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ABSTRACT

This thesis presents a system of a combination of two energy storages
which consist of ultracapacitors and lithium-ion batteries by applying DC-DC converters.
The basic characteristic of ultracapacitor is a great power density, which implies the
ability to charge and discharge faster over a short period of time. On the other hand,
the battery has much higher energy density allowing the battery to store more energy
over a long period of time. In this thesis, the combination of a battery and an
ultracapacitor in a hybrid energy storages system would be very useful because of the
high efficiency and the ability to transfer energy between them. In this hybrid energy
storages system, the Buck-Boost DC-DC converter has been applied. The converters
which are presented in-this thesis is worked at the rated 96 volts and can produce a
maximum power up.to 1 kW. From the experiment, the combination of the two energy
sources is available and can charge the ultracapacitors within 14-minutes at the rated
of 168 volts 4.93 kW.- As.the rated voltage of 96 volts 10 amperes, the system can
transfer the energy from the ultracapacitors to lithium-ion batteries in buck mode at
the rated of 168 to 96 volts with a duty of 90 percent and able to change in boost
mode at the rated of 96 to 64 volts with-a duty of 20 percent within 5 hours and 11
minutes. The experimental results can show the combination ability between two
energy storages. The system can also store higher energy density and higher power
density. This hybrid energy storages system can be applied to the electric vehicles that
need to reduce gross weight, and this hybrid energy storages system also has the
special qualification of fast charging.
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Specific energy

Performance
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Specific energy

Specific
power

Safety

Performance
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4. wunwelvilnadelessuiliiauusnildlausadesnles (Lithium Nickel
Manganese Cobalt Oxide)
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wunme3viindlduuiinifalaveadegiiieuaanles (Lithium Nickel Cobalt
Aluminum Oxide) finsfndutiunilul a.a. 1999 FeflauauiRiawzdadneiy wanes
yipdSeulosauiifawuniiialaveadesnles (Lithium Nickel Manganese Cobalt Oxide :
LINIMNCoO2 or NMC) tiufiefiqauantinieiundaiugs fo1gnisléaugs Taeldinag
i llHlusn podN Tniuasudem Tesla FspmautRiruresuunneiussianise fniw
Uasnsduganagsimaniussiandu sUil 2.12 ssuansianmsiFeudiousewing drlding,
919514, AL muwiueandany suiluisauvasaiaieldlunisiansanda
WENgANWAN A ULaEN1TLY unield

Specific energy

Safety

Performance

A L= o ﬂJn =l o e = « §
jun 2.12 Uszandnnlunisvinanvuassuamasiasuinawisnitialaveadesnles [10]

5. wuaaodwdadiBenlymalun (Lithiumn Titanate)

fnasAaduiunlud m.a. 1980 FedruWumunnsindluduuelun 3
nuaRlsure wiuAsansadauazasUsIlf duiinssuageis 100 fsfiadrgeaninaiFen
losausssumum wasdinuvasndegs lunisagtsyatiufinssuaunisitilgamaiis s
forduvasuuninedufiaddodsinidoutngs dseravililigudriunisamu uasiinau
vuutuveEINUAB U JUR 2,13 zuansdinisfsuiisuseming aldsne, o1gms
o, p1u vunuiuveandsnu saulufinudasadedeldlunisfinnsandmngauud
nsaULaENITLY Nuniely
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Specific energy

Safety

Performance

< a o d a a
JU# 2.13 Ussiivnwlunisvinuvesunmeiviadisenlnmiue [10]

2.4.2.2 wunweivindiseuleasulndues (Lithium-ion Polymenuunnas
vindiSexlesulnawesgniaundunludl a.e 1970 TasfiasuuuAeuuunds uaziuuui
adhefidunanain Tnslunnedaisonlessurisinauies Taanlaniuludesves Aawun
wagiun venaniigeiimmamnsalunisasegnisldeud danaontegs witedefded
smganiwunneivinasunlessy uwasdnmmnuinamdnuiidind | leeisasee
nanfwdavasuumnedadenlosaulndwesliifvaviiiosminlunis naasuslduunn
priadeuleanulunavnasisyldadnlunguivesunmeiinaisouloosy Tndwed

1Nyt 2.14 auiilé uusimeietindGentinfelaveadagiidesanled
(Lithium Nickel Cobalt Aluminum Oxide : NCA) tiuilingeiian uhegaslsfinuuumnada
Beulessulunguuiiniilauasiumasilunguvedina duialdfnduiuameiiia
Iawssuiuaruaisslundvsnudoulunisldunasaiauuauiuresidauinni
uaznunmeIvdadeulvvim (Lithium Titanate 1 LTO) dufiiidafiFasarenisldauiia

o
nign

280

240

200
o 160
=
F—
= 120
80 S
40 -
B ;|
LTO LFP LMO NMC LCO NCA

0
Lead Acid NiCd  NiMH

Ay

HR

A i ! o IJ o !
JUN 2.14 neilTguiisuAAMuMU LIRS I UYL UALWME T TR [10]



18

2.5 Aunuusea E‘iamn (Ultracapacitor)
qUnifﬁﬁ’ﬂLﬁuwé’qa1u1wﬁ1ﬁﬁ'té’m1[,mm'mﬁmmimqﬁmwé’amwaﬂan
Tutagluidrgendmdniudududigied wasdeezifintusnedresanids Energy
Information Administration (EIA) vesawigeisni lamanisalinludn 30 Ydhami Tanisn
eflmudaamsdundsnuiiudusnga 56% Fufnmnvanganiug Lidresduesfnm
nufugaamnssauazimalulad Swiuvszuinslaniiiuiy wiewaveslan1Avn
(globalization) %‘aﬁﬂlﬁammwnism‘f‘mmﬁfﬂumﬂuLtawua‘iuﬁu‘f.madwnﬂﬁa WU I
LUu'sﬂ.lu.uu-uaawawluﬂuamﬁmmmaqnmwnwaawam lngseninel 2010 8 2040 ¢4
Fasmaiuiuiedoy 2.2% safulueuensilngi mlﬂﬁm-?‘l'[.%'lumsnﬂmuwamu‘tﬂﬁwz“‘
mewmﬂzyﬁwu [11]
gunsaliniAuwdeerulniiridadaldfuatvaulasdrauin fe
supercapacitor n3a13en3nda31 Ultracapacitor 13 electrochemical capacitor wazlu
amlneiFondn fAvyszqdean qﬂn'iniﬁﬁﬂﬁﬁamauﬂ'ﬁﬁmwmaﬁﬁdwmmqlwﬁﬂ
(capacitance) gand1aLiuys¥gdus anie 100-10,000 i ﬁnﬁqﬁqaﬂuﬂiaﬁmﬂimﬂﬁﬁu
lanelunadusiaiuiies 1-10 Junit disuiu wsimeadiealoseudsfeslinarlneade
10-60 il ugy ﬂ'l‘iﬂ']tlﬂi“%ﬂﬂ']lﬂiﬂw1 lameluiaan 1 undiduiu yaeudndsznisves
Aafiudse ww‘m fie 1sanunsnfiasSauay AreysEglanda 500 000 38y NINATI
mwANIYeUnAesAetlasuiie 100 Wh wasAnIMUAREITanLAa-nn (ead-
acid battery)1,000 - 10,000 winaeiiien uonnil safiudszgBaean f5awe kw il
(Us$25-50/kw) \ilatiteufunusnined arftealoaau(USST5-150/kW). wazSanusanis
Wasuuastesgamafiusinssunn Lasmsduasiieulddaniy manaLTATlanduLduil
nevsfvifeuasiRngualTRivesiLAuYszqBaen Aididtilvedassamia Soli
wlanlafigunsalfniiundssulwiedatesldfuemueilasdaann fnsviwneiludn 10
Yhewth fafuiszqasanenntmannainuusinedaifiesilossulis 50% weiiden

-

o @ '
JUT 2.15 fufudszqdeeangunsasngg
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2.5.1 ffiudszydeenafessls
o o = oA
anUU'i.,itma'mumuUi-’nawaﬂ ﬂa
J o 1
1. $huanuazau Snvdeasuauiiinud g dgngudiuiuuin Ly
activated carbon
1 u‘j 1 5 d 1} i 23 1 s c’
2. WHUAUSEWINNT7 (separator) Belasauanunsasuldiguiieaiuwunnes
- & w B
3. @15avarudlaninslad (electrolyte) Fadnazidu acetonitrile 3o
polycarbonate
J v 1 L7 Gyl n‘.: v 1 d 1 al
Welwaaunrednduiensualwilrnudrlwdvisasstne Wy Wedadaiiu
- L7 7) = < a g « 3 173 5
Uszgbaganutniuuunned Ussaiiluvinmeluansezmedianinsladsgnisgadmiiay
o d - o 4 ] %) o d«Lv ¢ da
yesmiulszBenauagsyssyiluavluansazanefasidnlumtavan nisildmsueund
.l a a & el ) o a
wunlLavUTInsgnugelumaieiuiilunisintivisey WesanUssquesansazaned
=) v ¥ ot al = = 1Y) 1
Lﬁﬂiwﬂaﬁmmmwwumnmrmlﬂ'[ugwqulm Jeilyeniimafegaduseninlssguiniazay
Wity fuauussaBwandaiiouiumaiiiaiuysganuusssun (capacitor) vunnidne wn
v as o é o at q' s
FMEAUTIILINA JUN 2,16 uamnisnsyremvesyameludiiuisyqiennuassn
J s v
Useq Wedausgauiiivids wavvmzaeuseq

<Charge> <Charge Complete > <Discharge> =0
!

A1
_|l

wElectrolyte

,’*:r At
[-I% (Electrode)

0+ ion\/ lon absorption lon desorption

® - ion ’Eledrical Double Laytrl

d a o o a w L4 A‘.‘J )
JUN 2.16 Anwn1INsEIEITeIUTE M AaYdaUsy (Fae) Wedauszqauiu (na)
P
uazlilaaeyszy (117)

Tuthgtuiifranuagdmihefifulsegdasinduiunnn uasiivaresunss
Tidenmunisldanu Wy nsansguen (oylindrical) nseimdsn (prismatic) NIINTEAY
(button) uazLuugs (pouch) meludifvlszquszneulufmewiulansiifinnaindeuian
AsusutuuIeg Ussaufuwsududeuiy uasshudhdedu (sanssuen) videdslrlavunn
uavdouriuiuielildvsamasy nszquviens sanamdluguil 2.17
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VsSINsruan NSIUHALN

Porous Carbon Electrode

Separator

Separator
Porous Carbon Electrode

< w o 2 <
JUN 2.17 dnwaaielugessdifiudssasanszuen ($1e) uaznsuvasy (1)

2/ ' o w ] ! < v o a P 1
YoupnANvaIAY UIENIIRINTEMINLUARES WA AU 989AYINa 1IN
P as [ - ' aaa = I3 o 9 v =
fe dunulszqdtenliedaufiseaniuailunasiivndssu minualduslwiradn
. ] I 5 s e o o aaa la
(electrostatic charge) suui19UseRietaniu lusaghuunmeinneineduuiiseuaiiife
o o w a = o v < | =
agnilandiivlszydeaiiorgmudauseunsltununadi essannldiianis
o o aa a L aaa 4 [ i o
Lﬁauamwmm'1'iLnﬂUgnsmmﬁu%wamnm-ﬁaWﬂdgﬂ‘smw‘luwwisa«aﬂ UsnaIneaLiy
a o & < 3 L ! a aaa a ¥ v ey &
Ussgienaiiinivouiussausznounanuarlilofonisifinufiseniedudrdalisfuiudseq
=\' A o a o aa ala 2 I & 1 1 1
Smivhanulasadenninujhsewatidams(senit pseudocapacitor) Insdlugiuda
a Aal = e J QA aa II.: L3 4 3 1 = Iu‘:’ v
fufudszgBussant mnguuuiiondeuiisenaelivatrandadumsuaumuiu witasndh
é o @ 1 (3 cJ 1/ aao a .l'l ald‘l‘ - r AJ
nilavih andaqurulavgasnled Weldvuazliufdse mualiiiaduniuioag 195101599
5 3 e a 3 o a aaa e”J - PN = as
Tlanzaonles gaUsvaspmintiidaufiteniufiieiumugiiiuasmioussiuluiy
o : o o <
WAy (nominal voltage)vasmifiuUszadieanuuies
o cll = 4 o @ s 1 = o la'
fufvuszqimdnyiiafifrdelasumuaulssgaunfedufiulsyadeean

a_ a Wi . o o al ) a
vildiioalooou (Lithium-lon Capacitor) daluwmaluladimi endedvesiiivuszqbeen
4& 2/ v v ar o o ==J 5 L P o &
wazuuaneidiisnlaesuidalidietudunulszyeieiddditrmiaduiannisueay
1 al ot s Cnl d Iﬂlj 4 o a L ﬂ“)’ AQ =l
wWudeaiufuiulsegiimanaug witidnthmidshanfagiliiduiiveuunmeidifiey
1 - = 1 s dﬁ al
lesou druarsazanedidninsladesiilospuvesdifisuvuiiriuuunnesdiionlossu
] a a a a - mAI oA vo w vl
nulszeBeinviindiionlossulnuautanianiude Widadlwige aunsaniedszqlen
s a L 4 s a1 o A @
8m3104 200C dauazaeusyyladandn 100,000 sou ffussiuiadsds 3.8-4.0 V Aniiu
warnulwihldunnuaziinisinwssiuusiulniivas sawasaeysey drandufiudsey
a4 o o o a & & a E7 o o w P
UL UNALTULazanasduldadunuaIvasaLasmeUsEInuaIny U 2.18
al al a - o [ o -
WiguifisuwginssuvesuunineiuasiiiuussquazdalazA1eUssgaienssuanai
: < a a o g
(constant current charge/discharge) WAEMI9199 1 LAAITIEASLRYANIUNALAYDINILNY
a o a L S a s I o & o
Uszgdeenndllunann danalddduiulszeasnaynissilmauglwiuasindedt iy
1 ] al ﬁl ! v I‘j 2 & a
g4 (miaendiu Wrkg) dausafiudszqieean 2 quaminefiunsididutadrmis Wuiudy

a a a aa &4 a o < oo
Uszqtennviindiiienlossu Jadussiulwiigandngudu
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-l} &
g g
g g

Time Time
Battery Ultracapacitor

IJ 1 s J 73 o Aal s

3Un 2.18 Asrulnvauames (F1e) LLasmtﬁuU’;‘eigUm’:ﬂ (977) YedERALaLAY
Uszq

P~ < - al a v & -
A9 2.1 L\J'iEJUlﬂﬂU'ﬁﬂlﬂagLﬂUﬂ'W’NlVIﬂUﬂ'UENm')LﬂUU'ﬁsﬁ!UQHQﬂ‘luﬂajﬂ

Device Vieed ClFY RimQ) RC(s) WHEkpS Whg {952  Wikg match. imped. Wit (kg) Vol. i
Maxwell' 2.7 2885 375 1.08 42 94 8336 55 Ald
Maxwell 27 605, 90 55 235 139 9597 20 211
ApowerCap™ 27 55 -4 22 55 5695 0625 009 -
ApowerCap™ 27 430 14 58 589 2574 24595 057 045
Ness 27 1800 55 1.00 16 q715 8674 38 2n
Ness k&g 3640 Jo LI0 42 9 8010 A5 514
Ness (cyl) 21 3160 A 126 44 882 8723 S12 a8
Carbon Tech non-acetonitnile 285 1600 10 16 58 106 9106 223
Asahi Glass ( propylene carbogate) 7 1125, 25 34 45 3% 3471 210 (estimated ) 51
Pa ic ( propylene carb ) 1.5 1200 10 12 23 514 4596 34 245
ENDS 27 3400 45 15 43 760 6750 50 A8
LS Cable 28 | 3200 < 28 20 3 1400 12400 63 AT
BatScap 7 2680 20 54 42 2050 18228 50 572
Power Sys. (activated carbon, propylene carboaata)™ 2.7 1350 .15 20 49 650 S785 2 151
Power Sys. (graphitic carbon. propylene carbonatel”™ - 3.3 1800 30 54 80 486 4320 21 ki
33 1500 17 5 60 el 6303 23 A3
Fuji Heavy Industry-hybrid (AC/graphiric carboni™ s 1500 15 6 92 1ms 10375 232 a43
JSR Micro (AC/graphitic carban)™ is 1000 4 4 12 900 7987 13 o
2000 19 5 121 1008 9223 +206 A2

2.5.2 aueniinewifulseiandeiis ufugunsaifnifundasnlni
wiindu

a3 2 Wisufsunmdneaizve siiulsrqisnnvilaildanivewtuda
wazwilndiieulossuiunuamiiitewunneslinngii-nan wunnedaifisleseunas i
uuszquilaAniau safeviedidningdin huldnnuasivesiaifiuusyBeanis
Mundsnud g Masmns Aenagliih vatllunsdhuesaedsyauazengnislda
fifragszninsmveuunineiuasifulssauindug dufuuszquuuianiafuindy
weluladfiannsaiutesinswitumelulafuummeduaziifiuusylda Snimuidouay
WannsdiuusyBaiifimmandnisluiinisfiunuansalumstndiundalilngiy
AwENTaYeILUALeAisulossunIY SsmadinuauTRves MufiulseqBeeanasil
maiaTuet s InElusuansilng Wauniuethemadlueunansilng
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a @ < ) a d
H'IT'I-«WI 2.2 ﬂiuﬁilU‘iﬂ‘U@W]‘lLﬂU‘L]i ENEJ".lﬁLﬁ&J'LIﬂ'ULLUWLC‘I@ELLﬂ%N'}LﬁUU?&’i}‘Uuﬂﬂu

| Supercapacitors
; Characteristic p s Li-ion battery iElcc:'::lI:irr. g '
baltery Electrolyti) Carbo.n) Li-ion :
Supercepacitor Supercapacitor
| Specifc Energy (Whikg) 30-50 100-265 <01 | 1-10 10-15
Specific Power (Wrkg) 75-300 300-1,500 10,000-10,000,000 500-10000 . > 100,000
Cell voltage (V) = 2.0 2542 4-550 1.2-33 22-38
Capatitance (F) - - <1 0.1-12,000 300-3.300
Discharge Time min - h min - h 10 5 - min | 5 - Min
Charging time h min - h 10 § - Min min
Charce/discharge efficiency (%) 75-82 %0 » 65 85-98 90
Cycle life (cycles) 500-2,000 : < 5,000 : 10 > 500,000 10,000 - 100,000

nuadtRvesiaiuYsegiinifialfisutugunsalfmiundsonlwihedadu
A3l 2 WisuWeuRudnwarTss sy Benaeiindlimiveuluduasvinaifes
”LaaauﬂUﬂmauuwuaaLLumma'mummum -nsn wunnesAITiualessuLasdafulsyquila
Fmeiduy saudsudadidntnsann mu‘lmmmauummmm'uUsvﬂmmmmmuwaqmum
w1 A1dedn inz Augliih nanluntsdauaraiedssakavengnisldou fdegsewing
ﬂwaau.ummamavmmumkumauq mLﬂUU‘L’iJLL‘UUUi“’a'VIﬁﬂ’IWHW\W‘UTILUULWﬂIuIaEJ
'V]E!"Iu’]‘iﬂLVIlJ‘U’EN']’NivWTNLWﬂIUIaEJLLUNLﬂGiLLﬁ”FI’JLﬂUUi"ﬂﬂﬂ Smiasuideuasitanng
Lﬂmh.,aaqU"m:mFm'maanmlﬂwm*sl.wum'ma'mwa'lun'\smLnuwmmu'[ﬁ‘lnanu
ANENINYBILUAND3ETE age Uity Tepraiinmdn TRved fiiudsyqBesanaed
msianTusumadaluouansulag

2.5.3 fufulszgBasanmneunsidauslad

FufuuszaBagnannsormldaulivareiu segrsvainsidanudsd

1. asinwimiumiisaussfulniilunia nszaredlefinnsnsruinves
usaiulnihlumedsiningu Sufiudesiigunsalifundsmuiidiunsafundenulwinfiiudy
[LEEAEERbIES LLavmameu‘Mﬁmmiaﬂaqm°uau~nmuwsawmﬂummulwﬁwaﬂiﬂ'lmaEm
20157 Funnalniiir Dynamic Voltage Restoration (DVR)

2. MWunuuummeiviedufvusegluiadosdsasinit (UPS) uazqunsal
dasulwnszrnuseiugeiavae (surge protectondaulvgatianvsenszainasldiaan
doundt 1 unil dndauvemdrnuseidmesiafiuussgbinmnzauniuunmeiuas i
\iuvsey uenanni Ssannsnansunn Arldareluszozanuasiiuanudodioldvesgunsal
eld

3. WaaugRuwunmeslugunsailwihdidnvseind 1w nipsneuianes
LUY notebook Wielnsimvifledie quasalvaiisinasAsnssuauazidsluiingslusimeduy
wdn ms v3e s) 1uszezqBeih Wuunwesiivsyansnmlunissionseudanas fay nsle
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o’ o a s o v Bl 4 1 s o
sfivusygdeeaiuuunned lngliuunneidneniseiade (average load) dudiivusey
#lumsdne pulse current aufiunistisdneguunmesid
4. l-z'ﬂ,umuwwuvlwﬁwmummmmmawiawaamamaqmamaww
muwmu“uwm v3aifandeaiiaues mm‘uﬂsummmﬂnmmsn‘lvmqaqaﬂunmauau‘lﬂ
waziilefimBeuiusnuessa mmuﬂsmmmmnmminmuﬂnLnuwawlunammauﬁu
WA LILG 1S8n91 regenerative braking Uananil mmuﬂivaaaa’]min'['&‘lun’ﬁmm
\n3esldsnee "l.mw.,mumimaumaqinaumwsamsmaumwaﬂaﬁn‘lw
5. dinAundanuiildanuamdumadon Wy waduaeriing wie
o e - 4' L o4 A o o . o e
Auiuaundn i Welduunimeslunsinifundsiuaineaduaseninduiensvuay
LLummasa}-’maqmumsamaumws"iﬂuanwmu deep cycle (RoABUTEY 2 80% Y89AIY
QUBILUALADI) mawa‘twuummanaauamwm waverrpnUAsunumaeiniglunaliiy
LtmmLﬂ‘uUiz@mmﬂamwmmsmuﬂ'ﬁamuaxmaﬂssaﬂué’nwmz deep cycle lelaglifina
| v d v < P v oal ) %) '3
ety Minudsyanselydlauinds 20 U @slndiAsanueagnisldiuseunagad
waweriing) feduntsanAlddenaeneigvesgungnl
d I o/ 1 1 1 1 74 4 v v [
6. WlunInadiowuuwawt detrau admunuulians gelisdedddanuiu
Y w & ) v "o a o
a1 wasnInAeUsyaumeaLaISed ez dadsylim Auldnelueat 90 Jund
- Y I [ Y] a o v 1 '
venmileainfedniionuingd fuiudsygdeandiainisaldswlansnvateedne wu
d[ i o« dl‘ ° ¥ a dl' ar L 1 i
\m3eedianTsunng (WissimuanIsiuYewiila LaTasnseanalasaalnih unasdelvia
¥ as di J o o s uy ] LJ g )
TiiuinTeadngiad) uasinieailevinansmms (actuator Amsutlasfuiviauiosni uviu
| 4 a - < e
dunsosiuuuizesy nsiaasassansslugnImennIanssuvEiiuang)
Y q' wa ol ' v v odoa
winldddafivuse sbanilnmandanmmngdonisidaulunaigy duiiby
;73 IJ at 1 L% 2 LY ﬂl 1 L9 s
ﬁaw'l,mwmma‘m'%amtﬁuﬁ's"%ag mwum’lmmm:.ﬁuﬂ'ivﬂmaaﬂawma'lwﬂimam
m‘bﬁmalusuu"mﬂmuaamrm cycle life Mg1uu wasiean1snisvigeinwitiosuin
wana1ni ﬂ'lsu"nu'ﬂ-uﬂwﬂﬂuuummaﬂ m:uﬁﬂmﬂaﬂmq‘uaamema“‘lﬂmﬂmﬂﬂna’nm
1190
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Tuthgtuiinisldsasudlniiusgrsunsvats Fesasuslwihudazuind
s IJ 1 a v d
anuazuanaeiueenty awnsednwleainasneinz.s

A998 2.3 BN g nEs Ul [12]

BMW i3 Curb [13]
Passengers: 5
Weight: 1,195ke
Driving range: 130-160km

Battery: 22kWh

Tesla S curb 2015 [14]
Passengers: 7
Weight: 2100kg
Driving range: 42d4km

Battery: 70 and 90kWh

BD Otomotivee TRAFIC
Passengers: 8
Weight: 2940kg
Driving range: 190km

Battery: 53kwh

L PR

-

5 x "

BD Otomotiveeo
Panel Van

Passengers: 2

Weight: 1918kg

Driving range: 110kg

Battery: 20kWh

Mitsubishi Motors MINICAB-
MIEV Van

Passengers: 2/4
Weight: 1090-1120kg
Driving range: 150km

Battery: 16.0kwh

CitroenC-ZERO

Passengers: 4
Weight: 1120g
Driving range: 160km

Battery: 16kWh




A5197 2.3 Brunmuendeulni @) [12]

25

HondaFit
Passengers: 5

Weight: 1,120ke
Driving range: 225km

Battery: 20kwh

MAZDADEMIO EV
Passengers: 5

Weight: 1180kg
Driving range: 200km

Battery: 20kWh

Micro-VettFiorino cargo

Passengers: 2
Weight: 182kg
Driving range: 140km

Battery: 31.1kWh

Ay

7 '

Mitsubishi i-MIEV
Passengers: 4

Weight: 1110kg
Driving range: 180km

Battery: 16kWh

CitroenBerligo
Passengers: 5

Weight: 675kg
Driving range: 170km

Battery: 22.5kWh

NissaneNV200
Passengers: 2

Weight: 1580kg
Driving ranee: 200km

Battery: 32kWh

NissanLEAF
Passengers: 5

Weight: 1520kg
Driving range: 200kg

Battery: 2dkwWh

PeugeotiON
Passengers: 4

Weight: 1120kg
Driving range: 160km

Battery: 16kWh

PeugeotPartner
Passengers: 5

Weight: 675kg
Driving range: 170km

Battery: 22.5kWh
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2.7 sziumsaausEanImusna sl

nsdavsEgn Uz iivateseduresnssaUszy Jeseduvesns
oAUTYLUIVNTNAWN 9 veansdalsey 1w maﬂwﬁ'lﬁ'l'ﬂumsaﬂﬂiua nanlunissn
Uity aunsal m’l.ﬁma'ﬁummmmmiaaamﬂm vianansenusaszuLin Hudy ns3
Augiu uasseuinzanvesnissaUsyqeztaeannsaanndey L A
U'iui]aa‘lﬂ Tﬂamuﬂi"ﬂawaamiammva wiu gl Lﬂiaﬂaﬂﬂi"ﬂ wazgunIaleng 9 9y
Waslumuiui videmuusyone 3 'uuaaﬂu seAuLsIaulni mmﬁ‘lv‘lﬁmavi"uulﬂﬁwaa
Ussinaiiy Tmaamwmu‘uqsumwaqLﬂiaaamU‘su'«gwmuuwawlu‘lwﬁ'lLﬂussumumu [15]

2.7.1 Lﬂ%'mé’ﬂﬂisqmmzwﬁaqwu‘lw‘ﬂw'szﬁu 1 (Level 1 Charging)

\unsdauszaiilindeasilunssausey Tﬂﬂlﬁlﬂﬁnniuuaaé’u 1 e
nedlnglliiansamunnasgiu J1772 lunisdauszq RGN PEEN T CRRE e ?
laluitegendevialy iilesnnilsefunssiu uasadclyiinteh vilitderaseszuulniginge
foil Aemsfinds waznisdausegiling Fadufelfinatiuannda 8 faluuaiiddilunisdn
Uszadesndn 2 Aladadlun1sanussy
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2.8.1 Bidirectional DC-DC Converter
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Forward Power Flow

(1,<0, 1,>0)
 § :
1
Bidirectional

e Dc-dc Converter v,
|

Backward Power Flow

(1,50, 1,<0)

gﬂ‘ﬁ 2.19 Illustration of bidirectional power flow
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Table 1-2 The module specifications (AMO1202CCAOSA)

Item Specifications Remarks
Nominal voltage *1 276V DC -
T S— 40AR %smchfzrmns@25deg.c 02 C
Max allowed current *+1  |120A (Charge discharge) @25 degC
Operating voltage *1 180V~324V -

Cell composition

2 in parallel and 12 in serial
(2P12S)

Use of SCIB™ 20Ah cell

-Measuring of cell voltages and
maodule temneratures

-The notification of cell voltages
and module temperatures

-Measuring -of ~cell voltages and

-The notification of cell voltages

External interface

Ol dePTomperatures and module temperatures
) ~Cell balancing operation through CAN
Function -External natification throtgh CAN ;ge;'ugf‘ég?‘ler can be operated
—Autg;_?ucally numbered CMU-1D ~CAN 2 08:500kbos
o -UART: 12006ps
Number of ) : (22 modules in series,
connections Below 22 modules in series Nominalvoltage: 607 2V)
g‘;ﬁﬁ‘; iy aree Specified MG serew Took T20 Hexalobular wrench
Unit:mm (Exclucling protrusions)
Dimensions 187.3H x 85851D) x 12265W (Toleranca “refers to *1.3
Appearance, Dimensions")
Weight 14ke (Approx) =
CAN communicatiory connector (8
CAN 208 1ch poles)

UART 1809141 Eaquivalent 1ch

SMOBB-CRTK-1A-TB Manufa
ctured by JST)

CMU operating power,

Voltage: DC12V(102~132V)
Rated  corisumption: | current:

Supplied- from external power
source

Instantaneous  interruption:  less
than 10msec

supply 17mA Rush current:
Approx. 7A. [Only 1 in series),
~Approx. 11A22 in series)

~ |Overating E 5
g tempect e 12 30~+558deg C No condersation’ *3
T [Storage 9 + Recommended: -10~+25deg C
§ temperaturdrahge | SO0 - 0008 C No condensation *3
T [Humidity 1.5~8 5%RH No€ondensation *3
é When this module is used in an

O ) . area over 1000m, please
é it g:tmg altitude Below 1,000m contact us at the address
2 described at the end of this
= document.

Note *1 Initial characteristics in manufacturing.
*2 Charge/discharge condition
* Charge: 40A, 20A. 8A, 4A. 2A/cell 27V cut Step charge
« Discharge: 8A/cell 1.5V cut Constant current discharge
*3.This module may be damaged and become unusable due to condensation.

d L3S = -Jn a
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3.3.2 Yayamiiuusya

g

Tl naed

'DATASHEET

FEATURES AND BENEFITS* TYPICAL APPLICATIONS
Up to 14 year DC life UPS systems
56V DC working voltage
Resistive cell balancing
Overvoltage outputs
High power density
4U, half-rack package
UL registered

PRODUCT SPECIFICATIONS

Rated Capacitance' 130F
Minimum Capacitance, initial' 130F
Maximum Capacitance, initial* 156 F
Maximum ESR _ initial' 8.1 mQ
Test Current for Capacitance and ESR' 100 A
Rated Voltage 56V
Absolute Maximurn Voltage’ 62V
Absolute Maxirmum Current 1,900 A
Leakage Current at 25°C, maximum® 120 mA
Maximum Series Voltage 7s0v
Capacitance of Individual Cells? 3,000 F
Stored Energy, Individual Call® 30Wh
Number of Cells 3

TEMPERATURE
Operating Temparature (Cell case tomperatine)

Minimum A0C
Maximum 40C
Storage Temperature (Stored uncharged]

Minimum “40°C

Maximum 1
Mass, typical 18 kg
Power Terminals M8/M10
Recommended Torque - Terminal 20/30 Nm
Vibration Specification Telcordia GR-63-CORE Zone 4
Shock Specification N/A
Environmental Protection P30
Cooling Natural Convection
Internal Temperature Sensor N/A
Temperature Interface N/A
Cell Voltage Monitoring Overvoltage Alarm
Connector Deutsch DTM
Cell Voltage Management Passive

< » - o =
U 3.3 dayamamaiiavesinivissdeen [18]



34

'DATASHEET 56V MODULE

FEATURES AND BENEFITS* TYPICAL APPLICATIONS
Up to 14 year DC life UPS systems
56V DC working voltage
Resistive cell balancing
Overvoltage outputs
High power density
4U, half-rack package
UL reqgistered

PRODUCT SPECIFICATIONS

Usable Specific Power, P,* 2,600 W/kg
Impedance Match Specific Power, Pt 5,400 W/kg
Specific Energy, E_ ¢ 3.1 Wh/kg
Stored Energy’ 57 Wh

Short Circuit Current, typical

(Current possible with short circuit fromrated voltage 6,900 A

Do not use as an operating cutsent )

Certifications RoMS, UL810a (750 V)
High-Pot Capability'® 4,000V DC

TYPICAL CHARACTERISTICS

THERMAL CHARACTERISTICS BMOD0130 P0S6 803
Thermal Resistance
(R, ANCell Cases to Ambient), typecal® NV
Thermal Capacitance (). typial 16,000 JI'C
Maximum Continuous Currént (AT =15C)* 61 A, RMS
Maximum Continuous Current{AT = 40'C)* 99 A, RMS
DC Life at High Temperature'
(held continuously at Rated Voltage & Maximum Operating 8 years
Temperature)
Capacitance Change 20%
(% decrease from minimum initial value) )
E_SR Change 100%
(% increase from maximum initial value)
Projected DC Life at 25°C 14 years
(held continuously at Rated Voltage)
Capacitance Change 20%
(% decrease from minimum initial value) ‘
ESR Change
(% increase from maximum initial value) 100%
Shelf Life
{Stored uncharged at 25°C) 4 years

v

o = o a !
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(Multi Meter)

umaNUnes
(Clamp Meter)

fanoasadalaalay
(Digital OscilloscopeDS1104B)
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(KIKUSUI Power Supply)

PLC SIMATIC S7-1200
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(Battery Lithium Lion)

Differential Probe

Voltage Divider
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Voltage Divider

Current Sensor

A TUNIY
(Resistor)
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(Control Circuit)

Regulator
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Program block

[] Boost - Cyclic Voltage Loop
IF "boost" = TRUE AND "buck" = FALSE THEN
"CTRL_PWM_DB"(PWM := 267,ENABLE := TRUE,//"PID_Current_Loop"State=3,
BUSY => #BUSY,
STATUS => #STATUS);
IF ("PID_Voltage_Loop".Setpoint <= 0.0) THEN
'PID_Voltage Loop".Reset := TRUE;
ELSE
IF (HSTATUS <> 0) THEN
'PID_Voltage Loop".Reset := TRUE;
ELSE
IF NOT ("Run”) THEN
‘PID_Voltage Loop™.Reset := TRUE;
ELSE
'PID_Voltage Loop".Reset := FALSE;
END IF;
END_IF;
END IF;

I

"PID_Buck_Voltage Loop1'(Setpoint := "OFF",
Input_PER := "OFF",
Output_PER => "Data_PID"."PID Out");
//PID Voatage Loop (samping time 20 mS )
"PID_Voltage_Loop'(Setpoint := "Ramp Functiongen"."Output RampGen",
Input_PER := "Voltage act”,

Output_PER => "Data_PID"."PID Qut");
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// Scall Current Setpoint 100% to 20 A//1380
“Data_PID"."PID Current Setpoint" := NORM_X(MIN := 0.0, VALUE := ‘Data_PID"."PID Out", MAX := 2764);
END IF;
O Buck - Cyclic Voltage Loop
//IF "Data_Meter".Voltage > 96 THEN
//"boost" := FALSE;
//END_IF;
IF "buck” = TRUE AND "boost" = FALSE THEN
‘CTRL_PWM_DB"(PWM := 266,
ENABLE := TRUE,//"PID_Current_Loop" State=3,
BUSY => #BUSY,
STATUS => #STATUS);
IF ("PID_Buck_Voltage Loopl".Setpoint <= 0.0) THEN
"PID_Buck Voltage Loopl®.Reset := TRUE;
ELSE
IF (HSTATUS <>0) THEN
‘PID_Buck_Voltage Loopl"Reset:= TRUE;
ELSE
IF NOT ("Run”) THEN
"PID_Buck_Voltage Loopl®.Reset := TRUE;
ELSE
“PID_Buck_Voltage Loopl".Reset := FALSE;
END_IF;
END _IF;
END_IF;
//PID Buck Voatage Loop (samping time 20 mS )

"PID_Voltage_Loop'(Setpoint := "OFF",
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Input_PER := "OFF",
Output_PER => “farfaraway");
"PID_Buck_Voltage_Loop1"(Setpoint := "Ramp Functiongen®."Output Rampgen1®,
Input_PER := "Voltage act',
Output_PER => "Data_PID"."PID Qut1";
// Scall Current Setpoint 100% to 20 A
"Data_PID"."PID Current Setpoint1" := NORM_X(MIN := 0.0, VALUE := "Data_PID"."PID Qutl", MAX := 2764);
END_IF;
IF "boost" = FALSE THEN
"PID_Voltage Loop'(Setpoint := "OFF",
Input_PER := "OFF",
Output_PER =>"Data_PID"."PID Out"):
END_IF;
3 Cyclie Curient Loop
//PID CURRENT Loop (samping time 5 mS)
"OFFI":=6928;
//IF "Data_Meter" Voltage > 96 THEN
// "boost" := FALSE;
// "buck” := TRUE;
//ELSE
// |F "Data_Meter"Voltage <= 96 THEN//AND "Data_Meter"Voltage >= 30 THEN
// "buck":= FALSE;
// "boost" := True;
// END_IF;
// IF "Data_Meter"Voltage < 30 THEN
/' "buck" := FALSE;

// "boost" := FALSE;
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// END_IF;
//END_IF;
IF "boost" = TRUE AND "buck" = FALSE THEN
IF "PID_Current_Loop*.Setpoint <= 0 THEN
"PID_Current_Loop"Reset := 1;
ELSE
"PID_Current_Loop".Reset := 0;
END_IF;
*PID_Current_Loop'(Setpoint := "Data.PID"."PID Current Setpoint”,
Input_PER := "Current CT":P,//"Current act";P,
Output PER =>"PWM_Out_Boost"P),//"MW500"); //
"PID_Current_Loop1'(Setpoint = "OFF?,
Input_PER := "OFFI",//"Current act™P,
Output_PER => ‘farfaraway")//"MW500"); //
// "PWM_Out":P = "MW502"
// Ramp Functiongen
IF ("Ramp Functiongen”"Input RampGen" < 0.0) THEN
“Ramp Functiongen®."Mem Out":= 0.0;
ELSE
IF NOT "Run" THEN
"Ramp Functiongen"."Mem Out" := 0.0;

EL-SE

IF "Ramp Functiongen”."Mem Out" < "Ramp Functiongen"."Input RampGen" THEN
"Ramp Functiongen"."Mem Out" := "Ramp Functiongen”."Mem Out” + 0.01;
IF "Ramp Functiongen"."Input RampGen" < "Ramp Functiongen"."Mem Out" THEN

"Ramp Functiongen™."Mem Out" := "Ramp Functiongen"."Input RampGen®;

END _IF;
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ELSE
IF "Ramp Functiongen”."Mem Out" > "Ramp Functiongen”."Input RampGen" THEN // DEC Ramp
"Ramp Functiongen"."Mem Out" := "Ramp Functiongen"."Mem Out" - 0.01;
ELSE
"Ramp Functiongen”."Mem Out" := "Ramp Functiongen”."Input RampGen",;
END_IF;
END_IF;
END IF;
END _IF;
"Ramp Functiongen"."Output RampGen" := "Ramp Functiongen"."Mem Out";
END_IF;
IF "buck" = TRUE AND "boost" = FALSE THEN
IF "PID_Current_Loop1".Setpoint <= 0 THEN
"PID_Current-Loop1".Reset := 1;
ELSE
'PID_Current_Loop1".Reset := 0;
END _IF;
‘PID_Current_Loop"(Setpaint := "OFF",
Input_PER := "OFFI"//"Current act".P,
Output_PER => “farfaraway"),//‘MW500"); //
*PID_Current_Loop1*(Setpoint := "Data_PID"."PID Current Setpoint1”,
Input_PER := "Current CT":P,//"Current act":P,
Output_PER => "PWM_Out1_Buck"P);,//"MW500"); //
// Ramp Functiongen1
IF ("Ramp Functiongen”."Input RampGen1" < 0.0) THEN
"Ramp Functiongen”."Mem Out1" := 0.0;

ELSE



IF NOT "Run" THEN
"Ramp Functiongen"."Mem Out1" := 0.0;
ELSE
IF "Ramp Functiongen"."Mem Out1" < "Ramp Functiongen"."Input RampGen1" THEN
"Ramp Functiongen"."Mem Out1" := "Ramp Functiongen"."Mem Out1" + 0.01;
IF "Ramp Functiongen®."Input RampGen1" < "Ramp Functiongen"."Mem Out1" THEN
"Ramp Functiongen”."Mem Out1" := "Ramp Functiongen"."Input RampGen1*
END_IF;
ELSE
IF "Ramp Functiongen”."Mem Qut1" > 'Ramp Functiongen”."Input RampGen1" THEN
"Ramp Functiongen"."Mem Out1" := "Ramp Functiongen"."Mem Out1" - 0.01;
ELSE
‘Ramp Functiongen”."Mem Out1" := "Ramp Functiongen”.Input RampGen1";
END_IF;
END_IF;
END_IF;
END_IF;
‘Ramp Functiongen'."Output Rampgen1" := "Ramp Functiongen"."Mem Out1";
END_IF;
IF "boost" = FALSE THEN
"PID_Current_Loop"  (Setpoint := "OFF",
Input_PER := "OFFI",
Output_PER => "farfaraway");
END_IF;
[] Cyclic Meter
// Calculator Samping time 100mS

IF "Data_Meter".Reset THEN
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// DEC Ramp



‘Data_Meter"."Power Sum" := 0.0;

"Data_Meter"."Column Refference" := 1000.0;

‘Data_Meter"."Current Sum" := 0.0;

‘Data_Meter".Charge := 0;

"Data_Meter".Discharge := 0;

'Data_Meter".Reset := 0;
END IF;
//"Data_Meter" Voltage := NORM_X(MIN:=0.0, VALUE:="Voltage act", MAX:=290); //515.5
//"Data_Meter".Current := NORM_X(MIN:=0.0, VALUE:="Current act’, MAX:=1675.0)//1652.0
//"Data_Meter".Current := NORM_X(MIN := 0.0, VALUE := "Current CT", MAX := 12559.0),//20A//1652.0
IF "Data_Meter".Current > 22.0 THEN

"Data_Meter".Current :=0;
END _IF;
IF "Data_Meter".Charge THEN

"Data_Meter"."Current Sum* := "Data_Meter'."Current Sum'+'Data_Meter".Current;
END_IF;
IF "Data_Meter".Discharge THEN

“Data_Meter"."Current Sum"

‘Data_Meter"."Current Sum"-"Data_Meter".Current;
END_IF;
IF "Data_Meter"."Current Sum" <= 0.0 THEN
"Data_Meter"."Current Sum” := 0.0;
END_IF;
"Data_Meter".Column := "Data_Meter"."Current Sum" / 10;
IF "Data_Meter".SOC >= 100.0 THEN
"Data_Meter".SOC := 100.0;
END_IF;

"Data_Meter" Power:= "Data_Meter".Current * "Data_Meter" Voltage;
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IF "Data_Meter".Charge THEN
‘Data_Meter"."Power Sum":= "Data_Meter"."Power Sum" + "Data_Meter".Power;
END_IF;
IF "Data_Meter".Discharge THEN
"Data_Meter"."Power Sum".= "Data_Meter"."Power Sum" - "Data_Meter".Power;
END_IF;
IF "Data_Meter"."Power Sum" <= 0.0 THEN
‘Data_Meter"."Power Sum":= 0.0;
END _IF;
"Data_Meter".Energy:= "Data_Meter"."Power Sum" / 36000,0;
IF '"Data_Meter""V max" < "Data_Meter" Voltage THEN
"Data_Meter"."Column Refference" := "Data_Meter".Column;
"Data_Meter".SOC := 100.0;
ELSE IF "Data_Meter"."V min* > "Data_Meter".Voltage THEN
‘Data_Meter"."Current Sum" := 0.0;
"Data_Meter".SOC := 0.0;
ELSE
"Data_Meter".SOC :="Data_Meter".Column / "Data_Meter"."Column Refference” * 100;
END_IF;
END _IF;
[] Startup
"PID_Current_Loop".Reset := 1;
"PID_Current_Loop" ErrorAck:= 1;
“PID_Voltage Loop"Reset:=1;
"PID_Voltage_Loop".ErrorAck:=1;
"PID_Current_Loop1"Reset := 1;

"PID_Current_Loop1".ErrorAck := 1;



"PID_Buck_Voltage Loopl"Reset := 1;

"PID_Buck Voltage Loop1"ErrorAck := 1;

IF "PID_Current_Loop".Reset=true THEN
"PID_Current_Loop" Reset:=0;

END_IF;

IF "PID_Current_Loop".ErrorAck=true THEN
‘PID_Current_Loop".ErrorAck:=0;

END_IF;

IF"PID_Voltage Loop" Reset=true THEN
'PID_Voltage Loop"Reset := 0;

END IF;

IF "PID_Voltage Loop" ErrorAck=true THEN
'PID_Voltage Loop"EmorAck:=0;

END_IF;

IF "PID_Buck_Voltage Loopl".Reset = true THEN
‘PID_Buck_Voltage Loopl”Reset := 0;

END_IF;

IF "PID_Buck_Voltage Loopl"ErrorAck = true THEN
"PID_Buck_Voltage Loopl" ErrorAck := 0;

END_IF;

"Ramp Functiongen"."Max Ramp" := "PID_Voltage_Loop" Config InputScaling. UpperPointOut;

“Ramp Functiongen"."Max Ramp" := "PID_Voltage_Loop" Config.InputScaling. UpperPointOut;

1]

‘Ramp Functiongen”."Max Ramp" : "PID_Buck_Voltage_Loop1".Config.InputScaling.UpperPointOut;

"Ramp Functiongen"."Max Ramp" := "PID_Buck_Voltage_Loop1".Config.InputScaling.UpperPointOut;
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

PM100CLA120

FEATURE

a) Adapting naw 5th generation IGBT (CSTBT) chip, which
periormance is improved by 1um fine rule process.
For example, typical Ves(sal)=1.9V @Tj=125°C

b) | adopt the over-temperature conservation by Tj detecticn of
CSTBT chip, and error output is pessible Irom all each con-
servation upper and lower arm of IPM.

+ 3¢ 100A, 1200V Current-sense IGBT type Inverier

* Monolithic pate drive & protection logic

» Detection, protection & status indication circuils for, short-
circuit, over-temperature & under-voltage (P-Fo available
from upper arm devices)

» Acoustic noise-less 18.5kW/22kW class inverter application

* UL Recognized  Yeliow Card No.EBO276(N)

Flle No.EB0271

APPLICATION

General purpose inverter, servo drives and other motor controls

PACKAGE OUTLINES Dimensions in mm
136

806 11048 5.05
B-MS Nuts 200 L W 405 17
TN 8 s s ['3]
@ i

el i LR L it

- L =l ——

PR

e (&

[af |

o |,
TS = = a7
85 ] RO ] o X
aas] 02 w0 3210 32 10 32 |30 &
1
3
¢/l
3 s
Torminal code
g 5 1.VUPC 6.VFO 11.WP 18. UN

2 UFO 7.VP 12. VWP1 17. VN
3 up 8. VVP1 13.VNC 18. WN
4. VUP1 8. VWPC 14. VN1 19, Fo

2413,

5. VPG 10. WFO 15, NC
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MITSUBISHI <INTELLIGENT POWER MODULES>
PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

INTERNAL FUNCTIONS BLOCK DIAGRAM

[Gnd Si Ot OT ||Gnd Si Oul OT |[|Gnd SI Out OT |fGnd &

or Gnd

Wr Vet Ve Ve Ur  Vum
Fo Ve W Vi VN Un Vwee Vuec  UFo
o, V. O- T..o.. ereenenlpens Qe Cpone ........(?._.0 —
1.5 > 1 3
315 1% <5
| m 1t | | |
1 ir ] 1 1
1 1 ]
IGnd In Fo Vo nd In Fo Ve Gnd In Fo Vec In Fo Veo Gnd In Fo Vco Gnd In Fo Vec

Si Out OT (Gnd SI Ow OT

LLHJ

o

Pt Pt P Pt
NC N w v u P
MAXIMUM RATINGS (Tj = 25°C, unless otherwise noted)
INVERTER PART
Symbol Parameter Condition Ratings Unit
Vees Collector-Emitter Voltage VO = 15V, VCIN = 15V 1200 v
tic Collector Current TC=25°C 100 A
+lep Collector Currant (Peak) Tc=25°C 200 A
Pc Collector Dissi Tc = 25°C {Nll_a—ﬂ 781 w
TR Junction Temperature —20 ~ +150 °C
CONTROL PART
mbol Parameter Conditicn Ratings Unit
Applied between : Vup1-Vurc
s s Voltage VVP1-VVPC, VWP1-VWPC, VN1-VNG 0 v
Applied between : Up-Vuyprc, VP-VVPC
vom %, [toput Voliage WP-VWPC, LN = VAL » Wh-Unc F v
Veo Fault Oulput Voliage Applied between : g::::m VFO-VvPC, WFO-VWPC % v
IFo Fault Output Cument Sink current at Uro, VFo, Wro, Fo terminals 3 20 mA
May 2005
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

TOTAL SYSTEM
Symbo! Parameter Condition Ralings Unit
Supply Voltage Protected by | VD = 13.5 ~ 18.5V, Inverter Part,
VeCPRO | g Tj = +125°C Start 800
| Vecisurge) | Supply Voliage (Surge) Applied b :P-N, Surgevalue 1000 v
Tsg Storage Temp: 40 ~ +125 °C
Viso Veitage B0Hz, Si I, Charged part to Base, AC 1 min. 2500 Vrms
THERMAL RESISTANCES
. Limits
Symbal Parameter Candition Min. Typ. Max,_| YTt
Ringe)@ | Junction to case Thermal Inverter IGBT (per 1 element) (Note-1) e — 0.16
Rinjc | Resistances Inverter FWDI (per 1 ek ) (Note-1) — - 0.26" oW
Case lo fin, (per 1 module)
Rinjon Contact Thermal Resistance *Tharmal grease applied {Note-1) —_ - 0.023
* If you use this value, Rintf-a) should be measured just under the chips.
(Note-1) Tc (under the chip) measurement point is below. (Unit : mm|
arm upP VP WP UN VN WN
axis IGBT | FWDI | IGBT | FWDI | IGBT | FWDI | IGBT | FWDi | IGBT | FWDI | IGBT | FWDI
X 23.7 | 23.0 | 57.2 | 565 | B7.7 | B6.5 | 37.7 | 380 [ 70.2 | 71.5 [ 100.7 | 101.5
Y 56.7 | 434 | 567 | 434 | 567 | 434 [ 287 [ 420 | 287 [42.0 | 287 | 420
[e)
Bottom view
X
ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless atherwise noted)
INVERTER PART
Limits
Symbol Parameter Condition Mo [ Typ. | Max. | O™
Ve Collector-Emitter Vo = 15V, Ic = 100A = 25°C - 1.8 23
B2t | satration Voltage VeI = 0V (Fig. 1) [T~ 125°C — 19 | 24
VEC FWDI Forward Voltage —IC =100A, VD = 15V, VCIN = 15V (Fig. 2) — 2.5 3.5
. 4. 2.
:’ Vo= 15V, VCIN = DVs15V 0_5 05 0:
teior) | Swiiching Time e — o 10 | ks
pie Tj=125°C = 20 3.0
Inductive Load (Fig. 3,4) —— o =
Collector-Emitter T Ti=25C - — 1
Ices Cutoff Current VCE = VCES, Vo= 15V (Fig. 5) I Ti= 125°C —3 = 0 mA
May 2005
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

CONTROL PART
Limits
Symbol Parameter Condition Min. . Max. Unit
| vni-vne — 18 28
Io Circuit Current Vb = 15V, VCIN = 15V [Vervee o 3 = mA
VinN) | Input ON Threshold Voltage | Applied between : UP-VUPC, VP-VVPC, WP-VwrC 1.2 1.5 1.8
ViniorF) | Input OFF Threshold Voltage UN = VN = WN-VNC 1.7 2.0 2.3
sC Shorl Circult Trip Level 20<T5125°C, VD= 15V {Fig.3.8) | 200 | — — | A
1oM8C) 5’1“”:’: Circult Current Delay |, _ 4y, Fig.38) | — 02 | — | us
oT Vo= 15V Trip level 135 145 — a
o Over Temperature Prolection | 1.\ ees 1) of IGBT chip Resel lovel = 125 | — G
w Supply Circult Under-Voltage Trip level 15 | 120 | 125
< 125 ]
Uvr Protection ~SislisiEg . Resel lovel — | 125 | —
IFoH) = ) = — | ooi "
frou ]| FauM Output Gurrent VD =15V, VO = 15V (Note-2) (—— = 5 m
o :::l:”"’ FauhQutputPulse ., sy Note2)| 10 | 18| — | ms

{Note-2) Fault output is given only when the Internal SC, OT & UV protections schemes of either
protect it.

MECHANICAL RATINGS AND CHARACTERISTICS

upper or lower arm device operate to

Limits ’
Symbol Parameter Condition Min. Tye. | Wax. Unit
— [ Mouniing forque Main terminal screw:M5 | 25 3.0 35 |[N-m
- Mounting lorque Mounting part screw : M5 2.5 3.0 35 |Nem
- Woeight — —_— 800 — g
RECOMMENDED CONDITIONS FOR USE
Symbol Parameter S Condition R ded value Unit
Vee Supply Voltage Appiied across P-N terminals < 800 v
| Applied betwean : VUP1-VUPC, VvP1-VvPG
Vo Confrol Supply Vollage VWPIVWPC, VNI-VNG {Note-) 15+1.5 v
Veinon; | Input ON Voltage Applied between : Up-VUPC, VP-VVPC, WP-VwWPC <08 v
Veinorr) | Input OFF Viollage UN = VN = WN-Vive 290
fPwm PWM Input Frequency Using Application Circuit of Fig. 8 <20 kHz
Arm Shoot-through 3 -
loead Blocking Time For IPM's each input signals (Fig. 7) 225 us
(Note-3) With ripple satistying the following conditions: dv/dt swing < +5V/s, Variation < 2V peak to peak
May 2005
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

PRECAUTIONS FOR TESTING

1. Before appling any control supply voltage (VD), the input terminals should be pulled up by resistores, etc. to their corre-
sponding supply voltage and each input signal should be kept off state.
After this, the specified ON and OFF level setting for each input signal should be done.

2. When performing “SC” tests, the tum-off surge voltage spike at the corresponding protection operation should not be al-
lowed to rise above VCES rating of the device.
(These test should not be done by using a curve tracer or its equivalent.)

P, (UV.W) P, (UV.W)

T e Ve

o

Al

UV.W, (N UV.W, (N}

Vo (al) Vo (all)
Fig.1 Vceay Test Fig. 2 Vec Test
a) Lower Arm Switching
iy $ve
)
b) Upper Amn Switching e
Veu () ol ot

[Upoer Ammj

v 0
WWVHT - fLowee Arm) f1en=dkon) + b1} (ot sckoM) + 1)

Vo () e
Fig. 3 Switching time and SC test circuit Fig. 4 Switching time test waveform

Vou i

P, UV

Veu
(18v)

R 3 &
Fig. 5 lces Test o)

1.5V Input on threshold vokage: Vinion) typical value, V. Input off weshold voltage Viiotf) typioal value
Fig. 7 Dead time measurement point example
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MITSUBISHI <INTELLIGENT POWER MODULES>
PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE
T
-f 1{ i i
| 20k 2108 | 1 Vu’ti —0
l" ! s | UFel 1. e
E o T ol
Vo IF! T = : ve; = =
]_: T | VUPC,
LT O LS. .
204, !
------- L',
! VFo, |
Vo i VP;
[ e M
------------------ vwe |
i | WFo) 15k
A L A
Vb E T wel
I_:L [ vwec
e
20k i
|
K S g 1
= UN-
= T
E
i —0
4= i
5: 2108 E
i VN L
e
i
¥
R '
206 VN1 .
&
P ]
VD L zr wNi
] 9
Py
20.1n T
|
|
1
:
5v 1
i

Fig. 8 Application Example Clrcuit

NOTES FOR STABLE AND SAFE OPERATION ;

®Design the PCB pattern to minimize wiring length between opto-coupler and IPM's input terminal, and also to minimize the
stray capacity between the input and output wirings of opto-coupler.

®Connect low impedance capacitor batween the Vee and GND terminal of each fast switching opto-coupler.

# Fast switching opto-couplers: tPLH, tPHL < 0.8ps, Use High CMR type.

® Slow switching opto-coupler: CTR > 100%

®Use 4 isolated control power supplies (VD). Also, care should be taken to minimize the instantaneous voltage charge of the
power supply.

®Make inductance of DC bus line as small as possible, and minimize surge voltage using snubber capacitor between P and N
terminal.

@ Use line noise fiter capacitor (ex. 4.7nF) between each input AC line and ground o reject comman-made noise from AC line
and improve noise immunity of the system.

May 2005
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MITSUBISHI <INTELLIGENT POWER MODULES>

PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

PERFORMANCE CURVES
OUTPUT CHARACTERISTICS
(INVERTER PART . TYPICAL)

120

[ 1, - 25°C ll
g .
© 100 Vo TV:
E IS /.
& 13v4
o
=2
Q
o
£
w
3 =

00 0.5 15 2

COLLECTOR-EMITTER
SATURATION VOLTAGE VCE (say) (V)

SWITCHING TIME 1on, ton (ji5)

COLLECTOR-EMITTER VOLTAGE Vce(V)

COLLECTOR-EMITTER SATURATION
VOLTAGE (VS. Vo) CHARACTERISTICS

(INVERTER PART : TYPICAL)

2
ok ok . b 4

15

1

05
lc = 100A
—_ Ti=25°C
=== T;=125°C

0 N

12 18 14 15 16 | N7

CONTROL SUPPLY VOLTAGE Vo (V)

SWITCHING TIME CHARACTERISTICS

(TYPICAL)
101 C LWL 7
7 Vee = 600V
5 Vo = 16V
4 —T;=25°C
3 === Tj=125°C
2 L Inductive load _|
iy iy e 2 A RO
100 frm
7 ton
5 f—tof
4
3
2
101

101

2 3457102 2 345 7108

COLLECTOR CURRENT Ic (A)

COLLECTOR-EMITTER SATURATION
VOLTAGE (VS. ic) CHARACTERISTICS
(INVERTER PART - TYPICAL)

S 2 VD = 15V
i =
E§ 1.5 o
34 F
5_‘3 1 ,,"
> r
oz
Ef
B3 05
— T)=25C
g n i Ti:lzs':c

(=]

20 40 60 B0 100 120
COLLECTOR CURRENT Ic (A)

SWITCHING TIME CHARACTERISTICS
(TYPICAL)

-
Voo ='60'0\'r:|:
Vo = 15V
——Tj= 25°C
--=T)= 125G

[ load _}

10

NG A~

1

lefolf)
o

o] 1=t Heiom

At

i §

teten) = ooty te(ot)

P oW ea N B

(o)

SWITCHING TIME tofon), tofoh (115}

1 —_—
10'101 2 3457102 2 345 7103

COLLECTOR CURRENT Ic(A)

SWITCHING LOSS CHARACTERISTICS

7 (TYPICAL)
g o2
{
. &
g
+] ESWi(ca)
5 10t = R
g . ) -‘: '-J EsWioff
i i
2? -~
g 100 Ve = B00V——
7 Vo=15v ]
o] ; — T =25°C
£ 3 -==Ty=125°C]
Q Inductive load
10-1 i o ok
g 100 2 345 7102 2 345 7108

COLLECTOR CURRENT Ic (A)

~
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MITSUBISHI <INTELLIGENT POWER MODULES>
PM100CLA120

FLAT-BASE TYPE
INSULATED PACKAGE

COLLECTOR RECOVERY CURRENT -Ic (A)

Ip (mA)

DIODE FORWARD CHARACTERISTICS

(INVERTER PART - TYPICAL)

DIODE REVERSE RECOVERY CHARACTERISTICS

109 101
spvo=15v] | 3 07
§|— Ti=25C i
af==-T=125C & 2
3 | E 3
2 2

T

102 — g 100
7 - 7
5 g |7 8 s
4 i /' 4
3 T 8 3
2 ot A E 2
1 -"’ .1/ o .

W ez 25 e

EMITTER-COLLECTOR VOLTAGE Vg (V)

Ip V8. fc CHARACTERISTICS

(TYPICAL)
[ U
VD = 15V
60T = 25°C
N-
& side
‘/
40 -
L~
30 7 <
s |__L—{P-side
|
10 =
A
%% 5 0. 16 20 25
fo (kHz)

Bw awR

3

NORMALIZED TRANSIENT
THERMAL IMPEDANCE Z (- ¢)

-
a MW u-qi NW o

(INVERTER PART . TYPICAL)

g

- ter

Vee = 600V —| 4
Vo=15V —j3
= Tj=25C 2
=== Tj=125°C
Inductive load
0V 2 346 7102 2 345 71

COLLECTOR RECOVERY CURRENT -Ig (A)

TRANSIENT THERMAL
IMPEDANCE CHARACTERISTICS
(INVERTER PART)

T
1

allll _:m ‘
Singla Pulse 7 1

[IGBT Part; I il
[ Per unit base = R, - cja= 0.16°C/W
L FWDi Part;

Per unit base = An() - oF = 0.26°C/W

10

W23 5723 57323 STHRRY S7R2 3 57100 2 ST
TIME (s}

REVERSE RECOVERY CURRENT I (A)

S B
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5 Agilent Tochnologies

High CMR, High Speed
Optocouplers
Technical Data
Features - Vioru = 891 Vpeak for
* Short Propagation Delays HCPLAI454
for TTL and IPM - Viopwe = 1414 Vpeak for
Applications HCNW4504
* 15 kV/us Minimum Common
Mode Transient Immunity at . Applications
Vem = 1500 V for TTL/Load » Inverter Circuits and
Drive Intelligent Power Module
* High CTR at T, = 25°C (IPM) interfacing -
>25% for HCPL-4504/0454 High Common Mode Transient

>23% for HONW4504
>19% for HCPL-J454
* Electrical Specifications for
Common TPM Applications
* TTL Compatible
* Guaranteed Performance
from 0°C to 70°C
* Open Collector Output
* Safety Approval
UL Recognized
- 3750 ¥V rms / lmin, for
HCPL-4504/0454/J454
- 5000V rms/ Lmin. for
HCPL-4504 Option020 and
HCNW4504
CSA Approved
IEC/EN/DIN EN 60747-56-2
Approved
- Viorm = 560 Vpeak for
HCPL-0454 Option060
- Viorm = 630 Vpeak for
HCPL-4504 Option060

Immunity (> 10 kV/ps for an
IPM load/drive) and (tpy - tpin)
Specilied (See Power Inverter

Dead Time section)
¢ Line Receivers -
Short Propagation Delays and
Low Input-Output Capacitance
*» High Speed Logic Ground
Isolation - TTL/TTL, TTL/
CMOS, TTL/LSTTL
Functional Diagram
ne[1] 8] vee
anooE[2l— 4 7/NC
BN
CATHODE 3] 5] vo
e ] 5] ano

HCPL-4504
HCPL-J454
HCPL-0454
HCNW4504

93

* Replaces Pulse
Transformers -
Save Board Space and Weight
* Analog Signal Ground
Isolation -
Integrated Photodetector
Provides Improved Linearity
over Phototransistors

Description

The HCPL-4504 and HCPL-0454
contain a GaAsP LED while the
HCPL-J454 and HCNW4504
contain an AlGaAs LED. The LED
is optically coupled to an
integrated high gain photo
detector.

The HCPL-4504 series has short

propagation delays and high CTR.

The HCPL-4604 series also has a
guaranteed propagation delay
difference (tpy-tpm,). These

TRUTH TABLE
LED Vi

ON Low
OFF_| HIGH

A 0.1 UF bypass capacitor between pins 5 and 8 8 recommended.

CAUTION: It is advised that normal static precautions be taken tn handling and assembly of this component to
prevent damage and/or degradation which may be induced by ESD.,




features make the HCPL-4504

package configurations. An

series an excellent solution to [PM  insulating layer between a LED
inverter dead time and other and an integrated photodetector
switching problems. The CTR, provide electrical insulation
propagation delay, and CMR are between input and output.
specified both for TTL and IPM Separate connections for the
conditions which are provided for  photodiode bias and output-
ease of application. These single transistor collector increase the
channel, diode-transistor opto- speed up to a hundred times that
couplers are available in 8-Pin of a conventional phototransistor
DIP, SO-8, and Widebody coupler by reducing the base
collector capacitance.
Selection Guide
Standard 8-Pin White Mold 8-Pin Widebody
Package Type DIP (300 Mil) DIP (300 Mil) Small Outline SO8 (400 Mil)
Part Number HCPL-45604 HCPL-J454 HCPL-0454 HCNW4504
IEC/EN/DIN EN | Viopy = 630 Vpeak | Viop = 891 Vpeak, | Viomy = 560 Vpeak | Viopy = 1414 Vpeak
60747-6-2 (Option 060) (Option 060)
Approval

Ordering Information
Specify Part number followed by Option Number (if desired)

Example

HCPL-4504 #XXXX

Lead Free Option

020 = UL 5000 Vrms/lminute Option* for HCPL-4504 Only,

060 = IEC/EN/DIN EN 60747-5-2 Option* for HCPL-4504/0454.
300 = Gull-Wing Lead Option for HCPL-4504/J454, HCNW4504.
500 = Tape and Reel Packaging Option.
XXXE =

Option data sheets available. Contact Agilent sales representative or authorized distributor for information,
*Combination of Option 020 and Option 060 is not available.

Remarks: The notation “#" is used for existing products, while {(new) products launched since 15th July
2001 and lead free option will use “-"

Schematic
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4
Package Outline Drawings
HCPL-J454 Outline Drawing
r' (0.386 + 0.010)
rvsameen (B TG qproncone
Aoz |- DATE CODE
YYww ﬂl.l\
o uL
[DTETT3TLE Recosmmon
1.19 (0.047) MAX. —» I__ = = 1.78 (0.070) MAX.
— T ol gy, —olle—o2sa t 0T
+0.009)
m}g:gﬁn 470 (0.185) MAX. @010} g o00)
4 051 0.00) main,
2.92(0.115) MIN.
1080 4 Q00 k el wmm DIMENSIONS IN MILLIMETERS AND (INGHES).
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HCPL-0454 Outline Drawing (8-Pin Small Outline Package)
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HCNW4504 Gull Wing Surface Mount Option 300 Outline Drawing
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Solder Reflow Temperature Profile

300
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NOTES:

THETIME FROM 25 °C to PEAK TEMPERATURE = § MINUTES MAX.

Tamax= 200 °C, Ty = 180 °C

Regulatory Information

The devices contained in this data sheet have been approved by the following agencies:
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Agency/Standard

HCPL-4504

HCPL-J454

HCPL-0456

HCNW4504

Underwriters UL1577
Laboratories (UL)

Recognized under UL1577, Component
Recognition Program, Category FPQU2,
File E55361

Canadian
Standards
Association
(C8A)

File CA88324

Component
Acceptance
Notice #5

IEC/EN/DIN EN 60747-5-2

Approved under:

IEC 60747-5-2:1997 + A1:2002

EN 60747-5-2:2001 + A1:2002

DIN EN 60747-5-2 (VDE 0884 Teil 2):2003-01
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Insulation and Safety Related Specifications
Value
Parameter  |Symbol gepy 551 HOPL-Jds4 | HCPL-0454 | HONWases| Units|  Conditions
Minimum External |L(101) Tl 74 4.9 9.6 mm | Measured from input
Air Gap (External terminals to output
Clearance) terminals, shortest
distance through air.
Minimum External |L(102) 7.4 8.0 4.8 10.0 mm | Measured from input
Tracking (External terminals to output
Creepage) terminals, shortest
distance path along
body.
Minimum Internal 0.08 0.6 0.08 1.0 mm | Through insulation
Plastic Gap distance, conductor
(Internal Clearance) to conductor,
usually the direct
distance between the
photoemitter and
photodetector inside
the optocoupler
cavity.
Minimum Internal NA NA NA 4.0 mm | Measured from input
Tracking (Internal terminals to output
Creepage) terminals, along
internal cavity.
Tracking Resistance| CTI 2176 2175 2175 2200 | Volts | DIN IEC 112/VDE
(Comparative 0303 Part 1
Tracking Index)
[solation Group [Ta [Ia Ma IMa Material Group
(DIN VDE 0110,
1/89, Table 1)
All Agilent data sheets report the creepage and clearance ribs which may be used on a
creepage and clearance inherent requirements must be met as printed circuit board to achieve

to the optocoupler component
itself. These dimensions are
needed as a starting point for the
equipment designer when
determining the circuit insulation
requirements.

However, once mounted on a
printed circuit board, minimum

specified for individual
equipment standards. For
creepage, the shortest distance
path along the surface of a
printed circuit board between the
solder fillets of the input and
output leads must be considered.
There are recommended
techniques such as grooves and

desired creepage and clearances.
Creepage and clearance distances
will also change depending on
factors such as pollution degree
and insulation level.



IEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics

HCPL-0454 | HCPL-45604
Description Symbol | OPTION 060 (OPTION 060 | HCPL-J454 | HCNW4504 | Unit
Installation classification per
DIN VDE 0110/1.89, Table 1
for rated mains voltage < 150 V rms I-IV LIV LIV IV
for rated mains voltage < 300 V rms I-II1 IV LIV I-Iv
for rated mains voltage < 450 V rms I-III I-IIT I-Iv
for rated mains voltage < 600 V rms I-III LIV
for rated mains voltage < 1000 V rms -1
Climatic Classification 55/100/21 | B5/100/21 56/100/21 56/86/21
Pollution Degree (DIN VDE 0110/1.89) 2 2 2 2
Maximum Working Insulation Voltage Viors 560 630 891 1414 V peak
Input to Output Test Voltage, Method b*
Viogu X 1.875 = Vpy, 100% Production | Veg 1050 1181 1670 2652 |V peak
Test with t,, = 1 sec,
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and Sample Ver 840 945 1336 2121 V peak
Test, t, = 60 sec,
Partial Discharge < 5 pC
Highest Allowable Overvoltage®
(Transient Qvervoltage, t,; = 10 sec) Y 4000 6000 6000 8000 |V peax
Safety Limiting Values - Maximum
Values Allowed in the Event of a Failure,
also see Thermal Derating curve
Case Temperature 3 150 175 175 150 °C
Input Current Ignpur 150 230 400 400 mA
Output Power Ps oureyr 600 600 600 700 mwW
Insulation Resistance at Ty, Ry =100 >109 > 100 S10° Q
Vio = 5600V

*Refer to the optocoupler scction of the Designer's Catalog, under regulatory information (IEC/EN/DIN EN 60747-5-2) for a detailed
description of Method a and Mcthod b partial discharge test profiles.

NOTE: These optocouplers are suitable for "safe electrical isolation” only within the safety limit data.
Maintenance of the safety data shall be ensured by means of protective circuits,

NOTE: Insulation Characteristics are per [EC/EN/DIN EN 60747-5-2.

NOTE: Surface mount classification is Class A in accordance with CECC 00802,
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Absolute Maximum Ratings
Parameter Symbol Device |Min. | Max. | Units | Note
Storage Temperature Ts -5b 125 °C
Operating Temperature Ta HCPL-4604 | -55 100 °C
HCPL-0454
HCPL-J454
HCNW4504 | -65 85
Average Forward Input Current IFeave) 25 mA 1
Peak Forward Input Current IrprAK) | HOPL-4504 50 mA 2
(50% duty cycle, 1 ms pulse width) HCPL-0454
HCPL-J454 40
HCNWA4504
Peak Transient Input Current Irerrans) | HCPL-4504 1 A
(£ 1 ps pulse width, 300 pps) HCPL-0454
HCPL-J454 0.1
HCNW4504
Reverse LED Input Voltage (Pin 3-2) Vi HCPL-4504 5 v
HCPL-0454
HCPL-J454 3
HONW4504
Input Power Dissipation PN HCPL-4504 45 mwW 3
HCPL-0454
HCPL-J454 40
HCNW4504
Average Qutput Current (Pin 6) Iogave) 8 mA
Peak Output Current IoPEAK) 16 mA
Supply Voltage (Pin 8-5) Voo -0.6 30 \'s
Output Voltage (Pin 6-5) Vo -0.5 20 \4
Output Power Dissipation Po 100 mW 4
Lead Solder Temperature Trs HCPL-4504 260 °C
(Through-Hole Parts Only) HCPL-J454
1.6 mm below seating plane, 10 seconds
Up to seating plane, 10 seconds HCNW4504 260
Reflow Temperature Profile Trp HCPL-0454 See Package Outline
and i
Option 300 Drawings section
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Electrical Specifications (DC)
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. See note 12,

P: Symbol| Device | Min. | Typ.* |Max. | Units Test Conditions Fig. | Note
Current CTR | HCPL-4504 | 2b 32 60 % |Ty=26°C|Vo=04V lp=16mA, | 1,2,| &
Transfer Ratio HCPL-0454 | 21 34 Vo =05V V=45V | 4

HCPL-J454 | 19 37 60 Ty = 26°C |V = 0.4V
13 30 Vo =05V
HCNW45604 | 23 20 60 T, = 26C |V = 0.4V
19 31 63 Vo =05V
CTR | HCPL-4504 | 26 35 85 % [T, =25C|Vo=04V Ir=12mA, | 1,2, 6
HCPL-0464 | 22 37 Vo =05V Voo =45V | 4
HCPLJa54 | 21 13 65 | Ty = 26°C |Vg = 0.4 V
16 46 Vo =05V
HCNW4504 | 26 33 65 Ty = 25°C | Vo = 0.4V
21 35 68| Vo=05V
Logic Low Vo | HCPL-4504 02 | 0.4 V| Ty=26Cip = 4.0 mA Tr = 16 mA,
Output Voltage HCPL-0454 0.5 Ig = 8.3 mA Vg =45V
HCPL-J4b64 0.2 | .04 Ty = 26°C |1y = 3.6 mA
0.5 T, = 3.0mA
HCNW4504 0.2 | 0.4 Ty = 26°C |Ig = 3.6 mA
0.6 =J3.0mA
Logic High Tour 0.003 | 056 | HA |T, =26C Vo= Vo = 6.6V |Ip = 0 mA 5
Output Current 0.01 1 Ty =26°C | Vo= Veg =16 V
50
Logic Low Tocr, | HOPL-4504 50 [ 200 | MA |Ip= 16 mA, V, = Open, Voo = 16V 12
Supply Current HCPL-0454
HCNW4504
HCPL-J454 70
Logic High Teon 0.02 1 pA | Ty = 25°C [Tp = 0 1A, Vo = Open, 12
Supply Current P Ver =16V
Input Forward Ve | HCPL-4604 15 |47 V [T =26C]lp = 16mA 3
Voltage HCPL-0464 i
HCOPL-J464 | 1.46 | 169 | 1.86 Ty = 26°C [Ip = 16 mA
HCNW4504 [1.35 1.95 |
Input Reverse BVy | HCPL-4604 | b V. [Ig=10pk
Breakdown HCPL-0454
Voltage HCPL-J454 | 3 Ip = 100 pA
HCNW4504
Temperature AVe | HCPL-4504 -1.8 mV/°C [Ty = 16 mA
Coefficient of AT, | HCPL-0464
Forward Voltage HCPL-J464 -1.4
HCNW4504
Input Cy HCPL-4504 60 pF [f=1MHz,Vp =0V
Capacitance HCPL-0454
HCPL-J454 70
HCNWA4504

102

*All typicals at Ty, = 25°C.
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AC Switching Specifications
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified.
Parameter | Symbol | Device | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Propagation | tpp, 02| 0.3 T, = 26°C | Pulse: f = 20 kHz, 8,
Delay Time ps Duty Cycle = 10%, 8,9 9
to Logic Low 0.5 Ir= 16 mA, Vo = 5.0V,
at Output R, = 1.9kQ, C, = 15 pF,
v'nm[_ =15V
[ 02 | 05| 07 | ps | T, =25 | Pulse: f=10 kHz, 6,
Duty Cycle = 50%, 10-14| 10
HCPL- | 0.056 1.0 Ir = 12 mA, Voo = 15,0V,
J454 R, = 20 kQ, C, = 100 pF,
Others | 0.1 Vo, = 1.6V
Propagation |ty 03| 05 Ty= 25°C | Pulse: £ = 20 kHz, 6,
Delay Time s Duty Cycle = 10%, 8,9 9
to Logic 0.7 =16 mA,Vec = 5.0V,
High at Ry = 1.9 kQ, €, = 16 pF,
Output Vo =15V
<7 0.3 | 08| 1.1 | ps | T, =26°C| Pulse: f=10 kHz 6,
Duty Cycle = 50%, 10-14]| 10
0.2 1.4 Iy = 12 mA, Vee = 15.0 V,
RL = 20 kQ, C], = 100 pF‘,
v“u_u =20V
| Propagation | tprterg, 041 08 (09 | ps | T,=25%| Pulse: f= 10 kHz, 6,
Delay Duty Cycle = 50%, 10-14| 17
Difference -0.7 1.3 Ip=12mA, Voo = 15.0 ¥,
Between Ry = 20kQ, C;, =100 pF,
Any 2 Parts Virun, = 1.5V, Vi = 20V
Common oMy | 15 /|30 kV/ps | T, = 26°C | Vo = 5.0V, R, = 1.9 k@,
Mode Veu = Cp= 16 pF, I, = 0 mA 7|79
Transient - 1500 Vp.p
Immunity at |CMp| 16 30 kV/us Vee = 16.0 V, Ry, = 20 kQ,
Logic High Cp, = 100 pF, Iy = 0 mA 7 8,10
Level Output
Common |CM, | 15 | 30 kV/is | Ty = 26°C | Voo = 5.0V, R, = 1.9 k@,
Mode Vo = C, = 16pF Iy = 16 mA 7|79
Transient 1500 Vpp
Immunity at | |CM, | i‘éﬂ" 16| 80 kV/us Voo = 15.0V, R, = 20 k0,
Logic Low Co=100pE Ir = 12 mA T 8,10
Level Output Others | 10
| CMy ] 16-| 30 kV/us Vec= 16.0V,R, = 20kQ, | 7 |8, 10
C, = 100 pF, [ = 16 mA

*All typicals at Ty = 25°C.
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Package Characteristics
Over recommended temperature (T, = 0°C to 25°C) unless otherwise specified.

Parameter | Sym. Device Min, | Typ.* | Max. | Units | Test Conditions | Fig. | Note
Input-Output Viso | HCPL-4504 | 3750 Vrms | RH < 50%, 6, 13,
Momentary HCPL-0454 = 1 min,, 16
Withstand T, = 256°C
Voltaget HCPL~J454 | 3750 A 6,1:5 4,

HCPL-4504 | 5000 6,11,
Option 020 16
HCNW4504 | 5000 6, 15,
16
Input-Output R.o | HCPL-4504 1012 Q Vio = 600 Vde 6
Resistance HCPL-0454
HCPLAJ454
HCNW4504 | 10'2 | 108 T, =25°C
101 T, = 100°C
Capacitance Cro | HCPL-4504 0.6 pF f=1MHz 6
(Input-Output) HCPL-0454
HCPL-J454 0.8
HCNW4504 0.5 0.6

*All typicals at Ty = 25°C..

#The Input-Output Momentary Withstand Voltage is a diclectric voltage rating that should not be interpreted as an input-output

continuous voltage rating. For the continuous voltage rating refer to the IEC/EN/DIN EN 60747-5-2 Insulation Related Characteristics

Table (if applicable), your equipment level safety specification or Agilent Application Note 1074 entitled “Optocoupler Input-Output
Endurance Voltage.”

Notes:

T.

2.

3.

G

br

o

10.
11
12.
13.
14.
16.
16.

17.

Derate lincarly above 70°C free-air temperature at a rate of 0.8 mA/°C (8-Pin DIP).

Derate lncarly above 85°C frec-alr temperature at a rate of 0.5 mA/°C (S0-8).

Derate lincarly above 70°C free-air temperature at 8 rate of 1.6 mA/°C (8-Pin DIP),

Derate lincarly above 86°C free-air temperature at a rate of 1.0 mA/°C (S0-8).

Derate linearly above 70°C free-air temperature at a rate of 0.9 mW/°C (8-Pin DIP).

Derate lincarly above 85°C frec-air temperature at a rate of 1.1 mW/°C (S0-8).

Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C (8-Pin DIP),

Derate lincarly above 85°C frec-air temperaturc at a rate of 2.3 mW/*C (SO-8).

CURRENT TRANSFER RATIO in percent is defined as the ratio of output eollector current, Ig, to the forward LED input current,
Ip, times 100.

Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins B, 6, 7, and 8 shorted togcther.

Under TTL load and drive conditions: Common mode transient immunity in a Logic High level is the maximum tolerable (positive)
dVew/dt on the leading edge of the common mode pulse, Vgy, to assure that the output will remain in a Logic High state

(i.e., Vo > 2.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable (negative) dVgw/dt on the
trailing cdge of the common mode pulsc signal, Vo, to assurc that the output will remain in a Logic Low state (e, Vo < 0.8 V).

- Under IPM (Intelligent Power Module) load and LED drive conditions: Comtmon mode transient immunity in a Logic High level is

the maximum tolerable dVi/dt on the leading edge of the common mode pulse, Yoy, to assure that the output will remain in a
Logic High state (i.e., Vg > 3.0 V). Gommon mode transient fmmunity in a Logic Low level is the maximum tolerable dVgy/dt on
the trailing edge of the common mode pulsc signal, Vo, to assure that the output will remain in a Logic Low state

(l.c., Vo < 1.0V).

. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 k€ pull-up resistor.

The Ry, = 20 kQ, Cy, = 100 pF load rcpresents an [PM (Intelligent Power Modulc) load.

See Option 020 data sheet for more information.

Use of a 0.1 uF bypass capacitor connected between Pins 5 and 8 is recommended.

In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage 2 4500 V rms for 1 second
(leakage detection current limit, I, < 5 pA).

In accordance with UL 1677, cach optocoupler is proof tested by applying an insulation test voltage > 4500 V rms for 1 second
(leakage detection current limit, I, < 6 pA).

In accordance with UL 15677, cach optocoupler is proof tested by applying an insulation test voltage > 6000 V rms for 1 sccond
(leakage detection current limit, I, € 5 pA).

This test is performed before the 100% Production test shown in the VDE 0884 Insulation Related Characteristics Table, if
applicable.

The difference between tpy and tpsy, between any two devices (same part number) under the same test condition. (8ee Power
Inverter Dead Time and Propagation Delay Specifications section.)
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Figure 1. DC and Pulsed Transfer Characteristics.
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Power Inverter Dead
Time and Propagation
Delay Specifications

The HCPL-4504/0454/1454 and
HCNW4504 include a specifica-
tion intended to help designers
minimize “dead time” in their
power inverter designs. The new
“propagation delay difference”
specification (tpyy - tpyy) is useful
for determining not only how
much optocoupler switching delay
is needed to prevent “shoot-
through” current, but also for
determining the best achievable
worst-case dead time for a given
design.

When inverter power transistors
switch (Q1 and Q2 in Figure 17),
it is essential that they never
conduct at the same time.
Extremely large currents will flow
if there is any overlap in their
conduetion during switching
transitions, potentially damaging
the transistors and even the sur-
rounding circuitry. This “shoot-
through” current is eliminated by
delaying the turn-on of one
transistor (Q2) long enough to
ensure that the opposing
transistor (Q1) has completely
turned off. This delay introduces a
small amount of “dead time” at
the output of the inverter during
which both transistors are off
during switching transitions,
Minimizing this dead time is an
important design goal for an
inverter designer.

The amount of turm-on delay
needed depends on the propaga-
tion delay characteristics of the
optocoupler, as well as the
characteristics of the transistor
base/gate drive circuit. Consider-
ing only the delay characteristics
of the optocoupler (the charac-
teristics of the base/gate drive
circuit can be analyzed in the
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DATASHEET = 56V MODULE

FEATURES AND BENEFITS* TYPICAL APPLICATIONS
Up to 14 year DC life UPS systems
56V DC working voltage
Resistive cell balancing
Overvoltage outputs
High power density
4U, half-rack package
UL registered

PRODUCT SPECIFICATIONS

ELECTRICAL BMODO130 P056 BO3
Rated Capacitance’ . 130F
Minimum Capacitance, initial' 130F
Maximum Capacitance, initial' 156 F
Maximum ESR _ initial' 8.1 mQ
Test Current for Capacitance and ESR_' 1004
Rated Voltage 56V
Absolute Maximum Voltage’ 62V
Absolute Maximum Current 1,900 A
Leakage Current at 25°C, maximum’ 120 mA
Maximum Series Voltage 750V
Capacitance of Individual Cells® 3,000F
Stored Energy, Individual Cell* 3.0Wh
Number of Cells ) 23
TEMPERATURE
Operating Temperature (Cell case temperature)

Minimum -40°C

Maximum 40C
Storage Temperature-Stored uncharged)

Minimum -40°C

Maximum 70C

“Results may vary. Additional terms and.conditions, including thelimited warranty, apply at the time of purchase,
See the warranty details and enclosed information for applicable-operating-and use requirements.

Maxwell

Page1 Document number: 1017119.3  maxwell.com Enabling Energy's Future
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DATASHEET - 56V MODULE

PRODUCT SPECIFICATIONS (Cont'd)

Mass, typical 18kg
Power Terminals M8/M10
Recommended Torque - Terminal 20/30 Nm
Vibration Specification Telcordia GR-63-CORE Zone 4
Shock Specification N/A
Environmental Protection P30
Cooling Natural Convection
Internal Temperature Sensor N/A
Temperature Interface N/A

Cell Voltage Monitoring Overvoltage Alarm
Connector Deutsch DTM
Cell Voltage Management Passive
Usable Specific Power, P * 2,600 Wikg
Impedance Match Specific Power, P * 5,400 Wrkg
Specific Energy, E_, ° 3.1 Whikg
Stored Energy’ 57 Wh

Short Circuit Cufrent, typical

(Current possible with shart circuitfrom rated voltage. 6,900 A

Do not use as an operating.current )

Certifications RoHS, UL810a (750V)
High-Pot Capability'® 4,000V DC

Maxwell

Page2 Document number: 1017119.3 maxwell.com Enabling Energy's Future
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DATASHEET = 56V MODULE

TYPICAL CHARACTERISTICS
THERMAL CHARACTERISTICS

Thermal Resistance

(R, All Cell Cases to Ambient), typical® 0.50C/wW
Thermal Capacitance (c_), typical 16,000 J/°C
Maximum Continuous Current (AT = 15°C)* 61 A, RMS
Maximum Continuous Current (AT = 40°C)* 99 A, RMS
DC Life at High Temperature'

(heid continuously at Rated Voltage & Maximum Operating 8 years

Temperature)

Capacitance Change
20%
(% decrease from minimum initial value)
ESR Change
(% increase from maximum initial value) 100%

Projected DC Life at 25°C*

(held continuously at Rated Voltage) 14 years
Capacitance Change 20%
(% decrease from minimumdnitial value) |
ESR Change iy
(% increase from maximum initial value) 190%

Shelf Life

(Stored uncharged it 25°C) 4 years

Maxwell

Page3 Document number: 1017119.3  maxwell.com Enabling Energy's Future
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ESR AND CAPACITANCE VS TEMPERATURE
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NOTES

1. Capacitance and ESR . measured at 25°C using
specified test current per waveform below.

2. Absolute maximumvoltage, non-repeated. Not to
exceed 1 second:
3. After 72 hours at rated voltage. Initial leakage current
can be higher.
012V
. PerIEC62391-2, P, = ESR, xmass.

V?
5. PuF ax ESR x'mass

J ev?
6. &&=l 3500 s

-

. e

3,600

LE

staed

CAP/ESR Measurement Waveform

12 11 = 15 secondy
14 - 13 = 5 seconds.

V12V
V3=05xV,..,

Capacitance <1x (13-12)/{V2-V3)
ESR = (V4 - V31

Paged4  Document number: 1017119.3  maxwell.com
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‘XESRxR

Per United Nations material classification UN3499, all
Maxwell Ultracapacitors have less than 10 Wh capacity
to meet the requirements of Special Provisions

361, Both.individual ultracapacitors and modules
composed of those ultracapacitors shipped by
Maxwell can be transported without being treated

as dangerous goods (hazardous materials) under
transportation regulations.

L1

. Duration = 60 seconds. Not intended as an operating

parameter.

Maxwell

Enabling Energy's Future
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DATASHEET - 56V MODULE

MOUNTING RECOMMENDATIONS MARKINGS

Please refer to the user manual for installation Products are marked with the following information:

recommendations. Rated capacitance, rated voltage, product number,
name of manufacturer, positive and negative terminal,
warning marking, serial number,

BMODO130 P0O56 BO3

By BAAOCD 1 30 POS4 B0 MONTOR

I
H F_\,,_.._ - } , b i
Pty |
1 [ Ty | i
{ oL Oy ‘ ¥
RIGN] S0 — o Tig, = | S—
L = - 31810 e
- W | -l -
Dimaensions (mm)
Part Description L (max) W (max) H (max) T(+2mm) Package Quantity
BMODO130 POS6 BO3 683 177 175 74.9 1

Product dimensions are fot referance only unléss atherwise identified, Product dimensions and specifications may change without notice.

Please contact Maxwell Technologies disectly for any technical specifications critical toapplication, All proddcts featiited onthis datasheet are covered by the following
U5, patents and their respéctive foreign counterparts: 6643119, 7295423, 7342770, 7352558, 7384433, 7440258, 7492571, 7508651, 7791860, 7791861, 7859826, 7883553,
7935155, 8072734, BO98481,8279580, and patents pending.

Maxwell Technologies, Inc. Maxwell Technologies SA Maxwaell Technologies, GmbH | _Maxwell Technologies Maxwell Technologies Korea, Ltd.
Global Headquarters Réute de ftena 65 Leopaldstiasse 249 Shanghai Trading Col Ltd, Ragin 1524/D-@ube City
3888 Calle Fortunada CH31728 Rossehs. BOBO7 Mynchen UnitAZE 12th Floor Offich Tower, ASF
San Diego, CA 92123 Swarzerfand Gormany Huarys TiMmes Square Cyeongin R, ¢ u
Tel” 2 (012 18590 Telt-tadihiso / 4161403 0 300 Zbangy ang Road, Seoulfs 22706
Eax. + 4006 411 85 0F Fak-+470159 16140790 Fudng (F} Sauth Kdrea

Phon@” +82 10 4518 9829

Shasirha
PR China
Phopt: +86,2 113852 4000,
Fax #B6 21 3852 4099

MAXWELL TECHNOLOGHS. MAXWELL. MAXWELL CERTIFIED INTEGRAIOR, ENABLING ENERGY™S FUTUREBQOSTCAR CCELL DICELL and thew respective
designs and /o logos are efther trademarks or regetered trademarks of Misred Trehablagies, Inc. and may not be m

x written paemission from Maxwell Te . AN EBnsents OGNS 201 § Maxwell Te A orv .
nay b reprodured in any farm, or by any means, withouf Bliopmitten perrHGRGEMEWE Taehnologies. In Mm‘
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Table 1-2 The module specifications (AMO1202CCAOS5A)

External interface

Item Specifications Remarks
Nominal voltage *1 276V DC -
Nominal capacity #1 10AR E;chhfzrmngﬁ.?%g.c 0z C
Max allowed current *1  |[120A (Charge. discharge) @25 degC
Operating voltage *1 180V~324V -
Call curiisosltion ;22;‘1‘ 2";“"‘3' and 12 in seral |\, . ot scE* 204h cel
M . It -The notification of cell voltages
mm“h':g.‘imzfmﬁ?:g e 90 and module temperatures|
- : -The notification of cell voltages
oo™ Tl "’ * iy
. -Cell balancing operation through CAN
Function -External notification through CAN | Cell bala”i'e" can be operated
. . i through CA|
Aut:;'?tlcally numbered CMU-ID _CAN 2 08: 500}
s -UART: 1200bps
Number of - (22 modules in series,
connections Beloy 22 Modules in series Nominal voltage: 607.2V)
[ Specified M6 Screw Took T2Q Mexalobular wrench
Unit: mm (Excluding protrusions)
Dimensions 187 3Hi-x 3585(D! x 12265\W) (Tolerance refers. to 13
Appearance Dimensions™)
Weight 14kg |Approx) =
ICAN communication connector (8
CAN 208 1ch poles)

UARTIISOS14.1 Equivalent! 1ch

SMOBB-CPTK-1A-TBManufa
ctured by JSTI

CMU __onerating . power,

Voltage: DC12vI102~132\V)
Rated — eonsumption, current:

Supplied from . external
source
Instantaneous  interruption: less
than 10msec

power

P pobs 17mA Rush current:
Approx, 7A (Only 1 inseries),
~Approx. 11TAI22 in series!
Operating G
oS per T 30~ +65dexC No condensation *3
|Storage 3 Recommended: -10~+25deg C
temperatire rarge | o ORHeRC J No condensation *3
Humidity 15~86%RH No condensation *+3

Operating _ altitude|
range

Ervironmental condition

Below 1.000m

When this module is used in an
area “over 1,000m., please
contact us at -the address
described atthe end of this
document

Note *1 Initial characteristics in manufacturing.
*2 Charge 'discharge condition
* Charge’ 40A. 204, 8A, 4A. 2A, cell 2.7V cit Steb charge
« Discharge: 8A/cell1.5V cut Constant current discharge
*3.This module may be damaged.and become tinusable due to condensation.
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Hybrid Energy Storages System between Ultracapacitor

and Li-ion Battery by DC-DC Converters
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Abstract

This thesis presents a system of a combination of two energy
storages which consist of ultracapacitors and lithium-ion batteries by
applying DC-DC converters, The hasic characteristic of ultracapacitor is
a great power density, which implies the ability to charge and discharge
faster over a short period of time, On the other hand, the battery has much
higher energy density allowing the battery to store more energy over a
long period of time. In this thesis, the combination of a battery and an
ultracapacitorin a hybrid energy storages system would be very useful
because of the high efficiency and the ability to transfer energy between
them. In this hybrid energy storages system, the Buck-Boost DC-DC
converter has been applied. The converters which are presented in this
thesis is worked at the rated 96 Volts and can produce a maximum power
up to 1 kW, From the experiment, the combination of the two energy
sources is available and can charge the ultracapacitors within 14 minutes
at the rated of 168 Volts 4,93 kW, As the rated voltage of 96 Volts 10
Amperes, the system can transfer the energy from the ultracapacitors to
lithium-ion batteries in buck mode at the rated of 168 to 96 volts with a
duty of 90 percent and able to change in boost mode at the rated of 96 to
64 volts with a duty of 20 percent within § hours and 11 minutes, The
experimental results can show the combination ability between two
energy storages. The system can also store higher energy density and
higher power density. This hybrid energy storages system can be applied
to the electric vehicles that need to reduce gross weight, and this hybrid

energy storages system also has the special qualification of fast charging,
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gﬂﬁ 3.2 Sub~circuit of Ultracapacitor and Lithium-ion Battery
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