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ABSTRACT

Nowadays, transportation, such as land transport, shipping, air transport
must use more and more fuel with all of the oil and natural gas. The fuel is the main
of driving. In contrast, the quantity of fuels is decreased while the use of car and other
transportations are increased. These fuels are running out, which affect to natural gas
and oil price; so the modern world focuses on alternative energy without pollution to
compensate using fuels and natural gas. All of this lead to electric motorcycle
construction. Electricity can be generated by alternative energy such as solar farm,
hydro-energy dam. The modern world significantly supports electric motorcycle and
seriously researches about electric motorcycle. This paper presents a design and
construction of an electric motorcycle charger for lead-acid battery. This charger is
designed and constructed based on constant current, and constant voltage. It is

controlled by microcontroller to control constant current and control charging mode.
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seAULsIsuUNG (Float Charge) msuiaseduiltuinfiauddgediwnnde
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LAULTIN 1 (Equalize Charee) msiwnsauumme3lusyuy Float Charge

oghadniusresnanunundilifivmettessnvuumeed Wiegluanmitauysel Fameftevagy
waragye s

TuseAULIIRUNITT1S Float Charge li@nunsnflasud Self Discharge uax
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Float Equalize
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30 66 135
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sufuLsesl Equalize Charge THluusssiuwintiu 2.45 Thadrelaad
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AN51991 2.3 TefuariolduueuuninaIngni-nsn

fofuunnoIngia-nsa fouduuunmnoingia-nsn
= iﬁmgﬂﬂ'i'lmema%ﬁﬂ%"uuaz = mmqmmwé’wmﬁaﬁmﬁﬂﬁw Yl
ausaninladiy thwinunn
- IAUNUNIUG - afuarnsndadudusenoundn
- lsiiin Memory effect Huiuiudanndey
- flawaunsavesdnsnisudesusey - ignsanulilalagliiiseg e
e avrtlfuunnodidenan i

- $nsinsudosysenignues (self-
discharge) shaniflotfleufiusyuy
wuaweIUsTLAnannsaUszlnle

- ldfesmsmathgesnwinnin

s =1q (=}
2.2.2 ﬂmﬁﬂ“ﬂm&‘ﬂﬂﬁkki]ﬂkﬂﬂﬁﬁ Soulooau
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da . o a W 2
wusmne3aiEesloosu (Li-ion Battery) iWunumimeiviinusgginihilnadld (wady
Agod) Seleulivhlulumedidnnseind Wesnnilgauani firanuvuiuiurematnugs Taiiiin

= 46 A 1l o a d a ¢ v
Memory Effect wazfinnsatsuseyfidnilolifinsldau uenvainlunididinnselindual
wnnesauulesaudagnldlumamsmns sasuiwdamlwihusymeiunmstuaseInia

=]

AN51971 2.4 Yeruavtadsvesuunnesaeulooou

fofuunneiaSolossy fodouunneiatenlooou
- fsrernansldaufionuu - srenreutnegs aunmanasigamgl
- flaemsviauvesgaumgiiniie GY
- fisamsmeuszqanglusi - gimaiiiaslesiu overcharge
- awnsednuszgldegneming overdischarge , Ao
- dasmsneidsluiings - AeenuiounaraNEansalums
- liiiin Memory effect Lﬁ‘UUisq}aﬂaa e overcharged
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Developer Location Current EV model Battery technology

BMW Munich, Germany Mini E (2012) Li-ion

BYD Shenzhen, China e6 Li-ion

Chrysler Auburn Hills, Michigan GEM Lead-acid

Daimler Benz Stuttgard, Germany Smart EV Li-ion

Ford Dearborn, Michigan Focus EV Li-ion

Mitsubishi Tokyo, Japan IMIEV Li-ion

Nissan Yokahama, Japan Leaf Li-ion

REVA Banglaore, India REVA NXR Lead-acid, lithium-ion
Tesla San Carlos, California Tesla Roadster Li-ion

Think Norway Think EV Li-ion, sodium/metal-

chloride

Nissan LEAF

Passengers: 5
Driving range: 228km
Battery: 24kWh

Mitsubishi Outlander
PHEV

Passengers: 5

Driving range: 60.2km
(When charged power is
used)

Battery: 12kWh

Citroen C-ZERO

Passengers: 4
Driving range: 160km
Battery: 16kWh

Peugeot iON

Passengers: 4
Driving range: 160km
Battery: 16kWh
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Nissan e-NV200 Tesla Model S with Citroen Berlingo Peugeot Partner
Adapter

Passengers: 2/5/7 Passengers: 5+2(Children) payloads: 636kg payloads: 636kg
Driving range: 185-190km  Driving range: 390/502km  Driving range: 170km Driving range: 170km
Battery: 24kWh Battery: 60/85kWh Battery: 22.5kWh Battery: 22.5kWh

4’ ot : b

E &.'-—-ﬂ'""" 3

&0 AT o=l ﬂ

Kia Soul EV Mitsubishi i-MiEV Mitsubishi MINICAB- Mitsubishi MINICAB-
MIEV MIEV Truck

Passengers: 5 Passengers: 4 Passengers: 2/4 Passengers: 2
Driving range: 148km Driving range: 120/180km  Driving range: 100/150km  Driving range: 110km
Battery: 27kWh Battery: 10.5/16kWh Battery: 10.5/16.0kWh Battery: 10.5kWh

Nissan Infiniti EV BD Otomotive BD Otomotive BD Otomotive
Sedan eFiorino eTRAFIC Panel Van eKANGOO Passenger
To be introduced Passengers: 4 Passengers: 3 Passengers: 5

Driving range: 100km Driving range : 190km Driving range: 110km

Battery: 20kWh Battery: 53kWh Battery: 20kWh
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MAZDA DEMIO EV ~ HONDA Fit EV TOYOTA eQ SUBARU Plug-in
Stella

Passengers: 5 Passengers: 5 Passengers: 4 Passengers: 4

Driving range: 200km Driving range: 225km Driving range: 100km Driving range: 90km

Battery: 20kWh Battery: 20kWh Battery: 12kWh Battery: 9.2kWh

JUTl 2.1 FDE19NS IULUALADS

2.2.4 FrdwilieafuLUALADS

muAnueInsmeysuinanudnuein1sianiia (Depth of Discharge %30
Zunga 9 41 DoD) Aeseiuresnsmensyy Wuduunnesaunsauiuuszqlild 1009% dus
favniauszaly 10% wio 20% nsAaviiavsegly 20% fesfiednfinnmdnvesnisfariia
snnnrimsldluue 109 fadu gusilduuameiaulseqieunuavievuaias Aeviiodilenudin

g sPariann fenshavdaiianunn °]"I,:Jaum's'l{fﬁumema%"mumﬁ"'a-ﬂim WsEaEinlA
a'mmﬂm'm“umuuauaq

n15RausabugIay (Shallow Discharge) mamimaﬁmamummanw’mnu
n3RaB§98n (Deep Discharge) Aemslduunined Tudnidntios Lgu 10% %3820% v

& o i ' = o [ 5
Fiuandfrsalvy wuamesLuUnEiI-NIA ABBUNTIIULUUE
A3y sauuunsniiauasinan (Trickle Charge, Float Charge, Topping Charge)

Humswsalaglinssuaiuuumneivion duannazldlunstsaiievaveysey (a5
ﬂiuwamummm fifuszqiiuuda) LﬂJE]‘LJ‘iuR]‘UENLLUmLmEJi anasilasnnmImeUsegiefity
194 (Self Discharge) mamamwsyﬂwumaumsﬂms%umauammmwa’tmmmmai UANY
LAY 100% 939

30 (C-Rate) Mirpwpins1fauasiav1in awAndudnuauminneanugues
LUALABS 1Ty wumAed vua 80 weud Falus (Ah) drldduRayde i 1 ArolvifuRaunse
nszud 80 wod Feagldenile 1 Falusuummaifazvun widhRansai 0.5 C Arelvitufayisa
nsvuaiiao wouldsesldanunned 16 2 Falue wiotlvuusnes pavied 2 C Aroliy
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favndanszud 160 weud Fsarldanildud 30 wnit iudu dwduuunime’ WUUREI-NIANTT
AaundafigisnunnTuUsEAnEnwIranas 1wy LUmABIIUIA 80 Lauddalue dfavnsafi 1 C
TumafiRudrasdronseudldlaifa 1 $lus

walaseviua (Memory Effect) ﬁanizﬂﬁmema‘%'nﬂii'ﬂwlﬂwumﬂivwé”aﬁms
iluwsalnlndiegues 9 m’[wLmﬂLmaﬂummsnmmaaamwuumaLﬂU‘L"ﬁm N9
wumLma'ﬂuLmuwnmmwmwuﬂhﬂuwmmmai ama’twnmmﬂmmumwwmmas‘luumauﬂsa
Hae MR ONHLTDILUALABI IYANaeENeTINLE IS LLaxLﬁauamwhﬂqum drlug Uy
Memory Effect auiinansenuseuuAmeiaiia Ni-Cad widm¥u Li-on uay Li-Polymer aglid]
Nans¥nuLsogsla

2.3 VouiuandnnsvIIIUANDS

wasrniauunneiiduunassnglvinssuansy m%ma‘aumumwulﬂﬁ'mga
ninseRuLssTuTesLUmmes U iinsAEYsYY Tumsrssuunmeiasiiiauanvoanios
mdanoinfutavInounnet Lazdavrentosmadeidnfudiaureaunned neil
nszuaRvhnsTseeriifiemensatuduiunssuaiiuunmedlivihnsdeeenun 9ngu 2.2 10y
2995MTFIUAADTBEE

Toeit E fie uswiuivihinisunse

E. 7o wsaruTitaveuumime’

R; #® ArugumungluLURLes
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Ri

= a o ¢
E'U'H 2.2 'ﬂFWI'N‘IIENﬂiﬁuﬂmﬂa‘ﬂmﬂﬂﬂﬂﬁﬁ'ﬂﬂﬁl

iloussduiuumaed (E,) fdvihiuussiuiinnss aghifinszudlvaluaees &
LT UmABEAEn s uTiTsssslRinsualva tedlumSawuaned withusesu
Auunnedganiusssuiinsssilinssuadeunduanuumae’ Amauiumumsluves
LuAmaIdunnasiidesdiimieiulevy Tnsssiidnudouutas lurnsidnisnis
wusaes ngesiinareUSununnszuaiitnistsaiunnideties tnssudlunsiafiviunm
wnnfuunneiaEmuld ervsiiviuameiinmudEemeld msesaaUTinaenseuai
yrfauvamedlisas vildlasiemmsumudesynsudily tedinUinuvesnszuaitla
I¥audaIns a99esexiidnuasdnmi 2.3

NUA 2.3 szmAanuiuuiianszualdanauns R;

—E
— (E_"—'l (2.3)
R;+Rg
E—E
R, = —IC— = By (2.4)

wuAmBILUUY ALY Smsmsunsavienauisanriuegiunugueiunned
fifmvesnszuaniauuamaiventiiiudalus dnfudmesnssuamildanmanugdadimiaiu
LauuUi-talus (Ah) msesaudalie luiweudmdudisiinssua Soudiluezmnldan
A2129(Ah) wsenszuanslifusnnuisldumsnisiahivsiunumann 1wy uanes
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100 Ah 18nszud 5 wauuUs Tunan 20 4alus uadndnenszua 10 weuuus anvazdnalaluiian
e 7 2l vieonevzdienssua 20 wenuuslalual 3 Falue (udu

i, . Rs
Ri

e

o o w ' t o o w
Eﬂ“ 2.3 191 IVIUATIUATUNIU Rsﬂaagma’%’lﬂﬂﬂi:ﬁuﬂ

2
ol al

ad 3 = ] 1 o
2.4 I5N13Y1LUALADT ﬂ’)&J’]SﬂLLU~31ﬂ 4 35,91

24.1 n'l'i-:m'auuunszuﬁmﬁ (Constant current charging)

ﬂ1'5'0'1%auuuni:uamﬁﬁui'uﬁumsm%aﬁlé’ﬂ‘s"aw%n'mmﬂn‘hmwﬁauuu
WisduAfl mnsvuamrmuummasumm-uu asihilinanlunsyiatosas uwadwinnszualu
nstdagaiuly sfanadedesuunme’ Ao aufeuiistumelugaduunnsiasgetu
paSinuveanssuaiivinnsuia wasluiigauiusiaveaunmeiiiu Taaudaiiv (Active
material) ToaadULUABTIAAMAE nTasi s mniivTinaigamaiiiiguingeiah
'lﬁu.umma'%'Lﬁmmiisl.ﬁﬁ‘lé'ﬁ'qﬁ"’umwaaqﬂ'lﬁ:iflmqNaﬁ‘ﬁﬂﬁmim%auuunizuamﬁ"l'ﬁnaTmu
vieteasUlasd

1. Fusgiumarugieruaveuameiihwuhnmalisy

u

2. 'TTuaqnmﬁmmm.,uammm:mw nizhadiAmeazasimITialdiman
3, -Euaaﬂuamwuaauummsnaum-'mmi-u*m
amq‘lsnﬂ nsvrsanuunssuaniililduendusuly winsvsauuuiidy
'ﬁugwwmnﬁm%awmmaﬁsnﬁ’mmuausﬂﬂﬁﬁ (Electric Motorcycle) wiefiSenduin quick
charge uﬁimwwﬁaﬁmn‘isuaﬁqqﬁgu idpafiliuanedsedi fiauamnsaiunssud

o t 2 -] v v A l‘: o - v
Tnundesiiedls szanminliergmsldnuvewuamesdua 39 1Aansseiinla
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242 AMSYISAUVLLTIRUAST (Constant voltage charging)

Tunrswsouvuusesund axldanlunsmiatesniimsvrssuvunszuanai
szovnalunsmissimietwitluiiy wtuegfumuannsaveuniasitenszudoanind
1995 wusmas lennntastiada

MISIUARDIALTTUULTIRUAITIAINTS013TLd 100% vaaluALRBISnEUA
il usezldinaunundt msmdadenszudlniings msvdanuuussiunsiiannsaliiaies
gr3adugsiiausaduiunuditeuriwunael uin1sindaussiueiaiivsedulingg
pasnLIan %'aihLﬂuﬁﬂsﬁaaﬁﬁ‘hmuqnuﬂﬁu‘{ﬁmﬁ' 3EA17 WIITNITTAVLIIAU (Voltage
regulator) §mnasasinwssRuLsiuLds o1 litumneiuusiuligndesenaiinaaim
demala Tmﬂmwﬁﬂwmﬁa‘%‘wuu'iqs'a'umﬁmiqa:ﬁai'\uunma‘%ﬁ‘;uuﬂﬁ’uwh‘li

2.4.3 msvialaeisnswasuseAunseua (Tappered current charging)

WudsnswsawuameihidudeuAuly uaziisiargndadae 21959159
Usznauseniawladliiinmids 299s30enssud wazAAiuuimnzadmiviain
nsvud widilivnslunsmniauunmes azA-nsedaniin Wesnnsuailivfaznsitey
Fonliussiuumneidsuntadiude wiannsaaanasuilldlaonislivdiauvadlinidadis
ussdusuyBsnfiganiusiuunnsitaz@enmeauiumuiionnzauiunsud msldduil
anunsaldumunsTSaLUUnSTLARITILE

a ar =1
2.4.4 MITIIIRENTUAAINILAZUTIAUAIN (Constant current — Constant voltage)
_—1 o ot ' - a ad a P
FFiuniSenin Two-step w38 Two-rate LARTINN1TTIN 2 T5 ABATITYITILUY
o & w a v ow @ < '
ASTUAAITIIUNSTSILUULTITUAITLIEdeiY Tagnszuiunsense sswiadu 2 szey
P ¢ v o L. o '
suesit 1 - nIrsaRaEnTELadLiicurrent limit) TUITAGKUAASSLAATIAAI
Fngnnuald (Raudy) szesiumilawdunismsaludnsiie swnmn 2.4
A v [ n‘ 1 o =t o 1 ar o«
szeENl 2 A15T15MLTAALUALABILAALEAA DTS AUAUANIANS IR

(maximum voltage limit) asadgqiunmsAssinlsey Tussesiinszuanivatwadazanas



18

Stage 1 Stage 2 Stage 3
Max.charge Max.cell votage is reached. Ocasional
current is applied Charge current start to drop Topping charge ,about
unit the cell asfull charge is peroached. 1 per 50h
voltage limitis
reached
1.25/5
1.00/4 /
0.75/3

Current / Voltage (A/V)

0.50/2 \

0.25/1

b

1 2 3
Time (hrs)

- ¢ Vv ad =] o ]
3'1.]‘“ 2.4 ATZUIUNITTITIAIYITATELUAAINUALUITIAUAIN

o J
2.4.5 miaruqunaiululniagiuuane’
¢ B o ¢ v Y JT o w ¢ wwd
msTaLunmaIaznsiameussulihalneinnssuanialin 5
worrd Tneldrnsdpreuieiineslumsmia szmuaulinszualwihlbiiu 5 uend lHinaiians
Arusvauls (Tolerance band control , Hysteresis band control)

nsaruAunszudlininlasiinsivuavaulea
n1smvaunssualiirlasdimuaveusasrlinuianainvesdy i
o o & - 2 - - - - - =& e
nszualni (error) UadulAadsvesnszualwibiliiu 5 wewd Farrudaindasiuegny

Awes Al swimiiiresveineunieiines msnuaunszualiihlasiinisimuaveuiun

oA
aldlalulvuavasnszualiraos
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Current(A)

’upper - -y — e —— S
1
ref — — — v g S

|Icn.uer —— - e Y Y e S

Vo

. = - *

= o a a v a =
JUn 2.5 Fyaaunsaiateildnndanesiva

N3UT 2.5 wansfamsiauresdameiva Tataausnnszualuanasiului
nszuadedeiindly usiilelafinszualvangenitnszuadnedeauvveuuuresdanesida vilu
Aaussdulnihuinfuaud flenivmdaneiida lumendufuidlelafinszualvandinitnszua
F19B9ufevoudnvesdalnasssa sxirliiAausedulaivanierinnees

gamaiitauanhdyailluduaing

o =l
2.5 2458 MMSUNITUITILUALADS

2.5.1 2995aANDUTZAULTIAU (Buck converter)
w v - k7 ¢ w o ad o8y w

ATNBUTEAULTIAUNTDNITUARBULIBIIABS AIgUN 2.6 Anrasminliszau

wsestulrtidue wiwnilmsnduseulnihdudunm uazielildussiulniduieviynid
=) a [ a6 a o

nizuaqw«ﬁunszuamq fnsldeesnsssruaninty (Low pass fitter) tN3188 671351079
AAVBUAYYIUTUNIURNAUNUAEIdDIY8IA LD Wueesmssuummeilaaguien liaunse
Frenduld annsaldiuiBnmsniald 3 wuu Ao MUANNTELART AIUANLIIFIUATI UAZAIUAN

d s lJ
ATELAAIVILASHINAUAIN
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+y, -
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Ul 2.6 293stARBUEIADS

i ° T - ¢
N’e]ul'llﬂ'li'Vl'N'Iu'uad’Nﬂ‘iUﬂﬁaut‘w'imﬂ‘i

a s o k7 < | P
mMIIATEINIUTenTURrBuneiweslutiluan1ivedd (Steady

state) FriimsimuadoulimaiurenaTiAfBUNe AR AL

1.

2.

3.

4.

1 at IJ o U -l ) lJ as
[FH] Ltﬂ‘lﬂ'ﬂ"lﬁhlﬂaNWNFI".IIMUEJ'IU’IIUU.VI&L‘ﬂ'lUL".IEI'ﬁ]S!.[ﬂ"lL‘VI"IﬂU
1, (t+T)=i, (t) (2.5)

as A 1 ar d‘ o 1 -l ] ar L3
usaulvrindsnanasansiwmiisniluusaraunanagininugug

{
4T

1
V=7 ! V,(A)dA (2.6)

A e/ i a1 1 ar
nszudlwihiadevesiiiulszalusazaunanaziifwiiugud

1 t+T

L= [ i@t @7
t
fdalwvheudwinnuidmiueen

P=F, (2.8)

P Y - - - e 1t - -
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M131490 5.1 ﬂ'lu';-l\'lﬁ'uu.uHlﬂa'ﬁua:ﬂﬂizuaﬁmgﬂqﬂqiﬁqﬁ'ﬂuuﬁlﬂa'iﬂ'lnﬂ 12 T.'Jaﬁl U I8y
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5.3.1 N1sNARBINATUARBULIBIIABSTUNTSEISIUUAADITUIA 12 Taad

5TLIATUNITYIIY LSIFULUAAES ASTULAVAULIINTTITT

(FTa) (an) (wout)
0:00:00 12.08 0.007
0:00:01 12.09 0.007
0:00:02 12.11 0.735
0:00:03 12.27 2.012
0:00:04 12.3 1.685
0:00:05 12.32 1.518
0:00:06 12.34 1.512
0:00:07 12.36 1.439
0:00:08 12.37 1.448
0:00:09 12.39 1.455
0:00:10 12.39 1.392
0:00:11 12.4 1.424
0:00:12 1241 1.392
0:00:13 12.62 1.617
0:00:14 12.43 1.433
0:00:15 12.43 1.376
0:00:16 12.44 1.393
0:00:17 12.44 1.387
0:00:18 12.45 1.405
0:00:19 12.46 1.41

0:00:20 12.86 1.404
0:00:21 12.46 1.371
0:00:22 12.47 1.406
0:00:23 12.47 1.424
0:00:24 12.47 1.37

0:00:25 12.47 1.415
0:00:26 12.47 1.394
0:00:27 12.48 1.384
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0:00:28 12.48 1.394
0:00:29 12.48 1.37

0:00:30 12.48 1.37

0:05:00 12.55 1.273
0:10:00 12.58 1.348
0:15:00 12.6 1.283
0:20:00 12.63 1.202
0:25:00 12.66 1.312
0:30:00 12.69 1.276
0:35:00 12.72 1.374
0:40:00 12.75 1.326
0:45:00 12.78 1.303
0:50:00 12.8 1.285
0:55:00 12.83 1.264
1:00:00 12.86 1.258
1:05:00 12.9 1.286
1:10:00 12.92 1.282
1:15:00 12.95 1.306
1:20:00 12.99 1.335
1:25:00 13.03 1.351
1:30:00 13.06 1.358
1:35:00 13.08 1.244
1:40:00 13.13 1.394
1:45:00 13.19 1.465
1:50:00 13.23 1.499
1:55:00 13.27 1.498
2:00:00 13.31 1.501
2:05:00 13.36 1.451
2:10:00 13.42 1.496
2:15:00 13.49 1.518
2:20:00 13.59 1.577
2:25:00 13.8 1.622
2:30:00 13.9 1.503
2:35:00 13.86 1.325




2:40:00 1591 1.241
2:45:00 13.98 1.116
2:50:00 13.98 0.997
2:55:00 14.05 0.952
3:00:00 14.05 0.856
3:05:00 14.01 0.838
3:10:00 14.02 0.674
3:15:00 14.06 0.656
3:20:00 13.97 0.552
3:25:00 14.06 0.6
3:30:00 14.02 0,513
3:35:.00 14 0.445
3:40:00 14.07 0.368
3:45:00 14.05 0.325
3:50:00 14.02 0.352
3:55:00 14.02 0.351
4:00:00 14.06 0.407
4:05:00 13.98 0.343
4:10:00 14.08 0.221
4:15:00 14.05 0.211
4:20:00 14.13 0.173
4:25:00 14.06 0.257
4:30:00 14.04 0.196
4:35:00 14.06 0.186
4:40:00 14.05 0.165
4:45:00 14.08 0.144
4:50:00 14.1 0.153
4:55:00 14.06 0.134
5:00:00 141 0.16
5:05:00 13.36 0.009
5:10:00 13.17 0.009
5:15:00 13:13 0.009
5:20:00 13.12 0.009
5:25:00 13.1 0.009
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Fi99)

$8212a11UNITIIY WSIULUALABDS NITLATUSYNINITTISY

() (am) (wout)
0:00:00 56.72 0.133
0:00:01 62.34 4.429
0:00:02 56.75 0.156
0:00:03 62.35 4.42
0:00:04 56.95 0.287
0:00:05 62.35 4.4
0:00:06 63.44 0.52
0:00:07 62.36 4.405
0:00:08 57.85 2.126
0:00:09 62.43 4.493
0:00:10 58.82 3.636
0:00:11 62.4 4.427
0:00:12 60.05 5.241
0:00:13 62.46 4.495
0:00:14 60.6 5771
0:00:15 62.43 4.422
0:00:16 60.69 5.566
0:00:17 62.48 4.506
0:00:18 60.76 5.416
0:00:19 62.45 q4.42
0:00:20 60.79 5213
0:00:21 62.5 4.496
0:00:22 60.8 5.149
0:00:23 62.47 4.415
0:00:24 60.96 5.243
0:00:25 62.5 4.453
0:00:26 60.97 5.108
0:00:27 62.5 4.429




0:00:28 61.08 5.136
0:00:29 62.49 4.411
0:00:30 61.09 4978
0:05:00 63.25 4.47

0:10:00 63.39 4.491
0:15:00 63.56 4.396
0:20:00 63.8 4.454
0:25:00 64.02 4.452
0:30:00 64.2 4.45

0:35:00 64.42 4.55

0:40:00 64.57 4.431
0:45:00 64.75 4.536
0:50:00 64.9 4.474
0:55:00 65.06 4.454
1:00:00 65.27 4.563
1:05:00 65.41 4.505
1:10:00 65.59 4.549
1:15:00 65.75 4.569
1:20:00 65.91 4.573
1:25:00 66.03 a.47

1:30:00 66.21 4.535
1:35:00 66.45 4.691
1:40:00 66.57 4.604
1:45:00 66.73 4.567
1:50:00 66.9 4.577
1:55:00 67.06 4.539
2:00:00 67.23 4.544
2:05:00 67.41 4.52

2:10:00 67.56 4.46

2:15:00 67.84 4.65

2:20:00 68.02 4.598
2:25:00 68.21 4.549
2:30:00 68.46 4.563
2:35:00 68.74 4.625
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2:40:00 68.96 4.532
2:45:00 69.33 4.596
2:50:00 69.73 4.704
2:55:00 69.88 4.474
3:00:00 69.9 4.162
3:05:00 70.01 3.93

3:10:00 69.99 3.523
3:15:00 70.03 3.186
3:20:00 69.98 2.808
3:25:00 69.98 2.492
3:30:00 70.04 2.303
3:35:00 70.11 2131
3:40:00 70.17 1.969
3:45:00 70.14 1.854
3:50:00 69.94 1.695
3:55:00 69.98 1.581
4:00:00 70.15 1.514
4:05:00 70.01 1.374
4:10:00 70.22 1.376
4:15:00 70.12 1.252
4:20:00 70.21 1.188
4:25:00 70.21 1.105
4:30:00 70.24 1.082
4:35:00 70.16 1.067
4:40:00 70.18 0.992
4:45:00 70.17 0.906
4:50:00 70.35 0.945
4:55:00 70.35 0.886
5:00:00 70.3 0.817
5.05:00 70.15 0.835
5:10:00 70.07 0.776
5:15:00 70.1 0.728
5:20:00 70.18 0.71

5:25:00 70.19 0.681
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5:30:00 70.26 0.709
5:35:00 70.24 0.683
5:40:00 70.23 0.638
5:45:00 70.3 0.666
5:50:00 70.32 0.661
5:55:00 70.23 0.615
6:00:00 70.33 0.618
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ABSTRACT

Nowadays, transportation, such as land transport, shipping, air
transport must use more and more fuel with all of the oil and natural gas.
The fuel is the main of driving, In contrast, the quantity of fuels is
decreased while the use of car and other transportations are increased.
These fuels are running out, which affect to natural gas and oil price; so
the modern world focuses on alternative energy without pollution to
compensate using fuels and natural gas. All of this lead to electric

motorcycle construction. Electricity can be generated by alternative energy

such as solar farm, hydro-energy dam. The modern world significantly
supports electric motorcycle and  seriously researches about electric
motorcycle. This paper presents a design and construction of an electric
motorcycle charger for lead-acid battery. This charger is designed and
constructed based on constant current, and constant voltage. It is
controlled by microcontroller to control constant current and control
charging mode.

Keywords : Charger, Constant current, Constant voltage

LN
st asnssmoud i Fou sfludeaud landnms
y a dd 0 o o
fauuesrasnssuoud Ifhnazuuamesnoglusainsuuuud
‘ o @ Ao 1 &
Wi wazitedlunsseusasnsououd Iihido Tiuiunniy
v L o4 . o P o ¥
Iuonune Seahitaihnseenuu s e dmivsadnsoud Wil
amauldan i weamrzaanlumslFou Taohidos el
s o
¥1fuees
AW
2nquijiingades
add [ a 3
nuilFluassszneudisndnmahnuvenieineu
@ w & o @ a
FEAUNTIAY (Buck Converter) Apraes v s sauus afu T fhdu
oon Hediniusadu Ifhdnudh uazioli ldus siu IWfhdweeni
a o a 3 g o
Sarudlunszansang sxiion1$29950704A2WAA U (Low pass
& o
filter) 34 TaouanazideniFravsuuy LCmselidnsinisaanou
o iy v @ W o o P -
Fyanusuniui hidesnsunfuduhdsmosesnand uasnnujuaz

o A
NENNITBI VUANDS
2.1 HANNI3¥11914U923995 Buck Converter
WA Indins s

G+ +V=0 @.1)
LR A A 2.2)



v o=L% @3)
dt
dig, . Vs_ Vg
Fr 24)
dt tunsdiaglugrsnanhnszua e dt = DT
. VeV,
A'-L,cu = (_s;_o) DT (2.5)
vazaand ihihnszue
V=~V (2.6)
di
N=-h=L7¢ @7
ﬂ = ____LZ‘ML-" - ;Vo (2.8)
dt At L

dtlunsiieglusisnamyminszuafiodt = (1 - D)T Aniuen

aunan 2.8) ennsadagi g ldiiu
v
Aiyopp =— (f) a-Dp)r (2.9)
Tugeanazogad nsnfasumlasvesnssuai Inakmaamiioni
n

&l

aa 1 d o ¥ 4 = '
siaudlugud @niuanaunisi 2.5 wazmunsi @.9) wldd

Aiy o+ Bipgrp =0 (2.10)
()or+ (-(Fa-om)=0 e
V;, -¥,)D-V(1-D)=0 (2.12)

VU
E =) (2.13)

F Ml . & .3
InauMsh 2.13) mnsadiuda b 1dawdgudtaniis udlunig
Uides himwsoifuus sduviesnninuus sduvidr e msiziia

o Al e a dy A nw
ussRuanaienfiadndiazlalon uaznismuguaii lsda ldon Tay

UnfAvzyimaniunuain Tafa Mz 0.3 - 0.7

2.2 nuAuazHEnM I ToUVANDT
4 H [ & "
wieafwuamosiihumassoihaszuaass daeziw
o @ Y gy A 3 ) @ ! e
sravnsan ihigendneduussduvesmaes luvueiitinsnw
e - v & A PO A
U7zg Tumsrfwnansive Idvwanvouniosnivdoinuiauan
4z ; o iw b ;
YBAUUAIAGT (1ZTIAVYOUAT DT 9ABALTIAL VD IUAINGT 1Ay
a .. o et o W w = dy v o
Anszuaiihmnfoesiinanensesiudwiunszuaiuuanes 1dm
nsswoonut 1031 2.1 T3NS wuaneI t1ed
~ 4 A w Ao <
lagn E A0 UTIAUNNINITEITD
o 4 -
E, flo ussdunvavoawaines
R; #o anmdnwmunielunymnes
<
gt 2.1 vz 1dauns

E=E.+1IR;
Py 0 (2.15)
Ry

(2.14)

79

Ri

31 2.1 maveanszuaii Inavazimsnis

vingUi 2.1 9¢ 1dawns

E=E+IR (2.16)
oLk (2.17)
R &

U

<&

puanELUURNALYT[2) da31ns1T s ofaw S ey
funuguesuaesinavaansziae s uuames uen T i lug

&

o & o v ' A a0 @ -
ﬂﬂuuﬂ'l'uﬂﬁﬂiﬂlﬁﬁ1vlﬂi)'lﬂﬂ'lﬂ'2'lﬂﬂ°b\ﬂ.lﬂlnﬂlﬂu wouu)5-a2lue

(Ah) 13R205 MM Tue

3.HANMITNINHYDIIDT
wannsiuveeasssilszy ihon Ilihulsznouda
wioudaaliih 299513 asisnd Iide nazraesnouszduus s Wi
(Buck Converter) 799749 U 1A @ (Gate Drive) 18 g 73073
YuInsnouInsamod (Microcontroller) TAUA1T 110452 UUILIIA
ponithi 2 4 fio
_apuit] nseemARiAReUET MM UIT UARGY (Buck
Converter)

ol o s
-ADUN2 HANNITNINIUUDINDTFTIY

Full bridge rectifier

|

i aa uruammaauveanslszy ihen T

acs [

Transformer

Battery ""

Buck converter

Controller




80

o ,
Y I s a
1.1.mseenuuyNasTARe U SNesHmTUNSonumne3|1]

v o 2 + o S T
AoUIEHINITIBANDUNITUARBUIDSIAGS 151911 uADa]
= a4 d e g = Xqw
s1aziBeauoIUAMaT N INITTITenou Asnaanall 1y
sotnsviuoud Idfinlszaeudrsuumnes 5o gnaz 12V 21Ah
o & = @ A 4 1 -
usaduBurioegi s5v uazusaduilouumngiiauogh 72 v axlddin

Tandia 2 71 40 0.35 uaz 0.464 TauyhnssidanTzuansnie 13 4A[3]
arseenuuudganiieniluasesneuszduusadu T

Y . o .

(Buck Converter) U WWUHANNT YDA INuANTEIAABIID

1w =

o w0 ol d o 9 ¥ o o
A tenimtesiganmissdinahauluinuanszue

dAoiiinsdim
(I-D)R
e T (3.1

g oo dy . a w ow . 317 3.2 m3vanILLIRS ALY
Tavl#ardaaa ladaiia gy 03s Tunrsniainam

4 o v A o A4 w o yia dy a
mitni1 vz ldmarmmitenimvesiga 264 uH uaglFiainlnda

e o w 3 3.2, HANMTNIUUDIIVTIIN
fiaunsy 0.464 02 18R R 219 pH 29930 1Y 370 uH

5 . . z 299314 1w Tnsnou Insamosued PICI8F4550 Tunis
mseenuuudnfulszylunwsneuszduns sdn liniv : R SRR 3
FOr T e 3 @ o — Jszananauazdams ueanlaidlatlanuiidaionsfinns zua 190
AaRdoamilatafion1sinuszAunIsduvIaen Taenann1TADNS . :

o o ] 1 [
4A Taomsiaudanunnetezi 2 913 Frausaienszua Tnah

4 A

i easTzannnauas I uvIee AN 0.5% TauaumMs p
LU iAnnnT 44 unaneziinsilaaiad uazdensznalna

1o d -
mswIRAImIlszgae

s A

L ' o af a a 4
Wnuameidin 4a vealpezyhnisdaaiad e hinszuahn

- 4 At 4 o
_(1-D)V, - TnadiTvaanaitld 44 vunsadudanuamesia 72 vV laeiu

C-= =
) v 4% ] o w o w1 v e
8Lf AV, HFIAUNVIUARNDTHIY AIVULTIAY pagfumngeua e ua gy

S, 4 ' |
Tooldad A ey 035 TunsdnumdnIm ey aszuaihnminiudszasaiienununszuadio T 9240 2 02
i i o @ w o3 Hdq ¥ 1 a o ' -

¥4 L i oawe a2 AunEiarusduivauanes i 72 v sziluninesqiay

S & 7 iy giijoldmfm
LY T e T e Assnmies TS s anumngs 1472 v
a_ W . o H )
Vaiamiaty 0.464 Tumsdman oz ldmaniuilszgiivuia 89 uF

4
q99sneanuuyly 330 uF
4. HONSNADDY

nnsnaasss1fo Ien i nadginsoueud Iiih
' a ~ o A 1
wusasnsemeud lfhussquuaaes s gn usaiuiEuriiegh ssv
v 43 42 H ' M s
nazusaduinanuanes augai 72 v lavsasneziinanislu
- = ' 4 3 o A
Inuanszuanddt 4A nazlugraiaeanziinamialaoussdunii
A o & A a ¥ o oo
nszualugieficosnzaananmdny edulizy MuunmneTny
¢ .
1B HUAIMDT 12 AT YT 9A B I0gAADAIIAT DINNITTVIIAT
aunInsdauames 5 gn ssv-72v Ididuneluna 68 vu. A

IzuEAnan 4 A

31# 3.1 myeonuIITNouTEAULT AU THEh (Buck Converter)



U4 4.1 nanvinszuamsniodionziand 44

v Il
o =

Uit 42 navlusadviidanuameiinsadasnszue 4A

5. agUwan snanna
MmInaasany s Euza N niseudad mne
wumags aunsadionszuald 20a fuinsnieiinszua’nih aa
wuamesazinlszyfivedi 6-8 ¥ 1uals) uduflunsaiefisnd
aung i liangnszuauinndt 4a msae himwisadagungiives
suamed 18 e limswanwamet 185uausoumndu T wi e lif4)
N3 mHams naaed aszuad lnaruuansiin biswdeui 44
AunguIn N3z liam anlRouiuiiulaldidmiloninioon
uagiinmidataaindvoawomna i linizuavioengliaiu 3
oy udiints nafidoidios Sstwnszue i higuuanes 1dode

Tvingas

1Bna1591984
[1] 3705 35ziwu§ Vuidu uaz y@ina pdamsng, Sidnnsedindiids
(Power Electronics), futinsafi 10, ngamm, whafudausiia T,
WinAg, 2553
[2] Hua and M. Y. Lin, “A study of charging control of Lead-Acid battery
for electric vehicles,” [EEE, vol. 1, 2011, On page(s): 135-140.
[3] Genesis EnerSys, “Initial Charge Current Limit,” Battery Application

Manual, 2009, On page(s): 1-4.

81

[4] DENVER, COLORADOQ, “Battery charging and specific gravity
temperature correction,” STORAGE BATTERY MAINTENANCE AND
PRINCIPLES, Internet version of This Manual Created June, 1998,0n
page(s): 2-3

[5] Toyota Motor Sales.U.S.A, “Fast Charging.” .On page(s): 1-19
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Code Microcontroller

#include <18F4550.h>
#DEVICE ADC=10
#fuses HSPLL,CPUDIV1,NOWDT,NOPROTECT
#use delay(clock = 20000000)
#use fast_io(A)
#use fast_io(B)
#use fast_io(C)
#use fast_io(D)
intl6 overflow = 0 ;
int16 Voltage , Current ;
int32 SampleC[200] , SampleV[200] ;
intl6i;
intl6 error ;
int Voltage_10 =0;
int Voltage_1 =0;
int Voltage 01 =0;
int Current_1 =0;
int Current_01 =0;
int Current_001=0;
float RealVoltage ;
float RealCurrent ;
struct led_pin_map
{

intunsed: 2;

BOOLEAN rs ;

BOOLEAN enable ;

intdata: 4;
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1 led;

#byte lcd = 0xF83

#define set_tris_lcd(X) set_tris_d(X)

#define lcd_type 2

#define lcd_line_two 0x40;

byte const LCD_INIT_STRING[4] = {0x20 | (lcd_type << 2),0x0C, 1,6 };
struct lcd_pin_map const LCD_WRITE = {0,0,0,0} ;

struct lcd_pin_map const LCD_READ = {0,0,0,15} ;

void lcd_send_nibble(byte n)
{
lcd.data =n ;
delay_cycles(1) ;
output_high(PIN_D3) ;
delay_us(2) ;

output_low(PIN_D3) ;

void lcd_send_byte(byte address , byte n)
{

ledors =0

delay_us(500) ;

led.rs = address ;

delay_cycles(1) ;

output_low(PIN_D3) ;

lcd_send_nibble(n>>4) ;

lcd_send_nibble(n & 0x0f) ;



void led_gotoxy(byte x , byte y)
{
byte address ;
If (y!=1)
{
address = lcd_line_two ;
}
else
address = 0;
address += x-1 ;

lcd_send_byte(0,0x80|address) ;

void led_initQ
{
bytei;
set_tris_lcd(LCD_WRITE) ;
ledrs =0
output_low(PIN_D3) ;
delay_ms(15) ;
for(i=1 ; i<=3 ; ++i)
{
led_send_nibble(3) ;
delay_ms(5) ;
}
lcd_send_nibble(2) ;
for(i=0 ; i<=3 ; ++i)

lcd_send_byte(0,LCD_INIT_STRING[ID ;
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void lcd_putc(char c)
{
switch(c)
{
case \f' : lcd_send_byte(0,1) ;
delay_ms(2) ;
break ;
case "\n': lcd_gotoxy(1,2) ;
break ;
case "\b' : lcd_send_byte(0,0x10) ;
break ;
case "\m' : lcd_gotoxy(9,2) ;
break ;

default :lcd_send_byte(1,c);

#INT_TIMERO
void intTMRO_isr{void)
{
overflow ++ ;
If(loverflow >= 1000)
{
overflow = 0 ;
RealVoltage = Voltage*0.102639296 ;

RealCurrent = Current*0.048875855-25 ;
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Voltage_10 = RealVoltage/10 ;

Voltage_1 = RealVoltage-(Voltage 10*10) ;
Voltage_01 = (RealVoltage-(Voltage_10*10)-(Voltage_1))*10;
Current_1 = RealCurrent/1 ;

Current_01 = (RealCurrent-Current_1)*10 ;
Current_001 = ((RealCurrent-Current_1)*10-(Current_01))*10 ;
led_init(Q);

led_putc(\f) ;

lcd_putc(™*’) ;

lcd_putc(™*') ;

led_putc('V) ;

led_pute('0') ;

led_putc('L) ;

led_pute('T) ;

lcd_putc('A") ;

led_putc('G) ;

lcd_putc(E) ;

led_putc(’ ) ;

lcd_putc(48+Voltage_10) ;
lcd_putc(48+Voltage_1) ;

led_putc(.) ;

led_putc(48+Voltage 01) ;

led_pute('™') ;

led_pute("™') ;

led_putc(\n’) ;

lcd_putc('*") ;

led_putc('*") ;

lcd_putc('C) ;
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led_putc('U") ;
led_putc(R) ;
lcd_putc(RY) ;
led_putc('E) ;
led_putc('N") ;
led_putc('T) ;
led_putc(' ) ;
lcd_putc(48+Current_1) ;
led_putc('.) ;
lcd_putc(48+Current_01) ;
led_putc(48+Current_001) ;
led_putc(™*') ;
led_putc('™') ;

}

set_timer0(63036) ;

void main()

{

int PWM_Value = 0;
setup_ccp1(CCP_PWM) ;
setup_ccp2(CCP_PWM) ;
set_pwm2_duty(75) ;
setup_timer_2(T2_DIV_BY_1,227,1) ;
set_timer2(0) ;
set_tris_A(0B00100010) ;
set_tris_B(0B00000000) ;

set_tris_C(0BO0000000) ;

88



set_tris_D(0BO0000000) ;
setup_adc_ports(ALL_ANALOG) ;
setup_adc(ADC_CLOCK_INTERNAL) ;
enable_interrupts(GLOBAL) ;
enable_interrupts(INT_TIMERO) ;
setup_timer_O(RTCC_INTERNAL|RTCC_DIV_2) ;
set_timer0(63036);
while(1)
{

for( i=0 ; i<200 ; i++)

{

set_adc_channel(1) ;

delay_us(10) ;

SampleV[i] = read_adc() ;

set_adc_channel(5) ;

delay_us(10) ;

SampleCli] = read_adc() ;

}

for(i=1; i<200 ; i++)

{

SampleV[i] = SampleV[il+SampleV[i-1] ;

SampleCli] = SampleC[il+SampleC[i-1] ;

}

Voltage = ((SampleV[1991)/200)-13 ;

Current = ((SampleC[1991)/200)-6 ;

If ( Voltage < 682) // Voltage = 70 V

{

If (Current < 593) // Constant Current = 4 A
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error=593-Current ;

if(error < 6)

{

PWM_Value = PWM_Value ;
set_pwm1_duty(PWM_Value) ;
delay_ms(1) ;

}

else

{

PWM Value = PWM_Value+1 ;
set_pwm1_duty(PWM_Value);
delay_ms(1) ;

}

else

If (Current > 593)

{

error=Current-593 ;

If (error < 6)

{

PWM_Value = PWM Value ;
delay_ms(1) ;

}

else

{
PWM_Value = PWM_Value-1 ;

set_pwm1_duty(PWM_Value);

set_pwm1_duty(PWM_Value) ;
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delay_ms(1) ;
}
}

else

{

PWM_Value = PWM_Value ;
set_pwm1_duty(PWM_Value);

delay_ms(1) ;

}

else

If ( Voltage > 682 ) // Voltage =70V

{

If ( Voltage > 682)

{

error = Voltage - 682 ;

If Cerror > 5)

{

PWM_Value = PWM_Value-1 ;
set_pwm1_duty(PWM_Value);

delay_ms(1) ;

}

else

{

PWM_Value = PWM_Value ; set_pwm1_duty(PWM_ Value);

delay_ms(1) ;

}

91



else
If ( Voltage < 682 )
{
error = 682 - Voltage ;
If Cerror>5)
f
PWM_Value = PWM_Value+1 ;
set_pwml_duty(PWM_Value);
delay_ms(1) ;
}
else
{
PWM_Value = PWM_Value ;
set_pwm1_duty(PWM_Value);
delay_ms(1) ;
}
}
else
{
PWM_Value = PWM_Value ;
set_pwm1_duty(PWM_Value);
delay_ms(1) ;
}
}
}
If(PWM_Value < 46 )

{
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PWM_Value = 46 ;
}
IF(PWM_Value > 193 )
{
PWM Value = 193 ;
}
If ( Current > 522 ) // Current=0.5A

{

output_high(PIN_BO) ; //led red

else

output_low(PIN_B0) ; /Ned green
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MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

Y

USB V2.0 Compliant SIE

Low-speed (1.5 Mb/s) and full-speed (12 Mb/s)
Supports control, interrupt, isochronous and bulk
transfers

Supports up to 32 endpoints (16 bidirectional)
1-Kbyte dual access RAM for USB

On-board USB transceiver with on-chip voltage
regulator

Interface for off-chip USB transceiver

Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power Managed Modes:

Run: CPU on, peripherals on

Idle: CPU off, peripherals on

Sleep: CPU off, peripherals off

Idle mode currents down to 5.8 pA typical
Sleep current down to 0.1 pA typical

Timer1 oscillator: 1.1 pA typical, 32 kHz, 2V
Watchdog Timer: 2.1 pA typical

Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

Five Crystal modes, including High-Precision PLL
for USB

Two External RC modes, up to 4 MHz

Two External Clock modes, up to 40 MHz

Internal oscillator block:

- 8 user selectable frequencies, from 31 kHz to 8 MHz
- User tunable to compensate for frequency drift
Secondary oscillator using Timer1 @ 32 kHz
Fail-Safe Clock Monitor

- Allows for safe shutdown if any clock stops

Peripheral Highlights:

.
.
.
.

High current sink/source: 25 mA/25 mA

Three external interrupts

Four Timer modules (Timer0 to Timer3)

Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 6.25 ns (Tcy/16)
- Compare is 16-bit, max. resolution 100 ns (Tcy)

- PWM output: PWWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWWM (ECCP) module:
- Multiple output modes

- Selectable polarity

- Programmable dead-time

- Auto-Shutdown and Auto-Restart

Addressable USART module:

- LIN bus support

Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and 1°C™
Master and Slave modes

10-bit, up to 13-channels Analog-to-Digital Converter
module (A/D) with programmable acquisition time
Dual analog comparators with input multiplexing

Special Microcontroller Features:

. L] L] e e

C compiler optimized architecture with optional
extended instruction set

100,000 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erase/write cycle data EEPROM
memory typical

Flash/data EEPROM retention: > 40 years
Self-programmable under sofiware control
Priority levels for interrupts

8 x 8 Single Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Programmable Code Protection

Single-supply 5V In-Circuit Serial Programming™
(ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

Wide operating voltage range (2.0V to 5.5V)

Program Memory Data Memory MSSP -

10-bit | CCP/ - Thners
Device | fprasy | #Single- | spay |EEPROM| VO | AD | ECCP | SPP Master| 3 | & | gre-bit

Word (ch) | (PWM) SPi 2c 2| E

(bytes) |, +ructions | (OVtes) | (bytes) I <|5

Q
PIC18F2455 | 24K 12288 2048 | 256 |24 | 10 | 200 | No | Y Y |1 2] 13
PIC18F2550 | 32K 16384 2048 | 256 |24 | 10 [ 200 | No | Y y [1 2] 13
PIC18F4455 | 24K 12288 2048 | 256 | 35| 13 | 11 | Yes | Y y [1]2] 13
PIC18F4550 | 32K 16384 2048 | 256 | 35| 13 | 11 [Yes | Y y [1]2] s

© 2003 Microchip Technology Inc.

Advance Information

DS39617A-page 1
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PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin SDIP, SOIC
MCLRNVeeRE3—L1°1 ~ 28[] <—= RB7/KBI3PGD
RAO/ANO=—[] 2 27[1] = RBG/KBI2IPGC
RA1/ANI=—=[] 3 26| ] =— RBS/KBI/PGM
RAZ/AN2NVRer-ICVRer=—= L] 4 25| ] =—= RB4/AN11/KBIRCV
RA3/AN3VRer+=— L[] 5 0 2 24 ] =—= RB3I/ANSICCP2*NPO
Ra4ToCKVC1OUT=——L] 6 < © 23[[] == RB2/ANS/INT2VMO
RAS/AN4/SSILVDIN/C2OUT=—L] 7 Pl 22[] =—= RB1/AN10/INT1/SCK/SCL
ves—=[] 8 0 = 21[] =—= RBO/AN12/INTO/SDVSDA
osci/icLkiraT—=L] 9 0o 20[] =— Voo
0SC2/ICLKORAs<—[]10 o o 19[] =— Vss
RCO/T10S0/T13CKI~—=[] 11 18[] =—= RC7/RX/DT/SDO
RC1/T10SKCCP2+U0E =[] 12 17[] = RCB/TX/CK
rc2iccPi=—[]13 16[] =—= D+/VP
vuss=—[]14 15[] =— D-VM
40-Pin PDIP
MCLRVPPIRE3 —= [ 1 / 40 [0 =—— RB7/KBI3/PGD
RAD/ANO <—s[] 2 39 [] = RBG/KBI2/PGC
RA1/AN1 «— []3 38 [1 =— RBS/KBI1/PGM
RAZ/AN2VREF/CVREF <[] 4 27 [J =—— RB4/AN/KBINICSEPP
RA3/ANINVREF+ =—[] 5 a5 [1 =— RB3I/ANS/CCP2*NPO
RA4ITOCKVC1OUT =[] 6 35 [] <— RBZ/ANS/INT2/VMO
RAS/AN4/SSILVDIN/C20UT =—=[]7 34 [] = RB1/AN10/INT1/SCK/SCL
REO/CK1SPPIANS =[] 8 © @  33[]<—= RBUANIZINTOSDUSDA
RE1/CK2SPP/ANG =— []9 I L » ] =——— VoD
RE2/OESPPIAN7 =——=[ 10 & 1 310 ~—Vss
AVDD —=p]11 2 2 3p{] «— RDZSPP7/PID
AVss — .12 © O 29[]<— RDGISPPEPIC
OSCI/CLKIRA7 —[]13 B @&  25[]<— RD5/SPP5/PIB
OSC2ICLKO/RAE «—[] 14 27 [1 =— RD4/SPP4
RCOIT10SO/M13CKI <——[] 15 26 [1 =~—» RC7TIRX/DTISDO
RC1/T10SICCP2*/UOE «— [] 16 25 [1 «—s RCBITX/CK
RC2/CCP1/PIA <[] 17 24 [] =—s D+VP
Vuss —[1 18 23[] =——» D-VM
RDO/SPP0 «——[] 19 22 [1 «—» RD3/SPP3
RD1/SPP1 =——=[] 20 21 [] =— RD2/SPP2
Note: Pinouts are subject to change.
*  Assignment of this feature is dependent on device configuration.

M
DS39617A-page 2 Advance Information ® 2003 Microchip Technology Inc.
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Three-Terminal Positive
Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixed—voltage regulators for a wide variety of applications including local,
on—card regulation. These regulators employ internal current limiting,
thermal shutdown, and safe—area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A. Although designed
primarily as a fixed voltage regulator, these devices can be used with
external components to obtain adjustable voltages and currents.

Qutput Current in Excess of 1.0 A

No External Components Required

Intemal Thermal Overload Protection

Internal Short Circuit Current Limiting

Output Transistor Safe—Area Compensation

Qutput Voltage Offered in 2% and 4% Tolerance

Available in Surface Mount D2PAK and Standard 3—-Lead Transistor
Packages

e Previous Commercial Temperature Range has been Extended to a
Junction Temperature Range of —40°C to +125°C

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

97
Order this document by MC7800/D

MC7800,
MC7800A, LM340,
LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

D2T SUFFIX
PLASTIC PACKAGE
CASE 936

(D2PAK) €2
3

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

MCT7805AC MCT7812C o
LM340AT-5 50V LM340T7T-12
MC7805C ’ MC7815AC
LM340T-5 LM340AT-15 15V
MCT7806AC 6.0V MC7815C
MC7806C ’ LM340T-15
MC7808AC MC7818AC
8.0V 18V
MC7808C MC7818C
MC7809C qov MC7824AC 24V
MC7812AC 12V MC7824C
LM340AT-12
ORDERING INFORMATION
Output Voltage Operating
‘Device Tolerance Temperature Range Package
MC78XXACT
Insertion Mount
LM340AT—XX 2%
MC78XXACD2T Surface Mount
Ty =-40° to +125°C
MC78XXCT
Insertion Mount
LM340T—XX 4%
MC78XXCD2T Surface Mount

STANDARD APPLICATION
R
Input MC78XX Output
| I |

D.BC;TF T T Co™
RS

A common ground is required between the
input and the output voltages. The input voltage
must remain typically 2.0 V above the output
voltage even during the low point on the input
ripple voltage.

XX, These two digits of the type number
indicate nominal voltage.

* Cip is required if regulator is located an
appreciable distance from power supply
filter.

** Cp is not needed for stability; however,

it does improve fransient response. Values
of less than 0.1 pF could cause instability.

XX indicates nominal voltage.

© Motorola, Inc. 1997 Rev 5
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MC7800, MC7800A, LM340, LM340A Series
MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (5.0 —-18V) \/] 35 Vdc
(24 V) 40
Power Dissipation
Case 221A
Ta=25°C Pp Internally Limited w
Thermal Resistance, Junction—to—Ambient RgJa 65 °C/W
Thermal Resistance, Junction-to-Case RgJc 50 °Ciw
Case 936 (D2PAK)
Ta=25°C Pp Internally Limited w
Thermal Resistance, Junction—-to—Ambient RgJA See Figure 13 °CIwW
Thermal Resistance, Junction—to—Case RaJa 50 °C/W
Storage Junction Temperature Range Tstg —65to +150 °C
Operating Junction Temperature Ty +150 °C

NOTE: ESD data available upon request.

Representative Schematic Diagram

LAT

MC7800

R24
50

LAT3A

a7

I_l].l‘.

LFH!
Tﬂnk

Qts

Q15

;

> R16
R20
S 17500 Sow

230k

Q2

This device contains 22 active transistors.

||||—
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MC7800, MC7800A, LM340, LM340A Series
ELECTRICAL CHARACTERISTICS (Vi = 10V, I = 500 mA, Tj = Tiow to Thigh [Note 1], unless otherwise noted.)
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MC7805C/LM340T-5
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 438 50 52 Vdc
Output Voltage (5.0 mA<Ig<1.0A,Pp<15W) Vo Vdc
7.0 Vdc < Vi <20 Vde 4.75 5.0 5.25
8.0 Vdc < Vjp <20 Vdc - - -
Line Regulation (Note 2) Regjine mV
7.5 Vdc < Vjn €20 Vdc, 1.0 A - 05 20
8.0 Vdc <Vjp <12 Vdc - 08 10
Load Regulation (Note 2) Regjoad mvV
50mA<Ig<1.0A - 13 25
50mA<ip<15A(Tp=25°C) - 13 25
Quiescent Current Ig - 32 6.5 mA
Quiescent Current Change Alg mA
7.0 Vdc < Vjp <25 Vdc - 0.3 1.0
50mA<Ip<1.0A(Tp=25C) - 0.08 08
Ripple Rejection RR 62 83 - dB
8.0 Vdc < Vjp <18 Vdc, =120 Hz
Dropout Voltage (1o = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - nwhNo
10 Hz <f< 100 kHz
Output Resistance f = 1.0 kHz (o) - 09 - me
Short Circuit Current Limit (Ta, = 25°C) isc - 0.6 - A
Vin =35 Vdc
Peak Output Current (T = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVp - -0.3 - mV/°C
ELECTRICAL CHARACTERISTICS (Vin = 10V, 10 = 1.0 A, T = Tigw 10 Thigh [Note 1}, uness otherwise noted.)
MC7805AC/LM340AT-5
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 49 5.0 5.1 Vdc
Output Voltage (5.0 mA<lp<1.0A,Pp<15W) Vo 48 5.0 52 Vde
7.5 Vdc < Vjp <20 Vde
Line Regulation (Note 2) Regjine mV
7.5 Vdc < Vi, < 25 Vdc, Ig = 500 mA - 0.5 10
8.0Vdc<Vjp<12Vde, Ig=10A - 0.8 12
8.0Vdc<Vjp<12Vdc, Ip=1.0A,Tj=25C - 1.3 40
73Vde<Vjp<20Vde, lop=10A,T=25C - 45 10
Load Regulation (Note 2) Regjoad mvV
50mA<Ip<15A,Tj=25°C - 1.3 25
50mA<Ip<1.0A - 08 25
250 mA <lg <750 mA - 0.53 15
Quiescent Current IB - 32 6.0 mA
Quiescent Current Change Alg mA
8.0 Vdc < Vjp €25 Vdg, Ip = 500 mA - 03 0.8
7.5 Vdc < Vj, <20 Vde, Ty = 25°C - - 08
50mA<Ilp<10A - 0.08 05
Ripple Rejection RR 68 83 - dB
8.0 Vdc < Vjp < 18 Vdc, f = 120 Hz, 1o = 500 mA
Dropout Voltage (I = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc
NOTES: 1. Tjgy =—40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX Thiﬂ'l = +125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX
2. Load and line regulation are specified at constant junction temperature. Changes in Vig due to healing effects must be taken into account
separately. Pulse testing with low duty cycle is used.
3
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vi = 15V, Ig = 500 mA, T = Tjow to Thigh [Note 1], unless otherwise noted.)

MC7809CT
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 8.65 9.0 9.35 Vdc
Output Voltage (5.0 mA<Ig<1.0A,Pp<15W) Vo 8.55 9.0 9.45 Vdc
11.5 Vdc < Vjp <24 Vdc
Line Regulation, Tj = 25°C (Note 2) Regdiine mV
11 Vdc < Vi <26 Vdc - 6.2 32
11.5 Vdc € Vjp < 17 Vde - 18 16
Load Regulation, Tj = 25°C (Note 2) Regioad - 15 35 mV
50mA<ip<15A
Quiescent Current IB - 34 8.0 mA
Quiescent Current Change Alg mA
11.5 Vdc < Vjp < 26 Vdc - - 1.0
50mA<Ip<1.0A - - 05
Ripple Rejection RR 56 61 - dB
11.5 Vdc € Vjp £21.5Vdc, f= 120 Hz
Dropout Voltage (Ip = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - WhNo
10 Hz <f< 100 kHz
Output Resistance f = 1.0 kHz ro - 1.0 - m
Short Circuit Current Limit (Ta, = 25°C) Isc - 02 - A
Vin = 35 Vdc
Peak Output Current (Tj = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -05 - mV/°C
ELECTRICAL CHARACTERISTICS (Vin = 19V, Ig = 500 mA, Tj = Tjow to Thigh [Note 1], unless otherwise noted.)
MC7812C/LM340T-12
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 1.5 12 125 Vdc
Output Voltage (5.0mA<ip<1.0A,Pp<15W) Vo 11.4 12 12.6 Vdc
14.5 Vdc < Vjp <27 Vde
Line Regulation, Ty = 25°C (Note 2) Regjine mV
14.5 Vdc < Vjp, €30 Vde - 38 24
16 Vdc < Vjp €22 Vde - 0.3 24
148 Vdc < Vjp <27 Vdc, Igp=1.0A - - 48
Load Regulation, Tj = 25°C (Note 2) Regjoad - 8.1 60 mV
50mA<ip<15A
Quiescent Current IB - 34 6.5 mA
Quiescent Current Change Alg mA
14.5Vdc < Vjp<30Vdc, Ip=1.0A,Tj=25°C - - 07
15 Vdc € Vjp <30 Vde - - 0.8
50mA<Iig<1.0A - - 0.5
Ripple Rejection RR 55 60 - dB
15 Vdc < Vj, €25 Vde, f=120 Hz
Dropout Volitage (o = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc

NOTES: 1. Tjgy =-40°C for MC7BXXAC, C, LM340AT-XX, LM340T-XX  Thigh = +125°C for MC78XXAC, C, LM340AT-XX, LM340T-XX

2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

MOTOROLA ANALOG IC DEVICE DATA 7
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MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (continued) (Vi, = 19V, Ig =500 mA, T = Tiow to Thigh [Note 1], unless otherwise noted.)

MC7812C/LM340T-12
Characteristic Symbol Min Typ Max Unit
Output Noise Voltage (Tp = 25°C) Vn - 10 - nviNo
10 Hz <f< 100 kHz
Output Resistance f = 1.0 kHz o - 1.1 - mQ
Short Circuit Current Limit (Tp = 25°C) Isc - 0.2 - A
Vin = 35 Vdc
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -08 - mv/°C
ELECTRICAL CHARACTERISTICS (Vi = 19 V, Ig = 1.0 A, T = Tiow to Thigh [Note 1], unless otherwise noted.)
MC7812AC/LM340AT-12
Characteristic Symbol Min Typ Max Unit
Output Voltage (T j = 25°C) Vo 11.75 12 12.25 Vdc
Output Voitage (5.0 mMA<Ip<1.0A,Pp<15W) Vo 15 12 125 Vdc
14.8 Vdc < Vi <27 Vdc
Line Regulation (Note 2) Regjine mV
14.8 Vdc < Vi <30 Vdc, Ig = 500 mA - 38 18
16 Vdc<Vjp<22Vdc, lp=1.0A - 22 20
14.5 Vdc < Vi <27 Vdc, T = 25°C —- 6.0 120
Load Regulation (Note 2) Regload mV
50mA<In<15A,Ty=25C - - 25
50mA<ip<1.0A - - 25
Quiescent Current B - 34 6.0 mA
Quiescent Current Change Alg mA
15 Vdc < Vi, < 30 Vdc, Ig = 500 mA - - 08
14.8 Vdc < Vjn <27 Vdc, T = 25°C - - 0.8
50mA<ip<1.0A,Tj=25C - - 0.5
Ripple Rejection RR 55 60 - dB
15 Vdc < Vi, <25 Vdc, f = 120 Hz, Ig = 500 mA
Dropout Voltage (I = 1.0 A, Tj = 25°C) Vi-Vo - 20 - Vdc
Output Noise Voltage (Tp = 25°C) Vn - 10 - uWho
10 Hz<f< 100 kHz
OQutput Resistance (f = 1.0 kHz) o - 1.1 - mQ
Short Circuit Current Limit (T = 25°C) Isc - 0.2 - A
Vin =35 Vdc
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -08 - mV/°C

NOTES: 1.Tjgy = —40°C for MCTBXXAC, C, LM340AT-XX, LM340T-XX  Thigh = +125°C for MCT8XXAC, C, LM340AT-XX, LM340T-XX

2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

8 MOTOROLA ANALOG IC DEVICE DATA




MC7800, MC7800A, LM340, LM340A Series

ELECTRICAL CHARACTERISTICS (Vi = 23 V, Ig = 500 mA, T = Tjow to Thigh [Note 1], unless otherwise noted.)
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MC7815C/LM340T-15
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = 25°C) Vo 14.4 15 15.6 Vdc
Output Voltage (5.0 mA<Ig<1.0A, Pp<15W) Vo 14.25 15 15.75 Vdc
17.5 Vdc < Vjp <30 Vde
Line Regulation, T j = 25°C (Note 2) Regjine mV
17.9 Vdc < Vjp <30 Vdc - 85 30
20 Vdc < Vjp <26 Vdc - 30 28
Load Regulation, T j = 25°C (Note 2) Regjoad - 18 55 mV
50mA<Ig<15A
Quiescent Current 3} - 35 6.5 mA
Quiescent Current Change Alg mA
17.5 Vdc < Vi <30 Vde - - 08
17.5Vdc < Vjn £30Vde, Ip=1.0A,Tj=25°C - - 0.7
50mA<ip<10A - - 0.5
Ripple Rejection RR 54 58 - dB
18.5 Vdc < Vjp £28.5 Vdc, f=120 Hz
Dropout Voltage (o = 1.0 A, Ty = 25°C) Vi—-Vo - 20 - Vdc
Output Noise Voltage (Ta = 25°C) Vn - 10 - uho
10 Hz <f< 100 kHz
Output Resistance f = 1.0 kHz o - 1.2 - mQ
Short Circuit Current Limit (Ta = 25°C) Isc - 0.2 - A
Vin = 35 Vdc
Peak Output Current (T j = 25°C) Imax - 22 - A
Average Temperature Coefficient of Output Voltage TCVo - -1.0 - mV/°C
ELECTRICAL CHARACTERISTICS (Vin =23V, Ip = 1.0 A, T = Tiow to Thigh [Note 1], unless otherwise noted.)
MC7815AC/LM340AT-15
Characteristic Symbol Min Typ Max Unit
Output Voltage (T j = 25°C) Vo 14.7 15 15.3 Vdc
Output Voltage (5.0 mA<Ig<1.0A, Pp<15W) Vo 14.4 15 15.6 Vdc
17.9 Vdc < Vj, <30 Vdc
Line Regulation (Note 2) Regjine mV
17.9 Vdc < Vi < 30 Vdc, Ig = 500 mA - 85 20
20 Vdc < Vi <26 Vde - 3.0 22
17.5Vdc <Vjp <30 Vdc, Ip=1.0A, Ty =25°C - 7.0 20
Load Regulation (Note 2) Regjoad mV
50mA<Ig<15A,Ty=25C - 1.8 25
50mA<ip<1.0A - 1.5 25
250 mA <lp <750 mA - 12 15
Quiescent Current IB - 35 6.0 mA
Quiescent Current Change Alg mA
17.5 Vde < Vi, < 30 Vdc, Ig = 500 mA - - 0.8
17.5Vdc <Vjy£30Vde, Ip=1.0A,Tj=25°C - - 0.8
50mA<ip<1.0A - - 05
NOTES: 1.Tjqy =—40°C for MC78XXAC, C, LM340AT-XX, LM340T-XX  Thigh = +125°C for MC78XXAC, C, LM340AT—XX, LM340T-XX
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
MOTOROLA ANALOG IC DEVICE DATA 9
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits Description
Low-noise analog signal path The Allegro® ACS712 provides economical and precise
Device bandwidth is set via the new FILTER pin solutions for AC or DC current sensing inindustrial, automotive,
S ps output rise time in response to step nput current commercial, and communications systems. The device
50 kHz bandwidth

package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent

Total output error 1.5% at T,= 25°C, and 4% at —40°C to 85°C
Small footprint, low-profile SOIC8 package

1.2 m) internal conductor resistance g
2.1 kVpys minimum isolation voltage from pins 1-4 to pins 5-8 fault protection.
5.0 V, single supply operation

66 to 185 mV/A output sensitivity

Output voltage proportional to AC or DC currents
Factory-trimmed for accuracy

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper

Extremely stable output offset voltage conduction path generates a magnetic field which is sensed
Nearly zero magnetic hysteresis by the integrated Hall IC and converted into a proportional
Ratiometric output from supply voltage voltage. Device accuracy is optimized through the close

proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,

Package: 8 pin SOIC (suffix LC) ‘;:r"fa’cp:;r:‘;::;}z:rdpzéf:gg: Hall IC, which is programmed

The output of the device has a positive slope (>Vgyrg))
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 m€ typical, providing low power

Continued on the next page...
Approximate Scale 1:1 ﬂ

Typical Application

Application 1. The ACS712 outputs an analog signal, Vgyr.
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, Ip, within the range specified. C¢
is recommended for noise management, with values that
depend on the application.

ACS712-DS, Rev.1
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

loss. The thickness of the copper conductor allows survival of
he device at up to 5% overcurrent conditions. The terminals of
he conductive path are electrically isolated from the sensor leads
(pins 5 through 8). This allows the ACS712 current sensor to be
nsed in applications requiring electrical isolation without the use

of opto-isolators or other costly isolation techniques.

Selection Guide

fully calibrated prior to shipment from the factory.

T Optimized Range, | Sensitivity, Sens
Part Number Packing* (.,?:'; e A) ae, p (Typ) (i;'yw A)
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 +5 185
ACST712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40to 85 20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40to 85 30 66
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 %
Reverse Supply Voltage Vgree -0.1 v
Output Voltage Viour 8 \"
Reverse Output Voltage Vriout 01 v
Output Current Source houT(source) 3 mA
Qutput Current Sink houTsink) 10 mA
Overcurrent Transient Tolerance Ip ;?g :g:ae‘ gfu:ﬁl szesgv:‘;?ggmc:" applad 60 A
Maximum Transient Sensed Current Ir(max) Junction Temperature, T; < T (max) 60 A
Nominal Operating Ambient Temperature Ta Range E -40to 85 °C
Maximum Junction T (max) 165 °C
Storage Temperature Tsig —65to 170 °C
TOV America Parameter Specification
St N CAN/CSA-C22.2 No. 60950-1-03
BV 06 0554214 010 Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

The ACS712is provided in a small, surface mount SOIC8 package.
The leadframe is plated with 100% matte tin, which is compatible
with standard lead (Pb) free printed circuit board assembly processes.
Internally, the device is Pb-free, except for flip-chip high-temperature
Pb-based solder balls, currently exempt from RoHS. The device is

[ 1)
L [

Allegro:

Allegro MicroSystems, Inc.
115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000

www.allegromicro.com

2
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

5V
_______ r— S ___________-_-..---_,_________-_____________E
1
1
1
1
1
1
H
Sense Temperature H
Coefficient Trim !
s \[ :'
£3 X [ n :
23 Signal b A e 1 viouT
] o | vV WV + 1 (Pin 7)
‘g 5 > Recovery | . " Pt _L i .____.?(
S#':e [ -:I—": 3 0.1 pF
0 Ampere 1 '_'I:
Offset Adjust t
1
- i
]
)
:
______________________________ . FILTE—R1____— o -
(Pin 6)
b
Pin-out Diagram
1P+ [1] 8] vce
1P+ [2] 7] viouT
1P~ [3] (6] FILTER
1P- [4] (5] GND
Terminal List Table
Number Name Description
1and 2 P+ Terminals for current being sensed; fused intemnally
3and4 IP— Terminals for current being sensed; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
8 vCcC Device power supply terminal
_.;:W o Allegro MicroSystems, Inc. 3
/ l’e . 115 Northeast Cutoff, Box 15036
wsn g /T -gm Worcester, Massachusetts 01615-0036 (508) 853-5000
‘uEE By " MicroSysiems, Inc. www.allegromicro.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS over full range of Top, Cg = 1 nF, and Vioc = 5 V, unless otherwise specified

Characteristic | Symbol Test Conditions [ Min. | Typ. [ Max. | Units

ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 45 5.0 55 v
Supply Current lee Vee = 5.0 V, output open 6 8 1 mA
Output Zener Clamp Voltage Vz lcc= 11 mA, To=25°C 6 8.3 \
Output Resistance Rioutr  |liour = 1.2 mA, Tp=25°C - 1 2 0
Output Capacitance Load Cioap |VIOUT to GND - - 10 nF
QOutput Resistive Load Rioap |VIOUT to GND 47 - - kQ
Primary Conductor Resistance | Rpgimary |Ta = 25°C - 1.2 - mQ
RMS Isolation Voltage Visorms |Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 2100 - = \'
DC Isolation Voltage Visopc |Pins 14 and 5-8; 1 minute, Ta=25°C - 5000 - \'%
Propagation Time torop  |Ip = Ip(max), Ty = 25°C, Coyr= open - 3 - ps
Response Time tresponse | lp = lp(max), Ta = 25°C, Coyr = open - 7 - us
Rise Time t, Ip = Ip(max), Ty = 25°C, Coyr= open - 5 - ps
Frequency Bandwidth f -3 dB, Ty = 25°C; Ip is 10 A peak-to-peak 50 - - kHz
Nonlinearity Ein Over full range of lp - 1 +15 %
Symmetry Egym |Over full range of Ip 98 100 102 %
Zero Current Output Voltage Vioutiqy |Bidirectional; I = 0 A, Ty = 25°C - Vg_c; - %
Magnetic Offset Error Verrom | Ip = 0A, after excursion of 5 A - 0 - mV

Vg Typ.—110| J'SS 7 [Typ.+110] mV
Clamping Voltage v —-—

Ve Typ.—110] 0_3825 Typ.+110| mV
Power-On Time tro {())nu::gg:j ;faicnges 90% of steady-state level, T,=25°C, 20 A present _ 35 _ s
Magnetic Coupling? - 12 - GIA
Internal Filter Resistance? Reanm 1.7 kQ

1Device may be operated at higher primary current levels, Ip, and ambient, Ty, and internal leadframe temperatures, Top, provided that the Maximum
Junction Temperature, T (max), is not exceeded.

219G =0.1mT.

3Rrgnm) forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Max. Units

Operating Intemal Leadframe Temperature | Top ]E range —40 - 85 °C
Value Units
Junction-to-Lead Thermal Resistance? Rgy. |Mounted on the Allegro ASEK 712 evaluation board 5 ‘CW

Mounted on the Allegro 85-0322 evaluation board, includes the power con-
sumed by the board

1Additional thermal information is available on the Allegro website.

2The Allegro evaluation board has 1500 mm2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked
Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet.

Junction-to-Ambient Thermal Resistance Raya 23 °CW

ganm - Allegro MicroSystems, Inc. 4
/ - 115 Northeast Cutoff, Box 15036
wnn e /E M Worcester, Massachuselts 01615-0036 (508) 853-5000
N W MicroSystems, Inc. www.allegromicro.com
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AC 87 12 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

x05A PERFORMANCE CHARACTERISTICS T =—40°C to 85°C1, C = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - 5 A
Sensitivity2 Sensyy |Over full range of Ip T = 25°C - 185 - mV/A

) Sensyop |Over full range of Ip 178 - 193 mV/A
Peak-to-peak, Tp= 25°C, 185 mV/A programmed Sensitivity, _ 45 _ =y
Cg=4.7 nF, Coyt = open, 20 kHz bandwidth
. Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity, _ _

Noise VNOISEPP) (G, = 47 nF, Cyy = open, 2 kHz bandwidth 20 mv
Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity, _ 75 _ mv
Cr = 1 nF, Coyur = open, 50 kHz bandwidth

Electrical Offset Voltage Voe lp=0A —40 - 40 mV

Total Output Error3 Eror Ip=t5A, Ty =25°C - 11.5 - %

1Device may be operated at higher primary current levels, I, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T j(max), is not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of lp, with [p = 5 A. Output filtered.

x20A PERFORMANCE CHARACTERISTICS Ty =—40°C to 85°C1, C = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -20 - 20 A
Sensitivity? Sensy, | Over full range of Ip, Ty = 25°C - 100 - mV/A

Senstop |Over full range of Ip o7 - 103 mV/A
Peak-to-peak, Ty= 25°C, 100 mV/A programmed Sensitivity, _ 24 _ mv
Cg=4.7 nF, Coyr = open, 20 kHz bandwidth
; Peak-to-peak, T, = 25°C, 100 mV/A programmed Sensitivity, _ _

Noihe VNOISEPP) |G, = 47 nF, Coyy = open, 2 kHz bandwidth s B
Peak-to-peak, Ty = 25°C, 100 mV/A programmed Sensitivity, _ 40 _ Yy
Cr = 1 nF, Cqyr = open, 50 kHz bandwidth

Electrical Offset Voltage Voe lb=0A -30 - 30 mV

Total Output Error3 Eror Ip=420 A, Ty = 25°C - +1.5 - %

1Device may be operated at higher primary current levels, Ip, and ambient temperatures, Tqp, provided that the Maximum Junction Temperature,
T,(max), is not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of Ip, with Ip = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS Top =—40°C 10 85°C", G- = 1 nF, and Vg = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. | Units
Optimized Accuracy Range Ip -30 - 30 A
Sensitivity? Sensy, |Over full range of Ip, Ty = 25°C - 66 - mV/A

Senstop |Over full range of Ip 64 - 68 mV/A
Peak-to-peak, Ty= 25°C, 66 mV/A programmed Sensitivity, _ 20 _ -
Ce=4.7 nF, Cou'[ = open, 20 kHz bandwidth
: Peak-to-peak, Ty = 25°C, 66 mV/A programmed Sensitivity, _ _

Nelaa VNOISE(PP) | G, = 47 nF, Coyy = open, 2 kHz bandwidth ¥ v
Peak-to-peak, Ty = 25°C, 66 mV/A programmed Sensitivity, _ 35 _ mv
Cg = 1 nF, Coyr = open, 50 kHz bandwidth

Electrical Offset Voltage Voe lr=0A -30 - 30 mV

Total Output Error3 Eror |lp=%30A,Tp=25°C - +1.5 - %

1Device may be operated at higher primary current levels, |, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T,(max), is not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of Ip, with Ip = 30 A. Output filtered.

‘uEE m Y
“amn

g . Allegro MicroSystems, Inc. 5
T lk m‘. 115 Northeast Cutoff, Box 15036
wan /8 Worcester, Massachusetis 01615-0036 (508) 853-5000
MicroSystems, Inc.

- www.allegromicro.com
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Certificate Numbes: Q10561 Certificate Number: E17276

RBV2500D - RBV2510D SILICON BRIDGE RECTIFIERS

PRV : 50 - 1000 Volts RBV25

lo : 25 Amperes . L j.:tz_z_| —
FEATURES : \J R

High current capability |- © 32201
High surge current capability

High reliability

Low reverse current

Low forward voltage drop

High case dielectric strength of 2000 Vbc
Ideal for printed circuit board

Very good heat dissipation

Pb / RoHS Free

MECHANICAL DATA:
* Case : Reliable low cost construction 10 | 75/75 20102 — [—
utilizing molded plastic technique e a0 0701 —|—

* Epoxy : UL94V-O rate flame retardant

* Temminals : Plated lead solderable per Dimensions in millimeters
MIL-STD-202, Method 208 guaranteed

* Polarity : Polarity symbols marked on case

* Mounting position : Any

* Weight: 8.17 grams ( Approximaly )

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating at 25 °C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

20103

* % ¥ *

A % % %
135+ 03
175+ 05

1.0 £0.1

RATING SYMBOL | J£500 | 501D 25020 | 25040 | 26080 25080 | 28100 | UNIT
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 | 200 | 400 | 600 | 800 | 1000 Y
Maximum RMS Voltage VRMS 35 70 140 | 280 | 420 | 560 | 700 v
Maximum DC Blocking Voltage Voc 50 100 | 200 | 400 | 600 | 800 | 1000 | V
Maximum Average Forward Current Tc = 55°C IF(av) 25 A
Peak Forward Surge Current Single half sine wave o i A
Superimposed on rated load (JEDEC Method)
Current Squared Time at t < 8.3 ms. it 375 AZS
Maximum Forward Voltage per Diode at IF = 25 A VF 1.1
Maximum DC Reverse Current Ta=25°C IR 10 pA
at Rated DC Blocking Voltage Ta=100°C IR 200 pA
Typical Thermal Resistance (Note 1) ROJC 12 °CW
Operating Junction Temperature Range T -40to+ 150 °C
Storage Temperature Range Tste -40to+ 150 °C

Notes :
1. Thermal Resistance from junction to case with units mounted on a 5" x 6" x 4.9" (12.8cm.x 15.2cm.x 12.4cm.) Al -Finned Plate

Page 1 0of 2 Rev. 03 : September 9, 2005
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Certificate Number: Q10561

AVERAGE FORWARD QUTPUT

CURRENT, AMPERES

FORWARD CURRENT, AMPERES

— RATING AND CHARACTERISTIC CURVES ( REV2500D - RBV2510D )

FiG.1 - DERATING CURVE FOR OUTPUT
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FIG.3 - TYPICAL FORWARD CHARACTERISTICS
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Bridge Diodes (Schottky Barrier) 110
Absolute Maximum Ratings Electrical Characteristics (Ta=25°C) Others
Parameter Irsm T | Tst Vr IR Ir tir ‘"
Vou |rny|__@ |0 | e V) (mA) ( (ns) Ri{l-cl| Mess i
Type No. V) | with 50Hz maxper [ § VR=Vrm | Vr=Vron, Tax100°C b e '
Heatsink | ™05k Spewme element | (A) |maxperdement | max per clement my | GW | @
RBV-404B 40 0.55
4.0 40 2.0 2.0 20
RBV-406B 60 -40to0 +125 | 0.62 100 | 1007100 50 425 | ®
RBV-1004B | 40 | 100 60 oss | s0 | so | 3.0
RBV-404B .
Ta—Ir(av) Derating Vr—Ir Characteristics (Typical) Vr—Ir Characteristics (Typical) Irms Rating
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z i : — z 2
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External Dimensions

(Unit: mm)
[F!arnmabiity:

UL94V-0 or Equivalent

Fig.®
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R R5007ANX 25
Nch 500V 7A Power MOSFET Datasheet
®QOutline
Vpss 500V i
RDs(on)(MaX.) 1.05Q
Ib +7A
Pp 40W F U8
e®lnner circuit
®Features @
1) Low on-resistance.
2) Fast switching speed. 8; gg‘;
3) Gate-source voltage (Vgss) guaranteed “ (3) Source
to be £30V. & )
4) Drive circuits can be simple. Rt e
5) Parallel use is easy. @
6) Pb-free lead plating ; RoHS compliant ePackaging specifications
Packing Bulk
Reel size (mm) -
@ Application Tape width (mm) -
Switching Power Supply L Basic ordering unit (pcs) 500
Taping code -
Marking R5007ANX
® Absolute maximum ratings (T,=25°C)
Parameter Symbol Value Unit
Drain - Source voltage Vbss 500 \"
Tc=25°C Ip? 7 A
Continuous drain current
Tc=100°C Ip! +3.4 A
Pulsed drain current Ippuise 2 +28 A
Gate - Source voltage Vss 130 Vv
Avalanche energy, single pulse Exs® 32 mJ
Avalanche energy, repetitive Ex™ 26 mJ
Avalanche current I3 3.5 A
Power dissipation (T, =25°C) Pp 40 w
Junction temperature T 150 °c
Range of storage temperature Teg -55 to +150 °c
Reverse diode dv/dt dv/dt 15 V/ns
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R5007ANX Pafasheet

@ Absolute maximum ratings

Parameter Symbol Conditions Values | Unit
Vps =400V, Ip =7A
Drain - Source voltage slope dv/dt 50 Vins
Tj=125°C

@ Thermal resistance

Values
Parameter Symbol Unit
Min. | Typ. | Max.
Thermal resistance, junction - case Ripuc - - 3.13 | ‘W
Thermal resistance, junction - ambient Rina - - 70 | ‘CW
Soldering temperature, wavesoldering for 10s Tead - - 265 °Cc

o Electrical characteristics (T, =25°C)

Values
Parameter Symbol Conditions Unit
Min. | Typ. | Max
Drain - Source breakdown
voltage Verpss |Ves =0V, Ip=1mA 500 i ) Vv
Drain - Source avalanche B B
breakdown voltage Verps |Ves =0V, Ip=3.5A - | 580 | - Vv
Vps =500V, Vgs = 0V
Zero gate voltage i )
drain current lbss |Tj= 25°C 01 | 100 | pA
Tj = 125°C - - | 1000
Gate . Source Ieakme Cuﬂ‘eﬂt IGSS VGS = j:30\/, VDS = OV = - 11 00 nA
Gate threshold voltage Vas) |Vps =10V, Ip=1mA 25 _ 45 v
Vgs =10V, Ip =3.5A
Static drain - source U ISR—
on - state resistance Rosen® | Tj = 25°C - |08 |105]| 0
Tj = 125°C - | 166 | -
Gate input resistance Re  |f= 1MHz open drain - |73 ] - | @

www.rohm.com
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R5007ANX Ratasheet
@®Electrical characteristics (T, = 25°C)

Parameter Symbol Conditions Values Unit

Min. | Typ. | Max.

Transconductance gs® |Vps=10V,Ip=3.5A 25 | 45 - S
Input capacitance Cee |Vas=0V - 500 -
Output capacitance Cess |VDs =25V - 300 - pF
Reverse transfer capacitance Cigs f=1MHz - 23 -
Effective output capacitance, C ) 22 4 )
energy related %y os =0V, ' =
Effective output capacitance, o |Vps=0Vio400V . leso !l - ’
time related o)
Tum - on delay time taon © | VDD = 250V, Vgs = 10V * 20 -
Rise time ts Ip=3.5A - 22 -
Tum - off delay time tyom® |RL=71.40Q - 50 | 100 "
Fall ime t® Rg=10Q - 25 50
@ Gate charge characteristics (T, = 25°C)

Parameter Symbol Conditions Values Unit

Min. | Typ. | Max.

Total gate charge Q% |Vpp =250V - 13 -
Gate - Source charge Qx® |Ip=7A - 3.5 - nC
Gate - Drain charge Qy® |[Vgs =10V - 55 -
Gate plateau voltage Vigaeayy | VDD =250V, Ip =7A - 5.9 - \Y

*1 Limited only by maximum temperature allowed.

*2 Pw < 10ps, Duty cycle £ 1%

*3 L=500pH, Vpp=50V, Rg=25Q, starting T;=25°C
*4 | =500pH, Vpp=50V, Rg=250, starting T;=25°C, f=10kHz

*5 Reference measurement circuits Fig.5-1.

*6 Pulsed
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R5007ANX Peajasheet
eBody diode electirical characteristics (Source-Drain) (T, = 25°C)
Values )
Parameter Symbol Conditions Unit
Min. Typ. Max.
Inverse diode continuous, »
Is - - 7 A
forward current
- : Tc=25C
Inverse diode direct current, a2 ) i 28 A
pulsed
Forward voltage Vgp® Vgs =0V, Ig=7A - - 1.5 \Y
Reverse recovery time £y ® - 302 - ns
Is=7A
Vi Q" - 2.02 -
Reverse recovery charge - dildt = 100A/ps 0 puC
Peak reverse recovery current bym © - 13 - A
Peak rate of fall of reverse dijdt |Tj=25%C ) 250 _ Als
recovery current
e Typical transient thermal characteristics
Symbol Value Unit Symbol Value Unit
R 0.327 Cin 0.00167
Rz 112 KIW Cho 0.0151 Ws/K
Rz 2.00 Cpa 0.391
: Ti Rthi Rth,n . Tcase
. PD :
| T@ Cthi  —— Cth2 —— Cthn ;
E i Tamb

________________________________________________________________________
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TOSHIBA

TLE250

TOSHIBA Photocoupler GaAlAs Ired & Photo—-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving eircuit of IGBT or power MOS FET.

e Input threshold current: [IF=5mA(max.)

e Supply current (IcC): 11mA(max.)

e Supply voltage (VcQ): 10-35V

e OQOutput current (I0): £1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ps(max.)

e Isolation voltage: 2500Vrms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)
Clearance: 6.4mm(min.)

Schmatic
© Vee
I
o
2+ :] Vo
VE :;
3- Vo
GND

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Truth Table
T T2
Input On On Off
LED off off On

Ty

Unit in mm

=[]
S
Ho

Rlw

B.4+0.25

E
3.85703%

1.2£015)0 °

05+ 0]

254+025

0.81025

2.5MIN

11-10C4

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1[0 s
2[] 17

} 3
3 [ 6
4 s

1:NC.

2 : Anode

3 : Cathode

4:.NC.

5:GND

6 : Vg (Output)

7:Vo

8:Vce
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TOSHIBA TLP250
LAY
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta =z 70°C) Alp ! ATa -0.36 mA/°C
I | Peak transient forward curent (Note 1)]  IepT 1 A
Reverse voltage VR S \'
Junction temperature Tj 125 *C
“H"peak output current (Py < 2.5ps,f S 15kHz) (Note 2) lOPH -15 A
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +15 A
(Ta <70°C) 35
Output voltage Vo v
5 (Ta=85°C) 24
:2:, (Tas70°C) 35
2 | Supply voltage Vee \
(Ta=85°C) 24
Output voltage derating (Ta = 70°C) AVp/ ATa -0.73 vicC
Supply voltage derating (Ta = 70°C) AV / ATa -0.73 V/°C
Junction temperature T 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.s 60%) (Note 4) BVs 2500 Vms

(Note 1) Pulse width Py < 1ps, 300pps

(Note 2) Exporenential wavefom

(Note 3) Exporenential waveformn, lopH < —1.0A( < 2.5ps), lopL < +1.0A( s 2.5ps)

(Note 4) Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

(Note 5) A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The fotal lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on IF(ON) T 8 10 mA
Input voltage, off VE(OFF) _— 0.8 v
Supply voltage Vee 15 — 30 20
Peak output current lopr/lopL — o 0.5 A
Operating temperature Topr -20 25 70 85 °C
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TOSHIBA TLP250

T

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.” Max. Unit
cuit
Input forward voltage VE — Ilr=10mA, Ta=25°C 1.6 1.8 v
Temperature coefficient of _ _ _ _ o
forward voltage AVE/ATa - IF=10mA 2.0 mV/°C
Input reverse current iR — VR=5V,Ta=25"C — 10 pA
Input capacitance Ct — V=0,f=1MHz, Ta=25C —_ 45 250 pF
ayr Ig=10mA E _
H” level loPH 3 Voo =30V Vg g=4V -05 1.5
Qutput current ¢1) — A
"o F = —
L" level loPL 2 V5= 2.5V 0.5 2
- Vet = +15V, VEg1 = -15V _
H” level VoH 4 Ry = 2000, If = 5mA 1 12.8
Qutput voltage 7 \"J
- Vcet = +15V, VEgy = 15V - i .
L” level VoL 5 Ry = 2000, Vi = 0.8V 14.2 12.5
Ve =30V, I = 10mA _ 7 _
“H” level lCCH — Ta=25°C
Vee =30V, Ig = 10mA e e 1
Supply current o e mA
Ve = 30V, Ig = OmA . 75 .
“L" level 1 ceoL s Ta=25°C
Ve = 30V, I = OmA — - 1
Threshold input “Output i LK _ Vceq =+15V, VEg1 =15V _ 12 5 -
current L—H Ry = 2000, Vo > 0V
Threshold input “Output | Veer = +15V, Ve = -15V
" FHL - 0.8 — i \'%
voltage H-L R = 2000, Vg < OV
Supply voltage Vce —_ 10 - 35 Vv
Capacitance c Vg=0,f=1MHz
i —_ 1.0 20
(input—output) 5 Ta = 25°C pF
; : Vs =500V, Ta=25°C 12 14
Resistance(input-output) Rs — R H.< 60% 1x10 10 — Q

* All typical values are at Ta=25°C  (*1): Duration of Ip time < 50pus
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TOSHIBA TLP250

11O

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.” Max. Unit
cuit
Propag_ah'on L—H toLH — 0.15 0.5
delay time HoL toHL IF = 8mA — 0.15 0.5
. 6 Veet = +15V, Vegq =-15V ys
Qutput rise time tr Ry =200Q —_ — —
Output fall time tf — — s
Common mode transient
: ; . Vem = 600V, I = 8mA
immunity at high level CumH 7 - = oE®, -5000 — — Vips
iut Vee =30V, Ta=25°C
Common mode transient . -
immunity at low level oM A et o 5000 | — — |vrus
output 2

* All typical values are at Ta = 25°C
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