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Abstract

The submersible pump drive using solar cell presents the principle of
the photovoltaic stand alone system. The system shows solar — electrical energy
conversion from 44.8V. 0.9 AL 40 W. PVcells to 24 Vdc 50 Ah batteries using
a buck - boost converter. The converter is assigned to operate with constant
current. Then, a push - pull converter changes 24 V dc input voltage to 310 V
dc output voitage with maximum power of 250 W. After that, DC voltage s
converted to AC voltage by a DC/AC inverter with constant voltage and
frequency. All algorithms are processed by DSPIC30F4011 to provide constant
output power. Because of variation of power transfer due to change in light
intensity and temperature, appropriate energy storage for applications is required.
Simulation and experiment results show capability of the proposed system for
supplying power to the submersible pump. The system efficiency appears

satisfactory.
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2.5.1 Pulse Width Modulation
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3171 2.5.2 Pulse Width Modulation

2.5.2 Sine Wave Pulse Width Modulation {(SPWM)
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2.6 iln33 (Submersible Pump)
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- ﬂ‘%mmﬁﬂﬁﬁmms:gﬂmmazﬂﬁwnm
umﬁm'[un’mﬁanmmmmmm’%aagmfw

- mﬁ@lﬂua{lLﬂ"%aqguﬁﬁaﬁﬂmmﬂ’ﬁtmnmaﬁu

CYWIAUREERTINNT AR

- 'Yﬂ@mﬂﬂﬂ%mgmfﬁ

=y

- ﬁ’mwﬁﬁmmmﬁuuazqmmw

u

- ANWIENNTAARI

- ANWISLaWIZDU Y

A191911 2.6.1 LEAIUW 1A aaﬂu@;uﬁl‘ﬂﬂmwwﬁ

SubmersiblePump  MODELMARQUIS
AC , Single Phase

owpt  lwow
Volt o Jaov.

Current 7 1.0 A.

Max total Head 6m.

Max capacity 0.12 m ' / min

;-lri)eed - 2850 rpm

Type 30 mm. -
kFrequency 50 Hz. w ]
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unit 3
ASIRanLazn1saanuy
3.4 MstAonIwIALEaaLaIaNaE
MIRTRIaLRLTARLEIanfiad winnisiE e wata A ldanusasad
wrafing amaiadasmitunasewdlily ﬁmwé’aamﬁtﬁuﬁaagmﬁu“\,'ﬁ’ﬁuumma‘%
Tasnadatlssmalnoas lndsnwlsianosdusionfiod Tuazdszaneo 5 Tlua udly
Imamuﬁﬁmmﬂ'ﬁlmaﬁummﬁ@lﬁﬁu‘[wamﬂ‘%mguﬁmuuiu wuuBusnTuuaiasd
220 V. 1 A. t1viwanan 100 3ad guﬁﬂﬁ 100 F@3davi ZuIRNaIian1Iaan 25 mm
I@mmiguﬁuﬂunm 3 Falysdaiu
ST uama%guﬁ’]ﬁaal'ﬁﬁﬂé’a‘lwﬂw = 220V x 1A = 220 VAdaTalua
fwua lhddssfninwuasszuudyzunm 0.35
WAINUBUNN = La11TWnN / 0.35
=220/0.35 = 628,57 VA
iwszasiln 1 T szdadldwdsan = 628.57 VA
i danuadigsanfial 1u1a 40 a6 0.9 A. 44.8 Vdc 1% 4 UHITWIN
ez le
L396% = 44.8 Vdc.

NIzl = 0.9+40.9+0.9+0.9 =36 A,

44.6 x 3.6 = 173.94 VA.
5 57109 x 173.94 = 869.7 VA siau

STUULT RS LA AR T FINT WA 6

TwsmiiaTu wasuasa otz swi N ugige
e = o o ,:1‘ L & £ & = 1 L dl' ;J
dant $a A ld NS UUETAR LA m‘nmmuwﬂawa@mn'rﬂﬂm,maagjumlu

e IR NG BINNG

A1519% 3.1 LaedenyFuruirawamanuwssswianasauluaolni

gunas Wi Jadiar) LIGUANATDNTERINIEE
@iadtiandaiuay)
4 42 i
1.5 28
2.5 17
4 11
6 7.1
10 4.2

yseruenasanfias = (AanImxnazud TR (x8a N IELRE(MmV/m)) 1000
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wnussananasauluap Wi snndn 2.5% 1asusseuluszuuimasusanfiag
:l' il |:I F= o “ 1 o ) cl' ¢
arapumoiTsnalngduriavinldszoersass udiminussaulwirfinnadauln
' ' o A ! o o [ . w e H
TN 2.5 % udlssduiuuaiaaddiniiusadn gniussduiiuuaiaeitszanm 3
Tad szuuaslflaudaztias

J ) =
Iﬂwmumﬁanmwm@ 6 NRALN®T 817 1.5 Las

o . 1.5x3.6x7.1
mywusssuanasanlum (V= ————— " =0.03834 Volt.

1000
& [ - 2
LW‘EW:Q:%%H’]‘;‘H’]’HW@]W\EJQHG\E]G A8 ARTIA 6 mm

3.2 MIBINVANLALADS

m3AanIwianuaags ‘i{uagjiﬁ'uﬂ'%mm'lwﬂﬂﬁﬁmmﬂﬂﬁ’luu@ia:ﬁ’u Salsunm
i fdasnmslFlwusdas Tuardasfunuiivawauasundmasugn iadan lapnd
‘LFimm"\,wﬁﬂ'ﬁ'ﬁaanﬁ'l“ﬁ‘luu@ia:’i'uﬂ’naQﬁﬂi:mm 20% - 30% PIVWIAULALALT

FINATVFBINITLIETINRIU 628.57 VA.daTlud

ADNUUWIALII SR ILUMAS 24 Vdc

nasuafiling = Mamidaints / Tmnevasusssusaiuuaani

= 628.57 /24 = 26,19 Athr

ndaulmndanlfuuaeaiswme 12 V. 50 Ah 1m0 2 g&na%nmﬁuéﬁaaﬂﬁ
wisseliuumasd 24 v 50 An

3.3 A1508NUUU99T Naw-nUTEausIawlH i ai*m%’um"’maﬂi:q WUALADS

Y
7

—

=

! h o ’ o L=
Pholcvataic Modules |y aurraorion [ RgaatAN T LA RS TR |

gﬂﬁ 3.3.1 7493 Na -ﬂuszﬁmnaﬁu"l,w%ém%'uLﬂ‘%ﬂaﬂ‘s:gLLumma‘%
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N, Output
Input T

8 +

511 3.3.2 2993 NAU-NUTEAULTIOU W

a I3 1 [ o s ) o Lo J
msduwmmdwsdieaivasisamau-nuszaunsiau Wiannasjiduasi

3.3.1 N1sWIBHANL@ad (Inductor)

NFUMIWIF1AUGNLAATN [ F1147925 Buck Boost Converter a:‘lﬁﬁw‘hqﬂﬁms
1 enuguns

[ A o A4 & A
AALWRWE IR INILRA nﬂqﬂ

len = o
27

o a. V
LRZIMNRUNTT DATVVENULTIAU — = ————
w (1=D)

diasanna ¥, waz ¥, Sdwifouidsiesaaliaf vilddiuas L Aaclden

ul
wiinuwlaslldnn wsintdausadia L Isidudfouutadldinieanifanldei L
lutshlldngagaiialinszusdaiaminfige
[ - B, g e o o
WaRarsanainaunisesiwindiva L Aunua il sasiiia
- anufl ( F) audsiiinualilaiaaniiming 20 KHZ
oo r £ o o = =3 5 cf
- unawduwn (F, ) duwssaufinlfowilasaudsinmusanviad NlasInil
I unaasdussanfiaddiuam 4 una viadszaunaiani
a & = [P £ o v
- ussdantiwn (¥, ) duisaduiuasuudasiymumsseguasuuaiesiiiy
Y | AW acos
nadsra Wi lapeciidnfuiuian 9 dauoaaaildiunmnlsg

- ﬂ'J']ﬂJGT’]%ﬂ’]%ﬂ']UIL%LtU@L@\E]% wivpanilu 2 # @l’]lJE'ﬂ

51N 3.3.3 MILEAIANGIUN LA UIHLLU@]L@] 03

o



39

AUA U R, ﬁagjh.a:uamm: Charger WWax Discharg Battery ATNUFIWM Y R,%t
wWipuutlaaauilszques Battery amzvuailsza R, azay nszuadszgezannumeils:y
a3 A’ 1 Qs 1 HI 3 2 o

W R, 92UINTU NIzual AN nnITIuy N el 9 ilullld dhan
Awiumidpasduaniaaiiminsaudalassnn uasthaf ldumagauntanuass
Unngidudniaaifivinlinszuslumnlszadatiasanniigaldagszann 6.35 mH

lfunuawia EE - 40

3.3.2 a1 Gi@as$ (Capacitor)

mﬁ’]ﬁ'nﬁuﬂ‘s:gv[ﬁmnauﬂ'ﬁ

AV, D
v, RCS
(5‘]’\1‘11?% C= E—I}_
pr e
'/ ”

PnRIMIIENTAe RS AL Iudansdwn it
- anuf Inihddaefifianiriany 20 KH,
- famszaanaiuvasusasiuwlnihsuean fuatdiriniu 1 %
_anudwmumoluiuaes  R1 usz R2 Lﬂﬁuuuﬂaomuﬂizgmaa
LUALe R
- @7 Duty cycle ﬁaqﬂ%’ulﬁmm:mm'i:n'i:LLaLLa:Lmﬁuﬁﬁﬁmiﬂs:ﬁ}
R
IINANFUUTIP TR M sunuatanlsan g lugaeltonn duwimmidnan
shaaasldenszanm 370w minmslinusiaiaduanilaslfanhdinesuwe
2200 g #l 50 v

3.4 N1502NUULIITING - W AaWLIDIIADS

Tun1saanuuu9aTeaImuia1d g ssdunauaad

LTINE BINITNIAETH Euw‘@ma:tmﬁwm
- fdenwpasduaiinad

faa i Aanil

wnwWaSlsrAvn ¥ daulaadaTold e TR UL UL @WINLNIAAN

¥

lj’ d‘ L Qs L%
*B " ( @3 Material Characteristic ) uazAuiniaaldau
PR . &« «
- gubfldaunasduliaiiaed

L AAUAANUSE N MY WIIaUNTELNDN ( ripple )
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Wdae q andrwmaeds Ui

IUHIRTDUNI primary

K,
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444 N BA (3.1)

LSIGUNIIATYU primary

FTWIUTOLVDIDARIATI AU primary

anudumIlEnwaIring

AEMUN W ILUBRN L RANUa s nwWa sl

P L £
AUNRUIAGAATINA T DILN LA a'ﬂw

Fnusauveantomial

V o
Vo
N
N,

D

= 2% (3.2)

' A €
: mmafﬂmmﬁwm‘uamaun i‘]i(ﬂﬂ'ﬁ

: ehl,l,saﬂ”uﬁuwwaaﬂauna%mm‘

< IWINTAUUDIUA secondary

C FIWIUTOUNTIAY primary

Duty cycle

anszuadl primary laenlszanm

V.

NIZUREVUprimary
iaslwin

Lmﬁu'éuﬂtﬂ
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@1NTzuaf secondary laniszanny

;= P

NI=ULENI6U primary
P : fasldan

V..o WIAUBUNS

& senyzuanasnu primary aniildaanuiuuaaniu primary 1wz
panLUUTFNBNTE LR TEuTM 2 10 ﬁ'm'mﬁanuaaLWaﬁﬁé’aﬁmm'mm'ﬁfmmﬁwﬂ

NIETIN AN

JRJ1 N (min
ERS T —ton (max) x KLELM_L (3.3)

ripple IX (maxy

Ln(min} = (VUHI + K )

= (V”“; +V"))(T XtOn (!rwnx}),.

.Lu(mﬂ.\) - % 2 x tr
A[ 1 ton (max}
ERS = &i”i
1)
Tan
+ :Ia 3 ¥
I . FrenaauaILaInHaLte
o (min) T q
/ L ARIRETBIET WAL
<0 {Imax) a9 L]
Vo D uSIAUATYING
Vo, - uNduanasaylalan
ERS C AMUGIUNIULES C
Vo -.Lmé’u‘%ﬂL?Jamaal,mé'w,mﬁﬂqﬂ
n"n"')")[’

fon N R ECTr-PY-\ PPt B
[max) q

T CAMARINTH M

Voo AFIHAUDINTIAUDUWR
IN (min) % q
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|74 C ANRIRAUDILTIA BN
IN (imax) CT] q

[ C pysuaAam i suilssairanunyiule

nin1soenuuulrnuais

A1588NULLAT WY — WY AaWIaSlanT VU9 250 W (220 x 1=220w )
UTIFILETTWR 311 Ve TyfiFnusasunssifion (ripple ) 0.01 % uatlfunuwaflsiuuwa
EE - 80 91%1% 2 Ny

WIITUIUNBAAIA primary
mnanmst (3.1) danlFunwralsiune EE - 80, B = 1500 1md
(10,000 \M& =1 whim”) UBETEANARINGR 20 1.98 x 1.98 ) cm ® Fawmd
amuil 20 kHz.

1,500

24 = 4.44 x pr 15 x 107 x x2%x1.98 x10™

-

ld N, = 306 ( 11lE 3 san)

WIFNSATIRIRIIUINTAY ( frun ratio ) MINFUMTA (2.2 ) LAZMRUA

FILTRINTINNGIM { duty cycle } YEIMINwianzasfi ( stredy state ) fia 0.4

aldedendmdmansau (N /N ) = 161 15 16
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ANTEUAAIW primary

250
L™
Ideh 7 = 10414

danltaiaiuas 28 nule 200 °c @ndduan 13 Ldw

@anlduamWaiuas IRF 44 N ( NUNIILE LS 49 A LI90W 55 V)

ANILUANIIA1H secondary

250
I. = ETH

= 0.8 A.

WRanlfiuesifoiuiy primary fINAgS1wan 7 1&u
danltlalaanunizuals 2 A, uaznuissnwle 400 V.

mﬂ’ﬁ'agammm@LLazé'@ma’mﬁ’]u'msamTNﬁu wnaanuuuryatlad
it lendandaslidiuiusay primary ¢e secondary = 1 : 13
MAUAAT Vel 120004 0.01 % 288 V Uazfn Al e 7 AL

(@QRI9IN 25 A, LRAE 18 A.)

0.01% x 311
7

ERS =

gelddn ESR = 444 x107°

mnawmimﬁumﬁwﬂiﬁﬂ RN
4.44 %1077

= (310 + 1) x - 66.67x107° -=26.67x10°
Loy =1 ) 2x0.01% x314 l J
azlefein Lo, = 0.88 pH,
]r}x ton:'max)
Oty

V ripple
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1x26.67x10°
150x107°

= 746 uF

wlddn (7 = 746 pFiFeanld 740 pF nuuneduld 450 vy

3.4.1 unwilaslsauazninfonis
AanpmsuAzanaIgInsasunwidailsa

unwralsadmiundaudassiadelanily 'ﬂ:QﬂNaﬂﬂﬁﬂu’]ﬁI?}u’mLLE]:E'L]‘HT{I
149 AUNATTIMADITH L WU EI, EE, ETD ®Iaunuuuy POT iJusu 1nd
;ju?am:ﬁﬂLLnmwaﬂ'sﬁaanmlué’nwmwmﬂﬂiznmﬁammazmn‘lunﬁﬂi:nauwhﬁ“u
vavfimasinlimadusesndndudmanfifeduluun wnedlsdd dnwnzasasussavld
fratsrwarasunuia Iy g weadliAnIwd 3.4.1

LAKLLLY POT fua:lﬁﬁuwﬁauﬂmaﬁﬂ%qﬁiﬂﬁaamiﬁﬁqga ¢ laufin 125 Yadl )
Lmztl,umuﬁﬁasmﬁﬁn_;mu’lmumu EMURFI 61 Lﬁaamnﬁnwngﬂmwaaﬁumm‘m
flasiunauwinazaevasdyunsuniwlaa usunuuu POT fdasdmivlduaa e
aanmmsmanﬂﬁﬁauﬂﬁuﬁnﬁaLﬂuqﬂmiﬂlum‘iﬁumwammmmﬂlmyt,ﬁawﬁawﬂm

ﬁaam'sﬁ'\éﬁgaa:tﬂmmmmu El EE wa: ETD Hadmnna i nwiUaa1aiauinuuay

v
£

fwldgzaqn Lmu'l.unqiuﬁa:ﬁmmm@i'\mIﬁLﬁan'L“ﬁ'mu'LﬁLﬂuﬁﬂmumn Tananunsnls
Masuldaand 5 7ae ldauds 10 Alataq adwlafeudynrmsuniu EMURFI
N .

Aadwazidiuinniunuuyy POT

deilunwwaslialuuuudug Ammsnihanlfouladn il wnuLuy RM, PQ

uae LP uasnludaowuidwaunadnaianiliuazlsidapiiuffioudaezldvendrnde
I 7

DA

bt -3

:I L n=|‘ (=) s
U7 3.4.1 dnwnizuny EE fanld
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3.4.2 uauiis { Bobbin )
POUUUWATALLUTAIWY L!nﬁ'ﬂ:ﬁ'mnwma?m‘nuﬂmu%’augauaﬂﬂﬁmlﬂmuﬁu
. @ g o I's & " o '
P IR NN TR BITARIAUULN N A Tlad Rz a1 n U uazdnilastl UM Ian 199 33z
YARINHUUN WA TLT6 167 uauﬁm:?ﬁmm@mmgmmaaLmuLWaﬂsﬁﬁaamwmmm
uauﬁug"l,ﬁﬁnnmwuauﬁua’*au'lmqja:gnaammulﬁ’ﬁmﬁnmmmﬂmaLmal,ﬁam'm

REAINUMTHWIARIALAZTANIAATULLEHY PCB

71 3.4.2 ugesdagvasaviindmivununailsduun EE

3.4.3 wmiauu ( Insulation Tape )
wdawanlinuswividuarassznitwsasresia lunaiandasadadinas i
[ . w ' P -'4 A L
wihfidaglumausndmunaliihen e lwssduscaumauaiidng Jaadldium!
awansiduwanluans (Mylar) wia Indiamaad (Polyester) Allanunwiaglugia
= L A L J . Ll l s d‘ s
0.05 - 0.1 Fadwes mMaRanlfziuainuneanuuuuszaanylaaanufidams

PR LI T uRan

35 MIAANLUULAE H%”m"qmadmﬁm‘mgm a‘§

Tuvadaftltiduionmituaas 3.5.1 mainawlumaiasinwinfiiwandssn
Twunwotaafinianh@ldlumsdiedan lumsvsuasiunsiauwlWihnTsuansandan
ﬁ'm'lmﬂa{lL‘TJuYLNWWm:LLaaé‘uﬁmmﬁ@ms] atlosiuuainafWiiwilonih Tuam
mm"qﬂ‘éunaﬁﬂaﬁtﬂnﬁan’l,'ﬁmm%m,@a'afﬁﬂé’m,t,uu IGBT ﬁLﬂqugaa%meﬁmaau‘%ﬁﬂﬁtﬂ
% %amn“fi’a;&a (data sheet) Liﬁmmimﬁaﬂimgﬂaﬁwﬁ PS21204 & MIUN1INILAN
yaa@niauia 100 106 L6 LL@iﬁ]'m"ﬂ"aQaﬁoﬂfﬂ'n'ﬂ:wm'wmm:ﬂuﬁ'umuwwrﬁ‘nﬁﬂmhu
Tng FavnlilasswBanld uazmanndsdynnunesaandilugaldaiadin
PS21204 ﬁﬁﬂmauﬁamuﬁaﬂmmﬁﬂﬁﬁa 600 1186 N1 NNIzUA G0 30 wauuld

wazaansnaFy mresana lugalaifangadyg udulunsduianisdaies
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meluia m:umﬁm‘%aqmwgﬁgaLLazmu’lmiaa‘?ﬂmmﬁaﬁwﬁ%agag@‘lﬁ 20 Alaldye
é'fmamﬁagﬂﬁ 3.5.1

(n) laseaonmouensaanmudaess @) lasaiameluzainsudaaas
511 3.5.1 nﬁmmm%mmaﬂuﬂaﬁﬁauuu IGBT ju PS21204

°l,°ﬁmiﬂ'mqun’nﬁ’mumaaa’iwﬁﬁwa"auuuiuﬂaﬁfﬁuﬂuﬁaoﬁ?wﬂmnﬁmmwm
(Isolate) rl,ﬂﬁ’lum‘imugumiﬁwmwﬁmaanmnI@@ﬁl’ﬁ’lumiﬁ'muﬁa:ﬂi:nau‘lﬂcﬁ'w
lnsniamlTi(OPTO) wad HPas04 d1wu 4 savihunnlaedmmnalviaililuns
ATUANAIAT 3 Aauuazfinsuendulvasizung 15 1ad nsdaddamiaaiawnsy
ﬂua:muﬁuaaﬂlﬁﬁlﬂumimuQm%wﬁﬁmmmﬁﬂ@ﬂ@ﬂmimmuaaiﬂmluﬁm’a:
Unfieiadlilinisriem) neshulugasiadezdliniinuaasiawa 15 Tadlldon
Up, Vp, Wp, Un1, Vn2, taz Wn1 windasnisedadenlasdmiterinay surmnnldlan
m‘sﬁﬂﬁﬁﬂé‘lﬂ%ﬂmLmﬁu“lwﬁwwﬁ?uﬁmmwﬁ'uguﬁﬁamuQmwnmaﬁm’lmia@
ndguaenua 16 Ssfuauwls wiafitavasnszuzoauld iievihlwisesindmilonas
aouldvhwinfimiauaded dmsesiiliaeiygnamadaioanamdlugasiad (fald
lumsngadygn o Tunsdifianisaanasmelufs nszusifiu wingouniinaly
suaalidigiazldaayld (OPTO) wad PIC810 d1wm 1 da landyanueaildynaie:
ONaTITdL miauaeIdyanafidaiuanuniiesmna 10 lulasimnd aanuims
nigsmadn  Sannildnudynnaedaideiandoiersmousniunistaelums

W - Py o = & 5 L]
dsnmzmafia ilewgadynndilfluduiefiaaidely



47

.k

LM

o e o e o At e e e e

e I 3

|
X / ’ !
. I“L‘“ 1 5 I {
H [ .J[" . = . :Ai
F . ‘
L ; o [
|, I B R f
[ ] ; & i e ra — T {
i Al !
| L A
L o4 - I' R ——— .
. = i
. + . . .
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3.6 LHWSTUBANSaK ( Heat sink )

Lﬁﬂl@ﬁmu'ﬁ%’mq 2 FuwhAsnsdudanutauiansdiaudan wian1saneen

N v (%
Qs os o a

L3 & v = oo 1 = [ s Qamy
ﬂ’J']&J'if]u“]]uvlfﬂLLR:‘HN’JE‘TNNﬁ"ﬂE]\']’ZI@IqLL(ﬂﬁﬁ'ﬁ%%%ﬁ]:Lﬂ%ﬂ’]LLﬂ@Gﬁd Qmauumlumﬁzmn

] '
=]

mm%’aw‘ﬁﬁuayjﬁuﬁuﬁ 9 TN f?ﬁ@]ﬂl"ﬁﬁ%mnmnmmaaf@qﬁaaaa Imuﬁqmamﬂ?}
msrnoanufaundanstomenaiasvesiaglald naimualuglyas Thermal
Resistance Wig R,
1. wiusznaanuiauiuainasaude ( Sink-ambient ) axioni R
’i‘fuagﬁuﬁmﬂm:mmmm%au
2. srwihsaaiivasgunsaliveduszinoanuian ( Case-Sink ) 3ann

& VR Fed o o as \ @
Rr’){ﬁ‘{ ’lmaf_lHUWW‘H’Uaaaﬂﬂ'm.mﬁNNﬂﬂULLHWi:U’]Uﬂ’)’miammzu‘idﬂ@

€ ]
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' ' A4 o 4 & w oas i '
3. 'szm’man@lamaamﬁmmmnummqﬂm:ﬁ ( Junction-case } 1Funin
& L ae s ~ o | v,
R ’uuagnumqﬂmm LLﬁ:H']QJ']'iDLIf@ﬂ\l@l%’mQEJa"IJaoqﬂﬂimLLﬂa:
Qs A - 1
mma:uamﬂumgag@
4. szwindmanugnsaiiuaimesaudhslanasy ¢ Case-ambient ) (Gun
0 — 1 4 L A Y= ﬂl
R, wiwsdidwinnin R wanwyhe Gaazhiiflanunanmila
Wani R weaztusomidnlaldlTuaustraanson
wanNHmafinslaaszneanuiondns 9 dtan 1w a3udalou

o weinp19dalan Seaziinarialw ulapul
XN

IP” — (TI*TA) (3.61)
Rﬂf{' X R[If.\' % Rﬁ‘fr‘!
'ﬂ’]ﬂ:l:ui(ﬂ'i B Rﬁm Lwatﬂammu‘izmﬂm’]mau‘l@
g.. = 7,-T) (3.6.2)

e P{) x RH!(‘ x R(’X A

W P, = masenuiauiifisnnedigunsnt (w)
m pP,=1-V,
A ‘ A4 w4 u
T, = aompiinsaudanasdsioani ( ¢)

( Vindrdearimuniludgegaienduile )

T, = awmwplzesomeasaudne (¢) danfitszanm 25 ¢
R... = Wagldnnensgiiodludigige

134 U u a 9
Rayw = WITINNTIWLRAIA DY R 1o3am

L 6‘5 o o o ; s g d'cl J
MY MU I BN ¥ 19 R, Sl Al BauIuAIAERUININD W
J L= [ = L7 » o v r— It L= |
Ras gmmta:mwuuammlmmm:mlw R, ffaas LREMI AT

LY [ * =) oo - B r:‘ 3
‘itU’]EIﬂ'J’]JJSE]%i]ZTﬂTLﬂ Ra‘\‘ Ifnasay Tuiaanaildn 6 W1 -laue



NT3ATWIHET  Heat-Sink  Vaduadivin IRFP264

T..'(mnx) = 175 “ ¢

T}1 = 25 ¢
_Rw(. = 10 chw
R, = 05 “ciw
RM = 82  ciw
ﬁ]’]ﬂﬁi]ﬂ']'iﬁ 361
125
R
311
T,-T)
RR\.A: S A

PI) X R&](_' . RH'.\'

175-25
Reu = 4.0241.0+40.1

2930 clw

L umsaa NLUULHUIZUN SN LT U1 DUALT WA DI M



ATE EA TR T LRGN
Hadudaseuanssanany
TP R TR LUtV ST A
TREFD '
PD E"mw- ———--3 PD

R gJc

ROSA lernamaaning

. |
TJ T&Rgcs Ta

R gic Regcs RO sA

PD
TJ TC Ts TaA

sUA 3.6 uruszunaawiaw (Heat Sink )
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UNn 4

Han1asad
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Technical Specification

«Type Amorphous Silicon
*Module Type BS540

Power 40 Watt
*\oltage 44.8 Vdc
*Current 0.90 Adc
«Open circuit Voltage 1.16 Vdc
*Short circuit current 62.2 Adc
*Max. series Fuse 4 A
*Weight 13.5 Max kg
*Size 635x1245 mmx mm
*Total area 0.8 mx m
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31 4.1.2 BA 40 Amorphous Photovoltaic Modules

151911 4.1.1 mmﬂaaawé’ammmmﬁmﬁ

Gl']‘i"ldﬂ']‘i'ﬂﬂaBQLLHGL‘HHHLLNGBW‘HQH l‘l’li)‘}‘i']ﬂ'] maa‘lﬂﬁw EN ﬁ(v’l Pmax[Watts]

29I 11 00-12:00 . manm 14:00- 15 00 is. 2291781 16:00-17:00 w.
V | __W 7 V | w Vv | | w
{volts) ' (Amps) | {watts) | (volts) | (Amps) (watts) (volts) (Amps) | (watts)

o |1105| o | o | o098 | o0 0 o683 | o0
556 | 1108 | 6133 | 483 | 0.966 467 | 321 | 0654 | 212
1097 | 1102 | 1209 | 956 | 098 | 916 | 658 | 0651 | 428
-16 45 ‘I 101 “ -_18 11 i 17426 O.Sn343 13 45 9 71 | 0. 643 7764.24

“ 21. bb 1 092 23 54 1-E-3._4_7_ 0.936 15 44 12 67 | 0_845 -“8 13”777”
| 26.87 | 1 086 i 29 18 _2_298 77770_7935 21_37 ) 16.54 | 0. 629 - 9 7
.32 31 | 1. 0_8_0 | 34 89 _é?44 0. 923 2533 18;65 ) 7”70.62;__” 711 69”
-36 87 | 71 0?7 - 39 771 - 31.91 | 0. 915 29.19 21.66 0.653 -"13.49
| -42 62 | 1 072 E 58 35.98 0.907 32.63 24 63 “ 0. 626 15.27
.47,81 ““1 071 7 51 1‘) “39.78 0.892 35. 42 “27_517 0. 612 7 ”716 ?8“—“
5332 | 1_068 56.92 743:)2 “ 078"82 | 38. 72 501_5 Oig()73 ) 18 1577
‘ ?8.65 ; 1 067_'_ _ 62533 | _ﬁ22 ,,O 886 42?1 _3%_11 i 77[7J‘588 1888
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o = ‘ 1 0 Qs »
AN INITNARDIURILTRALAINAE LNarIan ﬂ’]ﬂdTﬂﬁ‘lﬁﬂ@ﬂ Pmax[Watts](fa)

22917@n 11:00-12:00 w.

291381 14:00-15:00 .

2731781 16:00-17:00 .

-

v | W v | w v | w
(volts) | (Amps) | (watts} | {volts) | (Amps) | (watts) | (volts} | (Amps) | (watts)

63.8 | 1.065 | 67.95 | 522 | 0872 | 4552 | 3461 | 0576 | 19.94
687 | 1.061 | 7289 | 564 | 0867 | 4891 | 391 | 0577 | 2256
735 | 1047 | 7695 | 604 | 0.863 | 5213 | 401 | 0571 | 22.86
783 | 1046 | 8192 | 642 | 0855 | 5472 | 415 | 0567 | 2353
834 | 1046 | 8723 | 672 | 0.847 | 5692 | 425 | 0558 | 2372
87.7 | 1.033 | 9059 | 707 | 0.837 | 5918 | 44.3 | 0547 | 24.23
886 | 1025 | 9082 | 718 | 0823 | 59.09 | 456 | 0540 | 24.62
9.4 | 1000 | 9121 | 743 | 0805 | 5957 | 482 | 0520 | 2506
96.0 | 0.955 787 | 0784 | 61.71 | 51.8 | 0491 | 2543
98.1 | 0.932 811 | 0771 | 6245 | 536 | 0488 | 26.16
1000 | 0.901 833 | 0752 | 561 | 0481 | 26.88
1003 | 0.890 | 8927 | 849 | 0735 | 6242 | 582 | 0471 | 27.41
1035 | 0850 | 87.98 | 86.8 | 0719 | 6241 | 604 | 0463 | 27.97
1038 | 0796 | 8262 | 900 | 0691 | 6219 | 629 | 0451 | 28.37
1052 | 0751 | 7892 | 928 | 0664 | 6162 | 667 | 0443 | 2955
1063 | 0710 | 7547 | 96.0 | 0637 | 6115 | 713 | 0439 | 31.30
1104 | 0552 | 6094 | 1053 | 0527 | 5549 | 778 | 0.423
1122 | 0511 | 5722 | 1066 @ 0488 | 5202 | 832 | 0391 | 3253
1142 | 0353 | 4031 | 1108 | 0359 | 39.81 | 911 | 0350 | 31.88
1154 | 0274 | 3162 | 1120 | 0281 | 3147 | 986 | 0290 | 28.59
1162 | 0223 | 2591 | 1130 | 0229 | 26588 | 1069 | 0.089 | 29.51
1225 0 0o | 195 | o 0 119.1 0 0
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15191 4.2.1 NATNINARDIATN TEUALASLTIAWIN Solar Cell LAz

SROR) ﬂs:ﬁguumma‘% Tuh 1

L1an usadiy Solar Cell | nstua Solar Cell | usodu Charger | aszua Charger (?yuct?tra
(u) (V) (A) (V) (A) (%)
9:00 46.73 0.90 24.89 1.30 38
9:30 47.04 1.00 24.80 1.35 38
10:00 49.60 0.95 24.92 1.36 36
10:30 4863 0.95 24.91 1.40 36
11:00 52.40 1.10 24,99 142 38
11:30 52,76 1.10 2492 150 40
12:00 5283 | 1.13 24,92 151 | 40
12:30 54,10 1.30 24.94 1.60 a8
13:00 59.21 120 | 24389 165 | 36
13:30 59.10 1.32 24 .91 1.60 38
14:.00 59.32 1.20 24.91 1.55 40
1430 | 5876 1.19 24.92 1.58 36
1500 5890 120 24.92 1,60 36
15:30 58.02 1.11 24.91 138 40
16:00 57.49 1.00 2492 | 123 | 40
16:30 57.34 0.95 24 .91 1.21 28
17:00 57.62 0.95 24.91 1.10 a8

MINaaad Tuh 1

LTAWLUALAAT mm:ﬁ'mh:g 24,01V
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L5964 Solar NIz Solar WIIAI NTE Duty
LI|7 Cell Cell Charger Charger Cycle
(W) (V) (A) (V) (A) (%)
9:00 50.30 0.90 24.87 1.00 40
930 | 5050 0.90 24.74 0.95 38
10:00 52.30 0.95 24.83 0.97 40
10:30 | 57.30 1.00 24.85 1.30 36
1100 e 46.50 1.10 24.86 1 40Y - 7747277”7
11:30 1998 120 2488 133 | 3
B 12:00 ) 54.10 1.10 24.82 1.30- 36 _
12:30 5—4.10 1.30 24.82 1.40 36
137:66 7 ) gé.m 1.30 24.81 1.45 40
. 13:30 51.34 1.23 24 .92 1.40 38
B 1400 46.73 7A1A.30 24.86 1.42 N 36
] 14:30 49.60 1.20 24.90 1.36 38
- 175(7)(7)7 a \7748.63 1.13 24.90 1.32 40 )
156:30 ?48.45 1.10 24.94 1.42 36
16:00 47.42 h 1.00 24 94 1.35 40
1630 | 4917 095 2493 125 | s
17:00 49.83 0.95 | 24.93 1.22 ” 38
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LL‘]_J@]LG]E‘:Ji
w3961 Solar © n13tud Solar LLTI6  psmuE Duty
L8N Cell Cell Charger Charger Cycle
Wy (V) (A} (V) (A)  1(%)
9:00 51.30 1.10 24.70 1.12 ) 36
9:30 51.20 1.10 24 .81 1.30 ] 38
1(-);60 52.60 1.00 - 24.81 1.32 | 38
10:30 53.40 0.95 24 85 112 ” 376 W
11:00 52.20 1.30 24.85 1.32 38 )
11:30 54.10 1.30 24 .86 1.45 40
12:00 54.60 1.32 24.87 1.51 40
12:30 57.30 1.30 24.92 1.61 38
13:00 _57.40 1.32 2490 1.73 40
7 13:30 57.40 1.21 2493 1.70 38
14:00 57.20 1.23 24.94 71645 40 |
1430 | 5690 | 120 2495 | 1e1 | 40
i 1500 ““-“57.20 1.30 2496 ) 16077 7 38_
7 715!30 57.40 i 1.12 24.96 1.54 38
1“6:00 7;6.80 1.02 24.96 1—_3—2__ i 367 7
16:30 56.60 1.03 25.12 13_0 38
1700 a 56.40 1.03 2512 1.20 38
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A9 4.6.1 m‘svmaaamﬁguﬂﬁmmmdaﬁhﬂ AC Line

_é_amgga fasnsnanania LS et sl
(LUAT) ({@aranui) ( Alanudaanunatioudiuet) | (o)
0.00 37.98 0.50 150
1.00 37.91 0.50 150
2.00 37.85 0.50 150
3.00 C‘;;._36 0.50 150
4.00 15.29 0.55 150
500 13.14 0.60 145
6.00 5.54 0.60 140
625 000 0.65 130
@157 4.6.2 ﬂTi‘YlG\E)ENﬂ’l‘iiﬁﬂﬁ?%’]ﬂlﬂnﬁ%
AUE | sammslnavasia LsaE Wi fdalwih
(A7) (Ensaawf) (Manfusiagnunatisudiuns) | (Yad)
0.00 37-34“' 0.40 1.10
100 35.35 0.40 A 110
200 | 32.85 0.40 ) 110
300 18.67 0.45 100
400 15.61 0.50 100
500 | 1314 Cos0 | 100
_ 6.00 o 4.58 0.55 N 100 |
T e T
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Philips Semiconductors

N-channel enhancement mode

TrenchMOS™ transistor

Product specification
|

IRFZ44N

GENERAL DESCRIPTION

QUICK REFERENCE DATA

N-channel enhancement mode SYMBOL | PARAMETER MAX. UNIT
standard level field-effect power
transistor in a plastic envelope using Vos Drain-source voltage 55 vV
‘trench’ technoiogy. The device S Drain current (DC) 49 A
features very low on-state resistance P Total power dissipation 110 W
and has integral zener diodes giving T Junction temperature 175 C
ESD protection up to 2kV. It is Rpsiom Drain-source on-state 22 m&2
intended for use in switched mode resistance Vas =10V
power supplies and general purpose
switching applications.
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION d
tah
1 gate } ,____]
2 [|drain J .- F
: i S & i’ﬁ < vamme
3 |source i g {
- Al >
tab |drain $al s
LIMITING VALUES
Limiting values in accordance with the Ahsolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Vis Drain-source voltage - - 55 Y
Ve Drain-gate voltage Ras = 20 kL2 - 55 \Y
Wi Gate-source voltage - - 20 v
I Drain current (DC) Tos=25°C - 49 A
Iy Drain current (DC) Te, = 100 °C - 3b A
L Drain current (pulse peak value) T =25°C - 160 A
P Total power dissipation T =25"C - 110 w
T T Storage & operating temperature - -55 175 C
ESD LIMITING VALUE
SYMBOL |{PARAMETER CONDITIONS MIN MAX. UNIT
Ve Electrostatic discharge capacitor Human body model - 2 kV
voltage, all pins {100 pF, 1.5 k£2)
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS TYP. MAX. UNIT
R Thermal resisiance junction to - - 14 K/W
mounting base
Riia Thermal resistance junction to in free air 60 - Kiw
ambient
February 1999 1 Rev 1.000



Philips Semiconductors Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

STATIC CHARACTERISTICS

T=25'C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
W pypss Drain-source hreakdown Ves =0V I =0.25 mA; 55 - - \
voltage T,=-55C 50 - - v
Viasiao Gate threshold voltage Vps = Vgsi In = 1 mA 2.0 3.0 4.0 A
T,=175°C 1.0 - - Y
;=-55°C - - 4.4
Ihss Zero gate voltage drain curent |V = 55V, Ve =0V, - 0.05 10 uA
T,=175°C - - 500 WA
lses Gate source leakage current Vg =210V, Vs =0 V - 0.04 1 HA
T,=175°C - - 20 WA
tViaress | Gate source breakdown voitage |l = £1 mA; 16 - - Y
Rnson; Drain-source on-state Vs =10V I =25A - 15 22 mi2
resistance T,=175'C - - 42 my2

DYNAMIC CHARACTERISTICS

T.. = 25'C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. ] UNIT
O Forward transconductance Vps =26V I, =25 A 6 - - S
Ciee Input capacitance Ve =0V, Vs =25V, T=1MHz - 1350 | 1800 pF
Coss Output capacitance - 330 400 pF
Cres Feedback capacitance - 155 215 pF
Q, Total gate charge Vopr =44V, 15 =50 A; Vg =10V - - 62 nC
Qs Gate-cource charge - - 15 nC
Qu Gate-drain {miller) charge - - 26 nC
Ly on Turn-on delay time Vo =30 V; I =26 A; - 18 26 ns
t, Turn-on rise time Vs = 10V R =10 Q - 50 75 ns
L i Turn-off delay time Resistive load - 40 50 ns
1, Turn-off fall time - 30 40 ns
Ly Internal drain inductance Measured from contact screw on - 3.5 - nH
tab to centre of die
L, Internal drain inductance Measured from drain lead 6 mm - 4.5 - nH
from package to centre of die
L, Internal source inductance Measured from source lead 6 mm - 7.5 - nH
from package to source bond pad

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T, = 25°C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
fr Continuous reverse drain - - 49 A
current
{1 Pulsed reverse drain current - - 160 P\
Van Diode forward voltage L =25A Vg =0V - 0.95 1.2 \
=40 A; Vs =0V - 1.0 -

t, Reverse recovery time Ir = 40 A; -dI/dt = 100 Alus; - 47 - ns

N Reverse recavery charge Vs =-10V, V=30V - 0.15 - uC

February 1999 2 Rev 1.000



Philips Semiconductars

Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor
AVALANCHE LIMITING VALUE
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Wiss Drain-source non-repetitive =45 A, Vpp £ 25V, - - 110 mJ
unclamped inductive turn-oft Vas = 10V, Rgg =500 T, =25°C
energy
. MNormalised Power Darating W0 p———r—— i Ty
T nm T 4‘
L I wo| Ol TN
| ﬁ e } T - -:g‘.—*f‘l-.;'~ B S R = 10us
R | ot ; PN TR
50 *'l"" | ! o \ ; ] ht.'\ ™ "'“\1 N mewes
I NG ; OSSN eyl
PR I R \,\ Do e —TTOmE TS ey et R
0 b e l - e ' B B N";’S“.-.; 10ms X
[ 75 TR R 1}4 + l R . \\ <‘ - -3 _' 10{3!::54‘
o bbb ~ 1 - S TR
& 20 42 B 80 {00 {20 120 160 180 PR BN — ULl
Tmb/'C 1 0 VDSAS 10
Fig. 1. Normalised power dissipation. Fig.3. Safe operating area. T, =25 °C
PD% = 100-Py/Ppzs = f(T.w) o & Iny, = f{Vos) Iy single pulse; parameter
0% Normalised Current Derating 10 Zihi{HAY)
120 1T i e T R ‘ =5: ==
10 - - | l~
100 -~ ‘ s
g 1 N y 1}
-
a0 +— ‘.'s-..\,
70 41 —\-\ -
b0 | —— = \\— - 0.1
50 {—— NG|
40 4--1 - \ S
30 1ol | ol
20 - : : \ ‘ o
YD I S S - ‘ RIS SR
PRSI .. o ]
020 40 60 B0 100 120 140 160 18D 0.001 =0 o.01
Tmb/s C s
Fig.2. Normalised continuous drain current, Fig.4. Transient thermal impedance.
D% = 100/l 55« = f( T ); conditions: Vo2 10V Zims = f(t); parameter D = /T

February 1999
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Philips Semiconductors Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

WO = g o —_ P O e e e
LG - 1 ' ‘
gfs!S ‘

M | 40
25— /"":':r—,-—._______

75 / |

20| - ;
/ |
I P S !

bl =

15
65
anl- -
ol R .
6.0) |
200 - +4 55 5 - R
50
0 45 ) e |
. p 4.1 6
4 2 4 VOSA 3 8 10 ] 20 40 A 6! &0 106
Fig.5. Typical output characteristics, T, = 25 °C. Fig.8. Typical transconductance, 7,= 25 °C.
Iy = (Vo) parameter V. g, = f{1;); conditions: Vg = 25V
Bl RDS(Q’\.’J-’:}?Oﬁ{rI_ R S , e, ] Rdsfon} normibised to 25deg;
VGSAT - | ; 1 G- T - N | 1 ’ B SCOAil” b
w : NS
v ] . - . H :
‘ | 2 4 I 7
gop oAl et - 1171 i //
. | e |
: 7 TT . 11 |
an i / S ) S 15 ‘ - A
i ; i | s R - — 1 i
! / / : L~ 8 ‘ t T L
., / : / El T |1 - 1 -
20 et S ,// o - :
: _____-_-_——-:‘___________.ﬁ// 1 L 17 | ]
, | Cid! i
L i J I 046 Ao A . ! (. T N B SO
T Y B Sl iyt -1a -50 0 50 100 150 200
’ A ’ Tmb / degC
Fig.6. Typical on-state resistance, T,= 25 "C. Fig.9. Normalised drain-source on-state resistance.
Rosiom = f(1a), parameter Vi a = RpsionyRosionzs = {1 o = 25 A Vigg = 10V
TU\’) - e - VGS(TO) .’r‘ V
[iinga R A S S — —
, ! i — - NAX, —kead-—f B . RN N (R o -
DSOS S S ) . i . , X S
fo ! 41 T ‘7_'\"-‘_, : E Brama
: - e | T !
A T 31’";’T_ B e s n A S R EaEa S :
L - : [ 1 e | 0
) [ in. -4 1 TR
40 _ B AP P I 204 B e —
i +1 - T T
20 i mEN . I
Te = : : I ‘
L] 1 ]
gLl! : L ] BN R
i 7 y i 8 T T T “100 -50 0 50 100 150 200
VGSY 1/C
Fig.7. Typical transfer characteristics. Fig.10. Gate threshold voltage.
Iy = f(Vi;s) . conditions: Vs = 25 V; parameter 1; Vasirey = (T)); conditions: Iy = 1 mA; Vs = Vi
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Philips Semiconductors

Product specification

N-channel enhancement mode
TrenchMQOS™ transistor

IRFZ44N

B0t .

1607 e

Sub-Threshold

;

Conduction

T1EO03 L

1E-0f
d

Fig. 11,
Iy = {(Vss) conditions: T, = 25 "C; Vg = Vg

Sub-threshold drain current.

TUO I - . = = / —_ S—
IFIA ' ‘ /
a0 | b - |
f |
|
| = |
60— 7 - :
| THE = 175 | /f
/
40 | A
I
! f
s0l- - S S O U R S—
| 4 !
A |
0 —— S P B B
0 0.2 0.4 0.6 08 1 1.2 14
VSDS/V

Fig.14. Typical reverse diode current.
le = {(Vsps), conditions: Vi;;= 0 V; parameter T,
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Thousands pF

F

N

ol

C et

do1

ra

I H
iR

.

;..__'_';_‘-

|

|

|

071

Ll

\ :

\.1
|

SN

\.;‘ ;

H -T-."?'L‘--o—.

|

Ciss

B
7

Coss
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Fig.12. Typical capacitances, C,.,
C = f{Vyg); conditions: Vigs =0 V: f = 1 MHz

vosas 1

Cos

|
i
|
| .
=t Crss
L
106

S0 Cr:iS'

120 SR ‘
110 T 8 SO S R 1 ,
100 -+ - S R
o RRRE
50 - ; e R I

70 \
an 1 \
50 - P Sy .,: —_t

40 +—3— ”% . - - i
30 - L
|
|

WDss%

20
10

0 40 60 B0 100 120 140
Tmbi'C

e SN
160 180

Fig.15. Normalised avalanche energy rating.
Woss% = f(T,,); conditions: I, = 48 A
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Fig.13. Typical turn-on gate-charge characteristics.
Vs = {Q); conditions. I, = 50 A; parameter Vg

+ J VoD
. e
e
(7
vos K-
-
VGs
,/, L \\ “D/106
| Ve AT TuT T
0 ‘ B L_il——q P
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‘ . i
RGS l ' Raor
L shunt |

Fig.76. Avalanche energy test circuil.
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A cxlicans

Intelligent Power Module
and Gate Drive Interface

Optocouplers

Technical Data

Features

* Performance Specified for
Jommon IPM Applications
over Industrial Temperature
Range: -40°C to 100°C

* Fast Maximum Propagation
Delays
tpyr, = 480 ns
tpp = 050 ns

* Minimized Pulse Width
Distortion
PWD = 450 ns

* 15 kV/gs Minimum Common
Mode Transient Immunity
at Vo = 1500V

* CTR > 44% at Iy = TO0 mA

Safely Approval

UL Recognized

-2600 V rms / 1 min. for

HCPL-4506/0466

37560 Vrms/ 1 min. for

HOPL-J456

5000 V rms / 1 min. {for

HCPL-4506 Option 020

and HONWAL(OG

ANODE | 2 . 71y
i
I
S

CATHODE | 2 1 6| vy
i
1

NC | 4 5| GND

CSA Approved

BSI Certified (HCNW4506)
VDE0884 Approved
'VIDRM = L0 Vpeak for
HCPL-0466 Option 060
“Viorm = 030 Vpeak for
HOPL-4506 Option OGO
'VIOHM = 891 Vpcak for
HCPL-J4506

Viorm = 1414 Vpeak for
HONWA4506

Functional Diagram

20 kQ

The connection of a 0.1 uF bypass capacitor between pins b and 8 is recommended.

IICT'L-4506
HCPIL-J456
HCT'L-0466
HCNW4506

Applications

* IPM Isolation

* Isolated IGBT/MOSFET Gate
Drive

* AC and Brushless DC Motor
Drives

* Industrial Inverters

Truth Table
LED Vo
ON L
OFF T

prevent damage and /ov degradation which may be induced by FESD.

} CAUTION: It is advised that novmal static precautions be taken in handling and assemnbly of this component to




Description

The HCPL-45006 and HCPL-0466G
comtain a GaAsTP LED while the
HCPL-3450 and the HONWA4H06
contain an Al(GaAs LED. The LED
is optically coupled 1o an inte-
grated high gain pholo detector.
Minimized propagation delay

Selection Guide

difference between devices makes
these optocouplers excellent
solutions for improving inverter
efficiency through reduced
switching dead time.

An on chip 20 kQ output pull-up
resistor can be enabled by

shorting output pins 6 and 7, thus
eliminating the need for an
cxternal pull-up resistor in
commorn [PM applications.
Specifications and performance
plots are given for typical 1PV
applications.

Standard White Mold
Package 8-Pin DIP 8-Pin DIP Small Qutline Widcbody
Type {300 Mil) {300 Mil) 508 (400 Mil) Hermetic*
T Pant HCPL-1506 HCPL~JA56 HCPL-0466 HOCNWALOG HCPL-5300
Number HCPL-5301
VDEO884 | Vo = 6530 Vpeak | Vigiag = 891 Vpeak | Vigay = 560 Vpeak | Vigpy = 1414 Vpeak —
Approval (Option 06G0) (Option 060}

#*Techrucal data for these products are on separate 1P publications.

Ordering Information

Specify Part. Number followed by Option Number (if desired).

Example:
HCPL-4506# XXX

020 = UL 5000 V rms/l minute Option** for HCPI'T.-45006 Only.
—— ()60 = VDE0884 Option** for HCPL-4506/0466.

300 = Gull Wing Lead Option for HCPL-4506/1456, HCNW4506.
00 = Tape and Reel Packaging Option

Option data sheets are available. Contact Hewleti-Packard sales representative or authorized distributor

for information.

=*Combination of Option 020 and Option 060 is not available.




Package Outline Drawings
HCPL-4506 and IXCPL-J456 Outline Drawing

9.65 % 0.25
(0,380 1 0.010)

[117] 151 (3]

TYPE NUMBER -.__

__ OPTION CODE*

HP *xxxz - - DATE CODE
A”/’
YYWW AU
O UL
RECOGNITION

BREAE
.

119 (D.047) MAX. — -I

+

1,78 {0.070) MAX.

4.70 (0.185) MAX.

t T.....u_51 {0.020) MIN.
2.92 (0.115) MIN.

+

1.080 £ 0.320 : -—|§1<- 0.65 (0.025) MAX.

(0.043 £ 0.013) !
.. 2542025
I

{0.100 £ 0.010)

1CPL-4506 and HCPL-J456 Gull Wing Surface

FADLO

9.65+0.25

{0.380 ¢ 0.010) ‘ T

CATION {FBIR REFEREN

762:025
{0.300 £ 0.010) L
|
L

5.35% 0.25
{0.250 t £.010)

1
\\ +0.076
“*e—0.254 5 59

+0.003)
(0.010 " po2y

DIMENSIONS IN MILLIMETERS AND (INCHES].
* MARKING CDDE LETTER FOR OPTICN HUMBERS (HCPL-4506).
"L" = OPTION 020

"¥" = OPTION 060
OPTION NUMBERS 300 AND 500 NOT MARKED.

Mount Option 300 Outline Drawing

CEONLY} ...
e 1016 (0.040)
g 1.198°(0.047)

I e ) [:}—r-——-—---.....

B

6.350 %+ 0.25
{0.250 + 0.010)

4826
032077

9,398 (0.370)
9,906 (0.390)

f

FERPY -

N N I [ N

N b‘ “77

|

0,381 (0.015)
0.635 (0.025)

1.194 (0.047)

______ 9.65 1 0.25
{0.380 + 0.010)
T 7621025 .
(0.300 £ 0.010) +0.076
- 0.254 _ ¢ s
+ 0.003)

(0.010 9 02)

|
1
! ! T
1,080+ 0.320 __ __‘ . ] ?
(0.043 4 0.013) . -
! 1
loss v 0.635 £ 0.130
{0.100) {0.025 & 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

I

L —_—
EF, 0.635¢0.25 \

“pozstoota) ||
| 12" NOM.



ICPL-0466 Outline Drawing (8-Pin Small Qutline Package)

TYPE NUMBER
/(LAST 2 DIGITS)
!

4

I l / i "___T"
- 18l [ &/ 5]
I y 5.842 & 0.203

¥
kxz | (02362 0.008)
39371 0.127 yww |
A55% 0. N N

(0155 0005) () ~. T OPTION CODE*

| N ~ DATE CODE

B
LRI
0.381 1 0.076 —~| - ‘ ;
(0.016 £ 0.003) L4 - 1.270 BSG
{0050}
L 50800127  _ _—

(D.200 % 0.005)

31751 0127
{0.125 + 0.005)

DIMENSIONS IN MILLIMETERS {INCHES).
LEAD COPLANARITY = 0,10 mm (0.004 INCHES).

‘MARKING CODE LETTER FOR OPTION NUMBER
"V" = OPTION 060
OFTION NUMBER 500 NCT MARKED.

(- 02284 0.025
; (0.00920.001)

=LAy
- 0.152 £ 0.051
{0.006 £ 0.002)
0.305
(0.012]”'"'

HHCNW4506 Outline Drawing (8-Pin Widehody Package)

11.15 £ 0.15
{0.442 1 0.006)
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B e
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HENWXXXX =

YYWW
@]

TR T T

1.55
(0.061)
MAX,

R -——

- TYPE NUMBER ;
i
i

- DATE CODE

1100 o
(0.433) MAX ¥

900015

—

{0.354  0.006)

~+——10.16 (}.400) — - »
TYP,

J le— 72 TYP. + 0.076
—wlla—0.254 5 gnns

+0.007)
(0-010” g a2,

2.54 (0100} | = (-

3.10 (€122}
3.9 (0.154}

0.51{0.021) MIN,

TYP. ‘
1781015 0 |._ o Lo DA0(0.016)
{0.070 + 0.006) 0.567(0.022)

DIMENSIONS IN MILLIMETERS {INCHES).



HCNW4506 Gull Wing Surface Mount Option 300 Ontline Drawing

.. 11151 0.15
{0.442 + 0.006}

[Fnisaly sNE.

-

6.15
{0.242)7 YF-
9.00£015
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— I -1 12302030
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— P gay
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|
!
| |
- _| o 00 pax
oo e, 4

178 1 0,15 - T h T
{0.070 % D.00E) ..i L 100t 0.15 \
0.75+0.25 (0.039 * 0.006) +0.076
- ~— 2.54 i )
0.100) {0.030 £ 0.040) T D.254 ) 0084
BSC +10.,003)
0.010” 403
DIMENSIONS IN MILLIMETERS (INCHES).
7° NOM.

LEAD COPLANARITY = 0.10 rnr (0.004 INCHES).

Solder Reflow Temperature Profile

AT = 1475°C7, 1"CISE(E

180
180 |
40 |-
120 [
100 [
Bo [
60 |- -
40l
20

TEMPERATURE~*C

TIME — MINUTES

Note¢: Use of nonchlorine activated fluxes is recommended.



TOSHIBA

TLP250(INV)

TOSHIBA PHOTOCOUPLER GaAlAs IRED & PHOTO-IC

TLP250(INV)

TRANSISTOR INVERTER
INVERTERS FOR AIR CONDITIONER
IGBT GATE DRIVE

POWER MOS FET GATE DRIVE

The TOSHIBA TLP250(INV) consists of a GaAlAs light emitling diode and a
integrated photodetector.

This unit is 8-lead DIP.

TLP250(INV) is suitable for gate driving circuit of IGBT or power MOS FET.

TRUTH TABLE

Input Threshold Current s le=5mA(MAX)

Supply Current{ICC} D T1mA(MAX)

Supply Voltage{VCC) :10~35V

Output Current{lO) - 12 OAMAX)

Swilching Time(tpLH/tpHL) - 0.5ps(MAX)

Isofation Voltage 1 2500Vims

UL Recognized cUL1577 File No.E6G7349
Option(D4)}

VDE Approved : DIN VDE0884/06.92 Certificate No. 76823
Maximum Operating Insulation Voltage : 630Vpx
Highest Permissible Over Voltage 4000V ek

{Note):When a VDEOBS4 approved type is needed,
Please designate the “Option{D4)”

Creepage Distance - B.4Amm{MIN)
Clearance : 6.4mm{MIN)

Unit in mm
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TOSHIBA

11-10C4

Weight: 0.54 g

PIN CONFIGURATION(TOP VIEW)

1 [! . 8 1:N.C.
Tr1 Tr2 2. ANODE
a N 3.CATHODE
ON ON OFF Yy 4NC
INPUT LED 3 e 5:GND
OrF OFF ON 6:VO(OUTPUT)
7:VO

al S 8:VCC

SCHEMATIC lec

* P70 Ve
IF {Tr1)
240 2 Vg
VF =
3 - 22— VO
lo 6
(Tr2)
? Y * o)
A0 1pF bypass capacilor must be 5 GND
Conpected between pin 8 and 5(See Nate 5).
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TOSHIBA TLP250(INV)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL § RATING UNIT
Forward Current le 20 mA
Forward Current Derating (Taz70"C) Al /ATa -0.36 mA /°C

[

w Peak Transient Forward Current {Note 1) lepr 1 A
Reverse Voltage Vg 5 A
Junction Temperature Tj 125 C
"4 Peak PW <2 5ys | f<15 kHz ! | -1.5 A

oPH
Output Current PWs1.0us | f<15 kHz -2.0
(Note 2)
" Peak ) P",?f"ffims kHz | +1.5 A
e m ] ant b e
Output Current PW <1.0us . f£15 kHz +2.0

o

Q (Tas70"C) 35

£ | Output Voltage Vo Feeo—1 v

th (Ta=85"C) 24

Y

fa) {(Tas70°C) 35
Supply Voltage Ve \

(Ta=85"C) 24
Output Voltage Derating {Taz70°C) ANV ATa -0.73 VG
Supply Voftage Derating (Ta=70°C) AVee IATa -0.73 Ve
Junction Temperature T, 125 °C

Operating Frequency (Note 3) { 25 kHz

Operating Temperature Range Top -20~85 C

Storage Temperature Range Taig -55~128 °C

Lead Soldering Temperature{10s) Tea 260 °C

Isolation Voltage (AC,1min., R H s60%,Ta=25°C) (Note 4) BVs 25C0 Vrms

{Note 1} : Pulse width PW=1us,300pps

{Note Exporenentiai Wavefarm oo i$—1 0A (£2.5us) | lop <+1.0A (S2.5ps)

{Note 4) - Device considerd a two terminal device : pins 1,2,3 and 4 shorted together and pins 56,7 and 8 shorled together

{Note 5) © A ceramic capacitor{0.1yF) should be connected from pin 8 to pin 5 to stabilize the operation of the high gain linear
amplifier Failure 1o provide the bypassing may impair the switching proparly The total lead length between capaciter and

[

{Note 2} : Exporenential Waveform
3
e

coupler should not exceed 1cm.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN TYP. MAX UNIT
Input Current, ON IF 1org 7 8 10 mA
Input Voltage, OFF Ve oFR) 0 — 0.8
Supply Voltage Vee 15 — 30 1 20
Peak Ouiput Current lon ! lape — — +0.5
Operating Temperature Topr ~20 25 70 l 85 °C
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TOSHIBA TLP250(INV)

ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

TE
CHARACTERISTIC SYMBOL. CIRC?JIT TEST CONDITION MIN TYR. | MAX | UNIT
Input Forward Voltage Ve — I =10mA, Ta=26°C — 1.6 1.8 \
T
emperature Coefficient of AV, IATa . I = 10 mA . 20 _ mv
Forward Voltage
Input Reverse Current I — V=5V, Ta=25"C — — 10 UA
Input Capacitance C+ — V=0f=1MHz Ta=25C — 45 250 pF
g F= 10 mA _ _
H" Level Loy 2 Vee = 30V Voo =4V 1.0 1.5 —
Qutput Current A
‘7 Level loe 1 e l-=0 10 2 _
QR Va--b =258V : i
Voo =+16V
‘H" Level Vo 3 Vee = -158V 11 12.8 —
R =200Q, I =5 mA
Cutput Voltage v
Veey = +15V
‘L Level Vo 4 Vegr =—15V — -14.2 | ~12.5
R, =200Q, V=08V
Ig = 10 mA __ 7 .
"H" Level Lo — Ta=25C mA
lr =10 mA — — 11
Supply Current Vee =30V
lF =0 mA . 7.5 .
"L" Level el - Ta=25"C mA
le =0 mA — — 11
Ve = +15 W
goresholet Input L-~H o Vi = =15 V — | 12| 5 | ma
nie R, = 200Q, Vo > OV
. Veer = +H168V
$hﬁabhoid Input Hool Virr Virs = 15 V 08 o . v
clage R = 2000, Vo < 0V
Supply Voltage Vee -— — 10 — 35 v
Capacitance (Input-Output) Cs — Vs=0,f=1MHz, Ta=25C — 1.0 2.0 pF
Resistance {input-Cutput) R —_ :5}:55&;1/:’ Ta=25°C 1x19” 1 10" - 0]

(*) . All typical values are at Ta=25"C
{*1}) : Duration of 10 time < 50ps
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TOSHIBA

TLP250(INV)

SWITCHING CHARACTERISTICS

(Ta = -20~70°C,Unless otherwise specified)

CHARACTERISTIC SYMBOL CITRECSJIT TEST CONDITION MIN TYP MAX | UNIT
Propagation L +H ten 0.05 015 05
Deiay Time H-sl b 0.05 015 0.5
Ir = BmA,
Switching Time Dispersian
[tpHL-tpLH] 5 Vee = 15V —_ — 0.45 HS
between ON and OFF R, = 200. C. = 10nE
L= o =1Un
Output Hise Time tr o —
Qutput Fall Time b — -
Common Maode Transient oM Vew = 1000V, Iz = 8 mA 15000 . . Vs
Immunity at High Level Output ' . Vee =30V, Ta = 25°C
Caommon Mode Transient M VCM = 1000 V, II" =0 mA 15000 v ,fus
. = v o _
immunity at Low Level Qutput Vee =30V, Ta=25°C
Fig.1 lop. TEST CIRCUIT Fig.2 lgpyy TEST CIRCUIT
1 8
7] (15~ 0.1pA 0 i J:o.mA l T
- VB—G VCC
[ H - Vee @C [
—
1 [1¢ lorL
b lopH
4 lVG-S 4 Y 1
7 Feod
Fig.3 Vaoy TEST CIRCUIT Fig.4 Vo TEST CIRCUIT
8 8
1 [}J‘_ 1 D-[
- . = =
. T 0 tua Veer VF : 5 T o1 Ve
| R R
L
F éﬁ H 4 - - '
Vo
Vou O [ 14
E 3—-0 » 4 rJ_,
4 )
1 T Vee
T VEE1
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TOSHIBA TLP250(INV)

Fig.5 tpl H. tpHL. tr. tf TEST CIRCUIT

i
D—-k-—l: j > tri<— ‘jtf'&_

Wity T Voo / 90%

L T Vo 50%

/ : 10%
tpLH -::EFL”;
V
(R)Vem
@ !I!
Ve — 1000V
10% tr tf_
| ) 800(V
SW : A(IF=BmA) \/ CMy  CMy= tr(ué))
Vo /\ 3V o
800(V)
SW - B(IF=0mA) CM. e = ti(us)
H{Hs

CML(CMH) is the maximum rate of rise(fall) of the common mode voltage that can be
sustained with the autput voltage in the low(high)state.
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TOSHIBA TLP250(INV)

RESTRICTIONS ON PRODUCT USE

QOG7O7ERC

e TOSHIBA is continually working to improve the gquality and reliability of its products. Neveriheless, semiconductor

devices in general can maifunction 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 propeity.
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, persona} equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc). These TOSHIBA products are neither inlended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause foss of human life or
bodily injury (“Unintended Usage™). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transporiation instruments, traffic signal instruments, combustion confrol instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer's own risk.

« Gallium arsenide {GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do not break, cut or pulverize the product, or use chemicals to dissolve them. When disposing of the
products, follow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage.

» The products described in this document are subject to the foreign exchange and foreign trade laws.

« 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.
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MITSUBISHI SEMICONDUCTOR <Dual-n-Line Package Intelligent Power Module>

PS21204

TRANSFER-MCOLD TYPE
INSULATED TYPE

PS21204

INTEGRATED POWER FUNCTIONS

G00V/15A low-loss 3rd generaticn IGRT inverier bridge for 3

phase DC-ta-AC power canversion (Fig. 2)

Application Motor Ratings © Power © 0 75kW, smusaidal, PWM
Frequaency=bkiz
100% toad current - 5 0A Irms)”
150% load current : 7.5MA (rms}”,

1 minutc
*{Note) : The motor current is assumed 1o he sinusocidal and
the peak current value is defined as 10 X2

INTEGRATED DRIVE, PROTECTION AND SYSTEM CONTROL FUNCTIONS

« For upper-leg IGBTs - Drive circuit, High voitage isolated high-specd levet shifling, Control circuit under-vollage {UV) protection.
Note : Bootstrap supply scheme can he applied (Fig. 2).

+ Farfowerleg IGRTs @ Drive circuit, Control curcuit under-voltage proteetion {UV), Shor circuit protection (SC). (Fig 2}

- Fault signaling : Conesponding 10 a SC fault {Low side IGBTY or a UV fault (Low-side supply)

» lnput interface & 5V hine CMOS/TTL. compatinle, Schmitt Trigger receiver circuit.

APPLICATION
AC100V~200V three-phase inverter drive for small power (0.75 KW) motor control.

Fig. 1 PACKAGE OQUTLINES

2.4

] - - -

LGSR AN RARALAR - =

S
[~ a4 56 ! A 111y 1213 14 15 18 1714 1% 20
i } } - . . p ¥, -
=

PRI /

214

134

HOH LT 1 ' e
B e e B ﬁ_. R
S S ﬁ; . - [y

[T T )

S - T 1‘ @

TERMINALS CODE

1. Up 4 \Murs  7.%ves 10.Ve1 13, Vwrs 16. CIN 19, Un 22.P 25 W
2.Vpi 5. Vp B.Vvrs  11.Vec 14. VN1 17.CFO 20. VN 23. U 26. N
3. Vurs 6. Ve 9. Wy 12.Vwre 15. VN 18.Fo  21. Wn 24\
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

Fig. 2 INTERNAL FUNCTIONS BLOCK DIAGRAM (TYPICAL APPLICATION EXAMPLE)

. X High sice inpul {PWM)
T3 Tight lalerarce, wmp-compensated aleciralytic type 15', |mr] \lah, 1 4,

(Notr - The capacitance value depends on the PywWM control
seheme used in the appled system) it sign: Inpul swgna]'l"lﬁ sigral
Ca 0 2-2ub Reoalegory ceramic capacitur lar noise fillering s Loudhioning “"""“""‘4 bz aig

’{me shlﬂer”l el shlllvrl[\.uvcl smuer] it

Fris v |
cstot 051F

canstrucian, pl
i

4 Ty (Mote B}

pT DIP-IPA

Inrush current
limiler circuit

AT Im_ inp uf- S ~-——~4H-side IGATs' U

3 .
'V
S P——7 -V
W \
M e
s ! AC line autput
i J !
T i
!
L-side {GHET s !
'
' —- - ] -
Z ZNR {Surge abisorbert i J ! !
C . AC Tilter {Ceramic capaciton 2 2~5 Snt ) i — ! !
(Nele  Anditionaky, an approprate line-loding Contret supply ! !
. H P A 1
surge ghsorher piicul may become Necessary i 1In;‘ul5|]nal candiiorin g] I» Fologie ¥ r::.:j_‘.‘t‘m u‘lg'l’)'m"c'sf::gﬂ T H
dependirg on the applization covironment) i ,1_ P T A _1 N ! !
ERr S SRt SRy Shur St T . gt
| i sk it (PN Fs CFO -
BWine)  (Note 12 Eit autput (5V Lne) #
{Mate 3 & e Vi
N . . . N N S {15V ine)
Notel:  Toprevent ths input sgnals oscilishion, an RC coupling at each inpat is recommendeed. (see alsa Fig. 7)

2. By vinue ol inlegratng an appication gpeclfic lype HVIC inside Ihe madule, direct coupling to CPU terminals without any apto-coupler or transformer
isalaton is pessible. {see also Fig 7)

3 This oulput is open colfector type. The signal line should be pulled vp ta the positive side of he 5V pewer supply with spproximataly 5 1kl resistance
{seealsaFig. 7)

4:  the winng batween the power DC hink caparilor and the F/NT terminals should he as short as possible Lo prelact the D{P-1PM againsl catastrophic high
surge vollages. Far exira precaution a small film type snubber capacitar {0.1-0.2214F, high voltage type) is recommended ta be mounted close to
lhpse P ang N1 DC power inpul ping

5: o cutpul pulse width should be decided by pulling exterhal capacitor vetween CFO and Ve terminals. (Example : CFO=22nF ~—tre=1.Bims (Typ )}

6: Hgh votage dicdes (B0CV or morz) shiuld be used in the boosyap cireait.

Fig. 3 EXTERNAL PART OF THE DIP-IPM PROTECTION CIRCUIT

DI" 1P . .
- - R . Shor Circuil Protectve Funclion (S :
3 - SC protectian is achieved by sensing the L-side DC-Bus current (through the extemal
e cirait shunt resislor) after allowing a suitable filleiing lime (defined by the RC circuit)
When Ihe sensed shunt vallage exceeds lhe SC trip-fevel, all Ihe L-side IGBTs are wrmed
OFF and a lauil signal {Fo) is output. Since Lhe SC fault may bie repetitive, it is
recommented Lo stop the system when the Fo signal is received and check the fault.
1c (A
L 5C Protachmn
et AGF Ty u ) T T Leval
N
W
1 sidu GBI -
L zleinal profeetnn ccine }
~l B h :
 weavelomn \
] 0 : A ey

Hoted:  Inthe recommended exleima! pra!e{hm cirou, pizase select tha AC tiie constant in e rsnge 1.5-2 0us
7 Toprevent erruneaus oratection aperation, the wiring of A, 8. C should be a5 snart a5 pessibe

Lw (ps}
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE
INSULATED TYPE

MAXIMUM RATINGS {Tj = 25°C, unless otherwise noted)
INVERTER PART

ymbol Parameter Condition Hatings Unit
—_E;' Supply voltage Applied between P-N 450 v
[Vecimme: | Supply voltage (surge) Applicd between P-N 500 v
VGES Collector-ertter voltage | oo 3%
+lc Each IGBT collector current Te = 265°C 15 A
tlor | Bach IGBT collectar current (peak) Tc = 25°C, instantaneaus valug (pulse) 30 A
Pc | Coliector dissipation Tc =25°C, per 1 chip 41 W
T Junction temperature {(Note 1) _20-+150 G

Note 1 The maximum junclion temperature rating of the pawer chips integrated within the DIP-IPM is 150°C {@ Tc = 100°C) however, to in-
sure safe operation of the DIP-IPM, the average junction temperature should be limited ta Tiave) = 125°C (@ Tc < 100°C).

CONTROL (PROTECTION) PART

Symbol Parametear Condition Ratings Urut
Vi Cantrol supply vollage Applied between VPi-VPC, VN1-VNC 20 o v
VDB Contrat supply vollage Applied between VUFB-VUFS, VvFR-WFS, 20 v
e VWFB-VWFS
VEIN i Applied between Up, VP, Wr-ViC, Un, Vi, R

Input voltage VWN-VNG 0.5~+8.5
VFOQ Fault autput supply veltage Applied between FO-VNC —0.5~vi+0.5
o Fault output current Sink current at Fo terminal 15 mA
Ve Current sensing input voitage Applied between CIN-VNC -0 5-V0+0.5 \
TOTAL SYSTEM

Symbol Parameter Condifian Ratings Unit

VerPRoTY | Seif protection supply vottage limit Vi = VoB = 13.5~16.5V, Inverter part . v
{short circuit protection capability) Tj = 125°C, non-repetitive, less than 2 s

Ic Module case operation temperature: (Note 2) ~20~+100 G
Tsig Storage temperature —40~+125 °C
Viso Isolation voltage 6_0Hz‘ Smusoldal, Per 1 minute, connection 1500 Vi

pins to heai-sink plate
Note 2 : Tc MEASUREMENT POINT
Control pins
........................................................... DiP-IPM
) “— Heat sink boundary . [
T
~ Power pins
Aug. 1959
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

PS21204

TRANSFER-MOLD TYPE

INSULATED TYPE
THERMAL RESISTANCE
Symba! Parameter Condition - L_lmlts Unit
L Min Typ. Max.
B2 | Junction to case thermal inverter IGBT part (per 1/6 modute) — — 285
Riniy i resistance inmrﬁ:@rfWDi part (per 1/6 moduic) — — 1.5 AN
Rt 1; Contact thermal rosistance t(t/fjr‘:::a? ;;L;E;;:)&jgg“lo) - — 0067
ELECTRICAL CHARACTERISTICS (1, = 25'C. unless atherwise noted)
INVERTER PART
Limits
_ Symbat Parameter Condition Min T Mo Unit
Verkgay | Collector-emitter saturation VD = Vi = 15V lc =15A, Tj=25°C - 1.8 —
voltage Vo = 0V Ic = 154, Tj = 125°C — 20 — v
Vm—_ FWDi forward voltage Ty = 25°C, —I¢ = 18A, VCIN = 5V —_ 22 — v
ton Voo = 300V, VD = VDB = 158y — 0.7 -
or ] Ic = 15A, Ty = 125°C, VCIN = BY — OV T 0.1 -
el Swilching times Induclive load {upper-lower arm) — 0.4 — js
fot Note" 1on, tof include defay time of tho intarnal control - 19 -
tefolty circuit — 049 —
ICES Coltector-emittor cut-off VeI = Vegs T;=25"C — — 1.0 -
current i - Tj= 125°C _ " 0
CONTROL (PROTECTION) PART
. Limits .
Symbol Paramoter Condition Min Ty, Man. Unit
o Contrors:(jpply valtage Applied between Vi1-VRC, VN1-VNC T 13.5 150 165 \'
Er_)_ﬂ__ | Control supply voltage Applied between VUre-Vurs, Vvrs-Wvrs, Ywra-Vwes 13.5 15.0 165 v
It VD =VOR= 15V, | VP1-ViPC, YNI-VNC - 4.25 8 50 mA
Circuil currant input = OFF VUFB-VUFS, VWFB-WFS, VWIFB-VwWrs — 0.50 1.00 mA
Vi = voB= 15V, Ve-Viee, VNI-VNC — 4.95 9.70 mA
input = ON VUFB-VUFS, VWEBAAVFS, VWEB-VWES | — 0.50 1.00 | mA
VIoH | Vse = OV, Fo circuit : 10k ta 5V pull-up 4.9 — — \
VFOL Fault cutput volitage Vse = 1V, Fo circuit : 10kQ2 te 5V pull-up - 1.0 20 N
VI Osar Vs =1V, IFo = 15mA 4.8 1.2 1.8 v
frWM PWM input frequency Tc £100°C, Tj < 125°C — 5.0 — kHz
T e TR s
Vscrrely | Short circuit trip lovol Tj = 25°C, Vo = 15°C {Note 2) 0.45 05 0.55 v
Uvoa Trip level 10.0 — 12.0 v
Uvosr Supply circuit under-voltaye T« 125°C Reset jovel 105 — 12.5 %
LV protection Trip level 10.3 — 12.5 v
Uvin Reset level 10.8 — 13.0 1%
o Fault output pulse width (Nete 3) | CFo = 22nF {connected between CFO-VNG) 1.0 18 — ms
Vih{on) ON threshold vollage Hoside Applied between: 0.8 1.4 20 v
Vihotl) (QFF threshold voltage U, VP, Wi-VPC 25 30 40 )
Vih{or) ON threshold voltage | Lside Applied between: 0.8 1.4 20 v
Viheti) (FF threshold voltage Un, VN, WN-VNC 2.5 3.0 4.0

Note 2 : Short circuit pratection is functioning anly at the low-arms. Please select the value of the external shunt resislor such that the SC trip-

level is less than 25.5 A

3: Fault signal is output when the low-arms shorl circuit or controt supply under-voltage protective functions operate. The faull output pulse-
width tFO depends on the capacitance value of Cr 0 according to the following approximate equation : Cro =12.2 X 108 ¥ 1o [F).

MITSUBISHI
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MITSUBISHI SEMICONDUCTOR <Dual-In-Line Package Intelligent Power Module>

P521204

TRANSFER-MOLD TYPE
INSULATED TYPE

MECHANICAL CHARACTERISTICS AND RATINGS

P t Condit Limits Unit
ramete M . _
7 ) arameter andion Min. Eyp Max nt
Mounting tarque Mounting serew - M4 Reoommcnded 12kg-cm 10 - 15 kg-cm
L rew M4y M/
] wf’ Recommended 1.18N-m ogs 1 — | 147 | Nm
Weight 54 : 9
RECOMMENDED OPERATION CONDITIONS
Symbol p I Conditi Limits Unit
ymbo aramator onditicn Min Ty Max ni
veo Suppty voltage Applied between P-N 0] 300 400 v
Vi Control supply voltage Applied betwean VP1-YPC, VN1-WNC 13.5 15.0 165 \
ViB Control supply veitage Applied betwoen VUFB-VUFS, VWEB-VVES, VWFB-VAWFS 135 150 16.5 Vi
AVD, AVDB| Cantroi supply variation -1 — 1.0 Vips
laead Arm shaot-through blockeng time | For each input signal 3 — — ps
fewm | PWMinput frequency | J£ < 100°C, Tj< 125°C - 5 — ] kHz |
VCINON) | Input ON threshold voltage | Applied between Up, Ve, We-VEC 0~0.65 V
VCINION | Input OFF- threshold vollage Applied between Un, VN, WH-VNG 40-55 v
Fig. 4 THE DIP-IPM INTERNAL CIRCUIT
S o z 2 =z s s o oz EE . 5 £ € o 5 55
> uw = > 00 > > = > 3> - > > > o>
R e R e S o T o S e —cr--o"--()——-o—?—n-«--&--()-——o--o ----- e O O
] L
1 ]
i 1
i 1
A R : — '
Z > = =z O = ] o = = 2 !
1 &} = S | = 0oy = g {e
! 2 8 e 3 Z o 8 ~ 1o :
I
1 — o o) @ i w o} o % o o] @ % :
| .y - - > I > > I = > I >
O = o 3 5 2 ) i
1 b = F 0 o |
) g o > = > = T .
I i
or | ] .
@O 1
Q9 1
1 1
! L (S — 1
| I
! AN o S ¢ N ¥ '
I 1
z2 1 1
L — —p—tn | R et | 0 :
1 I
1
; ‘. % N |
) 1
L i =0
1 a i
) Ay |
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1 ot
1 1
. 1 &
Bl o e e R P mmmmm e Omemm e — -~ — O—-—---= -
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Philips Semiconductors

TrenchMOS™ transistor

Product specification
L~ "~~~ ]

N-channel enhancement mode

IRFZ44N

GENERAL DESCRIPTION

QUICK REFERENCE DATA

N-channel enhancement mode SYMBOL | PARAMETER MAX. UNIT
standard level field-effect power
transistor in a plastic envelope using Viss Drain-source valtage 55 vV
‘trench’ lechnolegy. The device b Drain current {(DC} 49 A
features very low on-state resistance Py Total power dissipation 110 w
and has integral zener dicdes giving T Junction temperature 175 C
ESD protection up to 2kV. I is Rosiom Drain-source on-state 22 me2
intended for use in switched mode resistance Vegs =10V
power supplies and general purpose
switching applications.
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PiN DESCRIPTION _ d
tah’
1 |gate -
k,,,
2 |drain -
S e
3 |source : 9 %
. F —p
tab [drain 5
123
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL (PARAMETER CONDITIONS MIN. MAX. UNIT
Vos Drain-source vcltage - - 55 \
Vaer Drain-gate voltage Ros =20 kQ - 55 vV
Vs Gate-source voltage - - 20 vV
Iy Drain current (DC) T =257°C - 49 A
In Drain current (DC) T, =100 °C - 35 A
T Drain current {pulse peak value) Tw=25°C - 160 A
P Total power dissipation T.w=25°C - 110 W
Tae T, Storage & operating temperature - - 55 175 'C
ESD LIMITING VALUE
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Ve Electrostatic discharge capacitor Human bedy model - 2 kv
voltage, all pins (100 pF, 1.5 k)
THERMAL RESISTANCES
SYMBOL [PARAMETER CONDITIONS TYP. MAX. UNIT
Rinimb Thermal resistance junction to - 14 K/W
mounting base
Riia Thermal resistance junction to in free air 60 - KW
ambient
February 1999 1 Rev 1.000



Philips Semiconductors Product specification

N-channel enhancement mode {IRFZ44N
TrenchMOS™ transistor

STATIC CHARACTERISTICS
T=25"C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Visrioss Drain-source breakdown Vs =0V, 15 =025 mA; 55 - - vV
voltage T,=-55C 50 - - vV
Vasira, Gate threshold voltage Vas = Vs Ip = 1 mA 2.0 3.0 4.0 vV
T,=175°C 1.0 - - \Y
T,=-55°C - - 4.4
lnss Zero gate voltage drain current |V, =55V, Vg =0V, - 005 10 LA
T,=175C - - 500 uA
lgss Gate source leakage current Vs =210V, Vpg = 0V - 0.04 1 nh
T,=175°C - - 20 LA
TVress | Gate source breakdown voltage ||; = +1 mA; 16 - - v
Rosion: Drain-source on-state as =10V I, =25 A - 15 22 mi}
resistance T,=175'C - - 42 mg)
DYNAMIC CHARACTERISTICS
Tme = 25°C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Uis Forward transconductance Vs =25V, I, =25 A 6 - - S
C.. Input capacitance Vee =0V, Ve =25V, f=1MHz - 1350 | 1800 | pF
Lo Output capacitance - 330 400 pF
Cos Feedback capacitance - 155 215 pF
Q, Total gate charge Vo =44V, I =50 A Vs = 10V - - 62 nC
Qs (Gate-cource charge - - 15 nC
Qs Gate-drain (miller) charge - - 26 nC
taon Turn-on delay time Vi =30V I, =25 A; - 18 26 ns
t, Turn-on rise time Vas =10V Rg=10Q - 50 75 ns
L o Turn-off delay time Resistive load - 40 50 ns
t, Tumn-off fall time - 30 40 ns
Ly Internal drain inductance Measured from contact screw on - 3.5 - nH
tab to centre of die
L, Internal drain inductance Measured from drain lead 6 mm - 4.5 - nH
from package to centre of die
L, Internal source inductance Measured from source lead 6 mm - 7.5 - nH
from package to source bond pad

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T, = 25°C unless otherwise specified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. [ UNIT
I Continuous reverse drain - - 49 A
current
Inrm Pulsed reverse drain current - - 160 A
Van Dicde forward voltage L =20A Vg =0V - 0.95 1.2 vV
=40 A, Vg =0V - 1.0 -
t, Reverse recovery time I, = 40 A; -dl/dt = 100 Afus; - 47 - ns
Q, Reverse recovery charge Vgs =-10V, V=30V - 0.15 - uC
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Philips Semiconductors Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

AVALANCHE LIMITING VALUE

SYMBOL [PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Woes Drain-source non-repetitive b =45 A V256V - - 110 m.J
unclamped inductive turn-off Vas = 10V, R =506, T,,=25°C
energy
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D% = 1001/l 55 < = K T,.,.); conditions: Vs 2 10 V Zo s = f(t); parameter D = t/T
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N-channel enhancement mode
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IRFZ44N
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Fig.5. Typical output characteristics, T, = 25 °C.
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Roswon = [(ip); parameter Vi,
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Fig.15. Normalised avalanche energy rating.
Wiss% = f(T,,); conditions: I, =49 A
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