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ABSTRACT

This project presents about 1-Phase Uninterruptible Power Supply which size is
200 VA. In this project, IGBT is used to be the power switches in the inverter. The
PWM signal which drives the inverter utilizes PWM with Unipolar Voltage Switching.
The Uninterruptible Power Supply works in online mode by using 36 volts sealed lead-
acid batteries (three of 12 volts batteries are connected serially). The Uninterruptible
Power Supply could supply eiectricity below 15 minutes at full power {oaded via ac

output during unusual (fault) electrical condition.
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2. ussaulWiadnanasauauniisiniuig (Volt-second) luudazamuiiiny

aud

U

1 t+T

V=o [idi=0 2.2)

1

YYaliak Na'numaqNag}m'szwmLmGTu"lwﬁ'mnﬂiau@ﬁmﬁmﬁﬁﬁunm (Volt-Second)
'meia:mnnmwhﬁuquﬁ



3.n5:ua’lv~lﬂ1m§mlaw'hLﬁuﬂszq‘luu@ia:munma:ﬁ@hwhﬁugmﬁ

1!+T
j=— |i(t)dt =0 2.3
= ) (2.3)

f
Wipfis Uszangnifin( Charge ) unzae ( Discharged ) vasudaza vy szeluuda:
AMULIRIZADITNIN
4 MR WRmdsudhasdsavinumssiwiimsdunaan
P, = P, (2.4)
d: o ar L3 ar ) - 9 + = d' o
nydiittmualiaunsalnnduuaausd Mlligygdsiassnmainueases

UszEnimwassnasirinnuionasisud

+ Vi
o ot Y .
+ | + I ‘lo ¢_/i_0
Vs C) AV C R<JV

o

ph"‘l 2.6 gﬂuﬁm’msﬂ"nﬂaunai’m a¥

2.3.2 nanmIuTsTINnaunaiaas
wanmMItnweenItnrawsfiaad Ravzsanwuuliusssulwiidwaamad
faams faduandanlefiiuseuinieisfianaiousmisnihluudssaunaiia
winugue ninszEunTawsnszusf Insduamiisnildasunisi 2.8) wazms
’smﬂ:ﬁmsﬁwmumanmsﬁ'@Taﬁm‘mm"luama:agﬁqﬁoi‘f

2.3.2.1 MEEINTIINIZUR
mngﬂ'ﬁ' 2.7 nzud Wi flnannunasing Winszuaasses narinu damilo iy
Tnan Tasfinszuslwihdunila liAvdssgnnngueanaisanlmusadiowiu
aumslaaail



Vi=Vs-Vo

+ +
Vs VD=VS

N |
/1

o . ISP
p]n 2.7 gﬂmmumannsmamwﬁmns:ua

~Vs+v+Vo=0
v, =V, -V,
VL=Lﬁ

dr
diL __VS_VO
@ L

dt lunsdegluzraahnizuadio ot = DT

Ai(on) = (Vs -Vo

)DT

2.3.2.2 ANt laiihnTzus

Vi= Vo

Q/c ‘+m\_¢
+ +

Ve O Vo=0 7=

“ -

| o {  a ‘o
El.h'l 28 Eﬂuammimo'm’uanwnﬁamnﬂummzm

Vo

(2.5)

(2.6)

2.7)

(2.8)

Vo

Waadngtdiinizus "lﬂT.aﬂa:gn'lU salddnenmin linnszus vlvnszushlng

1 o A o a ' ' A [ L
iusmitsnhifianslnaatwdaiion uazanngasnefreniazldrunty

o o o
ORIy L R tR



V, =—v, (2.9)
di
V=-V,=L—+ 2.10
L 0 ar (2.10)
dip _Aij,off Vo 2.11)
dt At L

ATIUMNETIRINST (2.11) Ranszuad nadudamiisniazdan 9ifanag
nznsilasuwlsanszuaaamitsnhdanadaninay

dt lumtﬁag'lwﬂ'zmmﬁnqm‘hns:ua A9 dt = (1-D)T duiuonsumfi
(2.11)aumm€fﬂ;ﬂ‘lm"lﬁﬁu1‘f

Ai, off = —(%)(1 ~-D)T (2.12)

2.3.3 MIRIFDATIVLNBUTIOWYDINNITUNADWLIDILADT
nnGanlefirhmualiluaunisi@.nnandelutivaisnizage ms
waruuladvainizuan ariweunioni luanenaindinizug azinsiddsuulah
- J ;e = - o il a d' o nl' P 4
Wadwrntum s aswsefisaamainizug Wi dlunaiwaanis ni lusneHaing
Tishnszug wiansanananldinmufsunlssaanszuailnakudmitonhansd

Anilugud daiuanaun1n.syfusunisfi(2.12)ezldi

Aiy o+, =0 (2.13)
(%)DT + (—(%)(1 -DY)=0 (2.14)
Y=Y nryv— i - pir =

( 7 yDT) (L)(l DT =0

(V, ~Vy)D~V,(1-D) =0
V.D-V,D-V,+V,.D=0
VO

oo p 2.15
” (2.15)

s

Tuaumiﬁ(z.1S)é'ﬂﬁmwmUusaé’m:ﬁmgpqﬂ‘lmﬁu 100% WA 29970
aauatiaadiilusesfivlvusesulnihduasniasnimiariiuusaiwinidug
ﬁ"aﬁﬁuayﬁum D laanmsuuen D mmsnﬂ%’u’lﬁ@ﬁLwimguﬂ’ﬁmﬁa L0 WII0 W RN
iy 100 Taad Slumamasgasestinaeunaiiaed fezemansadfuussdulnindu
aan'lﬁév‘ou@iguﬁm@fﬁmﬁﬁarf[’m@f walwmayfudesbismsolivldts 100 Tad
InTsfiauTssuanasuainduasdamioni vnldussduinihduaaniildidaidntas
ni1 100 Tadudnios
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2.3.4 msmﬂ"m'num{imﬁﬂﬁté’nﬁqmanaﬂsﬁ"nﬂauna%mm’
nwmmﬁhmﬁmm-‘i‘ﬁé’nﬁqﬂ'uamwiﬁnﬂaunai’mai‘ﬁwm‘lﬂwumm:uﬂ
doiiloa Iﬂm‘%'uﬂ”umnmsmns:uam&"ﬂﬁ'lvmmu@hmiimﬁnﬂfmumﬁ'um:umaﬁﬂﬁ
Tnariulnag Lﬁaqmnmm:ﬁagj‘l.uam';:miﬁ'mmagji@'h nezusaan nariuduiy
Uszgazfidiniugud Fartuazler
Vo

li=h==2 (2.16)

1N3UA 2.9() mansaminszua i nadmdamiisnhgegaussdnga &

1 A o (-] - A’
i]'maumﬂummmﬂﬂumm:uamu

Iy =1, +‘“AEIL‘ (2.17)
V. 1V
L =22 [L2q-D)T
e = 2[ I (1-D)T]
-] -l L *N] J » O A’
wiapulwinoaulaeait
1} e =y 2. 40D (2.18)
: R 2Lf
Vi
A
(Vs - Vo)
0 e
DT T -t

ol - o - & & [ , a - o
FUN2.9 sadummhnusasnIsinaeueiiea(n) unduhanassuduniieni)
nyzuaf lnatuaunitgainlulvanszusdatitas

ﬁdﬁ%ﬂi:“ﬁﬁﬂﬂﬁﬂ?ﬁ’]ﬁ’]ﬁfﬂﬁFJ

. A
]L,min:IL_TL
Vo 17,
o =———[=(1-D)T 2.19
L,min R 2[L( ) ] ( )
=l T =D,

.,min R 9 T



3!

I =Vl - 22 (2.20)
- R 2Lf
Gawlvidgdmiumahaululnuanszuswid inasnuduniiont
Lupdaiias Santzuaflnadudamniisnhazdaailunzusuinigus sun1sfi(2.20)
s lslunmndianuwiisihuesanuiilunseieds Wiz lingntans
rnrwlulnuanszuglwind nsrdndamiisiwoy lidaiias uszwin 1min i

A A & | . o . a a o ) e |
o ﬂE]I.‘]JWH'NGIBi:ﬂ?ﬁdﬂi:LLﬁ1Nﬁ1ﬂ1ﬂEiHﬂuﬂ’JmuU’Ju’leUﬂE]I.uadu.ﬂ:hlﬂal.uad

IL,min _VO R 2Lf ] 0 (2.21)
1_(-D)
R 2Lf
1 _(0-D)
R 2If
Qr z L I
ganuazlain
,, =08 (2.22)
2f
f= (d-D)r (2.23)

aumifi(2.21) Ilummidenumisnihfidniigaiibisesdimanaiam

] 3
= as )

oA P YR - o o o &
IuIVill@ﬂTZLLHﬂE]LuﬂG ‘Hx‘i‘ﬂﬂ.@]’ﬂﬂ’lﬂ’]’]&][ﬁ%ﬂ'ﬁ%’]ﬂLﬂﬂﬂQ'ﬂ@Nﬂ'&Jﬂ'ﬁﬂ (2.22) fI%u¥IN

@Tmmm:aanLmu'lm"lﬁmmmmﬁmﬁﬂﬁtﬁnﬁqﬂhUﬁqamsﬁaﬁﬁaﬂuiulnamm:ua

1 4 (=4 & r-§ ﬂﬂ' 4 o (7
golitay AanurtaiRanaanuuyldaauwIniida nsdEAnINIIWeNsaYn el

: e i o A w v o A,

sun1fi (2.22) Iedasfiga lasmaien D Saudlndnitandeviimsliinas R den
- , a a A a ) a a A a o
woe 9 uananTznuliiedwiaue ﬂam:uam'[mm:umglm ganannIdiniafangnanui

@ Aa w n' A ) Al a & a &
Tendmndadaanisluaumsf (2.22) Gdann s anafilumssindiRuuain 50
kHz Il 100kHz fazvhlvaurevasdniioinnasnuuuiAnadgaayn laLgunu §u
gum7I (2.23) lFdmivAnsonmanailumisiadsimanza Wadunienihgn

fuadanunitsain

2.35 sszaanaduvansaulwihduaan

TaouUndnasniasnnufiansitu wiaaeeTnTaduuy LC ‘Y’iagji'luuanﬂaunai’maﬁf
a:ﬁﬁmﬁuﬂs:qﬁﬁmmw‘lﬂqj Rainmussduduaaniienasf udlunadfidesa
mmsmﬁan'l.f@'fmﬁuﬂs:qﬁﬁmmﬂlmy'mn c]'L@TLﬁaamnﬂmga uasldiuiunn eans
Lﬁan'l.fﬁ’nﬁuﬂi:qﬁﬁmmmmm:auua:‘lﬁ'ﬁiﬁ:aanﬂﬁumaamaﬁu'lwﬁ'lﬁmaanaglu

saufisauiuld SnTunidu i TzaanafrTaILTIew IWHIduaan suNTORIEN



12

9 o ar & a ar Qo I L7 n:l' A o
1Gl'il’mﬂ’]’1NRNW%MB\‘JLLiJﬂuﬂUﬂi:LLﬁ"Uaﬁ@lﬁLﬂUﬂT:i}@]dLLﬁﬂdlugﬂﬂ 2.10 ‘Hdﬂﬁ:LLiﬂ%ﬂ’]
udszamldam

I=i, -, (2.24)

31]#1'2.10 Eﬂﬂﬁumsﬁqmwaﬁnﬂauna{maf (n) nszuadnfiuliy (2) JERONAAR
Lmﬁuﬁ‘ﬁmﬁuﬂszq

Lfiamzu.a'lwﬂw'?i'lﬂmhuﬁ‘zLﬁuﬂs:qﬁﬂ'wLﬂumn s‘ﬁalu’ﬁwnmﬁandﬂﬁatﬁum:qa:
azauyszalapmanindiuanan

Q=CV, (2.25)
AQ = CAY,

A
AV, = —CQ (2.26)

Wa  AQ fa sndszafifouiilasiae g
AV, fa snszaanzaduiaan iniiduaaniulfsuulastes giznitseaiisuaa
AQ fia Aufimumadsafiiannnizuadiivlzsgmivinaiezld
1. T Ai TAi
AQ=—(TNZH) =—+
22 2

2.27
| 3 (2.27)
UWNUENNIR(2.27)891u(2.26) 2ol



13

TAi, .
Lol (2.28)

AV, =
8C

wnuen Ai,, = —(%)(1—D)T nsunsne.34) lapRasonanizauia)adly

FumMIN(2.28) asler

TV
AV, =—22(1-D)T 2.29
0 8CL( ) (2.29)
AV, T 1

=—(=)Y1-D)T 2.30
7 8C(L)( ) (2.30)
AV, T 1

=—(>)(1-D
v 8C(L)( )

samazle

AV, _ 1—D2 2.31)
vV, 8LCf

FUMINE.31) 3onndaTszaanaan (ripple ratio) anlfuaauiludanaiuuas
o P [ \ ° o o 'Y o
usseuszaannaw Wi dmaansznieaaditaanuduawiniduaan luhid
=< o [ o o - [ T
PRI L IR IR mndaantsvin v TzaanaAunTaw IWHIT0I239TUNADYH
- W [v A a w A P [ a
nafiaailatasa( dannszaanadu SatasnunoiinmsflausseanWinsusaasef
a & - v A aa o ° ) -
Fouanndu) aansniden ldrasuuinfensdiniensnenauynldiawlusunish
Al v A o § a, A w v 4 ,  a a 4 a o
(2.31) Hienkeaian laonisvinlvdn b Sduthlndniie daudnnidnilefamIneonuvi
Wehsulugunisfi2.31) Sdwngiuniafudaaumiionh aufudszanieamaiile
= [l ﬂl A’ [ 1] bt { 1] ] 1 A
ANIEINT LBU LANAUIN 50kHZ iU 100 kHz fiaeTIzaanafuIzddaaaIRIviI T
anafilumssindvaaaninaauneiineiuhianuhslunsmugudanszaan
AR VOILTITU AT waN
& A ' A 4 -« o 0 as a a
Ussiduisinaulsadianigrasianinaauwadinaiaa fas IWHIAAaN
1] 1 o Lo 1 Qe o L= dl L2 d‘ Jﬂ r.3 )
unsssaWiasesriiui s wihfilnealdiy Jauleifesuudnegydsdiugud
1o
P, =F (2.32)
Ja P, e et fisneanunassnalWidige
P, i sl Wi Alvas
Vi, =V, (2.33)
INFUMIA (2.33) wwRuldidanusunuizasusseuiuntzus iWihislauny
nytduasnowlaslWwianszugssy Faananainleaqn qqaiﬁnﬂaunm‘mai‘ﬁawmu;&a
wW3aulanundoutlss WA NIz a0
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2.4 unwwininanaige

unuudmanimirfinanda Wwdumadunandmiuduusuimaniunms
L%aﬂﬂnzwmqﬂmtﬁuﬁmﬁn winoaaznanldimih flludumadaudasswing
s EwAILlmEnAUIraamawimantines wu dmdulunsdindautaslni
undshgwasnuwwimdnazldunvamanaiuaimndulzugd Famanpyufoundsing
IWfnszusaduuazInaanmawiminecldurivasanauamnduniond

Taovrlumdautaslwinfldadnnsafindidsnzutseanduantszianldun
Hﬂauﬂm'lﬂﬂ'lmmﬁ@iﬁLLa:vxﬁaLLﬂaa'l.wﬂﬁmm?iga Tanfiemuuandiassninmda
wylas Wi utidn(50/60 Hz) u.a:'nﬁaLLﬂm'l.Nﬂwmmﬁ'go(mé’nﬁTaLﬁmeﬁamnn'ﬁ)
a:agﬁmﬁmti{ammaounuuajmé'nﬁ'l'f Tasfindaudssarudidrazifunwnan (ron core)
'lumm:ﬁ“ﬁauﬂaamwuf’igw:'l'ﬁ’ unwiwaslaa(ferrite core) tiudn

WaslsuunudinnIaeanvazi3onlailancusiindn (magnetic metals) azu1ia
paniDugasuuy 1eun wuuuds (hard materials) Safinuldusindnmas wasuuvdau
(soft materials) F9sfinulFvimtaudasWihussanniiomin Wi TagwasTsuaniudn
guanddlaun fo LRI R L RSB (7,000 ~ 23,000 1mad: Tasdl 1
LEd iy 107 imaan) uszdianuduuldauAnsgs (1,000 ~ 200,000) F1921
ﬁ'\‘lwﬂwﬁmgﬁm Sesudufiesdaariiuruunag Yssnauiy (aminated or tape from)
iasasniddlwihguifoiaminnszusinan suUnsvssunuulndnSaunsenaf
wwalng g Ltazﬁﬁquauﬁﬁ'ﬁmﬂﬂuﬂmtmlﬁuusutajLﬂﬁnﬁuﬁ’ago Jafudfoulslu
qﬂmtﬁuajm&'nﬁ'l'ﬁ’ﬁ'ummﬁmu (50 ~ 400 Hz) athilsiana Lﬁaomnﬁﬁﬂwﬁwgtytﬁn
dlasnnnyzuglnam ﬁﬂﬁ"lajmmsn'l'ﬁ'lmmmnuf‘igo'lﬁ ( <200 kHz)
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4 4
2.5 1aT098Ms=uVALAET ( Battery Charger)
[ o o a -

251 enuiiugmfisanuuueine’

o X = El [ o ' a
wuataaInlglulasenisil illuuuawmaIuuesni - nTa JazvanarrTiaua:
AUANTIANTN lasutiadlu 2 wiia gt

2.5.1.1 wualeaTuuuasii — n3a laoludaadusiinai ( Non spill lead — acid
battery ) wtiailu 2 wfia léun

2.5.1.1.1 LUALABIWATZIU ( Standard Battery )

A s A4 A f % =l [ o . -

wuamaTriiafiiielildlfauazinInieiizadaedies ( Self - Discharge ) i
A o an v A v a @ | a e o ]
unvgmnpiifauiadeniadasiimisalizaluinn g 4-6 dlansd iNeTapadinIme

L o IJ -} e L . 1 ":

Uiz 6183 ( Self - Discharge Juuaaaitmanzniumslfnuluiunaug

2.5.1.1.2 uwwaLeeInms ( Permanent Battery )

Fl’ ~ ; (=3 AI -~ al L =3 ﬂll (g |

wuaieeTsiatannofivfiammnd 20 ssengadusldwnoideulasnlaided
MIQUaTNIN u.a:mmmé’ﬂﬂ‘s:ﬂﬁﬁuu.umﬂa’%'nnﬂ 10 1Hawu uaziimimedszaee
7189 ( Self - Discharge ) f1 WigaanlFazNINan ( Lead Alloy ) ThaWLa Lnans
é’nm%’umﬂ’ﬁmuﬂLﬂuﬁﬁaomsmqn’n'limugan’imuuu.uﬂma‘&mmgm ( Standard
Battery )

2.5.1.2 wualaaTuyuazn-nIaninsianiin ( Recombining Sealed lead-acid
battery )

Undudufiauuainaidatizaauierzduiidadszaganinin ( Overcharge )
niadawinfifudiaalatladuifaljiiouiuiolalasauuszssndiowinlinn
uturasbianlaslasiAniwndsadubnsulasuuuuansiazfeugmuniwld ms
a o4 o 4 o o 4 & o v o9 w .
@uihnawdunmsirdmaluntlduyane asmndsdinmsiaumnuuaeildnulaslal
Ao =) :’ ‘l’ A 1 -
aoaduinaudaitsaaniiu 2 1iia fs

2.5.1.2.1 wuanaIuuulidasTan ( Non-recombining ) #3070 UNE ( Partially

. . n' o A(VL [ o a 1 v el L%
recombining ) kuaiasTsiiaftlidanhninmlaquazlidasdarszalvtionedy
overchange iNalduuawmaiiaulunsdingumpiiganirgamniuiadsuun quuaiaaia:
[~ [ ] o “v b A’ A d' =l d' - Ve o o
aharildanudugiiu Sauuameiecimdrnnesdalifosenlulwiufiusznd

- et Asna . o [ g; 4 A’ W A |3 d‘
wladalwitilafianuauiadas domaidddldnunnanizuindes uuaeeiuuy
A‘ r.Y = A d’ ) o = ﬂ‘; Qo L3 a‘ 4 -
faztaniinly Sonsluuuamadacliiamadnnadidianusunmuduazitanszuala
sanmalunsdayzauuuinmssauunduaf axdatizydionszuadatizag gluam
a w E 4 - [ o - i a Y o o
Guau uszluauf 2 WeussudaunduuuaiaedFugsiuuazdasnununizuslunmide
U3z Wautaineiianasdasinmunduuuanailasaanszusldindonszuaas 9iiie
ilsifia overcharge uazilaaniu electrolyte loss partially recombining LUALABIWLL
azia-niafilawiannuadriuaaniodanuiuuaynsa wiavuuila tliey
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LUAL® a‘%ﬁmum&mm IfusiAuganaznIzualos 9@ udaalzuuaia syuuymwLeslE
Lm@'fu@'i’ms:uﬂgo sjuumﬂaéﬁmuqsna”mﬂszfgua:a'wuﬂ‘s:qﬁqmﬁgﬁ@fquﬁ -20 f19 50
ssrTaLdus Jadiniuuuiiia-unaudioy (Nikel-Cadmiun)

2.5.1.2.2 WALASIULUY Fully Recombining la39a$14ad18 9iuLUL Standard
Cylindrical Ni-cad 1anzdm3u1591u Standy Smisaadauasties O, fia faofniuia
H, Waz O, 3rraudnuidiuin vlisinesvesdianlaslailianss mqmﬂfmmfuag
fusnwoemslfnuussanmwinaday Snnudumunislud danmIdssiaga m3
daszasuingiiluuuy Constant Voltage, Constant Current, Pulse Charger LLﬂ:ﬁuq

Ml fAsemsnied

PbO, + 2H,SO,+Pb  —____* PbSO, + 2H,0 + PbSO,

2.5.2 mmﬁmaﬂumsé’mﬂi:q
2.5.2.1 mﬂﬂmumaqmﬂqﬁmaamsﬁmﬂizg Tﬂum‘sﬁmﬂs:qa:ﬂ%'umtmﬁuﬁ
a AJ L5 =Y Qu -9 L% Y
amﬂs:qmﬂaaﬁmsmmumaqm%qﬂmummﬂwuqmmgu'[ﬂumsmwﬁmqmﬂgumaa
ANIZUINRDY
.=|'u o ,:" - [ a J 1 a “- [ 4
2.5.2.2 anhamlizaeTe uafiuaaignanlssuduinagniamazagmia
ua:é‘numzmiﬁmﬂizqﬁuﬁaqmﬁgE‘J@T'w fMTULUY trickle W01 WIBNTT 24 T2L39
2523 qmﬂgﬁ‘lummzmiﬁﬂﬂszg msﬁqmsé’mﬂs:gﬁqmﬂgﬁluﬁaa 0 13 40
J =) A - - r-y =1 [ =
ARG BIGHR *mqnmqu‘lu.msaﬂﬂs:fguﬂs:annmwaﬁa‘lmu 5 £14 30 avALTALT B
Tﬂuﬁqmﬂgﬁgan'jwﬁa@‘hn'jwﬁﬁmuﬂ mi]ﬁ'flﬁmﬁé’mﬂs:qivﬂﬂmnﬁa%’auamﬁu'lﬂ
- a @ a & a [ de a 9
2.5.2.4 mimiadszaiu misalazgRniuinnainnuuaneIoaLAuuE)

= ] d - J 1 ] | = [ L L4 |‘|:
(3un overcharge Baifatuatnidaiiasfinavhlangnldnuaianeisua

2.5.3 Wnmsdmlszauuaianiuisle 4 oiia fa

2.5.3.1 ﬂ’]?ﬁﬂﬂ‘i:ﬁlLL]J]Jﬂi:LLﬁﬂdﬁ (Constant Current Charging)

Y-} J‘d 4 o 1 10 | L 3 o - - o .3

Ttiddefianhliduiudosdimisaemigunglmieutunimiauy

o A vl e A A w [ ¥ e o
LReiunafl uaiidaiiedadassziafasanlumidanzg laswwnzadwilunmsdalszg
[ - - I w & y & as [ [ P o
FENITUEF 9TUUaLAeTIsAUMBlMIA BURU I MIdalszgdmsdangasinari
Wussduuuamaigafinly dhezifansuanduszfianuiawiaiu nidadszquuuii
Qe ¥ v o - dldl W L3 A a el

pltluntsdathzginilituunaaainl iuuud Ssmunindadszaldfidomas 9an

2.5.3.2 N39@UIUUUUTIAUAIN (Constant Voltage Charging)

lapfianudeansliuuansiagluan1izyszaidiu (Fully Change) lagdadizds

-~ a [ a % g, Y o W -
ﬁaﬂaﬂﬂﬂqfﬂﬂﬂﬁzﬂ’qﬁlﬂtﬂﬂ ﬂ']ﬁaﬂ'l_h:i]'I.LUUuﬂqlﬂlLﬁﬂﬂuﬂquLaqﬁ‘ﬂﬂUlﬂﬂiﬁﬂ'ﬁﬂ
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ws"auﬁaﬁmmqm:uaga dmsulusfiunssmuaiasiimen ganudumuees
wuaLaaifisntanunn a:mfum:Ltﬁﬁiﬂﬂizqﬁmgomn lﬂ%NﬂlﬁLﬂ%ﬂﬁﬁﬂﬂi:ﬂLLUU
Constant Voltage i‘fﬂ:ﬁqﬂmr&*ﬁfa glunisinauszusiiueu lapld Constant Current
Regulation s‘ﬁo‘lwﬁmqﬂﬁwmlaamié‘ﬂﬂi:qm:tm:gnamaaazmETﬂTuﬁae‘]’JﬂajﬁﬂﬁLﬁﬂ
NMIREILE

2533 m‘sé’ﬂﬂizguuuaﬂmm:ua (Tapered Current Charging)

Lﬂ%"‘:‘ﬁ'ﬂ'ﬁﬁﬂﬂi:qtmﬂma’%azma"] plidudeu Maan 2aTIdRlzy
YrznaudovoutaslWinmgs 2sansndniead ussdanudunufitnunsaudmiy
INANTEUR Lwifi%'iﬂaimm:ﬁww%’umsé’@ﬂi:quumﬂa‘%unumﬁq-nm Yaniinilasam
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2.6.1.2.1 Buneflaefuuuiioagieamuanuniranag (Pulse-width Modulation
Inverter)

a a & =« o Y A da |
ﬂ']?ﬂ']uqu?]a\'lﬂul']ﬂ%l@]ﬂ{?fuﬂu Lﬂuﬂqiuﬂﬂﬂl,aﬂﬂqqunjﬁlﬁ‘niﬂﬂﬁﬂﬂ']']w

3 '
» ol

AU USNALFYYIUATLAN Voonyo AliAIANTAULIFRENT GpnTouLTIDY
nusUadumumaoy v, el lddygumiaing dwinhlamuaudandunas
unduaantaIdwsiieatiilddaivaunisains LLa:LﬁmLﬂugﬂﬂﬁﬂmmauﬁ
(581 Sinusoidal Pulse Width Modulation : SPWM lagfAuuauazAnuivadusaausn
a ¢ & ° A o dAa a
aamjaaaunasmasmmsna:gnmuqu‘lﬁ[mummnmg}ﬂﬂaﬂm%maumsmummn
a s s a [ & o v :‘ d' =l'=l ] a
WnivuswIeanyasBuefiee finuTnunsuiuzUsfumuwvisuidvwariny
™ a a - 4 A o a € o
v WasDauiaah Tﬂugﬂﬂaumumamu Vi WIORQAW I VD EINTIBA N 1,
@Tu'lugﬂﬁ 2.11 Tmué’ryrgwmmuqu Veontro ﬂ:gnﬁﬂﬂlﬂum?ﬁaﬂgmﬂa"ﬂﬂmmaami
aiad f, unuANANAZ I (Fundamental Frequency) ®3annnulimiiioagianiadussam
i < | a i o ' o
PpanNeaIns mﬂsznaummﬁaﬁuaunﬁmaammﬁgagm Tﬂuam’lmummaﬂg

LAATWIA m, LY

A

m = Vcontml (234)

A
V fri

108 Vo UWNUTMIGFNDBAVDITYYIMATLAY UAZ Vy; UNUDWAFIHDAVDIRTYRY I

o - 4 o ) & o [
JUnRuE BB TdaTdiunsilongaieannab my 3:1a

m, =§: (2.35)



22

= Y d. . J
§IAT Tae WUAS TA_'uanaﬂsaunas‘maﬂugﬂﬂ 2.11 QnAURUatUWAUF WYY

) A

o o v a9 » V3 Ps
n’]SLlﬁ.UULnUU Vcontrol LS Vtri ‘DGNﬂ‘i’J&JLL‘NﬂWU’laE]ﬂﬂvlﬂﬂ:vlll'ﬂuaEJﬂUYIﬂﬂ"IMJENﬂi:LLﬁ

U

I, AO%U
o 1
Vconlrol > th’ ’ TA+ WINITUF VAO = 5 (Vd)
=
Hia

-] 1
Vcomrd < Vtri y TA- UWINTTUR VAO - -'5 (Vd) (236)

iissnmnsiatnasedluldngmibhnizuawouiudsiuusidiuanaan Vo 39lms

Wanwuaaszninaem % (vd) uaz % (vd)

o o o = o a a .3 r-Y L4 ar [ o
fmivfienutiyagudmivanduaiuaindvauniu Vi molditanlaf

[ 1

LLﬂm’lugﬂﬁ 2.11 Qmmmﬁ’alugﬂﬁ 2.15(c) lapdudandmusarwa (¥ .i0),/ = (Vo)

o A . o 4 o ~ . 1
At m, < 1 LATWINALDAVAILTNAUNANNNURFIU (V ao) M8 5 (Vg) bazan

o v Ay A w - [ a i r & a 1
MITNMUAIN Voo Te00TIME29: AUTIMU Vo Ha3U7 2.15(a) BraziAuiiusesiuiaie

a o « Vcontrol
2188N Vo BLAMUUSHUATINY ———— Uz Vy
Vtri
RLYEN
Veontrol Vd 4 =~ ~
Vao = _A'—_T Lia Vcontro! S Vtri (237)
Vitri

a = YR - a ] = o
UaE IINFUNTIIN 2.37 WRUIFIAIRRUUTIAN V o nirinnuduadstuniieny T

ar ' i - £ o« 1 o i i
YAILTITU V,0 wazfiduadvlagivsznaviwiuanudivagrwnilonnu ¥V, Waanud
AO L]

- w ¥ g o g
YAguAe f, = 2—'0:'[ﬂmlmsmaa V cortral 9T
b4

~

Vcontrol =. Vcontro] Sin a)lt

Tapd
Vcontroi S th‘ (2-38)



23

i o o & =« -5
UAZINEUMNIA 2.37 uaz 2.38 ussuilsznavdwiuanudiyegm (V i) las

uirUedulouresdaf TWa o ariuil Ve e 9904

~

-~ -~ . Vd
(Vaoh = Voo ! Vi (sin w t 7)

(1'7,\0)1 =m, sin @t Kg— (2.39)

~ d
(7 ao)s = ma% (M < 1.0) (2.40)

mnmiﬁaﬂgmﬂmuﬂ’nun"i'wﬁ‘ﬂémugﬂﬂﬁ‘uvl,‘nhmaUé‘aaztﬁu'lﬁfhmmmao
Ltsaﬁuﬁlﬂiznauﬁmﬂummﬁgagﬁm:uﬂidmﬂuv’imﬁuﬁu m, Tug296aud 0 1

mnﬁﬂm{uaﬁnﬂuzﬂﬂﬁumaﬁmunﬁ'mﬂaan'ﬂaaﬁunaiﬂas“a:ﬂﬁng%uﬁunu
satlndtuanainisiatusssilaiindlassey Sanadvasunsuanfuafindla 9f

=) ; -] »
mmmummmqnmmm‘lﬂmn
fi, = (jmp £ K, (2.41)

las h unuanfueiindlag , k unusuoudna(Sideband) WAz j UNWIIWIBLYINVEY

é’ﬂﬂd'zumiﬁaﬂgmﬂ ~ Wazdidvinny
h=jmy) % k (2.42)

Wannuiyagu h idiiunits Tasen | iiweed Hemfuafindezfatule
dladn wqnaiuayg uasifionn | hwawd & azdoniluavi

my MTEF LTINS WML IR %w:ﬁﬁ‘lﬁgﬂﬂﬁumnLm:auﬁgﬂiwﬁummﬁ’u
ﬁugﬂﬁ" 2.11



24

1 Vconlrol V‘r’i
! | 2.
Vf"" Vcom‘rol
‘ 1-......0
Vo
1 % ] | V
/ M. r
A N H
| 0 5&\ 7 |= t
N 7/
\ f'-. - —’ — Vd
— T e - ¢
Vcomro.’ < Vm/ Vcomroi Vm‘
)
)
V.2
1.0}
o8 1 MGE0.8,~M‘,:15
08
04
A Lol e,
1 v Mp v 2M ¢ f M~
(M, +2) (M, +1) (3a, +2)
prfueiind hof b - .

" a < N 2 " € o
3ﬂn 2.11 LHEILNAUANTINDAGLIAAIUAMUNTIINAR wasRlUnauaIaITNating



25

/".-4-,.! -y
lj.'.ll-.ulll!ljll‘

Qe
A

J -4 [ o e .s' [
31]11 212 LtammmaﬂgLaﬂﬂ'nun’mwaﬁnugﬂﬂau’l‘n%maum
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31.]7] 2.16 Llﬁﬂﬂ?ﬂﬂ?ﬂul’]ﬂ?lﬂﬂiﬂuﬁlwﬁLLUUUT(ﬂﬂlﬂuﬁﬂﬂﬂu

2.6.2.2.1 msﬁaﬂgLaﬂmumwnﬁwﬁﬂﬁﬁﬁmsaﬁﬂiunﬁmmuamilv"; (PWM with
Bipolar Voltage Switching)

n'lm"‘m'ﬁmum‘mni‘mﬁ'ﬂéttuu&%@’ﬁgiﬁntluaLm:ma'ﬁmﬁu Ta+ DU Tg- WAz N
Ter 11U Ta+ 20909 3uUa300 Tanmafavasusidunasnifiedwlddedfiaoain da
AIUSHULASUUTIOY Vg DU Vi ﬁﬂugﬂﬁ 217 uszusIduvnaanfinn B vod
Sunefinafulddussdwduaudiafisusuussduinaaniian A fﬁammmgnﬁmim
IGfoasiatan Tar 2993 Vig = (+1/2)V, Uaz 8307 To- 682995 Voo =
172V, 3le

Vo (£) = —v (1) (2.47)
Ll

Vo(1) =V ,40(£) = v (1) = 2v (1) (2.48)



29

1 control V”i
v, o ﬁ v,
) - T i‘ .V
r / \ N\ d
/]
N /

\ - 4" _Vd
M - ‘

J = [ o dda - L3 . 14
I'IJTI 217 UaINT aﬂgtaﬂmumwmﬂawar«mumsmwmmwuunuaaam

JUARULIII Vo onuaaaluzyf 2.17 uazazldi

-~

Vo, = myVy (m, <1.0) (2.49)
was

~

Vg < Vo< (i)Vd (m, > 1.0) (2.50)
s

2.6.2.2.2 MIlpaaamMuAMUN INRRFAIN IR IaTUTITRLULTUGED PWM
with Unipolar Voltage Switching)

w3l 2.18 uraamsfiangiaaauanuniinadidnadafussduuuudnior
PoInIAUIeieafuuuIadidnanadu lasdyaiuaiugun A nmswioufioy
WIIAU Vnpor T Vig UAZTT B INMISTHUABUUTIAN Vonya MU Vig 39,
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Veonol = Vi  Tat WINTEUR Vay = Vy
TG

Voontol < Vi Ta- WINTZUR Vay = 0 (2.51)

(Veorwo) > Visi 5 Ta+ WINTTUR Vay = Vg
RS

(-Veontroy < Vi Ta- WINTUN Vgy = 0 (2.52)

m‘sﬂ"‘miﬁnwm:ii:ﬁ’uusaﬁ’ug}nLﬂ?iuuu,ﬂan:wmquﬁﬁu Vq Wiasznineguiiiy
-VdﬁagnL’%Un'hmsﬁamgLammummm’wﬁaﬁ?’iﬁmiﬁ%ﬂﬁmé’mmufﬂLﬁm Fadna
INULLA T F A Tus IR MU IREIIR AFIATIEN V, AU -V, Samssiafuuuiivn i
amyisfusfinmnasniaiiiusasyinramisdetussuungasia lasmahauid
ﬂsz‘ﬁn‘ﬁmwg\uﬁaﬁm'ﬁ 2V, 1adTsauusiauznaanas e

o~

Voor = MgVy (m. < 1.0) (2.53)

1834

Ve < Por< (2, (m, > 1.0) (2.54)
n
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2.6.3 wRaAuuuassiadinuaduiediaed
mmﬂaaﬁuﬁﬂﬁa‘lwﬁﬁmnLLSJ@Tu'lNﬂﬁm:ua@mtﬂu'[ﬂﬂwm:uaaﬁuhgﬂﬁ 2.19
gunddussau iWiadnaan (Vo) waznizualwiduaan (1) mmammaaﬂ'nuﬁgo
sanly iwdatamzanudien GTaquunﬁuua:m:LLﬁ'lNﬂ’r?'ﬂ@h:Lﬂugﬂ'lsmf nstinuaasiu
Eﬂﬁ 2.19 Inamazildanusunuuszanumiloni daunszuslwiiesdimgs
usaau Wi E‘hy_ﬁ'u‘lugﬂﬁ 2.20 avlWihdmean (PoyzRursauiunagmusiuiadiu
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URNITEUR WWHIGuDaNAIR

Id lo
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+0 n . o +
| amTivundullafines
Vd IWAREIUA=INATNTEY Vo

J . a .~ .~ LY
JuUn 2.19 uwnaau Wl sz nizua et uaseunan

v

A - aw [ [ v
3N 2.20 UeRuusIInlWA Rz zUR WA u T uRzduEn
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2 1
9asEeansswa | aunefimef

-

3 4
funafinaf NNATITENNT LG

p.h'f'l 2.21 uaaalnaan1sniiulu 4 99nna
MaziimahauesBuneiineieenidu 4 gme

Tnuafl 1 Tnuaduriafiaas

Voliluuan 1ptduuan Potiuuan da ﬁ'lé’a'lwﬂw:gndamnﬁm‘lﬂﬂwm:uﬁmo
Vo) ludulwinszuaasy (Vo)

Tnuadi 2 InwaZuanTus

Vorlluau Iotflunin Poifluay fa maslwihezgnasanndmlWinszussdu(v,)
Tumulwihnszuasss (vy)

Twuadl 3 Tnuaduriadiead

Volluau lotiluay Poliluuan e maslWiazgnasmndmlWiinizuaasy (vy)
TamwlWinssusasy (Vo)

Tnuafi 4 TnuaSuanszus

Voluuan Ioiuay Polluau s ﬁ']é'a'lwﬁ'ﬁ]:gnmmn@T’lu‘lwﬂwnszuaﬁﬁu Vo)
Tdulwiinszugass (Vo)
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341 ﬂﬂazlﬁsaqmauﬁ'ﬁudazd'm
3.1.1 Input :
AC 220V 50Hz

3.1.2 Rectifier :
17 bridge diode 1119 35 A ¥wifLAsunszuERAY 220VAC Liwnszusass 310 VDC

3.1.3 Charger :
ﬁmﬁﬂﬁé’ﬂﬂszqumLﬂa'%'ua:aﬂnauu,nﬁumn 310vDC flu 36 VDC
3.1.3.1 AnaaTUnnauasiaes ‘
cl I i g 14 e L ) [
ularnuiiiguanisoanuuuIsInAaulasasd thoaaTzauusIau RN IZLATY
ﬂ. L) i 1] L") ;
Tudnas Taafmuadidrag el
A0NUUVUMITINABULIBSLAET 1 MR ANANIAY 200 w 198aALTIAN WA
310 v adu i 36 v lasvnaululnuanszuasoiited anudlunissdade 20 kHz aafiy

Uszauiiy 470 pF Fanuduniu 502

p=

Vs
_3%6
310

D=0.11612

sriaanuuuA G a AT 11.61%

mméﬁmﬁmmﬁtﬁnﬁqwamamﬂcnﬂauna‘s‘mafﬁv‘hmu'luhuﬂn‘szl.miaLﬁao
Loz [Qﬂ
rmin 27
_ (1-0.1161)50
"[ 2x20x10° }
=1.1mH

Tunsaenuuuiiand L, W anninfidmamle

a A [ [
WIaNTAaNANUY FNLLT\'I@IHVLN'W']G]']‘HBBH
AV, 1-D
- 2
Vv, 8LCf
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_ 0.8839
8(1.232x107)(470x107°)(17.5x10°)?
0.8839

" 3143360x10°
~0.000281

IATIZRSUUATITEADNARUT DILIIG W IWHIS T uman 0.0281%

3.1.4 Battery ;
mMudanaweaunaLeos
mIdenTwiauuaass ienlfuuy Sealed-Acid Liasnnfivmainnzriadauazligae
mahpinsanmin s Ligaadmadmingu Huu Ltﬁiﬁﬁatﬁuﬁaﬁmqn’ﬁlﬁmuﬁ
Kauniuuaesiuuudsaduiingys Tasmaunsofuminmnmnesauuaaas e
sslwianuuaeas = VA*PF*Efficiency of inverter

2001 —1~
0.9

22222 W

w

NIZURINLUALADT -

Battery

222.22
36
= 6.17 A

1

W x 1 X
60 VBanery
222.22x15
60x48

1.16 44
gammawraaaantl-tlue azlduue 9 An

dvaytl-1alue

A’ 9 i Qs ) Qs o
Tulasaarmit ozl fuuaLaaILsadn 12 V au1a 9 Ah AaunTuiu $1wIn 3 gn 1z
ST BLTIAUNTEURATIVNG 36V

3.1.5 Forward DC/DC Converter :
14 IGBT 1119 900V,60A Lﬂuﬁaﬁﬁﬂiﬂﬁauﬂmmwﬁg\a
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3.1.6 High frequency transformer :

o o 'S o [ LY o 4 o a
ﬂ’laﬂlﬂ'mw‘ﬂﬂﬂﬂﬂuﬂlﬁ fa 200 W iszunmawianmasndaulasthiasdamiumIinagay
9% 200 vA

Purandaudariigs 400 VA
ANAEULTINUFI(V2) 400 V
ATAFIMULTITUS(VT) %V
anufingdautlag 20 kHz

3.1.7 Inverter LUy full bridge :
wWasulknszuaasuduwlwnszusadyu lasld IGBT 1110 900V,60A 4 62
qﬂ‘éunm’mafmuqﬂm'li IC MC3PHAC

£Y

%s.em
5

e St PR POLAATY
o St PRIBOLARITY
o - PARCLARTY
X 0tz + P POLARITY <& FROM DIVIDED DG BUS
10 ‘“"é
r NOTE 6 smj; z
o + 454 WCIPHAG i 7 g
- . VT 5
RESET ID.'UF 1 \'IIF [ BUS B ALY
I 54
= = ” Y
Hem scceL [ ¢ J 5
LIS & 48y
s " ATI Zg
i sPeED vy <y |
: Al Z AT @
Srame [N MIEIN ), §1om
Hoscz ST [
1%
8 ascy 2yt E
O1pF » J J i E
= puce tsf NOTE® swo B _Lﬁ
; | *y, | S —
8 pmpOLBISERRED Vo[ 5 }' g =
8 2% o oy j_
—lowu T Bo0ST Mol [ 2 WO L
\ o POEADTME s =
" PN U BOT DT FAILIDT 14 Sy NoTE 2
28 4 w e
g% U by Tep RERAKE — 5 TORESSTIVE BRRKE DRNER
oo . 783 :
iE Ly gt RETRTG[LLBEKL s HOTES
IEE . RPWMFREQ
Bl pneReamD]S s MO
P [ S NOTES . FROWSTSTEMFANT

" DETECTICN CIRCIAT

31]1‘1' 3.3 2997789 IC MC3PHAC
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3.1.7.1 MIVONUUUNIT WI-Wa Buiedlaad
3.1.7.1.1 ludmuvadnRenANaLIIew IGBT Vpg
AMNFAT Push-Pull Inverter = 2 X (Vnorminal Battery X 1.9)
=2 x (36 x 1.5)
=108
aaiunIfonlFus I uANav8d IGBT (Vos) = 600 V
3.1.7.1.2 millansnssusiiavas IGBT
nnAnanssuan e ulzun Jvasmlawlasaziiny 20 A, FniwdanliRiauas
IGBT (Ips) WML 2 iwasnszuaRnennenualalzugivasmdawla
=2x20
=40 A.
3.1.7.1.3 MIRONFILTIOU Gate — Source (Vgs)
LRANAMTIAU Vas = 2 X Vatiery
=2 x 36
=72 V.
FuiunInAonlTAUTITURNR Vs 184 IGBT vty 100 V. Sadaniued IGBT
wa¥ GT60M303

PIAATITSRANAAUTAILTIAN IAH G uaan
AV, 1-D
v, 8LCS

_ 0.8839
8(1.232x107)(470x107)(17.5x10°)*
0.8839

T 3143360x10°
= 0.000281

INTIZRUNAATITZRANABUTDILTIOW INHASIUKaN 0.0281%
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3.1.8 MYyoanLkUVI9ITTaUNaY (Feed Back)

luraeinsdsoanuusaaui naaiuazdoanaf Ausan 220 V (rms) d9uuda
X a

ga3029971aUNaY (Feed Back) tal¥nisaausussmulnaaneaints lulassuiiezd

b.

a i o b =r i a o (" [
nMslaunaunImsrineuadn ivaviimidsas Wiz indouysIaausauain 220 v #
Inaaasuuiu 6 v nausssundulwinszuaasslasld bridge rectifier fawdhg 117 3
289 IC TL494 tWaTNNSUTLaanIasenuWaa v e aussaulnaafidasms
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d
unn 4
NMTMARDIUREHANIINARDY
= ] ﬁl B = d’ [ d‘ 1
lummﬂaawqummwammiﬂnmm‘nﬂawuﬂawaal.m@mﬂmummnmi‘lwﬂ'l
U UTATAILBULTINUATINIIUNG UAENIIFNBIIITNITTITINLALAEIAIDIIATAAN A

o o A & & . ) o &
TAULLTINU (Unﬂauljaﬂ,ﬂﬂi) TILLIDONLTUEIN ] A%

qﬂmimﬁ'lﬁ‘lummﬂaaa

1. Storage scope 1 l.ﬂﬁiim

2. Probe*100 118%

3. Probe*10 116

4. WAes 3x12 Volts

41 MINARDINITEIRLLAIMDIRIBINTAANENTEALLTINK (UnABwiIafined)
TUABUMINAREY

1.G‘T’afhl.mﬁu'éuv!ﬂﬂaunai‘maﬁmﬁ’u 310 Vdc

2 fmILuaLaed

3. WANNANIINARA-

HAfNITrianay
2008/04/26 170741 NORMSOMS /s 20us/div
Stopped | (20us /div)

CH. OFF
50V /div 101
DC 0.0v

CHz: ON
1oV /div 101
DC 0.0v

CH3: ON
5V/div 101
DC -0.10v

CH4: OFF
b0V /div 1001
DC 0.0v

Record Length

Main: 10K
Zoom: 10K
Filter
: : E : E : E : Smoothing: OFF
Trace2: P-P @ 102.0v  : Rms T 4.384v = Ayg @ 1.223v BW: FULL
. Freq: 20.49kHz : Dutiyi 99.2% : : : Trigger
Trace3: P-P - 5)600V . Rms 354.8mv CAyg  42.3Zmv Mode: AULTO
oo Freq 20.49kHz  c Dutyr 0.8%: | Type:  EDGE

Source: CHZ2 &

Iﬂﬂ 4.1 USAIRYNTUTY IGBT LLa:m:Lmeﬁw‘ﬂﬁLmﬂ"uﬁuwﬂ 310 V
CH2 = 10V/DIV CH3 =5 V/DIV 20 us/DIV
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2008/04 /26 17:09:29 NORM:S0MS /s 20us /div
Stopped (20us /div)
: : : : : ; : : CHT OFF
50V /div 1001
DC 0.0v
CH2: ON
10V /div 1011
DC 0.0v
CH3: ON
5V /div 101
DC -0.10V
CH4: OFF
50V /div 1011
DC 0.0v

Record Length

Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
BW: FULL
Trigger
Mode: AUTO
Type: EDGE
: Source: CH2 £

ar

- o ] v A
1’]“ 4.2 Llﬁﬂ\jﬁmmu']mmu IGBT LlﬂzﬂirllmE]']ﬁ%!@lﬁuﬁﬂuau?!ﬂ 250V

CH2 = 10v/DIV CH3 =5 V/DIV 20 us/DIV

2008/904 /726 17:09:28 NORM:50MS /3 20us /div
Stopped (20us /div)
: : CH1: OFF
50V /div 1021
DC 0.0V
CH2: ON
10V /div 1011
DC 0.0V
CH3: ON
5v/div 1021
DC =-0.10v
CH4: OFF
S0V /div 10:1
DC 0.0v
Record Length
Main: 10K
Zoom: 10K
Filter
: : : : : : : : Smoeothing: OFF
fraceZz: P-P : 102.0V : Rms . : i v.228v BW: FULL
: Freq 2 : : : : Trigger
Trace3: P-P : 5 : : 31.34mv Mode: AUTO
... Freq 20.16kHz  : Dulyr 1 B SRS SUUY PO NN ST Type: EDGE
: : : : : : : Lo Source. CH2 4

;.nlﬁ 4.3 URIIRY QI MDY IGBT Lta:m:ummﬁvgﬂﬁuﬁﬁuﬁuvgﬂ 200 V
CH2 = 10V/DIV CH3 =5 V/DIV 20 us/DIV



2008/04/26 171143

A3

NORMSDMS /s

20us /div

Stopped

4

&

(20us /div)

CHY
50V /div
DC

CH2:
10V /div

5V /div
DC

CH4:
S0V /div
DC

prey

- min

°

T

Trace2:

!
v

P-P . B5.20V

Freq 20.33kHz
P-P I 2.600V
Freq: 1.250MHz

v : |\| Filter

Smoothing: OFF

Main:
Zoom:

BW:
Trigger
Mode:
Type:
Source:

J Q- Q- : 4 a
U 4.4 urAIRTYQ T IGBT waznTzuaaiWa iusIduaune 150 V

CHZ2 = 10V/DIV CH3 =5 V/DIV 20 us/DIV

2008/04/26 171243

Stopped

-

NORMEDMS /s

20us /div
{20us /div)

CH1:
S0V /div
DC

CHZ:
10V /div
DC

CH3:
5v /div
DC

CH4:
50V /div
DC

------

45

OFF
101
0.ov
ON
10
0.0V
ON
101
~0.10V
OFF
101
0.0V

Record Length

10K
10K

FULL

AUTO
EDGE
CHz 4

OFF
101
0.0v
ON
1021
0.0v
ON
101
-D. 10V
OFF
1001
0.0V

Record Length

: Main: 10K
ar [y by e degin, A A zoom: 10K
i ; Filter
: : Smoothing: OFF
Trace2: P-p @ 48.40vV Rms 1 3 LA02Y Avg : 1.a30v BW: FULL
. Freq. 20.33kHz Dutyi 6.5%: : Trigger
Trace3: P-P @ 1.800v Rms 133. 0mv Avg 22.16mv Mode: AuUTO
............. Freq:. 1.250Miz  : Duly: 50.0% . ...io.io..| Type EDGE
: : Source: CH2 4

J Q- Qe i s o
711 4.5 usasdy ot IGBT WaNIzUAEIWATILTITUEUWA 100 V

CH2 = 10V/DIV CH3 =5 V/DIV 20 us/DIV
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2008/04/26 17:20:13 NORMEOMS /s 20us /div
Stopped 3 {20us /div)
; : CHT: ON
500V /div  100:1
DC ov
................................................................................................ CH2: o
10V /div 1021
DC 0.0v
.............................................................................................. CH3: OFF
5V /div 10:1
DC -0.10v
CH4: OFF
50V /div 10:1
DC o.o0v
Record Length
Main: 10K
Zoom: 10K
Filter
: Smoothing: OFF
fracel; P-p @  3( BW: FULL
: Trigger
IraceZ: Mode: AUTO
........................ Type: EDGE
Source: CH2 £

- as o y a (Y i Y-}
;pJn 4.6 LAMIRTUULLTIAUANATIDY IGBT WRSRQUQUIWIY IGBT ﬁLLS\IG‘MFJWP!GI 310V

CH1 =500 V/IDIV CH2 =10 V/IDIV 20 us/DIV

Record Length

2008/04 /26 17:21:09 NORMEDMS /s  20us /div
Stopped 3 (20us /div)
: : ! : CHT: ON
: 500V /div  100:1
: DC ov
........................... L Ly L R R T NP TRITREN | preet oN
: 10V 7div 10:1
; DC 0.0V
........................... PRI SETIEPPIERPIPPRIPPIEPNS SPPITPPIRPITPEPOISPO | P OFF
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Freescale Semiconductor - Mé:s?liglogg
Data Sheet ev. e,

MC3PHAC Monolithic Intelligent
Motor Controller

Overview

The MC3PHAC is a high-performance monolithic intelligent motor controller designed specifically to meet
the requirements for low-cost, variable-speed, 3-phase ac motor control systems. The device is adaptable
and configurable, based on its environment. }t contains all of the active functions reguired to implement
the control portion of an open loop, 3-phase ac motor drive.

One of the unique aspects of this device is that although it is adaptable and configurable based on its
environment, it does not require any software development. This makes the MC3PHAC a perfect fit for
customer applications requiring ac motor control but with limited or no software resources available.
The device features are:

* Volts-per-Hertz speed control

» Digital signal processing (DSP} filtering to enhance speed stability

* 32-bit calculations for high-precision operation

* Internet enabled

* No user software development required for operation

*  6-output pulse-width modulator (PWM)

* 3-phase waveform generation

* 4-channel analog-to-digital converter (ADC)

= User configurable for standalone or hosted operation

* Dynamic bus ripple cancellation

* Selectable PWM polarity and frequency

+ Selectable 50/60 Hz base frequency

* Phase-lock loop (PLL) based system oscillator

* Serial communications interface (SCI)

* Low-power supply voltage detection circuit

Included in the MC3PHAC are protective features consisting of dc bus voltage monitoring and a system
fault input that will immediately disabie the PWM module upon detection of a system fault.

© Freescale Semiconductor, Inc., 2005. Ali rights reserved.
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Overview

Some target applications for the MC3PHAC include:
* Low horsepower HVAC motors
* Home appliances
» Commercial laundry and dishwashers
* Process control
* Pumps and fans

l 3-PHASE
J N J b‘ J N AC MOTOR
2 P 4
(&)
( —
s
X X2 2 J,\ JF\ s
BUS VOLTAGE
FEEDBACK RESISTIVE
\L\ BRAKE
CONTROL
START/STOP TO GATE DRIVES
FORWARD/REVERSE ||
SPEED PUs
ACCELERATION MCIPHAC
PWM FREQUENCY
< PASSIVE
FAULT < INITIALIZATION
SERIAL INTERFACE NETWORK
< > (OPTIONAL)

Figure 1. MC3PHAC-Based Motor Control System

As shown in Table 1, the MC3PHAC is offered in these packages:
* Plastic 28-pin dual in-line package (DIP)
* Plastic 28-pin small outline integrated circuit (SOIC)
* Plastic 32-pin quad flat pack (QFP)

Table 1. Ordering Information

Device Tem;‘:::::;ngange Package
MC3PHACVP —40°C to +105°C Plastic 28-pin DIP
MC3PHACVDW —40°C to +105°C Plastic 28-pin SQIC
MC3PHACVFA —40°C to +105°C Plastic 32-pin QFP

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

Freescale Semiconductor



See Figure 2 and Figure 3 for the pin connections.
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Figure 2. Pin Connections for PDIP and SOIC
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Figure 3. Pin Connections for QFP
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Electrical Characteristics

Electrical Characteristics

Maximum Ratings

Characteristict?) Symbol Value Unit
Supply voltage Voo -0.3t0+6.0 \Y
input voltage Vin -0.3to Vpp +0.3 \Y
Input high voltage VHi Vpp + 0.3 Vv
Maximum current per pin excluding Vpp and Vgg I +25 mA
Storage temperature Taig -55to +150 °C
Maximum current out of Vgg IMVgg 100 mA
Maximum current into Vpp IMVpp 100 mA

1. Voltages referenced to Vgg

This device contains circuitry to protect the inputs against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be taken to avoid application of any voltage higher
than maximum-rated voltages to this high-impedance circuit. For proper operation, it is recommended that
Vi and Vg; be constrained to the range Vgg < (V| or Vo) < Vpp. Reliability of operation is enhanced if
unused inputs are connected to an appropriate logic voltage level (for example, either Vgg or Vpp).

Functional Operating Range

Characteristic Symbol Value Unit
Operating temperature range o o o
(see Table 1) Ta —-40°C to +105°C C
Operating voltage range Voo 5.0+ 10% \
Control Timing
Characteristic Symbol Value Unit
Oscillator frequency!) Fosc 4.00+1% MHz

1. Follow the crystal/resonator manufacturer’'s recommendations, as the crystal/resonator parameters determine the external
component values required for maximum stability and reliable starting. The load capacitance values used in the oscillator
circuit design should include all stray capacitances.

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

4 Freescale Semiconductor




Electrical Characteristics

DC Electrical Characteristics

Characteristic(! Symbol Min Max Unit
CATIO pn except FBRAKE Vo |Veo08 | — | WV
Output high voltage RBRAKE (Iggrake = —15.0 mA) VoHRB Vpp-1.0 — Vv
Output Iovy voltage (I gag = 1.6 MA) Vv _ 0.4 Vv

All 1O pins except FAULTOUT and RETRY/TxD oL
PEAULTOUT ang FETEVIID Vo | - S
InAp:ljtpr:;rgtg voltage Vi 0.7 x Vpp Voo v
In:llljtpl(c))::svoltage Vi Vg 0.3 X Vpp v
Vpp supply current Ibp —_ 60 mA
I/O ports high-impedance leakage current L —_ +5 nA
input current hn — +1 uA
Capacitance Cout — 12 pF
Ports (as input or cutput) Cin — 8

Vpp low-voitage inhibit reset VLVR1 3.80 43 \Y
Vpp low-voitage reset/recovery hysteresis VLvH1 50 150 mV
Vpp power-on reset re-arm voltage VeoR 3.85 445 v
Vpp power-on reset rise time ramp rate Rpor 0.035 — Vims
Serial communications interface baud rate SClgp 9504 9696 Bits/sec
Voltage Boost(®) VBoost 0 100 %
Dead time range(® DTRange 0 31.875 ps
Retry time(® RTTime 0 4.55 Hours
Acceleration rate ACRate 0.5 128 Hz/sec
Speed controi SPEED 1 128 Hz
PWM Frequency PWMgpeq 5.201 21.164 kHz
High side power transistor drive pump-up time Thump 99 101 ms

1.Vpp=50Vdc £ 10%
2. Limited in standalone mode to 0 to 35%

3. Limited in standalone mode to 0.5 t0 6.0 us
4. Limited in standalone mode to 0 to ~53 seconds

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

Freescale Semiconductor 5



Pin Descriptions

Pin Descriptions

Table 2 is a pin-by-pin functional description of the MC3PHAC. The pin numbers in the table refer to the
28-pin packages (see Figure 2).

Table 2. MC3PHAC Pin Descriptions (Sheet 1 of 2)

Pin

Pin Name Pin Function
Number

1 v Reference voltage input for the on-chip ADC. For best signal-to-noise
REF performance, this pin should be tied to Vppa (analog).

A logic 0 on this pin forces the MC3PHAC to its initial startup state. All
PWM outputs are placed in a high-impedance mode. Reset is a

2 RESET bidirectional pin, allowing a reset of the entire system, it is driven low
when an internal reset source is asserted (for example, loss of clock or
low VDD)'
3 Y Provides power for the analog portions of the MC3PHAC, which include
DDA the internal clock generation circuit (PLL) and the ADC
4 Vv Returns power for the analog portions of the MC3PHAC, which include
SSA the internal clock generation circuit (PLL) and the ADC
Oscillator output used as part of a crystal or ceramic resonator clock
5 0sc2 circuit.(! P P ”

Oscillator input used as part of a crystal or ceramic resonator clock

6 0sci circuit. Can also accept a signal from an external canned oscillator.{"
A capacitor from this pin to ground affects the stability and reaction time
7 PLLCAP of the PLL clock circuit. Smaller values result in faster tracking of the

reference frequency. Larger values result in better stability. A value of
0.1 pF is typical.

Input which is sampled at specific moments during initialization to
determine the PWM polarity and the base frequency (50 or 60 Hz)

8 PWMPOL_BASEFREQ

9 PWM_U_TOP PWM output signal for the top transistor driving motor phase U

10 PWM_U_BOT PWM output signal for the bottom transistor driving motor phase U

11 PWM_V_TOP PWM output signal for the top transistor driving motor phase V

12 PWM_V_BOT PWM output signal for the bottom transistor driving motor phase V

13 PWM_W_TOP PWM output signal for the top transistor driving motor phase W

14 PWM_W_BOT PWM output signal for the bottom transistor driving motor phase W

A logic high on this input will immediately disable the PWM outputs. A
15 FAULTIN retry timeout interval will be initiated once this pin returns to a logic low
state.

In standalone mode, this pin is an output that drives low to indicate the
parameter mux input pin is reading an analog voltage to specify the
desired PWM frequency. In PC master software mode, this pin is an
input which receives UART serial data.

16 PWMFREQ_RxD
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Pin Descriptions

Table 2. MC3PHAC Pin Descriptions (Sheet 2 of 2)

Pin Pin Name Pin Function
Number
In standalone mode, this pin is an output that drives low to indicate the
17 RETRY TxD parameter mux input pin is reading an analog voltage to specify the time
- to wait after a fault before re-enabling the PWM outputs. In PC master
software mode, this pin is an output that transmits UART serial data.
Qutput which is driven to a logic high whenever the voltage on the de bus
18 RBRAKE input pin exceeds a preset level, indicating a high bus voltage. This

signal is intended to connect a resistor across the dc bus capacitor to
prevent excess capacitor voltage.

in standalone mode, this pin is an output which drives low to indicate the
parameter mux input pin is reading an analog voltage to specify the

19 DT_FAULTOUT dead-time between the on states of the top and bottom PWM signals for

a given motor phase. In PC master software mode, this pin is an output

which goes low whenever a fault condition occurs.

At startup, this input is sampled to determine whether to enter standalone
mode (logic high) or PC master software mode (logic low). In

20 VBOOST_MODE standalone mode, this pin is also used as an output that drives low to

indicate the parameter mux input pin is reading an analog voltage to

specify the amount of voltage boost to apply to the motor.

21 Vbp +5-volt digital power supply to the MC3PHAC
22 Vgg Digital power supply ground return for the MC3PHAC

: == Input which is sampled to determine whether the motor should rotate in
23 FWD oo
the forward or reverse direction

Input which is sampled to determine whether the motor should be
running.

In standalone mode, during initialization this pin is an output that is used
to determine PWM polarity and base frequency. Otherwise, it is an
analog input used to read several voltage leveis that specify MC3PHAC
operating parameters.

24 START

25 MUX_IN

In standalone mode, during initialization this pin is an output that is used
to determine PWM polarity and base frequency. Otherwise, it is an
analog input used to read a voltage level corresponding to the desired
steady-state speed of the motor.

In standalone mode, during initialization this pin is an output that is used
to determine PWM polarity and base frequency. Otherwise, it is an
analog input used to read a voltage level corresponding to the desired
acceleration of the motor.

In standalone mode, during initialization this pin is an output that is used
to determine PWM polarity and base frequency. Otherwise, it is an
analog input used to read a voltage level proportional to the dc bus
voltage.

26 SPEED

27 ACCEL

28 DC_BUS

1. Correct timing of the MC3PHAC is based on a 4.00 MHz crystal or ceramic resonator. Follow the crystalresonator
manutacturer’s recommendations, as the crystal/resonator parameters determine the external component values required
for maximum stability and reliable starting. The load capacitance values used in the oscillator circuit design should include
aii stray capacitances.
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Introduction

The MC3PHAC is a high-performance intelligent controlier designed specifically to meet the requirements
for low-cost, variable-speed, 3-phase ac motor control systems. The device is adaptable and
configurable, based on its environment. Constructed with high-speed CMOS (complementary metal-
oxide -semiconductor) technology, the MC3PHAC offers a high degree of performance and ruggedness
in the hostile environments often found in motor control systems.

The device consists of:
= B-output pulse-width modulator (PWM)
* 4-channel analog-to-digital converter (ADC)
* Phase-lock loop (PLL) based system oscillator
* Low-power supply voltage detection circuit
* Serial communications interface (SCI)

The serial communications interface is used in a mode, called PC master software mode, whereby control
of the MC3PHAC is from a host or master personal computer executing PC master software or a
microcontroller emulating PC master software commands. In either case, control via the internet is
feasible.

Included in the MC3PHAC are protective features consisting of dc bus monitoring and a system fault input
that will immediately disable the PWM module upon detection of a system fault.

‘Included motor controf features include:
* Open loop volts/Hertz speed control
* Forward or reverse rotation
» Start/stop motion
* System fault input
* Low-speed voltage boost
* Internal power-on reset (PCR)

Features

3-Phase Waveform Generation — The MC3PHAC generates six PWM signals which have been
modulated with variable voltage and variable frequency information in order to control a 3-phase ac motor.
A third harmoenic signal has been superimposed on top of the fundamental motor frequency to achieve full
bus voltage utilization. This results in a 15 percent increase in maximum output amplitude compared to
pure sine wave modulation.

The waveform is updated at a 5.3 kHz rate (except when the PWM frequency is 15.9 kHz), resulting in
near continuous waveform quality. At 15.9 kHz, the waveform is updated at 4.0 kHz.

DSP Filtering — A 24-bit 1R digital fiiter is used on the SPEED input signal in standalone mode, resuiting
in enhanced speed stability in noisy environments. The sampling period of the filter is 3 ms (except when
the PWM frequency is 15.9 kHz) and it mimics the response of a single pole analog filter having a pole at
0.4 Hz. Ata PWM frequency of 15.9 kHz, the sampling period is 4 ms and the pole is located at 0.3 Hz.

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2
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High Precision Calculations — Up to 32-bit variable resolution is employed for precision control and
smooth performance. For example, the motor speed can be controlled with a resolution of 4 mHz.

Smooth Voltage Transitions — When the commanded speed of the motor passes through +1 Hz, the
voltage is gently applied or removed depending on the direction of the speed change. This eliminates any
pops or surges that may occur, especially under conditions of high-voltage boost at low frequencies.

High-Side Bootstrapping — Many motor drive topologies (especially high-voltage drives) use
optocouplers to supply the PWM signal to the high-side transistors. Often, the high-side transistor drive
circuitry contains a charge pump circuit to create a floating power supply for each high-side transistor that
is dependent on low-side PWMs to develop power, When the motor has been off for a period of time, the
charge on the high-side power supply capacitor is depleted and must be replenished before proper PWM
operation can resume.

To accommodate such topologies, the MC3PHAC will always provide 100 ms of 50 percent PWM drive
to only the low-side transistors each time the motor is turned on. Since the top transistors remain off
during this time, it has the effect of applying zero volts to the motor, and no motion occurs. After this
period, motor waveform modulation begins, with PWM drive also being applied to the high-side
transistors.

Fast Velocity Updating — During periods when the motor speed is changing, the rate at which the
velocity is updated is critical to smooth operation. If these updates occur too infrequently, a ratcheting
effect will be exhibited on the motor, which inhibits smooth torque performance. However, velocity
profiling is a very calculation intensive operation to perform, which runs contrary to the previous
requirement.

In the MC3PHAC, a velocity pipelining technique is employed which allows linear interpolation of the
velocity values, resulting in a new velocity value every 189 us (252 ps for 15.9 kHz PWMs). The net result
is ultra smooth velocity transitions, where each velocity step is not perceivable by the motor.

Dynamic Bus Ripple Cancellation — The dc bus voltage is sensed by the MC3PHAC, and any
deviations from a predetermined norm (3.5 V on the dc bus input pin) result in corrections to the PWM
values to counteract the effect of the bus voltage changes on the motor current. The frequency of this
calculation is sufficiently high to permit compensation for line frequency ripple, as well as slower bus
voitage changes resulting from regeneration or brown out conditions. See Figure 4.

Selectable Base Frequency — Alternating current (ac) motors are designed to accept rated voltage at
either 50 or 60 Hz, depending on what region of the world they were designed to be used. The MC3PHAC
can accommodate both types of motors by allowing the voltage profile to reach maximum value at either
50 or 60 Hz. This parameter can be specified at initialization in standalone mode, or it can be changed at
any time in PC master software mode.

Selectable PWM Polarity — The polarity of the PWM outputs may be specified such that a logic high on
a PWM output can either be the asserted or negated state of the signal. In standalone mode, this
parameter is specified at initialization and applies to all six PWM outputs. In PC master software mode,
the polarity of the top PWM signals can be specified separately from the polarity of the bottom PWM
signals.

This specification can be done at any time, but once it is done, the polarities are locked and cannot be
changed until a reset occurs. Also, any commands from PC master software that would have the effect
of enabling PWMs are prevented by the MC3PHAC until the polarity has been specified.

MC3PHAC Monolithic Intelligent Motor Controller, Rev, 2
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Figure 4. Dynamic Bus Ripple Cancellation

In standalone mode, the base frequency and PWM polarity are specified at the same time during
initialization by connecting either pin 25, 28, 27, or 28 exclusively to the PWMPOL_BASEFREQ input.
During initialization, pins 25, 26, 27, and 28 are cycled one at a time to determine which one has been
connected to the PWMPOL_BASEFREQ input.

Table 3 shows the selected PWM polarity and base frequency as a function of which pin connection is
made. Refer to the standalone mode schematic, Figure 8. Only one of these jumpers (JP1-JP4) can be
connected at any one time.

NOTE
Itis not necessary to break this connection once the initialization phase has
been completed. The MC3PHAC will function properly while this
connection is in place.

Table 3. PWM Polarity and Base Frequency Specification in Standalone Mode

Pw;;gffg:g?ﬁ:ég Pin PWM Polarity Base Frequency
MUX_IN (JP1) Logic low = on 50 Hz
SPEED (JP2) Logic high = on 50 Hz

- ACCEL (JP3) Logic low = on 60 Hz
DC_BUS (JP4) Logic high = on 60 Hz

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2
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Selectable PWM Frequency — The MC3PHAC accommodates four discrete PWM frequencies and can
be changed dynamically while the motor is running. This resistor can be a potentiometer or a fixed resistor
in the range shown in Table 4. In standalone mode, the PWM frequency is specified by applying a voltage
to the MUX_IN pin while the PWMFREQ_RxD pin is being driven low. Table 4 shows the required voltage
levels on the MUX_IN pin and the associated PWM frequency for each voltage range.

NOTE
The PWM frequencies are based on a 4.00 MHz frequency applied to the
oscillator input.

Table 4. MUX_IN Resistance Ranges and Corresponding PWM Frequencies

Voltage Input PWM Frequency
Cto1V 5.291 kHz

1510225V 10.582 kHz

275035V 15.873 kHz
4to5V 21.164 kHz

Selectable PWM Dead Time — Besides being able to specify the PWM frequency, the blanking time
interval between the on states of the complementary PWM pairs can also be specified. Refer to the graph
in Figure 9 for the resistance value versus dead time. Figure 9 assumes a 6.8 kQ +5% pullup resistor. In
standalone mode, this is done by

supplying a voltage to the MUX_IN pin while the DT_FAULTOUT pin is being driven low. In this way, dead
time can be specified with a scaling factor of 2.075 ps per volt, with a minimum value of 0.5 us. In PC
master software mode, this value can be selected to be anywhere between 0 and 32 pus.

In both standalone and PC master software modes, the dead time value can be written only once. Further
updates of this parameter are locked out until a reset condition occurs.

Speed Control — The synchronous motor frequency can be specified in real time to be any value from
1 Hz to 128 Hz by the voltage applied to the SPEED pin. The scaling factor is 25.6 Hz per volt. This
parameter can also be controlled directly from PC master software in real time.

The SPEED pin is processed by a 24-bit digital filter to enhance the speed stability in noisy environments.
This filter is only activated in standalone mode.

Acceleration Control — Motor acceleration can be specified in real time to be in the range from 0.5
Hz/second, ranging to 128 Hz/second, by the voltage applied to the ACCEL pin. The scaling factor is 25.6
Hz/second per volt. This parameter can also be controlled directly from PC master software in real time.

Voltage Profile Generation — The MC3PHAC controls the motor voltage in proportion to the specified
frequency, as indicated in Figure 5.

An ac motor is designed to draw a specified amount of magnetizing current when supplied with rated
voltage at the base frequency. As the frequency decreases, assuming no stator losses, the voltage must
decrease in exact proportion to maintain the required magnetizing current. In reality, as the frequency
decreases, the voitage drop in the series stator resistance increases in proportion to the voltage across
the magnetizing inductance. This has the effect of further reducing the voltage across the magnetizing
inductor, and consequently, the magnetizing current. A schematic representation of this effect is
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illustrated in Figure 6. To compensate for this voltage loss, the voltage profile is boosted over the normal
voltage curve in Figure 5, so that the magnetizing current remains constant over the speed range.

00%f — — — — — — — — — .

VOLTAGE

VOLTAGE BoosT | [

_ FREQUENCY
BASE FFIEQUENCY/

Figure 5. Voltage Profiling, Including Voltage Boost
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Figure 6. AC Motor Single Phase Model Showing Parasitic Stator Impedances

The MC3PHAC allows the voltage boost to be specified as a percentage of full voltage at 0 Hz, as shown
in Figure 5. In standalone mode, voltage boost is specified during the initialization phase by supplying
a voltage to the MUX_IN pin while the VBOOST_MODE pin is being driven low. Refer to the graph in
Figure 11 for the resistance value versus voltage boost. Figure 11 assumes a 6.8 k2 pullup resistor. In
this way, voltage boost can be specified from 0 to 40 percent, with a scaling factor of 8 percent per voit.
In PC master software mode, the voltage boost can be specified from 0 to 100 percent and can be
changed at anytime.

By using the voltage boost value, and the specified base frequency, the MC3PHAC has all the information
required to generate a voltage profile automatically based on the generated waveform frequency. An
additional feature exists in PC master software mode whereby this voltage value can be overridden and
controlled in real time. Specifying a voltage lower than the normal volts-per-hertz profile permits a softer
torgue response in certain ergonomic situations. It also allows for load power factor control and higher
operating efficiencies with high inertia loads or other loads where instantaneous changes in torque
demand are not permitted. Details of this feature are discussed in the PC Master Software Operation with
the MC3PHAC. '

PLL Clock Generation — The OSC1 pin signal is used as a reference clock for an internal PLL clocking
circuit, which is used to drive the internal clocks of the MC3PHAC. This provides excellent protection
against noise spikes that may occur on the OSC1 pin. In a clocking circuit that does not incorporate a PLL,
a noise spike on the clock input can create a clock edge, which violates the setup times of the clocking
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logic, and can cause the device to malfunction. The same noise spike applied to the input of a PLL clock
circuit is perceived by the PLL as a change in its reference frequency, and the PLL output frequency
begins to change in an attempt to lock on to the new frequency. However, before any appreciable change
can occur, the spike is gone, and the PLL settles back into the true reference frequency.

Fault Protection — The MC3PHAC supports an elaborate range of fault protection and prevention
features. If a fault does occur, the MC3PHAC immediately disables the PWMs and waits until the fault
condition is cleared before starting a timer to re-enable the PWMs. Refer to the graph in Figure 10 for the
resistance value versus retry time. Figure 10 assumes a 6.8 kQ pullup resistor. In standalone mode, this
timeout interval is specified during the initialization phase by supplying a voltage to the MUX_IN pin while
the RETRY_TxD pin is being driven low. In this way, the retry time can be specified from 1 to 60 seconds,
with a scaling factor of 12 seconds per volt. in PC master software mode, the retry time can be specified
from 0.25 second to over 4.5 hours and can be changed at any time.

The fault protection and prevention features are:

* External Fault Monitoring — The FAULTIN pin accepts a digital signal that indicates a fault has
been detected via external monitoring circuitry. A high leve! on this input results in the PWMs being
immediately disabled. Typical fault conditions might be a dc bus over voltage, bus over current, or
over temperature. Once this input returns to a logic low level, the fault retry timer begins running,
and PWMs are re-enabled after the programmed timeout value is reached.

* Lost Clock Protection — If the signal on the OSC1 pin is lost altogether, the MC3PHAC will
immediately disable the PWM outputs to protect the motor and power electronics. This is a special
fault condition in that it will also cause the MC3PHAC to be reset. Lost clock detection is an
important safety consideration, as many safety regulatory agencies are now requiring a dead
crystal test be performed as part of the certification process.

* Low Vpp Protection — Whenever Vpp, falls below V| yr4, an on-board power supply monitor will
reset the MC3PHAC. This allows the MC3PHAC to operate properly with 5 volt power supplies of
either 5 or 10 percent tolerance.

* Bus Voltage Integrity Monitoring — The DC_BUS pin is monitored at a 5.3 kHz frequency
(4.0 kHz when the PWM frequency is set to 15.9 kHz), and any voltage reading outside of an
acceptable window constitutes a fault condition. In standalone mode, the window thresholds are
fixed at 4,47 volts (128 percent of nominal), and 1.75 volts (50 percent of nominal), where nominal
is defined to be 3.5 volts. in PC master software mode, both top and bottom window thresholds can
be set independently to any value between 0 voits (0 percent of nominal), and greater than 5 volts
(143 percent of nominal}, and can be changed at any time. Once the DC_BUS signal level returns
to a value within the acceptable window, the fault retry timer begins running, and PWMs are re-
enabled after the programmed timeout value is reached.

During power-up, it is possible that Vpp could reach operating voltage before the dc bus capacitor
charges up 1o its nominal value. When the dc bus integrity is checked, an under voltage would be
detected and treated as a fault, with its associated timeout period. To prevent this, the MC3PHAC
monitors the dc bus voltage during power-up in standalone mode, and waits until it is higher than
the under voltage threshold before continuing. During this time, all MC3PHAC functions are
suspended. Once this threshold is reached, the MC3PHAC will continue normally, with any further
under voltage conditions treated as a faulit.

If dc bus voltage monitoring is not desired, a voltage of 3.5 volts + 5 percent should be supplied to
the DG_BUS pin through an impedance of between 4.7 kQ and 15 kQ. -
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Regeneration Control — Regeneration is a process by which stored mechanical energy in the
motor and load is transferred back into the drive electronics, usually as a result of an aggressive
deceleration operation. In special cases where this process occurs frequently (for example,
elevator motor control systems), it is economical to incorporate special features in the motor drive
to allow this energy to be supplied back to the ac mains. However, for most low cost ac drives, this
energy is stored in the dc bus capacitor by increasing its voltage. If this process is left unchecked,
the dc bus voltage can rise to dangerous levels, which can destroy the bus capacitor or the
transistors in the power inverter.

The MC3PHAC incorporates two techniques to deal with regeneration before it becomes a
problem:

Resistive Braking — The DC_BUS pin is monitored at a 5.3 kHz frequency (4.0 kHz when the
PWM frequency is set to 15.9 kHz), and when the voltage reaches a certain threshold, the
RBRAKE pin is driven high. This signal can be used to control a resistive brake placed across
the dc bus capacitor, such that mechanical energy from the motor will be dissipated as heat in
the resistor versus being stored as voltage on the capacitor. In standalone mode, the DC_BUS
threshold required to assert the RBRAKE signal is fixed at 3.85 volts (110 percent of nominal)
where nominal is defined to be 3.5 volts. In PC master software mode, this threshold can be
set to any value between 0 volts (0 percent of nominal) and greater than 5 volts (143 percent
of nominal) and can be changed at any time.

Automatic Deceleration Control — When decelerating the motor, the MC3PHAC attempts to
use the specified acceleration value for deceleration as well. If the voltage on the DC_BUS pin
reaches a certain threshold, the MC3PHAC begins to moderate the deceleration as a function
of this voltage, as shown in Figure 7. The voltage range on the DC_BUS pin from when the
deceleration begins to decrease, to when it reaches 0, is 0.62 volts. !n standalone mode, the
DC_BUS voltage where deceleration begins to decrease is fixed at 3.85 volts (110 percent ot
nominal) where nominal is defined to be 3.5 volts. In PC master software mode, this threshold
can be set to any value between 0 volts (0 percent of nominal) and greater than 5 volts (143
percent of nominal) and can be changed at any time.

ACCELERATION INPUT !

DECELERATION

I
f
I

BUS VOLTAGE
BEGIN MODERATING DECEL

(LEVEL IS PROGRAMMABLE
IN PC MASTER SOFTWARE MODE)

Figure 7. Deceleration as a Function of Bus Voltage
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Digital Power Supply Bypassing

Digital Power Supply Bypassing
Vpp and Vgg are the digital power supply and ground pins for the MC3PHAC.

Fast signal transitions connected internally on these pins place high, short-duration current demands on
the power supply. To prevent noise problems, take special care to provide power supply bypassing at the
Vpp and Vgg pins. Place the bypass capacitors as close as possible to the MC3PHAC. Use a high-
frequency-response ceramic capacitor, such as a 0.1 pF, paralleled with a bulk capacitor in the range of
1 uF to 10 pF for bypassing the digital power supply.

Analog Power Supply Bypassing

Vppa and Vggy are the power supply pins for the analog portion of the clock generator and analog-to-

_digital converter (ADC). On the schematics in this document, analog ground is labeled with an A and other
grounds are digital grounds. Analog power is labeled as +5 A. It is good practice to isolate the analog and
digital +5 volt power supplies by using a small inductor or a low value resistor less than 5 ohms in series
with the digital power supply, to create the +5 A supply. ADC VRek is the power supply pin used for setting
the ADC’s voltage reference.

Decoupling of these pins should be per the digital power supply bypassing, described previously. ADC
Vger (pin 1) and Vppa (pin 3) shall be connected together and connected to the same potential as V.

Grounding Considerations

Printed circuit board layout is an important design consideration. In particular, ground planes and how
grounds are tied together influence noise immunity. To maximize noise immunity, it is important to get a
good ground plane under the MC3PHAC. It is also important to separate analog and digital grounds. That
is why, shown on the schematics, there are two ground designations, analog ground is marked with an A
and other grounds are digital grounds. GND is the digital ground plane and power supply return. GNDA
is the analog circuit ground. They are both the same reference voltage, but are routed separately, and tie
together at only one point.

Power-Up/Power-Down

When power is applied or removed, it is important that the inverter’s top and bottom output transistors in
the same phase are not turned on simultaneously. Since logic states are not always defined during power-
up, it is important to ensure that all power transistors remain off when the controlier's supply voltage is
below its normal operating level. The MC3PHAC’s PWM module outputs make this easy by switching to
a high impedance configuration whenever the 5-volt supply is below its specified minimum.

The user should use pullup or pulldown resistors on the output of the MC3PHAC’s PWM outputs to ensure
during power-up and power-down, that the inverter's drive inputs are at a known, turned off, state.
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Operation

The MC3PHAC motor controller will operate in two modes. The first is standalone operation, whereby the
MC3PHAC can be used without any intervention from an external personal computer. In standalone
mode, the MC3PHAC is initialized by passive devices connected to the MC3PHAC and input to the
system at power-up/reset time. In standalone mode, some parameters continue to be input to the system
as it operates. Speed, PWM frequency, bus voltage, and acceleration parameters are input to the system
on a real-time basis.

The second mode of operation is called PC master software mode.That operational mode requires the
use of a personal computer and PC master software executing on the personal computer, communicating
with the MC3PHAC, or a microcontroller emulating PC master software commands. All command and
setup information is input to the MC3PHAC via the PC host.

Standalone Operation

If the VBOOST_MODE pin is high when the MC3PHAC is powered up, or after a reset, the MC3PHAC
enters standalone mode. In this mode of operation, the functionality of many of the MC3PHAC pins
change so that the device can control a motor without requiring setup information from an external master.
When operated in standalone mode, the MC3PHAC will drive certain pins corresponding to parameters
which must be specified, while simultaneously monitoring the response on other pins.

In many cases, the parameter to be specified is represented as an analog voltage presented to the
MUX_IN pin, while certain other pins are driven low. In so doing, the MC3PHAC can accommodate an
external analog mux which will switch various signals on the MUX_IN pin when the signal select line goes
low. All signals must be in a range between 0 V and Vger. As an economical alternative, an external
passive network can be connected to each of the parameter select output pins and the MUX_IN pin, as
shown in Figure 8.

The Thevenin equivalent impedance of this passive network as seen by the MUX_IN pin is very important
and should be in the range of 5 k€ to 10 kQ. If the resistance is too high, leakage current from the
input/output (I/0O) pins will cause an offset voltage that will affect the accuracy of the reading. If the
resistance is too low, the parameter select pins will not be able to sink the required current for an accurate
reading. Using a pullup resistor value of 6.8 k€ (as indicated in Figure 8), the resulting value for each
parameter as a function of the corresponding pulldown resistor value is shown in Figure 9, Figure 10,
Figure 11, and Tabie 4.

The START input pin is debounced internally and a switch can be directly accommodated on this pin. The
input is level sensitive, but a logic 1 level must exist on the pin before a logic 0 level wilt be processed as
a start signal. This will prevent an accidental motor startup in the event of the MC3PHAC being powered
up, where the switch was left in the start position.

The FWD input pin is debounced internally and can directly accommodate a switch connection. The input
is also level sensitive.

Figure 8 shows the jumper arrangement connected to the PWMPOL_BASEFREQ input pin. For proper
operation, one and only one jumper connection can be made at any given time. Table 3 shows the polarity
and base frequency selections as a function of the jumper connection.
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Notes:
1. See Figure 11.
2. See Figure 3.
3. See Figure 10.
4. See Table 4.
5. It no extemnal fault circuit is provided, connect to Vgg.
6. Connect only one jumper.
7. Use bypass capacitors placed close to the MC3PHAC.
8. Consult crystal/resonator manufacturer for component values.

Figure 8. Standalone MC3PHAC Configuration
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Figure 11. Voltage Boost as a Functian of the RBOOST Resistor

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

18 Freescale Semiconductor



Operation

Standalone Application Example

Figure 12 shows an application example of the MC3PHAC, configured in standalone mode. Resistor
values and jumpers have been selected to provide the following performance:

1. Base frequency of 60 Hz and positive PWM polarity (from Table 3)

2. PWM frequency resistor 3.9 k€2, which implies 10.582 kHz from Table 4). (5v/(3.9k + 6.8k))*3.9k =
1.82 volts '
Dead-time resistor = 5.1 k€, which implies 4.5 us (from Figure 9)
Fault retry time resistor = 8.2 kQ, which implies 32.8 seconds (from Figure 10).
Voltage boost resistor = 12 kQ, which implies 25.5 percent (from Figure 11).

The wiper of the acceleration potentiometer is set at 2.5 V = 64 Hz/second acceleration rate (from
the Acceleration Control description on page 11.) The potentiometer, in this case, could have been
a resistor divider. If a resistor divider is used in place of the acceleration potentiometer, keep the
total resistance of the two resistors less than 10 kQ. Always use 4.7kQQ in series with the center of
the acceleration voltage divider resistors, connected to the ACCEL (pin 27) as shown in the
application example, Figure 12.

7. Crystal/resonator capacitor values are typical values from the manufacturer. Refer to the
manufacturers data for actual values.

oo s w

PC Master Software Operation

Introduction to PC Master Host Software

The MC3PHAC is compatible with Freescale’s PC master host software serial interface protocol.
Communication occurs over an on-chip UART, on the MC3PHAC at 9600 baud to an externa! master
device, which may be a microcontroller that also has an integrated UART or a personai computer via a
COM port. With PC master software, an external controller can monitor and control all aspects of the
MC3PHAC operation.

When the MC3PHAC is placed in PC master software mode, all control of the system is provided through
the integrated UART, resident on the MC3PHAC. inputs such as START, FWD, SPEED, ACCEL,
MUX_IN, and PWMPOL_BASEFREQ have no controlling influence over operation of the system. Even
though the SPEED, START, and FWD inputs are disabled while the system is in PC master software
mode, through PC master software, it is possible to monitor the state of those inputs.

The most popular master implementation is a PC, where a graphical user interface (GUI) has been
layered on top of the PC master software command protocol, complete with a graphical data display, and
an ActiveX interface. Figure 13 shows the MC3PHAC configured in PC master software mode. It is
beyond the scope of this document to describe the PC master software protocol or its implementation on
a personal computer. For further information on these topics, refer to other Freescale documents relating
to the PC master software protocol and availability of PC master host software.
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Notes:

1. See Figure 11.
. See Figure 9.
. See Figure 10.
. See Table 4,

NOhAWN

. If no external fault circuit is provided, connect to Vgg.
. Use bypass capacitors placed close to the MC3PHAC.
. Consult crystal/resonator manufacturer for component values.
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Figure 12. MC3PHAC Application Example in Standalone Mode

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2

20

Freescale Semiconductor



Operation

+5V
NOTE 2
10k02 +5A MC3PHAC
F Vier DC_BUS |28 & FROM DIVIDED DC BUS
2| RESET ACCEL |27
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Notes:
1. If no external fault circuit is provided, connect to Vgg.
2. Use bypass capacitors placed close to the MC3PHAC.
3. Consult crystal/resonator manufacturer for component values.

Figure 13. MC3PHAC Configuration for Using a PC as a Master

PC Master Software Operation with the MC3PHAC

When power is first applied to the MC3PHAC, or if a logic low level is applied to the RESET pin, the
MC3PHAC enters PC master software mode if the VBOOST_MODE pin is low during the initialization
phase. The MC3PHAC recognizes a subset of the PC master software command set, which is listed in
Table 5.

Table 5. Recognized PC Host Software Commands

Command Description
GETINFOBRIEF MQSPHA(? responds with brief summary of hardware setup and link configuration
information

READVARS MC3PHAC reads an 8-bit variable at a specified address and responds with its value
READVAR16 MC3PHAC reads a 16-bit variable at a specified address and responds with its value
READVAR32 MC3PHAC reads a 32-bit variable at a specified address and responds with its value
WRITEVARS MC3PHAC writes an 8-bit variable at a specified address

WRITEVAR16 MC3PHAC writes a 16-bit variable at a specified address

With the READVARx commands, the addresses are checked for validity, and the command is executed
only if the address is within proper limits. In general, a read command with an address value below $0060
or above $EE03 will not execute properly, but instead will return an invalid operation response. An
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exception to this rule is that PC master software allows reading locations $0001, $0036 and $FE01, which
are PORTB data register, Dead Time register and SIM Reset Status registers respectively. The
addresses for the WRITEVARx commands are checked for validity, and the data field is also limited to a
valid range for each variable. See Table 6 for a list of valid data values and valid write addresses.

User interface variables and their associated PC master software addresses within the MC3PHAC are
listed in Table 6.

Table 6. User Interface Variables for Use with PC Master Software

Read/ Size

Write | (Bytes) Description Valid Data

Name Address

Determines whether the motor should | Forvard — $10

Commanded direction | $1000 W 1 Reverse — $11
go forward, reverse, or stop

Stop — $20
Command reset $1000 W 1 Fgrces tI_1e MC3PHAC to perform an $30
immediate reset
5.3kHz — $41
Commanded PWM $1000 W 1 Specifies the frequency of the 10.6 kHz — $42
frequency(" MC3PHAC PWM frequency 15.9 kHz — $44
21.1 kHz — $48
The modulus value supplied to the

Measured PWM $00AS R 2 PWM generator used by the $00BD-$05E8

MC3PHAC — value is multiplied by
250 ns to obtain PWM period

Specifies the polarity of the MC3PHAC

period

g ) B+T+$50
Commanded PWM PWM outputs. This is a write once B+T-$54
olarity(z’- (3), (4) $1000 w 1 parameter after reset. B—T+$58
P Example: $50 = Bottom and top PWM B—T-$5C
outputs are positive polarity.
Specifies the dead time used by the
(2, 3), (4) PWM generator. _
Dead time $0036 R/W 1 Dead time = Value * 125 ns. $00-$FF
This is a write-once parameter.
(3) Specifies the motor frequency at which | 60 Hz — $60
Base frequency $1000 | W 1 full voltage is applied 50 Hz — $61
Acceleration®®) $0060 | R/W 2 Acceleration in Hz/sec (7.9 format)®® | $0000-$7FFF
Commanded motor Commanded frequency in Hz.
frequency'® $0062 | RW 2 (8.8 format)(® $0000-$7FFF
Actual frequency $0085 R 2 Actual frequency in Hz. (8.8 format)(®) | $0000-$7FFF
Status'”) $00C8 R 1 Status byte $00-$FF
0 Hz voltage.
Voltage boost $006C RW 1 %Voltage boost = Value/$FF $00-$FF
Voltage level (motor waveform
Modulation index $0091 R 1 amplitude percent assuming no bus $00-$FF

ripple compensation)
- Modulation index == value/$FF
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Table 6. User interface Variables for Use with PC Master Software (Continued)

Read/ | Size - .
Name Address Write | (Bytes) Description Valid Data
Maximum allowable modulation index
Maximum voltage $0075 R/W 1 value $00-$FF
%Maximum voltage = value/$FF
Vpys voltage®®)- {10) $0079 R 2 | DC bus voltage reading $000~$3FF
Specifies the delay time after a fault
Fault timeout sooea | Rw | 2 | condtionbeforere-enablinghe $0000-$FFFF
Fault timeout = value * 0.262 sec
. ' Real-time display of the fault timer "
Fault timer $006D R 2 Elapsed fault time = value * 0.262 sec $0000-$FFFF
(10) Vpys readings above this value resultin
Vg, decel value $00C9 RW 2 reduced deceleration. $0000-$03FF
Vg,s RBRAKE Vpys readings above this value resultin
value(10) 0064 | RW | 2 the RBRAKE pin being asserted. $0000-$03FF
Vgus brownout Vaus readings below this value result in
value(10 30066 RW 2 an under voitage fault. $0000-$03FF
Vpgys over voltage $0068 RW 2 Vpys readings above this value resuit in $0000—$03FF
value an over voltage fault.
Speed in ADC Left justified 10-bit ADC reading of the
valuet®) 30095 R 2 SPEED input pin. $0000-$FFCO
Bit field indicating which setup
Setup!” $00AE R 1 parameters have been initialized $EC-$FF
before motion is permitted
Bit tield indicating the current state of
Switch int? $0001 R 1 the start/stop and forward/reverse $00-$FF
switches
Reset status® (7} $FEO1 R 1 Indicates cause of the last reset $00-$FF
Version $EEO0O R 4 MC3PHAC version ASCI! fieid

[y

frequency is 15.873 kHz.
2. The PWM output pins remain in a high-impedance state until this parameter is specified.

3. This parameter must be specified before motor motion can be initiated by the MC3PHAC.

. The commanded PWM frequency cannot be written until the PWM outputs exit the high-impedance state. The default PWM

-

o~

10.

This is a write-once parameter. The first write fo this address will execute normally. Further attempts at writing this
parameter will result in an illegal operation response from the MC3PHAC.

. The value of this parameter is not valid until the PWM outputs exit the high-impedance state.

. The data in this field is only valid for one read. Further reads will return a value of $00.

. See register bit descriptions following this table.

. Acceleration is an unsigned value with the upper seven bits range of $00 to $7F = acceleration value of 0 to

127 Hertz/second. The lower nine bits constitute the fractional portion of the acceleration parameter. Its range is $000to
$1FF which equals 0 to ~1. Therefore, the range of acceleration is 0 to 127.99 Hertz/second.

Commanded motor frequency and actual frequency are signed values with the upper byte range of

$00 to $7F = frequency of 0 to 127 Hz. The lower byte is the fractional portion of the frequency. lts range is $00 to $FF
which equals 0 to ~1.

Vgys is the voltage value applied to the DC_BUS anaiog input pin. The analog-to-digital converter is a 10-bit converter with
a 5 volt full scale input. The value is equal to the voltage applied to the DC_BUS input pin/Vggr * $03FF.
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Each bit variable listed in Table 6 is defined in Figure 14, Figure 15, Figure 16, and Figure 17.

Address: $00C8

7

& 5 4 3 2 1 0

R SPEED FORWARD MOTOR RESISTIVE | EXTERNAL Vglg'EAF(;E VLCJ)rI\I_?/-I\EGRE
CHANGING | MOTION. |ENERGIZED BRAKE FAULT TRIP
TRIP TRIP
W
Reset U 0 1 0 0 U 0 0

[:|= Unimplemented or Reserved

U = Unaffected
Figure 14. Status Register

Table 7. Status Register Field Descriptions

TRIP

Field Description
6 SPEED CHANGING Bit — This read-only bit indicates if the motor is at a steady speed or if it is
SPEED accelerating or declerating.
CHANGING [0 Motor is at a steady speed.
1 Motor is accelerating or decelerating.
5 FORWARD MOTION Bit — This read-only bit indicates the direction of the motor. It also indicates
FORWARD |[if the motor is stopped.
MOTION 0 Motor is rotating in the reverse direction.
1 Motor is rotating in the forward direction. if this bit is a logic 1 and the actual frequency (location
$0085 and $0086) is 0, the motor is stopped.
4 MOTOR ENERGIZED Bit — This read-only bit indicates PWM output activity
MOTOR 0 The PWM outputs are inactive or the bottom PWM outputs are in the pre-charge cycle.
ENERGIZED (1 All PWM outputs are active.
3 RESISTIVE BREAK Bit — This read-only bit indicates the state of the RBRAKE output pin
RESISTIVE |0 The RBRAKE output pin is inactive and no braking is in progress.
BRAKE 1 The RBRAKE output pin is active. Braking is in progress.
2 EXTERNAL FAULT TRIP Bit — This read-only bit indicates a FAULT has occurred resulting from
EXTERNAL |a logic 1 applied to the FAULTIN pin.
FAULT TRIP |0 Alogic 0 is applied to the FAULTIN pin and no FAULT timeout is in progress.
1 Alogic 1 was applied to the FAULTIN pin and a FAULT timeout is still in progress.
1 OVER-VOLTAGE TRIP Bit — This read-only bit indicates if the voltage at the DC_BUS pin
OVER exceeds the preset value of Vg, over voltage located at address $0068 and $0069.
VOLTAGE |0 The voltage applied to the DC_BUS pin is less than the preset value of Vg, 5 over voltage and
TRIP a FAULT timeout is not in progress.
1 The voltage applied to the DC_BUS pin has exceeded the preset value of Vg 4 Over voltage
and a FAULT timeout is still in progress.
0 UNDER-VOLTAGE Bit — This read-only bit indicates if the voltage at the DC_BUS pin is less
UNDER than the present value of Vs brownout located at address $0066 and $0067.
VOLTAGE [0 The voltage applied to the DC-BUS pin is greater than the preset value of Vg,s under voltage
and a FAULT timeout is not in progress.

1 The voltage applied to the DC_BUS pin is less than the present value of Vg5 under voltage

and a FAULT timeout is still in progress.
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Address: $00AE

Operation

7 6 5 4 3 s . 0
" FRE%}?JSEENCY SPEED ACCELERATION{ POLARITY | DEAD TIME
SET SET SET SET
SET
w
Reset 1 1 1 0 0 o 0 5
l: Unimplemented or Reserved

Figure 15. Setup Register

Table 8. Setup Register Field Descriptions

Field Description
4 BASE FREQUENCY SET Bit — This read-only bit indicates if the base frequency parameter has
BASE been set.
FREQUENCY |0 Base frequency parameter has not been set.
SET 1 Base frequency parameter has been set.
3 SPEED SET Bit — This read-only bit indicates if the speed parameter has been set.
SPEED 0 Speed parameter has not been set.
SET 1 Speed parameter has been set.
2 ACCELERATION SET Bit — This read-only bit indicates if the acceleration rate parameter has
ACCELERA- |been set. :
TION SET |0 Acceleration rate parameter has not been set.
1 Acceleration rate parameter has been set.
1 POLARITY SET Bit — This read-only bit indicates if the PWM polarity parameters has been set.
POLARITY (0 PWM polarity parameters has nct been set.
SET 1 PWM polarity parameters has been set.
0 DEAD TIME SET Bit — This read-only bit indicates if the dead time parameter has been set.
DEAD TIME [0 Dead time parameter has not been set.
SET 1 Dead time parameter has been set.
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Address: $0001

7

6 5 2

R START/ FWD/ FAULT RESISTOR
STOP REVERSE ouT BRAKE
w
Reset U U U u U 0 U U
. |= Unimplemented or Reserved U = Unaffected

Figure 16. Switch In Register

Table 9. Switch In Register Field Descriptions

Field Description
6 START/STOP Bit — This read-only bit indicates the state of the START input pin.
START/ 0 The START input pin is at a logic 0.
STOP 1 The START input pin is at a logic 1.
5 FWD/REVERSE Bit — This read-only bit indicates the state of the FWD input pin.
FWD/ 0 The FWD input pin is at a logic 0
REVERSE |1 The FWD input pin is at a jogic 1
3 FAULT OUT Bit — This read-only bit indicates the state of the DT_FAULTOUT output pin.
FAULT 0 The DT_FAULTOUT output pin is indicating a fault condition.
ouT 1 The DT_FAULTOUT output pin is indicating no fault condition.
2 RESISTIVE BRAKE Bit — This read-only bit indicates the state of resistive brake pin (RBRAKE).
RESISTOR |0 The RBRAKE output pin in inactive and no braking is in progress.
BRAKE 1 The RBRAKE output pin in active. Braking is in progress.
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Address: $FEO01

Operation

7 6 5 4 3 1 0
R PC MASTER
POWER | REET | MCSPHAC | MCSPHAC | onprwaRe LOW Vpp
FUNCTIONAL | FUNCTIONAL
UP PIN e o RESET VOLTAGE
COMMAND
W
Reset 1 0 0 0 0 0 0 0
|= Unimplemented or Reserved

Figure 17. Reset Status Register

Table 10. Reset Status Register Field Descriptions

Field Description
7 POWER UP Bit — This read-only bit indicates the last system reset was caused by the power-up
POWER UP |reset detection circuit.
0 Power-up reset was not the source of the reset or a read of the reset status register after the
first read.
1 The last reset was caused by an initial power-up of the MC3PHAC.
6 RESET PIN Bit — This read-only bit indicates the last system reset was caused from the RESET
RESET PIN |input pin.
0 The RESET pin was not the source of the reset or a read of the reset status register after the
first read.
1 Last reset was caused by an external reset applied to the RESET input pin.
5-4 MC3PHAC FUNCTIONAL FAULT Bits — This read-only bit indicates if the last system reset was
MC3PHAC [the result of an internal system error.
FUNCTIONAL |0 The FUNCTIONAL FAULT was not the source of the reset or a read of the reset status register
FAULT BITS after the first read.
1 MC3PHAC internal system error
PC MASTER |PC MASTER SOFTWARE RESET COMMAND Bit — This read-only bit indicates the last system
SOFTWARE [reset was the result of a PC master software reset command.
RESET ¢ The PC master software RESET COMMAND was not the source of the reset or a read of the
COMMAND reset status register after the first read.
1 The MC3PHAC was reset by the PC master software command reset as the result of a write
of $30 to location $1000
1 LOW Vpp VOLTAGE Bit — This read-only bit indicates if the last reset was the result of low Vpp
LOW Vpp |applied to the MC3PHAC.
VOLTAGE ([0 The LOW Vpp was not the source of the reset or a read of the reset status register after the

first read.
1 The last reset was caused by the low power supply detection circuit.
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Command State Machine

When using the PC master software mode of operation, the command state machine governs behavior
of the device depending upon its current state, system parameters, any new commands received via
the communications link, and the prevailing conditions of the system. The command state diagram is in
Figure 18. Itillustrates the sequence of commands which are necessary to bring the device from the reset
condition to running the motor in a steady state and depicts the permissible state transitions. The device
will remain within a given state unless the conditions shown for a transition are met.

Some commands only cause a temporary state change to occur. While they are being executed, the state
machine will automatically return to the state which existed prior to the command being received. For
example, the motor speed may be changed from within any state by using the WRITEVAR16 command
to write to the "Speed In" variable. This will cause the "Set Speed” state to be momentarily entered, the
"Speed In" variable will be updated and then the original state will be re-entered. This allows the motor
speed, acceleration or base frequency to be modified whether the motor is already accelerating,
decelerating, or in a steady state.

Each state is described here in more detail.

» Reset — This state is entered when a device power-on reset (POR), pin reset, loss of crystal,
internally detected error, or reset command occurs from within any state. in this state, the device
is initialized and the PWM outputs are configured to high impedance. This state is then
automatically exited.

* PWMHIghZ — This state is entered from the reset state. This state is also re-entered after one and
only one of the PWM dead-time or polarity parameters have been initialized. In this state the PWM
_outputs are configured to a high-impedance state as the device waits for both the PWM dead time
and polarity to be initialized.

» SetDeadTime (write once) — This state is entered from the PWMHighZ state the first time that a
write to the PWM dead-time variable occurs. In this state, the PWM dead time is initialized and the
state is then automatically exited. This state cannot be re-entered, and hence the dead time cannot
be modified, unless the reset state is first re-entered.

* SetPolarity (write once) — This state is entered from the PWMHighZ state the first time that the
PWM polarity command is received. In this state, the PWM polarity is initialized and the state is
then automatically exited. This state cannot be re-entered, and hence the polarity cannot be
modified, unless the reset state is first re-entered.

¢ PWMOFF — This state is entered from the PWMHighZ state if both the PWM dead time and
polarity have been configured. in this state, the PWM is activated and all the PWM outputs are
driven off for the chosen polarity. The device then waits for the PWM base frequency, motor speed,
and acceleration to be initialized.

¢  PWMORPM — This state is entered from the PWMOFF state when the PWM base frequency,
motor speed, and acceleration have been initialized. This state can also be entered from the
FwdDecel or RevDecel states if a CmdStop command has been received, and the actual motor
speed has decelerated to 0 r.p.m. In this state, the PWM pins are driven to the off state for the
chosen polarity. The only exit of this state is to the PWMPump state, which occurs when a CmdFwd
or CmdRev command is received.
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Figure 18. PC Host Software Command State Diagram
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PWMPump — This state is entered from the PWMORPM state when a CmdFwd or CmdRev
command is received. In this state the top PWM outputs are driven off while the bottom PWM
outputs are driven with a 50 percent duty cycle. This allows high side transistor gate drive circuits
which require charge pumping from the lower transistors to be charged up prior to applying full
PWMs to energize the motor. This state is automatically exited after the defined amount of time
tpump (see Electrical Characteristics).

FwdAccel — This state is entered from the PWMPump state after a CmdFwd command is
received and the timeout interval from the PWMPump state is completed. This state can also be
entered from the FwdSteady state if the Speed In variable is increased above the actual current
speed and the RevDecel state if the actual motor speed equals 0 r.p.m. when a CmdFwd command
has been received. In this state the motor is accelerated forward according to the chosen
parameters.

FwdSteady — This state is entered from the FwdAccel state after the actual motor speed has
reached the requested speed defined by the Speed In variable. In this state, the motor is heid ata
constant forward speed.

FwdDecel — This state is entered from the FwdAccel or FwdSteady states whenever a CmdStop
or CmdRev command is received. This state can also be entered from the FwdSteady state if the
Speed In variable is decreased below the actual current speed. In this state, the motor is
decelerated forward according to the chosen parameters.

RevAccel — This state is entered from the PWMPump state. After a CmdRev command is
received and the timeout interval from the PWMPump state is completed. This state can also be
entered from the RevSteady state if the Speed In variable is increased above the actual current
speed and the FwdDecel state if the actual motor speed equals 0 r.p.m. when a CmdRev command
has been received. In this state, the motor is accelerated in reverse according to the chosen
parameters.

RevSteady — This state is entered from the RevAccel state after the actual motor speed has
reached the requested speed defined by the Speed In variable. In this state, the motor is held ata
constant reverse speed.

RevDecel — This state is entered from the RevAccel or RevSteady states whenever a CmdStop
or CmdFwd command is received. This state can also be entered from the RevSteady state if the
Speed In variable is decreased below the actual current speed. In this state, the motor is
decelerated in reverse according to the chosen parameters.

SetBaseFreq — This state is entered from any state whenever a CmdBaseFreqxx command is
received. In this state, the motor frequency at which full voltage is applied is configured and the
state is then automatically exited and the original state is re-entered.

SetAccel — This state is entered from any state whenever a write to the Acceleration variable
occurs. in this state, the motor acceleration is configured and the state is then automatically exited
and the criginal state is re-entered.

SetSpeed —— This state is entered from any state whenever a write to the Speed In variable occurs.
In this state, the requested motor speed is conf:gured and the state is then automatically exited and
the original state is re-entered.

Fault — This state is entered from any state whenever a fault condition occurs {see Fault
Protection on page 13). In this state, the PWM outputs are driven off (unless the fault state was
entered from the PWMHighZ state, in which case, the PWM outputs remain in the High Z state).
When the problem causing the fault condition is removed, a timer is started which wili wait a
specified amount of time (which is user programmable) before exiting this state. Under normal
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Optoisolated RS$232 Interface Application Example

operating conditions, this timeout will cause the Fault state to be automatically exited to the
PWMORPM state, where motion will once again be initiated if a CmdFwd or CmdRev has been
received. The exceptions to this rule are the cases when the Fault state was entered from the
PWMHighZ or PWMOFF states, in which case, exiting from the Fault state will return back to these
states.

Optoisolated R$232 Interface Application Example

Some motor control systems have the control electronics operating at the same potential as the high
voltage bus. Connecting a PC to that system could present safety issues, due to the high voltage potential
between the motor control system and the PC. Figure 19 is an example of a simple circuit that can be
used with the MC3PHAC to isolate the serial port of the PC from the motor control system.

The circuit in Figure 19 is the schematic of a half-duplex optoisolated RS232 interface. This isolated
terminal interface provides a margin of safety between the motor control system and a personal computer.

- The EIA RS232 specification states the signal levels can range from +3 to +25 volts. A Mark is defined by
the EiA RS232 specification as a signal that ranges from —3 to —25 volts. A Space is defined as a signal
that ranges from +3 to +25 volts. Therefore, to meet the RS232 specification, signals to and from a
terminal must transition through 0 volts as it changes from a Mark to a Space. Breaking the circuit down
into an input and output section simplifies the explanation of the circuit.

DI Ri V1] +5 Y
Ndtd8 1kQ 4N3s
. i [ 4 R? ,
2 Dri 148 * Al _[ I e
N4
o3  GND 2 W 5 5> TO MCIPHAC PIN 16
o—8 x I '
4 DTR \ \ [+
(o] jog |
o—18 D3 71¢H
3 T > R 2.2 uFI50V
o 1N4148 < 47 2p |
oI RIS TkQ . 1 Rt
o5 RxD ! AN O 45V
o—H—X N 330 Q
o+H—x \V\
N/CANNON 5 | 2
CONC 9 v Uz TO MC3PHAC PIN 17
FEMALE + et
|
_______________ |
ISOLATION BARRIER

RS232 ISOLATED
HALF-DUPLEX, MAXIMUM 9600 BAUD

Figure 19. Optoisolated RS232 Circuit

To send data from a PC to the MC3PHAC, it is necessary to satisfy the serial input of the MC3PHAC. In
the idle condition, the serial input of the MC3PHAC must be at a logic 1. To accomplish that, the transistor
in U1 must be turned off. The idle state of the transmit data line (TxD) from the PC serial port is a Mark
(-3 to —25 volts). Therefore, the diode in U1 is off and the transistor in U1 is off, yielding a logic 1 to the
MC3PHAC's serial input. When the start bit is sent to the MC3PHAC from the PC’s serial port, the PC’s
TxD transitions from a Mark to a Space (+3 to +25 volts), thus forward biasing the diode in U1. Forward
biasing the diode in D1 turns on the transistor in U1, providing a logic 0 to the serial input of the
MC3PHAC. Simply stated, the input half of the circuit provides input isolation, signal inversion, and level
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shifting from the PC to the MC3PHAC's serial port. An RS-232 line receiver, such as an MC1489, serves
the same purpose without the optoisolation function.

To send data from the MC3PHAC to the PC’s serial port input, it is necessary to satisfy the PC’s receive
data (RxD) input requirements. In an idle condition, the RxD input to the PC must be at Mark

(-3 to —25 volts). The data terminal ready output (DTR) on the PC outputs a Mark when the port is
initialized. The request to send (RTS) output is set to a Space (+3 to +25 volts) when the PC’s serial port
is initialized. Because the interface is half-duplex, the PC’s TxD output is also at a Mark, as it is idle. The
idle state of the MC3PHAC's serial port output is a logic 1. The logic 1 out of the MC3PHAC's serial port
output port forces the diode in U2 to be turned off. With the diode in U2 turned off, the transistor in U2 is
also turned off. The junction of D2 and D3 are at a Mark (—3 to —25 volts). With the transistor in U2 turned
off, the input is pulled to a Mark through current limiting resistor R3, satisfying the PC’s serial input in an
idle condition. When a start bit is sent from the MC3PHAC's serial pon, it transitions to a logic 0. That logic
0 turns on the diode in U2, thus turning on the transistor in U2. The conducting transistor in U2 passes
the voltage output from the PC’s RTS output, that is now at a Space (+3 to +25 volts), to the PC'’s receive
data (RxD} input. Capacitor C1 is a bypass capacitor used to stiffen the Mark signal. The output half of
the circuit provides output isolation, signal inversion, and level shifting from the MC3PHAC’s serial output
port to the PC’s serial port. An RS-232 line driver, such as a MC1488, serves the same purpose without
the optoisolation function.

MC3PHAC Monolithic Intelligent Motor Controller, Rev. 2
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Mechanical Data

Mechanical Data

This subsection provides case outline drawings for:
» Piastic 28-pin DIP, Figure 20
« Plastic 28-pin SOIC, Figure 21
» Plastic 32-pin QFP, Figure 22
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Figure 20. Plastic 28-Pin DIP (Case 710)
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Figure 21. Plastic 28-Pin SOIC (Case 751F)
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Figure 22, Plastic 32-Pin QFP {Case 873A)
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Data Sheet No. PD60147 rev.l)

International
ISR Rectifier IR2110(-1-2)(S)PbFAIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
¢ Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground 15V offset tonfoff (typ.) 120 & 94 ns
® CMOS Schmltt-trlggered |nputs with puII-down Delay Matching (IR2110) 10 Nns max.
® Cycle by cycle edge-triggered shutdown logic (IR2113) 20
® Matched propagation delay for both channels ) ns max.
® Cutputs in phase with inputs Packages
Description ,
The IR2110/iIR2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and fatch immune CMOS technologies enable 16-Lead SOIC

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

Typical Connection up to 500V or 600V

=

— HO — | "'—-'39 =
Voo Vo Vet VWV
HIN o——~ HIN v, & ° 1o
SD o— SD — 2 oLOAD
LIN & LIN Vee -

T —

Vs o Vs  COM |3 ‘ tﬂa
Ve — LO A

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

IR2110({-1-2)(S)PbF/IR2113(-1-2)(S)PbF ToR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voitages referenced to COM. The thermal resistance and power dissipation ratings are measured

under board mounted and stili air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
A High side floating supply voltage (IR2110) -0.3 525
(IR2113) 03 625
Vs High side floating supply offset voltage Vg -25 Ve +0.3
VHO High side floating output voltage Vs -03 Vg +0.3
Vee Low side fixed supply voltage -03 25
Vio Low side output voltage -0.3 Vee +0.3 v
Vob Logic supply voltage 0.3 Vgs +25
Vss Logic supply offset voltage Veg-25 Veg + 0.3
ViIN Logic input voltage (HIN, LIN & SD) Vgg-03 Vop+0.3
dvg/dt Allowable offset supply voltage transtent (figure 2) — 50 Vins
Po Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
{16 lead SOIC) — 1.25 W
RTHJA Thermal resistance: junction to ambient (14 lead DIP) —_ 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vg offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units
Ve High side floating supply absolute voitage Vg +10 Vg + 20
Vs High side floating supply offset voltage  (IR2110) Note 1 500
(IR2113) Note 1 600
VHO High side floating output voltage Vs A
Vee Low side fixed supply voltage 10 20 v
VLo Low side output voltage 0 vce
Vpp Logic supply voltage Vgs +3 Vgs +20
Vss Logic supply offset voltage -5 (Note 2) 5
VIN Logic input voltage (HIN, LIN & SD} Vss Vbo
Ta Ambient temperature -40 126 °C

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

2
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Infernatio

TOR Rectifier

nal

Dynamic Electrical Characteristics

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

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

Symbol Definition Figure | Min. | Typ. [Max. | Units |Test Conditions

ton Tum-on propagation delay 7 — 120 | 150 Vg = 0V
toff Turn-off propagation delay 8 — 94 125 Vg = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 ns Vg = 500V/600V
tr Turn-on rise time 10 — 25 35
i Turn-off fail time 11 — 17 25
MT Delay matching, HS & LS (IR2110) — — — 10

tum-on/off (IR2113) — — — 20

Static Electrical Characteristics

Vaias {(Vce, Vas, Vbp) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The V|, Vi and Ly parameters
are referenced to Vg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and |g parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure [Min. | Typ. Max.| Units |Test Conditions
ViH Logic “1” input voltage 12 9.5 —_ —
Vi Logic “0” input voitage 13 — — 6.0
Vou High level output voltage, Vgias - Vo 14 — — 1.2 v lo = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo =0A
Lk Offset supply leakage current 16 — — 50 Vp=Vg = 500v/600V
lgss Quiescent Vgs supply current 17 — 125 | 230 ViN=0VorVpp
lacc Quiescent Vo supply current 18 — 180 | 340 A ViN =0V or Vpp
labb Quiescent Vpp supply current 19 — 15 30 . VN =0V or Vpp
N+ Logic “1” input bias current 20 — 20 40 ViN=VDD
liN- Logic “0” input bias current 21 - — 1.0 ViN = 0V
VBSUV+ Vgs supply undervoltage positive going 22 75 8.6 9.7
threshold
VBsuv- Vgs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Veouv+ | Ve supply undervoltage positive going 24 74 8.5 9.6
threshold v
Vecuy- Vee supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Qutput high short circuit pulsed current 26 2.0 2.5 — Vo =0V, ViN=VDD
PW< 10 us
lo- Output low short circuit pulsed current 27 20 25 — A Vo =15V, Vvin =0V
. PW < 10 ps
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Functional Block Diagram

International
IoR Rectifier
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Lead Definitions

Symbol| Description

VoD Logic supply

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

LIN Logic input for iow side gate driver output {LO), in phase
Vsg Logic ground

Vg High side floating supply

HO High side gate drive output

Vs High side floating supply return

Veo Low side supply

LO Low side gate drive output

COM Low side return
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

IR Rectifier
Lead Assignments
=] Ho [7] 5] Ho 18]
=] voo vg [E] (e} ve [T]
[a] HiN vs [3] (] voo vs [ 6]
i so 7] [12] HIN 3
2] un vee [3] (i3] so -
53] vss com [Z] 4] uN vee [
5] vss coM [Z]
Gef o~ tofmd | . ofT
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/1R2113S
5] T HO [T] =] HO [ 7
=] voo ve [B] =] voo ve [E]
0G| HN vs 5] (o] HiN vs [
fi] so [ [1] so X
0z] un vee [3] [fZ] un vee (3]
(3]} vss com [2] 3] vss coMm [2]
[a] ~_ © (1] 0] ~ 0 [1]
14 Lead PDIP w/o lead 4 14 Lead PDIP w/o leads 4 & 5
IR2110-1/IR2113-1 IR2110-21R2113-2
Part Number

www.irf.com




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 1. Input/Qutput Timing Diagram
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Figure 3. Switching Time Test Circuit
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Figure 5. Shutdown Waveform Definitions
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TOR Rectifier
Vo =18V HV = 10 to 500V/600V
[+
vy v S
10 Loy "
* 200 +
WF IuF LT 1o %z 1004F
1' 8 3 & TuF H 1UKFGI
10 j",
© HO <
/" v l TS'>5O Ving
12 OUTPUT  10KF6
+ MONITOR
132
‘N JL
IRFB20(£
L3 v

Figure 2. Floating Supply Voltage Transient Test Circuit

Figure 4. Switching Time Waveform Definition
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TGR Rectifier
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Figure 7A. Tum-On Time vs. Temperature
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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LEADFREE PART MARKING INFORMATION

Part number__| RXXXXXX

Date code—— YWWZ Ie ?R m

IR logo
Pin 1 —— . ?XXXX—
Identifier T
Lot Code
? MARKING CODE ({Prod mode - 4 digit SPN code)

Lead Free Released

Non-Lead Free
Released

Assembly site code

ORDER INFORMATION

Part only available Lead Free

14-Lead PDIP IR2110 order IR2110PbF

14-Lead PDIP IR2110-1 order IR2110-1PbF
14-Lead PDIP IR2110-2 order IR2110-2PbF
14-Lead PDIP IR2113 order IR2113PbF

14-Lead PDIP IR2113-1 order IR2113-1PbF
14-Lead PDIP IR2113-2 order IR2113-2PbF
16-Lead SOIC IR2110S order IR2110SPbF
16-Lead SOIC IR2113S order IR2113SPbF
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial level

Data and specifications subject to change without notice 3/23/2005 .
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TL494, NCV494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

Features

¢ Complete Pulse Width Modulation Control Circuitry

® On—Chip Oscillator with Master or Slave Operation

On—Chip Error Amplifiers

On~-Chip 5.0 V Reference

Adjustable Deadtime Control

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push—Puil or Single-Ended Operation
Undervoltage Lockout

NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

® Pb—Free Packages are Available*

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 42 Vv
Collector Output Voltage Veq. 42 Vv
Vez
Collector Qutput Current e, lc2 500 mA

(Each transistor) (Note 1)

Amplifier Input Voitage Range ViR -0.3to +42 \4

Power Dissipation @ Ta < 45°C Pp 1000 mw
Thermal Resistance, Junction—to-Ambient Raya 80 °C/w
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0+125 | °C
Operating Ambient Temperature Range Ta °C
TL494B -40to +125
TL494C Oto+70
TL494!1 -40to +85
NCV494B -40tc +125
Derating Ambient Temperature Ta 45 °C

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simuitaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.

1. Maximum thermal limits must be observed.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2005 1
June, 2005 - Rev. &

O S [T
\w CASE 751B AL
;

" ON Semiconductor®

http://onsemi.com

MARKING
DIAGRAMS

ppaRnAN

16
PDIP-18 . (s TalaNululalulil
NSUFFIX p_ JL494N
CASE 648 o AWLYYWWG
W IVYOULTYY
X =B,Corl
A = Assembly Location
WL = Wafer Lot
YY,Y = Year
WW, W = Work Week
G = Pb-Free Package

*This marking diagram also applies to NCv494,

PIN CONNECTIONS

Mo L1 ] it
inpu 2] 5 ot
Cugop;glrnw E E Viet
Dexdine 3 %
cr 5] 12] Vg
Ar (6] [11] 2
Ground | 7 E E2

[9] €1

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 4 of this data sheet.

Publication Grder Number:
TL494/D



TL494, NCV494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 v
Collector Output Voltage Va1, Vo2 - 30 40 \
Collector Qutput Current {Each transistor) lc1, Iz - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee ~ 2.0 v
Current into Feedback Terminal I - - 03 mA
Reference Output Current lref - - 10 mA
Timing Resistor Ry 1.8 30 500 kQ
Timing Capacitor Ct 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cr = 0.01 uF, Ry = 12 K, unless otherwise noted.)
For typical values Ty = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol Min Typ Max ] Unit
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Viet 4.75 5.0 525 \

Line Regulation (Voc =7.0Vt0 40 V) Regjine - 2.0 25 mv

Load Regulation (Io = 1.0 mA to 10 mA) Regipad - 3.0 15 mV

Short Circuit Output Current (V,gs = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Iciofly - 20 100
(Vec =40V, Vee=40V)

Emitter Off-State Current IEom - - -100
Veg =40V, Vg =40V, VE =0 V)

Coilector-Emitter Saturation Voltage (Note 2} \
Common-Emitter (Vg =0V, Ic = 200 mA) Vsat(C) - 1.1 13
Emitter-Follower (V¢ = 15 V, Ig = -200 mA} Vsal(E) - 15 25

Output Control Pin Current
Low State (Voc < 0.4 V) locL - 10 - RA
High State (Voc = Vref) loch - 02 35 mA

QOutput Voltage Rise Time t ns
Common-Emitter (See Figure 12) - 100 200
Emitter-Follower (See Figure 13) - 100 200

Output Voltage Fall Time i ns
Common-Emitter (See Figure 12) - 25 100
Emitter-Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

http:iionsemi.com
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vec = 15V, Gy = 0.01 uF, Ry = 12 kQ, unless otherwise noted.)
For typical values T = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless ctherwise noted.

Characteristics Symbol ‘ Min l Typ I Max I Unit I
ERROR AMPLIFIER SECTION
Input Oftset Voltage (Vo (pin 3 = 2.5 V) Vio - 2.0 10 my
Input Offset Current (Vg (pin 3y = 2.5 V) o - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) g - -0.1 -1.0 A
Input Common Mode Voltage Range (Vg = 40 V, Ty = 25°C) Vicr -0.3to V2.0 \4
Open Loop Voitage Gain {AVg = 3.0V, Vg=05V10 3.5V, R_ = 2.0 k) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo=05Vt0 3.5V, R =2.0kQ) fe- - 350 - kHz
Phase Margin at Unity—Gain (Vo =0.5Vt0o 3.5V, R = 2.0 kQ) om - 65 - deg.
Common Mode Rejection Ratio (Ve =40 V) : CMRR 65 a0 - dB
Power Supply Rejection Ratio {AVee =33V, Vo =25V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin 3y= 0.7 V) lo- 03 07 - mA
Output Source Current (Vg (pin 3= 3.5 V) lo+ 2.0 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) V1H - 25 45 Vv
Input Sink Current (V(pin 3y = 0.7 V) li- 03 07 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpj, 4 =0V 105.25V) e (oT) - -2.0 -10 uA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCnax %
{(Vpin4=0V,C1=0.01 uF, Rr = 12kQ) 45 48 50
(VPin4 =0V, Cr =0.001 uF, Rt = 30 k) ) - 45 50
Input Thresheld Voltage (Pin 4) Vih \'
{Zero Duty Cycle) - 28 i3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 k) fosc - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, Rt = 30 kQ) ofosc - 3.0 - %
Frequency Change with Voitage (Vce = 7.0 V1o 40V, Ta = 25°C) Afgge (AV) - .1 - Yo
Frequency Change with Temperature (ATa = Tigw to Thign) Afose (AT) - - 12 %
{C1=0.01uF, RT=12kQ)

UNDERVOLTAGE LOCKOUT SECTION

Tum-On Threshold (Vcc increasing, lrer = 1.0 mA) [ v | 55 | 643 | 70 | v ‘
TOTAL DEVICE

Standby Supply Current (Pin 6 at Ve, All other inputs and outputs open) icc mA
(Vec=15V) - 55 10
(Vcc =40 V) - 7.0 15

Average Supply Current mA
(Cr=0.01 yF, RT= 12 kQ, V(F'in 4= 2.0 V) - 7.0 -
(Vcc =15 V) (See Figure 12)

* Standard deviation is @ measure of the statistical distribution about the mean as derived from the formula, o

http:/ionsemi.com
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TL494, NCV494

ORDERING INFORMATION

Device Package Shipping'

TL494BD SOIC-16 48 Units / Rail

TL494BDG SQIC-16 48 Units / Rail
(Pb—Free)

TL494BDR2 SOIC-16 2500 Tape & Reel

TL494BDR2G - 8SOIC-16 2500 Tape & Reel
(Pb-Free)

TL494CD SOIC-16 48 Units / Rail

TL494CDG SOIC-16 48 Units / Rail
{Pb-Free)

TL494CDR2 S0IC-16 2500 Tape & Reel

TL494CDR2G ' S0IC-16 2500 Tape & Reel
(Pb—Free)

TL494CN PDIP-18 25 Units / Rail

TL494CNG PDIP-16 25 Units / Rail
(Pb-Free)

TL494IN PDIP-16 25 Units / Rait

TLA94ING PDIP-16 25 Units / Rail
(Pb—Free)

NCV484BDR2* S0IC-16 2500 Tape & Reel

NCV494BDR2G* SQIC-16 2500 Tape & Reel
(Pb-Free)

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

*NCV484: Ty, = ~40°C, Thign = +125°C. Guaranteed by design. NCV prefix is for automotive and other applications requiring site and change
control.
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Figure 1, Representative Block Diagram
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TL494, NCV494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Rt
and Cr. The approximate oscillator frequency is determined

by:

fose= —11
RreCt
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and 2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control—signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 V to 3.3 V.

Functional Table

Input/Output : fout
Controls Output Function A~ =
Grounded Single-ended PWM @ Q1 and Q2 1.0

@ Vier Push-pull Operation 05

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from —0.3 V to (V¢ ~ 2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
contro] of the loop.

When capacitor Cr is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Qutput drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on—time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output—-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for extenal bias
circuits. The reference has an internal accuracy of *35.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

,__500'( L L 1 1
N M 1 | |
;_ T T 1 L IR |
5 Cr = 0.001 uF JJ- Veg=15V
& 100k iz
p) L~
(=]
e 1
e 1
= ;
0.01 uF

% 10k " 22|
g 1 \;
3 [
5 0.1 uF N
B0k r N

500 E E s e e mmAL

10k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M

Ry TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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Vref
&
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A 3¢ oA
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with V;, > 40 V Using
External Zener
+Vi = B.0V 10 20V
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Figure 20. Pulse Width Modulated Push-Pull Converter

Test Conditions Results
Line Regulation Vin=10Vto 40V 14 mv 0.28% L1-35mH@03A
- _ T1 - Primary: 20T C.T. #28 AWG
Load Regulation Vin=28V,lo=1.0mAto 1.0A | 3.0mV 0.06% Secondary: 120T C.T. #36 AWG
Output Rippie V=28V, lg=10A 85mV pp PARD. Core: Ferroxcube 1408P-L00-3CB
Short Circuit Current Vin=28V,RL=0.1Q 16A
Efficiency Vin=28V,lp=1.0A 71% .
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1.0mH @ 2A
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Figure 21. Pulse Width Modulated Step~Down Converter

Test Conditions Results
Line Regulation Vin=8.0Vto40V 3omv  0.01%
Load Regulation Vin=12.6V, Ig =0.2 mA to 200 mA 50mv  0.02%
QOutput Ripple Vin =126V, Ig =200 mA 4O0mvpp PAR.D.
Short Circuit Current Vin=126V,R. =01Q 250 mA
Efficiency Vin =128V, Ig = 200 mA 72%
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PACKAGE DIMENSIONS
SOIC-16
D SUFFIX
CASE 751B-05
ISSUE J
. (A} , NOTES:
ﬂ 1. DIMENSIONING AND TOLERANCING PER ANS!
_______ Y14.5M, 1862
HR A H HAH 2, CONTROLUNG DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
b 9 _f MOLD PROTRUSION,
. mxl;llgg MOLD PROTAUSION 0.15 {0.006)
PER .
P ap - EIFE) 5. DIMENSION D DOES NOT INCLUDE DAMBAR
.25 (0. PROTRUSION, ALLOWABLE DAMBAR
D L] [$[ 50010 | l PROTRUSION SHALL BE 0.127 {0.005} TOTAL
H ]_H H H__H IN EXCESS OF THE D DIMENSION AT
- e — MAXIMUM MATERIAL CONDITION.
G MILLIMETERS | INCHES
D[ WiN | MAX | N | mAX
A |_980 | 10.00 | 0.986 [ 038
_J L_ B[ 860 | 00 | 0.150 | 0.057
K R x45° F €| 135 | 175 [ 0.054 | 0068
"| ‘ _" |“ X45 Dl o 0.49 | 0,012 | 0019 |
( — Y 125 | 0018 | 0.049 |
e ¢ =R i o Taue T oae
e J | 025 | 0.009
CT=Tsewma 1 T f f { /% X 025 1 o0 | oom
PLANE _.“._ M =~ J Ml _0°; 7el ¢°f 7°
Pl s 520 | 0220 | 0244
D 1epL R 0 50 1 0010 [ o019 ]

[®]0250010@[1]B ©[AG)]
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PACKAGE DIMENSIONS

PDIP-16
N SUFFIX
CASE 648-08
ISSUE T
—A-] E NOTES:
1A~ 1. DIMENSIONING AND TOLERANCING PER
MMM ANSI Y14.5M, 1982,
m 3 2. CONTROLLING DIMENSION: INCH.
? 3. DIMENSION L TO CENTER OF LEADS
D B WHEN FORMED PARALLEL.
o) 4. DIMENSION B DOES NOT INCLUDE
1 sl ¥ MOLD FLASH.
LA LILILY I,t,r L] 5. ROUNDED CORNERS OPTICNAL,
-j F _ INCHES___| MILLIMETERS
— C la— L e i 4
\ "I DM MIN_| MAX | MIN | MAX
— A 10740 [0.770 | 18.80 | 1955 |
i 5 B 0250 [0270 | 635 | 685
€ [0.145 [0.4175 | 360 [ 444
" ¥ —T-] §EATING | D 0,015 10,021 [ 039 | 0.5
F looso | o7o | 102 | 177
N "6 oic0BsC 2.54 BSC
H - K gl M W | 0.050BSC 1.27 BSC
G e J_| 0008 [0015 | 021 | 038
—»{la— D 18 PL K J0110 0130 | 280 | 3.30
L 10205 |0305 | 750 | 7.74
[ 0.25 @o10)®|T[ A @ | T N TR A TR
s 16620 [0.040 | 051 [ 101
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SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semlconductor and J are ragislered trademerks of Semiconductor Components Industries, LLC {(SCILLC). SCILLC reserves the right Lo make changes withoul further notica
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor doas SCILLC assume any liabiiity
erising out of the application of usa of eny product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incideniel damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals™ must be validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other appiications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could craete a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC progucts for any such uniniended or unauthornized application, Buyer shall indemnity and hold SCILLC and its officers, employaes, subsidlaries, affiliates,
and distributors harmless against ali claims, costs, damages, and expensas, and raasonable atiorney fees arising out of, directly or indirectly, any claim of parsonal injury or death
associaled with such unintended or unauthorized use, even if such claim alieges that SCILLC was negligent regarding the design or manufactura of the part. SCILLC is an Equal
Opportunity/Atfirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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Literatura Distnbution Center for ON Semiconductor USA/Canada
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