2528 | 7.4 1 184 | 63.83
320 | 489 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 1 1 3.6 38
160 141 141 5 ! 1 5.8 5.5
240 184 184 7 1 1 8.4 8.4
320 204 204 8 ! | 9.4 9.1
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NISNARDIT 2 NAFALTAAINTZU WI9ew Waziad Wi Ran1cInaafininy

Winufiousenitenisinenaamipauiadians 1 Tuga 2 Tuga uaz 3 luga ARAafAY
80 W, 160 W, 240 W uar 320 W waiSuuisudnssinsnaw

A ) L. =)
A157197 5.7 waninagauinslnaadiy Bwiadiaad 1 Tuqa

Load Input output n
W) | v,wm | L@ | Rwy| ™ v v) | L(A) | cosO | B(W) | (%)
80 55.5 1.6 88.8 0.82 27.1 2.62 1 69 77.7
160 52.7 33 17391 | 091 26.8 5.27 1 138 | 79.35
240 50 5 250 098 | 25.67 | 7.53 1 191 76.4
320 49 6 294 098 | 23.57 | 9.6l 1 213 | 72.45
Power Output
Load (W)
P (W) S(VA) | Q(VAR) PF DPF | 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
@151971 5.8 ammageuselnaadls dunafiead 2 luga
Load Input output n
W) [ Vv | L 2wy M L p )| 1A | cosb | W) | (%)
80 55.7 1.66 | 9246 | 0.78 | 27.16 | 2.56 1 70 75.71
160 52.5 323 | 16958 0.87 | 27.21 | 5.19 1 140 82.56
240 49.5 492 (24354 095 | 26.87 | 7.68 1 202 82.94
320 47.8 6.65 |317.87 | 098 | 25.61 | 9.77 1 251 78.96
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Power Output
Load (W)
P(W) | S(VA) | Q(VAR) | PF DPF | THD, (%) | THD, (%)
80 70 70 3 | 1 3 3.2
160 140 140 5 1 1 45 44
240 202 202 7 1 I 55 5.3
320 251 251 9 1 1 6.5 6.4
@707 5.9 kamamasauisinaadi Suneafinad 3 lugs
Load Input output n
W) \vwm | Lw| Bw | M| V| 1A | cos8 | W | (%)
80 55.4 1.76 | 97.504 | 0.77 | 27.04 | 2.57 1 69 70.77
160 52.5 349 |183.225 0.85 | 2698 | 5.19 1 140 76.41
240 49.6 5.25 2604 091 | 26.73 | 7.68 1 204 78.34
320 47.7 6.62 | 31577 | 097 | 26.23 | 10.0] 1 260 82.34
Power Output
Load (W)
P(W) | S(VA) | Q(VAR)| PF DPF | THD, (%) | THD, (%)
80 69 69 4 1 1 2.2 2.3
160 140 140 5 1 1 35 33
240 204 204 5 1 1 42 43
320 260 260 6 1 1 5.2 4.8
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NIINAAaaIN 3 NMINARALIAAINTEL WI9a% wazriad Wt amelsiinve W

(no load) uazamziulinuInaadInnuaIuNIR ARNAKNEI 80 W, 160 W, 240 W uas

a 4 & - a ¢ -«
320 W 20301931930 U UMWY LLESNARDULY 8%1’1}!1’]5']]%‘1%8%L’] pIleal

P a v
@13191 5.10 wammasauvadduafisaTunurun vairlufiarzmaWR (no load)

Input Output
ma
v, (V) LA) P, (W) v,v) | 1) | cosé P
0.64 60 0 0 27.15 0 0 0
Inverter1 inverter2
ma
v, (V) I, {(A) | cosO, | B (W) V, (V) I, (A) | cos8, | P, (W)
0.64 27.15 0 0 0 27.15 0 0 0
Inverter3
mﬂ
Viv) | 1, (A) | cost | A (W)
0.64 27.15 0 0 0
Power Output
mﬂ
P(W) | S(VA) | Q(VAR) | PF DPF | THD, (%) | THD, %)
0.64 0 0 0 0 0 85.15 0.5
A13197 5.11 HANTTNARELYBIBUIESIAaTUULTNAY Yoa o Inannue uYn
Load Input Output Warfsums
ma o
wy | v, | Ly | BWwW V,(V) | I,(A) | cos@ | P (W) "
80 | 565 | 16 | 904 | 082 | 2729 | 259 | 1 68 a“”a:ma’
160 | 53.4 | 323 [172.48] 092 | 27.05 | 532 | 1 145 "“”f:m
20 | 504 | 525 | 2646 | 096 | 27.12 | 786 | 1 207 a“‘:i’;ﬂa’
Tana¥
320 - - - - -- -- - .-
Tvae
Load Inverterl Inverter 2
(W) V, I, cosd, P v, I, cosd, P,
80 2729 | 259 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 26.91 272 1 73
320 - -~ - - - - - -
Load Inverter3
(W) 4 I, cos B, R
80 - -- -- --
160 -- -- -- --
240 26.94 2.08 0.98 52
320 - -- -- --
Power Output
Load (W)
P (W) S(VA) | Q(VAR) PF DPF THD, (%) | THD, (%)
80 68 68 4 i i 4.4 4.3
160 145 145 5 1 1 4.6 4.7
240 207 207 8 1 t 4.8 4.7
320 - - - - - -- -
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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 PORTCbits.RC14
#define LED LATBDbits.LATB5
#define INV_1 LATBbits.LATB8
#define INV_2 LATBDbits.LATB7
#define INV_3 LATBbDits.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_20&PWRT_64&MCLR_EN&PWMxH_ACT_LO&PWMxL

_ACT_LO&RST_PWMPIN);

_FWDT(WDT_OFF);
_FOSC(CSW_ON_FSCM_OFF & XT_PLL16);
_FGS(CODE_PROT_OFFY);

unsigned int sine_addr_p= 0;

float ma = 0.64;

unsigned int sine_n,gain;

float sine_p,i_max1_use,pdc1,pdc2,i_maxs1_use,i_maxs2_use,i_maxs3_use;

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

/I, v_max1_dsp , his_vi[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
60,469,477,486,495,503,511,520,528,536,544,551,559,566,5674,581,588,595,601,608,61
4,621,627,633,638,644,650,655,660,665,670,675,679,683,688,692,695,699,703,706,709
J712,715,717,720,722,724,726,728,729,731,732,733,734,734,735,735,735,735,735,734,
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,-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,-683,-679,-675,-670,-
665,-660,-655,-650,-644,-638,-633,-627,-621,-614,-608,-601,-595,-588,-581,-574,-566,-
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};
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 /! Counter for send character
lcd_command(2); I/ 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); // Display integer
}
void display_title()
{
lcd_puts(LINE1,” Auto Parallel™), /l Display message start at

address 00H
led_puts(LINE2," Inverters "); // Display message start at
address 40H

lcd_delay(1000}; // Delay 1 sec

}

void pwm_int()

{
IEC2bits.PWMIE = 1; /I PWM_INT_EN
IPC9 = 0xd000 ;

DTCON1 = (PWM_DTAPS4 & PWM_DTAB);
FLTACON = (PWM_OVA1H_ACTIVE &
PWM_OVA2H_ACTIVE &
PWM_FLTA_MODE_LATCH &
PWM_FLTA1_DIS &
PWM_FLTA2_DIS );
PTCON = (PWM_EN &
PWM_OP_SCALE1 &
PWM_IPCLK_SCALE1 &
; PWM_MOD_UPDN);
PWMCON1 = (PWM_MOD1_COMP &
PWM_MOD2_COMP &
PWM_PEN1H &
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PWM_PEN2H &
PWM_PENI1L &
PWM_PEN2L);
PWMCON2= (PWM_SEVOPS1 &
PWM_OSYNC_PWM &

PWM_UEN);

}

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 _PWNMinterrupt(void)

{ LED=1;

PDC1 = pdet;

PDC2 = pdc2;

PWM();

IFS2bits. PWMIF = C;

Calc_Param();LED=0;
}

void adc_init()

{

ADPCFG = 0x0000; /0000 0000 0000 0000 ;analog =0
ADCON1 = Ox00ES6; /10000 0000 1110 0110 ; CH

ADCON2 = 0x0414; //0000 0100 0001 0100 jre==tteee—n
ADCON3 = 0x0505; /{0000 0101 0000 0101

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

ADCSSL = Ox00FF; /{0000 0000 1111 1111; Input Scan AN 012 3

ADCON1bits.ADON = 1; //Start AID
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}

void Calc_Param()
{
i_dat1 = (ADCBUF0+1)-I_offset;
i_dats1 = (ADCBUF1+1)-1_offset;
i_dats2 = (ADCBUF2+1)-1_offset;
i_dats3 = (ADCBUF3+1)-I_offset;
v_dat1 = (ADCBUF4+1)-V_offset;
if (sine_addr_p==99)count++;
if(count>=1)
{ count=0;
i_flag=1;
i
if(i_dats1>=i_maxs1)
i_maxs1 = i_dats1;
i_maxs1_dummy = i_maxs1;
i_maxs1 = 0,
2
if(i_dats2>=i_maxs2)
i_maxs2 = i_dats2;
i_maxs2_dummy = i_maxs2;
i_maxs2 = 0;
113
if(i_dats3>=i_maxs3}
i_maxs3 = i_dats3;
i_maxs3_dummy = i_maxs3;

i_maxs3 = 0;

/'] total

if(i_dat1>=i_max1)
i_max1 = i_dat1;
i_max1_dummy =i _max1;

i_max1=0;
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/I 'V total

if(v_dat1>=v_max1)
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v_max1 = v_dat1;

v_max1_dummy = v_max1;

v_max1 = 0;

}
}
void display_complete()
{
lcd_puts(LINE1,"
").//lcd_delay(1000);
}
void display_In1_fail()
{
lcd_puts(LINE1,"
");//lcd_delay(1000);
}
void display_!n2_{fail()
{
led_puts(LINE1,"
");/llcd_delay(1000);
}
void display_in3_fail()
{
lcd_puts(LINE1,"
");/llcd_delay(1000);
}
void display_In23_fail()
{
tcd_puts(LINE1,"
"Y/licd_delay(1000);
}
void display_In13_fail()
{

Inverters ");lcd_puts(LINE2," complete

Fail

Fail

Fail

Fail

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

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

: 1 ")icd_puts{LINE2," Inverter : 3

1 2 "Yled_puts(LINE2," Inverter : 2,3
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lcd_puts(LINE1," Fail : 2 ");led_puts(LINE2," Inverter : 1,3

"Y.//lcd_delay(1000);

}
void display_in12_fail()

{

lcd_puts(LINE1," Fail : 2 "};led_puts(LINE2," Inverter: 1,2

");//lcd_delay(1000);

}
void display_all_fail()

{
lcd_puts(LINE1,"

}
void display_No_input()

{

all fail ");lcd_puts(LINE2,"

Inverters ");//lcd_delay(1000),

fcd_puts(LINE1,” No Volt input!”);icd_puts(LINE2,"or inverter

fail");//lcd_delay(1000);

}
void display_Overlaod()

{
lcd_puts(LINE1,"

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

void display_value()

{

int main(void)

{

OVER LOAD !");/llcd_puts(LINE2,"or inverter

lcd_puts(0x80," Operating..");
/led _puts(0x88,"IN_1:");
lcd_puts(0xC0,” Ma :");
Ilicd__puts(0xC8,"IN_3:");

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



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

TRISCbits. TRISC13 = 1;

TRISCbits. TRISC14 = 1;

PTCONDits.PTCKPS = 0;

pwm_int();

PTPER = 735;

led_init();

adc_init();

display _title();

INV_1=1;INV_2=1;INV_3=1;//delay(1000);

while(1){
if(INT){while(!INT)m=1;lcd_clear();display_value();}
if(p==0)
{INV_1=1;INV_2=1;INV_3=1;}
if(p==1)
{INV_1=0;INV_2=0;INV_3=0;}
if(p==2)

{

if((1>0)&(1<21)) { INV_1=1;INV_2=0;INV_3=0; if(v_max1_use>10) x=1; else x=0; }
if((I>20)&(1<31)){ INV_1=0;INV_2=1;INV _3=0; if(v_max1_use>10) y=1; else y=0; }
if((I>30)&(1<41)){ INV_1=0;INV_2=0;INV_3=1; if(v_max1_use>10) z=1; else z=0;
lcd_clear();}

if(1>40){
if((x==1)&(y==1)&(z==1)}
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)){
iffm==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){
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iffm==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;}}
iH(x==0)&(y==1)8(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))

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)&(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)&(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;lcd_clear();display_Overlaod(); }};
break;
case 2: { if ((i_Lmax1_use>0)&(i_max1_use<35)){
INV_1=0;INV_2=1;INV_3=0; }
if ((i_max1_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_Lmax1_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=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=0;
ADCON1bits.ADON = 0;lcd_clear();display_Overlaod(); }}; break;
case 5: { if ((_Lmax1_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;
ADCON1bits. ADON = 0;lcd_clear();display_Overlaod(); }}; break;
case 6: { if {{i_max1_use>0)&(i_max1_use<35)){
INV_1=0;INV_2=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();dispiay_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>35) {
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 (ADCON 1bits. 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

I A

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 =i 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; j=0;

1

if(k<5) {
v_max1_avg += v_max1_dummy;
}

else

{

v_max1_use = v_max1_avg/5;
er=Vr-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_maxi_avg = 0; k=0; |++; if(1>45)I=45;
if(I==10)
{if(v_max1_use<10){p=1; display_No_input();} else p=2;}
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HGTG30N60C3D

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

Collectorto Emitter Voltage . . ... .. ..ottt it e e c e e e BVcEes
Collector Current Continuous

AT E =250 L ittt e e e Ic2s

AtTc:ﬂOOC ....................................................... Ic110
Average Diode Forward Current at 110%C . ... ... vttt I(AvG)
Collector CurrentPulsed (Note 1) . ... ... .o lom
Gate to Emitter Voltage Continuous. .. .. ... e e e e e VGES
GateloEmitterVoltage Pulsed .. ........ ... o it VGEM
Switching Safe Qperating Areaat Ty=150%C. .. ... ...t iiiir e ennns, SSOA
Power Dissipation Total at To = 25%C . . .. .ot i it Pp
Power Dissipation Derating T >25%C . ... .. ..o i i
Operating and Storage Junction Temperature Range .. ...................... T4 TsTg
Maximum Lead Temperature for Soldering ... ....... ... . ... i, .. o T
Shont Circuit Withstand Time (Note 2) atVgp =15V. .. .. ... ..o ¢
Short Circuit Withstand Time (Note 2) atVgg =10V. ..ol Isc

HGTG30N60C3D
600

63

30

25
. 252
120
130

60A at 600V
208
1.67
-40 to 150

260

4

15

UNITS

<<P P >P

-

wrC
°c
°c
it
us

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings”™ may cause permanent damage o 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 specification is not implied,

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Veg(pK) = 360V, Ty = 125°C, Ag = 25Q.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMEOL TEST CONDITIONS MIN TYP MAX UNITS

Coflector to Emitter Breakdown Voitage BVces lo = 250uA, Vg = OV 600 - T v
Emitter to Collector Breakdown Voltage BVEcs ic=10mA, Vgg = 0V 15 25 - v
Collector to Emitter Leakage Current lces Vce =BVcEs Tc=25°C - - 250 HA

Vce = BVges Tc = 150°C - - 3.0 mA
Collector to Emitter Saturation Voltage Vegisan  |le='c1io Tg=25°C - 15 1.8

Vee =15V Te = 150°C . 17 2.0
Gate to Emitter Threshold Voltage VGE(TH) I = 250pA, Tg=25°C 3.0 5.2 6.0

Vce =VaE
Gate to Emitter Leakage Current lGES Vg = 20V - - +100 nA
Switching SOA SS0A T, = 150°C, VCE(PK) = 480V 200 - -

Vge =15V,

Rg = 30, VCE(PK) = 600V 60 - -

L = 100uH
Gate to Emitter Plateau Voltage Veep lc =ig110. VoE = 0.5 BVES - 8.1 - v
On-State Gate Charge Qg(oN) lc=ict1i0 Vge = 15V - 162 180 nC

Vee=058BVees 1y T Hov . 216 | 250 nC
Current Turn-On Delay Time taoN)! Ty =150°C, - 40 - ns
Current Rise Time ty :’CCE,EE.(-P:(C)Z% 8BVoes, - 45 - ns
Current Turn-Off Delay Time taioFF)! ;gE:S;zij. - 320 400 ns
Current Fall Time i L = 100uH - 230 275 ns
Tum-On Energy Eon - 1050 - pJd
Tum-Off Energy (Note 3) Eorr - 2500 - |
Diode Forward Voltage VEC lec = 30A - 1.75 2.2 v J

€001 Fairchild Semiconductor Corporation

HGTG30NGOC3D Rev. 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).

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

| Electrical data |
L Primary nominal r.m.s, current 25 At Features
L Primary current, measuring range 0. +£36 At
R, Measuring resistance Rive Ry ¢ Ciosed loop (compensated) multi-
with £ 15 V @:25At 100 320 Q range current transducer using the
@:36A,, 100 190 g  falleffect _
)  Insulated plastic case recognized
1, Secondary nominai r.m.s. current 25 mA according to UL 94-V0.
K, Conversion ratio 1-2-3-4-5: 1000
v, Supply voltage (£ 5 %) + 15 v Advantages
L Current consumption 10+ 1 mA
v, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 25 kV 4 Excellent accuracy
Vv, R.m.s. rated voltage ", safe separation 600 v o, Very good linearity
basic isolation 1700 v o, Low temperature drift
¢ Optimized response time
l Accuracy - Dynamic performance data ] » Wide frequency bandwidth
X Accuracy @1,,, T, =25°C +05 %  ® No insertion losses
€, Linearity <02 %  ® High immunity to external
Typ | Max interference
|, Offsetcurrent? @I, =0, T, = 25°C +005|+015 ma * Currentoverioad capability.
b Residual current ¥@ |, = 0, after an overload of 3x1,,| £ 0.05;£ 0.15 mA
lor Thermal drift of I, 0°C..+25°C [+0.06(x025 mA Applications
+25°C.+70°C [£0.10[2 035 mA ¢ AC variable speed drives and servo
t Response time® @ 80 % of |, __ <1 us motor drives
diidt  di/dt accurately followed > 50 Alus o Static converters for DC motor drives
f Frequency bandwidth (- 1 dB) DC .. 1580 kHz o Battery supplied applications
o Uninterruptible Power Supplies
| General data | (s
T, Ambient operating temperature 0..+70 oc  * Switched Mode Power Supplies
T, Ambient storage temperature -25..+85 °C (SMPS) . .
R, Primary resistance per tun @ T, = 25°C <1.25 ma ¢ Powc'er s.upplles for welding
R,  Secondary coil resistance @ T, = 70°C 110 o) applications.
R, Isolation resistance @ 500 V, T, = 25°C > 1500 MQ
m Mass 22 g
Standards EN 50178
Notes : " Pollution class 2

3 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/us
% A list of corresponding tests is available

980809/8

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

Bottom view

26

292, 1016 7,92

4x2.94

212

el
1 3
e

0 ]
3w imar

——
- + M

2.62 176

5,3 1524 _5.39

208
163

l}=
—
—
E=——=
——
—
—

151

0% @ 0.7x0.6mm

Secondary terminals

Terminal + : supply voltage + 15V

Right view

.44

8.89

143
20.32

S.44

Terminal M: measure

Standard 00
or N* SP..

Connection

in

Top view

Year Week

I N -
+5 Is RM
Ip LA 25-NF M ov
6-10 _ _

:}7, Terminal - : supply voltage - 15V out
Number | Primary current; Nominal Turns Primary | Primary insertion Recommended
ofprimary | nominal | maximum | output current ratio resistance [inductance connections
turns [ L [A]l|L (Al[l, [mA] K, R, ImQ] | L, [uH]
54321IN
o—0—0—-0—0
1 25 36 25 1/1000 0.3 0.023
QUT 6 7 8 910
54321 IN
o—0—0
2 12 18 24 2/1000 1.1 0.09 00
OUT 678 910
54321 N
o0
3 8 12 24 3/1000 25 0.21 AN
OUT 878 910
54321 IN
[e]
4 6 9 24 4/1000 4.4 0.37 ANGANN
QUT 6 78 910
54321 N
5 5 7 25 5/1000 6.3 0.58 AN
OUT 67 8 ¢10
Mechanical characteristics Remarks
* General tolerance t 0.2 mm s |, 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 order to improve them, without previous notice.



Data Sheet No. PD60147 rev.U

International
IGR Rectifier  IR2110(-1-2)(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 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 1 2A
¢ Undervoltage lockout for both channels
¢ 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground £5V offset ton/off (typ.) 120 & 94 ns
¢ CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay Matchlng (I;Eg} 1%)) 12% ns max.
® Matched propagation delay for both channels ( ns max.

¢ Qutputs in phase with inputs Pa ckag es

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

. o . L . . 14-Lead PDIP IR21108/IR21138
ruggedized monelithic construction. Logic inputs are compatible with IR2110/IR2113
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

Typical Connection up to 500V or 600V
Ij_

— HO ] Er T

Voo Vo Vg [—
T~

HINo HIN v & I
sD o SD N Y LOAD
LINe LIN Vee -
Vg 0= Vs CoMm l Ea
Ve — LO A

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connactions only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



International

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

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,

Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110) -0.3 525
{IR2113) -0.3 625
Vg High side floating supply offset voltage Vg-25 Vg + 0.3
VHO High side floating output voltage Vg-0.3 vg+03
Vee Low side fixed supply voltage -0.3 25 v
Vio Low side output voltage -0.3 Vee + 0.3
Vbp Logic supply voltage -0.3 Vgs + 25
Vss Logic supply offset voltage Vee-25 Ve +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) — 1.25
RTHJA Thermal resistance, junction to ambient {14 lead DIP) —_ 75 .
(16 lead SOIC) —_ 100 CW
Ty Junction temperature —_ 150
Ts Storage temperature -55 150 °C
T LLead temperature (soidering, 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 Vg and Vgg 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 voltage  (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
Vio Low side output voltage 0 Vce
Voo Logic supply voitage Vgg +3 Vgg + 20

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

VIN Logic input voltage (HIN, LIN & SD) Vss Vob

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg 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 (Voo Vs, Vop) = 15V, C = 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
toft Tum-off propagation delay 8 — 94 125 Vs = 500V/600V
ted Shutdown propagation delay 9 — 110 | 140 ns Vg = 500v/600V
tr Turn-on rise time 10 — 25 35
tf Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS _{IR2110) — — — 10
tum-on/off {IR2113) — — — 20

Static Electrical Characteristics
Veias (Vee, Ves, Vbp) = 15V, Ta = 25°C aind Vgs = COM unless otherwise specilied. The V)N, VTH and iy parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and |g parameters 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 Legic “1” input voltage 12 9.5 — —
ViL Logic *0” input voltage 13 — — 6.0
VoH High level output voltage, Vgias - Vo 14 — — 1.2 v o =0A
Vou Low level output voltage, Vo 15 — — 0.1 lo = 0A
Ik Offset supply leakage current 16 — — 50 Vg=Vs = 500V/600V
loBs Quiescent Vgg supply current 17 — 125 | 230 VIN = 0V or Vpp
lace Quiescent Vo supply current 18 — 180 | 340 A ViN =0V or Vpp
labp Quiescent Vpp supply current 19 — 15 30 VIN =0V or Vpp
lIN+ Logic “1” input bias current 20 — 20 40 VIN = VDD
lin- Legic “0” input bias current 21 — — 1.0 ViN=0V
Vesuv+ Vps supply undervoltage positive going 22 75 8.6 9.7
threshoid
VBsuv- VBs 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- | Vec supply undervoltage negative going 25 7.0 82 | 94
threshold
lo+ Output high short circuit pulsed current 28 20 25 — Vo =0V, VIN=VDD
PW<10 us
o Oulput low short Gircurt pulsed curent 27 |20 ] 25 | — | ® [Vo=15v Vin=0v
PW<10 ps

www.irf.com



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF ';‘;iggﬂﬁf?;‘

Functional Block Diagram

I _________________________________________________ il
! b
Y |
Vno+_’ DETECT] R O ]
2 )
! LEVE ¢— PULSE R HO
1 R.Q SHIFT -
| s e FILTER l_—— 5
HIN 7 ] LEVEL [ |
1 SHIFT PULSE _| E A
L GEN |
1= i
sb 1 b

|
|
i
—
X *Vee
1L v :
(B DETECT|
[ Voo Vee |
LIN 11 LEVEL LO
I S SHIFT ]
R |
= DELAY t
)
Ves# L Icom
|

Lead Definitions

Symbol | Description

VbD Logic supply

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

LIN Logic input for low side gate driver output {LO), in phase
Vss Logic ground

Vg High side floating supply

HO High side gate drive output

Vg High side floating supply return

Vee Low side supply

LO Low side gate drive output

COM Low side retumn

4 www.irf.com



'I“;ﬂ‘;{lﬁ{;;' IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Lead Assignments
3 o I3 3 Ho [
5] voo vg [% (o] ve [1)
[ia] HIN vs % 1) voo vs [ 8]
[ so 7] 2] HIN ]
GZ] uN vee [3] [i3] sp [
3] vss com [2] 0] uw vee [3]
[z} ~ 1O 1] i5] vss com [2]
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 1. Input/Output Timing Diagram
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Figure 2. Floating Supply Voltage Transient Test Circuit
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Figure 3. Switching Time Test Circuit
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Figure 5. Shutdown Waveform Definitions
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Figure 4. Switching Time Waveform Definition
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Figure 6. Delay Matching Waveform Definitions
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TOSHIBA

TLP550

TOSHIBA Photocoupler Infrared LED + Photo IC

TLP550

Degital Logic Isolation
Line Receiver Feedback Control

Unit in mm

8 7 6 5
Power Supply Control K
Switching Power Supply ! f.;‘l
Transistor Invertor T2

9662 §§ 762$025
TLP550 constructs a high emitting diode and a one chip photo diode— ]

. s i |
transistor. 12£0.15) n -
TLP550 has no base connection, and is suitable for application at noisy 0s5201f = °
environmental condition. z
This unit is 8-lead DIP package. 254028 ~
® Isolation voltage: 2500 Vrms (min.)
® Switching speed: tpHL, tpLH = 0.5ps (typ.){(R1,=1.9 k) nect
® TTL compatible
® UL recognized: UL1577, file No. E67349 TOSHIBA 11-10C4

Weight: 0.54 g
Pin Configuration (top view)
10 8 1:N.C.
2: Anode
> X 17 3 : Cathode
.!L’ 4:NC.
5 : Emitter
30 16 6 : Collector
7:NC.
40 [15 8 : Cathode
Schematic
Icc
‘_
| Vce
F 8
2072 7%
vet o
3 <+ Vo
)
GND
5
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TOSHIBA TLP550

Maximum Ratings (Ta = 25°C)

Characteristic Symboi Rating Unit
Forward current (Note 1) IF 25 mA
Pulse forward current {Note 2) IFp 50 mA
Peak transient forward
@ current (Note 3)}  IFPT 1 A
Reverse voltage Vg 5 Vv
Diode power dissipation
(Note 4) Ppo 45 mw
Output current o 8 mA
Peak output current lop 16 mA
5
g Supply voltage Vee -0.5~15
a Output voltage Vo -0.5~15
Qutput 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%) (Notey|  BVS 2500 vims

(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 2mW / °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 mv/°C
w
— | Reverse cumrent IR VrR=5V — —_ 10 YA
Capacitance between =0 f=
terminal Cr VE=0,f=1MHz — 60 — pF
loH (1) IF=0mA Vec=Vo=55V — 3 500 nA
. [ High level output lok (2) Ile=0mA Vec=Vo =15V - — 5 pA
3 | current IF = 0mA, Voo = Vo = 15V
3 F=0mA Vgc=Vo = - —-
8 IOH Ta = 70°C 50 uA
High level supply - = _
voltage lcen le=0mA, Ve =15V 0.01 1 pA
Ta=25°C 10 30 —
I = 16 mA IRank:O 19 30 —
Current transfer ratio lo! g Voo =45V %
Vo=04V Ta =0~70°C 5 — —
[Rank:0 | 15 - -
3
a IF=16mMA, Ve =45V
3 | Low tevel output Vo |lo=11mA - — | o4 v
© 9 (rank 0: lg = 2.4mA)
. . R.H. = 40~60%, V = 1kV DC 12
Isolation resistance Rs (Note 6) — 10 —_ 4]
Capacitance between - n
input to output Cs V=0, f=1MHz — 0.8 — pF
Switching Characteristics (Ta = 25°C)
Characteristic Symbol Test Condition Min, Typ. Max. Unit
. ) IF=0— 18 mA, Vg =5V, RL = 4.1k — 0.3 0.8
Propagation delay time t
(H— L) PHL Hs
{Note 7)| Rank 0: R = 1.9 k(} — 0.5 0.8
. IF=16— 0mA, Vcc =5V, RL= 4.1 kQ — 1.0 2.0
Propagation delay time t
(L— H) pLH us
(Note 7)| Rank 0: R = 1.9 k{2 — 06 1.2
Common mode transient IF=0mA, Vcm =200 Vpp
immunity at high output CMH RL=4.1kQ(rank 0: R = 1.9kN) - 1500 — Vius
level (Note 8
Common mode transient IF =16 mA, Vcm = 200 Vpp
immunity at low output CmL RL = 4.1 k{2 (rank 0: R_ = 1.9 k() — -1500 —_ Vlus
level (Note 8
3 2002-09-25




TOSHIBA

TLP550

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

Pulse I
input
PW = 100ps
Duty ratio=1/10
IF monitor
o]
ey

%

[2] [ [

Vee=5V

E-_u___o
E z R
@_‘L‘_O VO

5 Output
monitor

(Note 8) Common mode transient immunity test circuit.
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(Note 9) Maximum electrostatic discharge voltage for any pins: 100V (C = 200pF, R = 0)
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TOSHIBA

TLP350
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TOSHIBA

TLPS50
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TOSHIBA TLP550

RESTRICTIONS ON PRODUCT USE 000707EAA

« 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 [ife, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook® etc..

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

« The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATICN 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 intellectuai
property or other rights of TOSHIBA CORPORATION or others.

» The information contained herein is subject to change without notice
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Polarity: As Marked on Body
Weight: 1.1 grams (approx.)
Mounting Position: Any
Marking: Type Number

wWTE WO005M - W10OM
POWER SEMICONDUCTORS
1.5A BRIDGE RECTIFIER
Features
® Diffused Junction
® |ow Forward Voltage Drop — A,
® High Current Capability
® High Reliability K
® High Surge Current Capability B
® |deal for Printed Circuit Boards . + o~ ~ - WOB
® UL Recognized File # E157705 7'y TTTT Dim Min Max
A 8.60 9.10
C D B 5.0 5.50
" c 279 —
Mechanical Data I 5 52 —
® Case: Molded Plastic E E 0.71 0.81
® Terminals: Plated Leads Solderable per G 4.60 5.60
MIL-STD-202, Method 208 All Dimensions in mm

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 |WOO5M{ WO1M | WO2M | WO4M | WOGM | WOBM | W10M | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 A
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \
Average Rectified Output Current o 15 A
{Note 1) @T,=50°C )
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) @l =1.5A VFM 1.0 \
Peak Reverse Current @Ta=25°C IRM 10 A
At Rated DC Blocking Voltage @T, = 100°C 500 H
QOperating Temperature Range T -55t0 +125 °C
Storage Temperature Range TsT6 -55 to +150 °C

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

WOO05M — W10M

10f 3 © 2002 Won-Top Electronics
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ORDERING INFORMATION

Product No.

Package Type

Shipping Quantity

WO005M

Round Bridge

1000 Units/Box

Wo1M

Round Bridge

1000 Units/Box

wozMm

Round Bridge

1000 Units/Box

WO04M

Round Bridge

1000 Units/Box

WOosM

Round Bridge

1000 Units/Box

WO8BM

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 0 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 alil 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

Emall: sales@wontop.com

Internet: hitp://www.wontop.com

WO05M - W10OM
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