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ABSTRACT

This thesis present processig control power by using phase shift for induction
heating. In case input inverter of sine full wave voltage the result output inverter of AC
square. That will be changed follow input inverter .This resuit voltage input RLC series
resonant for induction heating can lead to power oufput inverter input inverter and 50-
Hz supply. In could efficiency between output inverter and 50-Hz supply and power
facter 50-Hz supply by use voltage form and current form drown from experiment take
to divide the spectrum. in case input inverter of sine full wave voitage to obtain apure
sinugoidal inphase current drown from 50-Hz utility supply. All these theoretical results

are also verified by experimental 1.
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1Ny 2-13 Uaz 2-14 sxldusanmirinneisesilounuiounsuni

+V, e O<atsnw
vo={ gy e (2.24)

- A
V, g m<ots2rz

F) - [
wmhmmn"lmﬁagmm;uwﬂuﬂums (2.26) 31

Vo= Av, - sin nawt
T n=1 2n

™| 8
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Vo=Vy [i sin @¢ + A sin 3wx¢ + 4 sin Smt...] (2.25)
4 3n 5x

Tapilfuteciu Fundamental 83uT36% v,

Vo.1=VmaxSin et (2.26)
lapsz1dvuia Peak fauiiv

V=4 51273V, (2.27)
T

uazA1 RMS 184 U9l v, Ad

Vo . 2NV _ o0, (2.28)

Vines™
Fa

8]

b , «f
Tapfirumintzualnas i, fa

i,= I sin(ax-0) (2.29)
F |
e
y =fy_=iyi=4vd0059= dv,
m 2
Z nZ R - 2o, o,
e Lo o
- v (2.30)
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- .~ , v - e
NAUMIIN (3.16) FNNTOMIUTAUANATEN ANUAIUNIUR,, BUANUANT Ly,
- - 4 v ol - l [y
uszAnhiuaud C,, 1Wdsmun1an 231 , sumifl 2.32 , usz FUMIA 2.33 ey

Vr= InReq (2.31)
v -t aad (2.32)
Ceq a)C’q o, i 2 » o 2 .
’r - + L] - r
o, o, w, @,
4v d[ru, J
=1, ot (2.33)
v ~ = )
Leq “ ( 1 2 & = P)
Z ) 1 ]| ——-—=
Wo.) Lo o
é‘nfuﬁqé’e‘lﬂﬂﬂLmﬁﬂnﬁunas‘mafﬂﬁﬁa
>, I,’R, i 8%/ R, 005" 6 8V/R,, _
o 2 xZqu 2R ¢ 1 ; a’s a}r 2
TR A o2,
a 8/ R (2.34)

- A A ‘ 3
URZIINFEUNTS (2.32) mmmmmwuunﬂﬂ'lamzﬂn 2-15 FIURAIANIZUR
- ' A - .
Twaelugyl Nomalized Ta329378UBdineflounwieyniudeanatnulasuulastia
' o wo o a - I & LA g L
0, a9 9 szFulainasilouuun sslddinszualnangege uszezduagiud 0, wh
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39 a Q,L llfnﬁ\'ﬂ'“ n’-uﬂtﬁﬂﬂnﬂzu5ngﬁﬂ']u Iuﬂlnﬂuﬂunfzuﬂ‘[ﬂﬂﬂﬂuﬂqﬁqﬂﬂ uia
fisn Q,

p == z= =
08 035 09 .95

d . % . 4
31 2-15 Normalized nrzulnanussneIdwaefine 55 lsuwwisunsudoniwd
o el o, '
nidfsuudsingr O, f3 9

600 - — E . L e - o —— - . "o
300
400
PDZ(:;
%2 300
Vn‘ qu

200

100

31]# 2-16 Normalized ﬁwé’a‘lﬂﬂ‘uéﬁﬁqumqwsﬁumm‘maﬁ'[-nuuuﬁaqmmia
ol ad .
autnufsuulsee 9,
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P [
URSINFUNIT (2.34) wau'm'uiiuun'nw'lugﬂ Normalized 2837189 IWH

v« - '3 il v ' e a v ' o
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v oo [ - - -
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ussABudnuAndaNYs L, -fﬂti'Jufi“lﬁué'nuawﬁmamﬁ'au.ﬂam'nuﬁg«ﬁumaué‘nuawf
fuasrnnitenh masesniodew lu'[ﬂ'nn’nﬁ‘lﬁ'nm'[mmmﬁunm’ma'ﬂuzﬂﬁ' 2-10
Favhzneudionlauriaeauiigs dnfvdsrgilouwwd ¢, unzvamIAmioNnToy
%mm'luzﬂmanwmuga RLC aunsu Usznausiud R, , L, us: C, é’ogﬂﬁ 2-13 &3
tﬂuei'ls'ﬁuﬂﬁ'[auﬁ"lumns‘huvjﬁuq:‘mamﬁauﬂaomwﬁgamﬂ'aﬁ'mﬂguqﬁﬁ'daagﬁ'u
sweineasEuiedined HodouuTsAUNas L9 RLC puNIY lu;ulﬁ 2-13
wisufiuaruauliduefirainulesnszuadmasusedueg ﬁ’alu;ﬂﬁ 2-14 ¥l
snufuiuimsInfhussduussnizuayagmsoyu 6, Iugues cos, FagwTo
wlfiwmsimdidauds R, L, uaz C,q1innoamuga'lvﬁau'li’namaﬂaa:umu'lu
zﬂ’r"k 2-16 BarunIniemsdrumTias R, uas L, loluauns (2.36) uaz (2.39)

ol

Vi - Veeqg = Va sin&h

- -

1y VReq = Vol cosél

31]# 2-17 mweslaszunsuyesTlounuriauniy
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(2.35)

(2.36)

{2.37)

(2.38)

(2.39)
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2.7 Ta-na‘?'mLmaoquumﬁwaofaw=u.1.mmummm‘mngonﬂmnl-smh‘ud'lé":

sznautidsnasyTmn-ad
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TasseFuRugauarnesmilismiauwumwignhanudgs



Source

25

Rectifier Fullbridge Matching | Load

Transformer | Resonant

1
alicl

Inverter

‘E:.._.____

]
1| L
| g N2
'E——|hl !
Control
it

ol v & w w ol Y -l
31]1’\ 2-18 uﬂﬂw{[ﬂfomﬁwuf“ﬁ 3\11\3911“ﬂ1'\“15uuﬂul““ﬂ')ﬁqﬂ'] HRIUD g-ﬂ

PNveIeTslEaTaumgEInYIENoU 6 Faufa

1.

o 0 > w N

qmw:mmmwﬁga(l.ow Pass Filter)
'qmaw."t'mm:uauumﬁuﬂﬁu(Fuu Bridge Rectifier)
yanesBuneina(inverter)
ranvINUGUERILineT
qanﬁauﬂmm’mﬂga(High Frequency Transformer)
yalwasilounud(Load Resonant)

2.7.4 yA299sNIBIAMAIALI(Low Pass Filter)

- . P - o
299INTBIANUTFS (Low Pass Filter) ﬂaommmuuﬁmﬂamuuumuu*nh

ol J a0 gt P s - b - - - -
UOTU aladn dmitanh l.lﬂ:ﬂ‘)l.ﬂ'ﬂlh:ﬂ‘ l‘ﬂ"ﬂﬂﬂ'\wlﬂ"!“ﬂuw‘ﬂ‘llﬂdlﬂ‘l’ﬂﬂkﬂﬂﬂ'l

w_ ol o o e wl ¢ & & P e
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-l ol - -
WA InNEN 50Hz WD A MATIALDL



26

O &

J J - -
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2.7.2 ya2evsi3Benszunuun@nadu(Full Bridge Rectifier)

WATFHINTTURUUULANAAY (Full Bridge Rectifier) fa2997IWfniivimititluans
wasadnursdwlwdnszusadufinanad 50 Hz Wiiluunsaulwinrzusasslaoacly
Ialonduinszusuuunied (Bridge Rectfier) iRaflanliiugaiseidunedined ussex
innfiuyszgrwaiinegssning gaasnfuinszusuuunied (Bridge Rectifier) nuye
29938undiaey iRafidudallaain m:uaﬁ'laa:Tauné’umaa-qmwsﬁurmﬁam'

L] J hd o e ] .
Tutsnlnanfiuwasnuldnuunsssny (regen)

N[ o

m‘%' D3 A

Il
1 I
@!

Vac

D2 A& D4i

ol - E
zﬂﬂ 2-20 AT n‘::uﬁm.mlﬁuﬂau
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2.7.3 ganvsdwefinaiinverten

Wtounediwmed (Inverter) Altlurses sudlugaued ( Full Bridge) Favhmind
wilasussauiWdiinszusays 'I.ﬁl.i‘}uunﬁu'lﬂﬁ':ns:uaaé’uﬁﬁmnuﬁgo'[au'lﬁmna:‘f
uaRAN (Power mosfet) laumainutssiwiiiesuomna (Power mosfet) 3:Yinau
afunwug luudazafomuiam fie St uar S4 snbinzuandontuluntarsn ves
munmmnun:tﬁanthm:ua $2 us: S3  subhinvzuewiaunulusdeioe vas
MuLemsITiesmeiitlTes 9
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uasin S1  uaz S4 ﬁ'uvaqaﬁwnnua1aa1aﬂ§ugﬁazﬁmm§uu‘ué’uﬁ’n’hﬂa'[aa
D1 uaz D4 aglusnazludamssseziinzusdruniislnssansinyasingunidain
qmam}‘ﬁmmﬁ"amﬁmm WallaenulilWnrzummaitinaitwesmin inmzanarla
vaminBumeld Senssiilalondiumarunsinszud Sowasinuuy IRFP460 ALY
svgadueiined siilalonagmuludrvesiuesnguss

Tumyhnuuatemdn 2nisuamnn S1 uaz S2 wia S3 usr S4 I
vuniadinszuanfouiuliis inzeshidifienisdasasrasusidudunnuas
semneiamavaEsmely dniulumahanusssadiinnflsnalumssusingd
voauamvin fevl S1 uas sS4 vhouwdeunu S2 uar S3 Adanhunisunu
dpdulnmitfusinezh 51 uss 83 vhaundauiu S2 usz S4 Adpriam
wiauiudn srindsspiimuanmyinanzay

4
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2.7.4 gavsauqudntefined
nmvguinisfimsfzuiveandiu 2 dmdeiufe

2.7.5 WviaAN(Control Circuit)
v ol - -~ - o
Niaqum:ﬁmwmlumimmaatyty'lmwaﬁzﬂﬂmﬂuu(Square Wave)ir
- X 1.1 - - « « - - P
sggmiasinlBlumtusygrarunevanstaunefined leavezly lediwed uc
-t [ o - oy A
3879N  uladawie 20 1 Wunssdudgga Sledweflanisoniugulan
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v 1 4pE
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2.7.6 WATHUYNM(Drive Circuit)
ﬁ'tuty’umﬁaﬁﬁ‘lﬁ‘mnqmnqum:ﬂwmdaLiﬁﬁugmnﬁnmma lauga
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3t mrdmanmdl R, L, uaz C, vesgalwaa (4@ induction Heating)
3.1.1 r’i’muar’i'\é'a'lﬂﬁwml.mﬁvgnﬁunm'maf { Watt: P)

3.1.2 YAnImIFIUSIRU Voltage (ms), ¥, naumsfl 3.1

4 1
V = —V —
1 T dc\/i
vV, = _2_£V¢ (3.1)
b4

3.1.3 fnuaditisznauias Wi (Power Factor :PF) ; cosé,

' o
3.1.4 MM aeInIzuA Current(rms) , 1, InauNNTN 3.2

p = VI cosb,
/. d—"2 £ (3.2)
¥, cosf,
3.1.5 wisnduRuand (Z,) eI 3.3
V,
VA = L {3.3)
1 Il
3.1.6 M1 IUMUMU(R) UM 3.4.
By = Z, cosb, (3.4)
317w X, - X, IR 3.5
X, -Xe = Zsin®, (3.5)
. -
3.1.8 fhwuad1 Quality Factor : @, uazanudilowwud o, =24/
3.1.9 memsawriioh (L) neunIf 3.6
0 - w,L,
R-v
'R
L. &
mﬂ
L, = 2 (3.6)

o 2,91;
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3.1.10 miwaiules (C,) nIneunIA 3.7

_ 1
¢ o,R.C,
1
C = —
“ wo'ngQ
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SR | CHO=5 H : T mepfdv |
DG Wt : bC Wl H : 1 (2mefdiv)

a) ABULTINU (VS) URENTEUN (Is) MITUUNEIEIMTIARA 50-Hz nHanMased
@wX =2 ms unuY = VA (laeri el
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b) ABULTIAN (Vs) UBZNTZLA (Is) NI MUnEIsEn s TWRN 50-Hz PINNIBIEN
(Wnw X =2 ms unuY = VA (laaviuaniy

r a 5 el
171 4-9 UEAI ARULTIN (Vs) UAENTZUA (I8) YNIFIUMUMEITTBN TN 50-Hz

ot Lot o - - 4
3.2 ARULTINU (Vo) UBZNTZUR (Ip) MIsuAdBunnusesdunfinat

a) AARLSIAN (Vp) UBENTIUN (Ip) meﬁmﬁ‘i'ﬁuvgnﬁwm‘a‘mnafmm’ PNHANINARDY
(X =2 ms unuY = VA (Lafusaiy
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b) ARUUIING (Vp) USENIUF (Ip) nusudddurmBureiduiiafiaes :inmidyea
(WU X =2 ms, unuY = VA (laerluauil)

A J e - -~ —
JUN 4-10 UEAI ARUUTIAU (Vp) URENTIUR (Ip) MIFUATEUKMEUTEIBUIBTINDT

3.3 ARRUIION (Vo) URENTELE (o) medwafianinnasburieiinad

a-1) ARULTION (Vo) HAZNITZUR (lo) maeﬁmaitmﬁqmm'ﬁunaﬁmaf TINKRNINARDI
nuX=2 ms, unu Y = VA (larfuaud))
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a-2) FAAULTINU (Vo) Lasnizuy (IO) YI"Nﬂ'l“LD'ﬂI.ﬂ']ﬂV!Yl‘IIENB“l')ﬂﬂﬂﬂ? NHANTINAADY
wnu X = 6 ys, unu Y = v,A (Laari uauil))

b-1) ARRLIIGN (Vo) UAZNTIUE (o) moé’mm%mﬁﬂmaaﬁuna{mm‘ MMAITYLaa
@NU X =2 ms, unu Y = VA (lasrusuil))
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b-2) ARULTIM (Vo) URSNTZUN (o) YasuleSieninnvesBuviedieed vinmidylan
(Wnu X = 5 ps, unu Y = VA (Lol uaui))

J ‘ [ - -
FU 411 UARIARULTIAU (Vo) URSATUA (Io) nesadiarinnussduiefiined

4.5.4.mﬂl§'mﬂaiﬂ-ﬁqu 40 29FN
4.1 PABLTINW (VE) URTNTUA (I3) efuundssnens vy 50-Hz

CHis SV CH2=29V '
DC ey bC 1K1 raidv)

a) ARANUTIN (Vs) URSNIZUA (Is) IATHRUAEISIIMTINRN 50-Hz INHENIIMARDY
(WNW X =2 ms, unu Y = VA (lavi,uanih)
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b) ARULTIAN (V8) KRNTEUR (Is) NRIFMUNEITIEMTINN 50-Hz 9nmsdyiea
MN%w X =2 ms, wnuY = V.A (e usaly

ot A -~ il B
N 412 uaa ARUUTIAK (VS) URSNIZUN (I8) MITULNEISENT IR 60-Hz

A - oy -~ A 4
4.2 ARULTINU (Vp) LBENTILE (Ip) Y mASBuwnEnsasBuafiaed

a) NAULTINH (Vo) URENIEUN (Ip) asuddduynbusasduedined nnuantmasa
@ X =2 ms unsY = VA (afueuil)
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P | L [ ¥ rr.ry o = [ 4 & -
b) ARUUTINU (Vp) UBZNTIUN (b)) Misuadduwndutadunniinel minmsdiyae
nu X =2 ms, unu Y = VA (len uouly)

of - . 'Y -~ - -
3N 4-13 URAI ARULTIAK (Vp) USINTZUS (Ip) mamuﬁ%auvgnawaoaunaﬁma{

A o - ]
4.3 ARULTIAN (Vo) URENTZUR (o) Musmiafieninnvesduaniined

- [ -
a-1) ARULIIRU (Vo) UBZNTZUR (o) amwadioniwnyasduiinfiaad :nusmimasss
@ X =2 ms, unu Y = VA (e uauily
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a-2) ARUUTINU (Vo) URZNTZUR (o) WHMuediainntasdunedined nrHanmasas
(Wnu X = 5 ps, unu Y = V,A (laavi,uauil))

P -~ -
b-1) ARULTING (Vo) URENTIUE (Io) nssuadionyiwnuesduiiedisaf vinmiadylas
won X =2 ms, unuY = VA (laieead))
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b-2) ARUULTINU (Vo) URSATSUE (lo) mamumﬁhmﬂv&maaauna‘fmaf mnmﬁ-ﬁ‘qmn
N X =5 ps, unu Y = V,A (e uauiy)
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UM 4-14 URDINBULTIAU (Vo) URZNTZUE (Io) MMimedieniynuasduniafinal
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4.5.5. sl 5uilaBuinaga 50 padn
51 ﬂﬁuumé’u (Vs) URINTIZUR (Is) YIFULAEI M IHR 50-Hz

G G T 7 : T e AV
BC WEL oc Wl } i I (Imagav)
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a) ARUUTIU (Vs) URENIZUR (Is) YIS UUNEIIENTINRN 50-Hz SINHEMINARBY
WAR X =2 ms, unuY = V,A (laefuauil)
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b) ARWUTINY (Vs) USSNTZUN (Is) MIAMUUNEINTBMTIWRY 50-Hz 3InMT uien
(W X =2 ms, unuY = VA (laarhuauil))

4 J b ¥ i
U 4-15 LRI ARUUIINU (Vs) URZNIZUR (1s) MduumdsigmITwi 50-Hz

-

a & e = 3.
5.2 ARULTINN (Vp) UAENTZUR (Ip) M udTiunnauvasduiefiaes
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OC WEt . oG W : : i (omefav)
: : : : g ; HORNESHONE.

a) AARUTINN (Vo) UBSNTTUN (Ip) meé‘mﬁﬁﬁwmﬁmaeﬁuna'fma'f MHINTINARDI
@ X =2 ms unnY = VA (e e
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d s L ] 3 - r)
b) AAUUTINN (Vo) UsznTzud (ip) navnuadiunndnvesdunieiisad sinmsdyiee
WU X =2 ms, unu Y = V.A (laausuil))

d g b wal ol - -
311# 4-16 LB ARUUTIA (Vp) URENTZUN (Ip) YIduaGBunnBurasiurefiaed

5.3 ARWLTINU (Vo) UWBENTZUR (o) madmadieniwnvasBuieiiaed
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a-1) ABULTIRU (Vo) WBZNTEUA (Io) Masmiadianiwnuasduwasfiaes emnnentmanes
@ X =2 ms, unu Y = VA (Iariueui))
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a-2) ARULTINN (Vo) Uasnisud (ip) n'im'mta"ﬁl.a'mvgmlmﬂunmmm INHANTINARD
(unwu X = 5 pus, wnu Y = VA (Iarl uaand))
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b-2) ARULTIAY (Vo) URINTIUE (o) MashwadiarinnasBuiaiined smnnidyiaa
(WD X = 5 ps, unk Y = VA (laariuanil))
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7N 417 URRIARUULTIAU (Vo) URENTEUR (lo) nasuiedianvinnasbuneiinad

4.5.6.maSudadifiaa 60 pern
6.1 NARLTIAN (Vs) LATNITUF (Is) NHREIUUNEITIIMT IWHN 50-Hz

a) ARULTIOU (VS) URTNTIUF (Is) NUHAULNENN a3 AN 50-Hz IINHANTIMARDI
@i X =2 ms, unuY = VA (e uani)
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b) ARUUTIAU (Vs) UBINTIUR (fs) NMWAMUUNAITIENMTINAY 50-Hz IInmITaiaa
(W X =2 ms, un® Y = V.A (Iaarfuauil))
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a) ARRUTINU (Vo) URTNITUN (Ip) maé’mﬁ-‘ﬂﬁuﬁnﬁwaaﬁunm’mm’ PINHANTIINARED
UMW X =2 ms, unuY = V.A (Iaviuauil))
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d‘ Lo hasl 3 -~ - -
b) ARWUTINU (Vp) URZNTZUN (Ip) vashufidiBunndurasdueiinef annifues
WAn X =2 ms, unu Y = VA (latuandl)
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Experimental Result
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application uc1879
uc2879
uc3s79

Phase Shift Resonant Controller

FEATURES

= Programmable Qutput Turn On
Delay; Zero Delay Available

» Compatible with Voltage Mode or

Current Mode Topologies

* Practical Operation at Switching

Frequencies to 300kHz

10MHz Error Amplifier

Four 100mA Totem Pale Qutputs

* Pin Programmable Undervoliage

Lockout

+ Low Startup Current -~ 150pA

= Soft Start Control

* QOutputs Active Low During UVLO

BLOCK DIAGRAM

DESCRIPTION

The UC3879 contrals a bridge power stage by phase shifting the switching
of one half-bridge with respect to the other. This allows constant frequency
pulse width modutation in combination with resonant, zero-voltage switch-
ing for high efficiency performance. The UJC3879 can be configured to pro-
vide control in either voltage mode or current mode operation, with
overcurrent shutdown for fast fault protection.

Independently programmabile time delays provide dead-time at the turn-on
of each output stage, allowing time for each resonant switching interval.

With the oscillator capable of operating in excess of 600kHz, overall output
switching frequencies te 300kHz are practical. In addition to the standard
free running mode, with the CLKSYNC pin, the user may configure the
UC3879 to accept an external clock synchronization signal. Alternatively, up
to three units can be locked together with the operational frequency deter-
mined by the fastest device.

Protective features include an undervoltage lockout and overcurrent protec-
tion. Additional features include a 10MHz error ampiifier, a 5V precision ref-
erence, and soft start. The UC3879 is available in 20 pin N, J, DW, and Q
and 28 pin L packages.

.
&1 [14] Oscilator
CLKSYNG

RT {18

Az}

Cycle by Cycie
Current Limiting
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I
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13v 2 y Time Delay G 8] ouTe
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GOMP ff]_‘ 1
{ Time Detay D ouTD
9
| P hA fsr] DELSETC-D
| [
| 2.5V |
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ABSOLUTE MAXIMUM RATINGS

Supply Voitage (VC, VIN)
Qutput Current, Source or Sink, BC. ... . ...
Analog 1/0s

(Pins 1,2 3,4,5,6, 14,15, 17, 18,19) ..

(PIN1B). oo et

Storage Temperature Range
Junction Temperature. .. ................
L.ead Temperature (Soldering, 10sec.) .....

Notes: Pin references are to 20 pin DIL and
All voltages are with respect to ground unless

e =031 5.3V
.. =03V ico VIN
—65°C to +150°C
-55°C to +150°C
....... +300°C

SOIC packages.
atherwise stated.

Currents are positive into, negative out of the specified termi-
nal. Consult Packaging Section of Databook for thermal limita-

tions and considerations of packages.

CLCC-28 (Top View)
L Package
DELSETA-B

NIC

DELSETC-D
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uCc1879
uCc2s79
uc3s7s
Tabie I. Product Selection Guide
TEMPERATURE AVAILABLE
RANGE PACKAGES
ucc1879 - 85°C o +125°C J. L
UCC2879 - 40°C to +85°C N,DW, Q,J, L
uccC3s7o 0°C to +70°C N, DW, Q
CONNECTION DIAGRAMS
DIL-20, SOIC-20 {Top View)
J or N Package, DW Package
p—y
VREF | 1 20 GND
comr |2 19] rAMP
EA- E 18] RT
cs[a 17| CLKSYNC
DELSETCD | 5 16] UVSEL
ss s EI DELSETA-B
outp [7 E cT
outc [ 8 El OUTA
vels El oUTB
VIN| 1O E PWRGND
P1.CC-20 (Top View}
Q Package
DELSETC-D
58 cs
OUTD EA~
3 2 1 20 19
outc —{|4 7 18 [} comp
ve —|5 17 {}— VREF
viN—{|6 16 [}~ GND
PWRGND ~—{{7 15 }— RAMP
outs —{|8 J- &T
19 11 :2 13
_j T CLKSYNC
UVSEL
DELSETA-B
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uc1879
ucasr9g
UC3879

ELECTRICAL CHARACTERISTICSuUnless specified; VC = VIN = VyysggL =12V, CT = 470pF, RT = 9.53k, RDELSETAB =
Roesec-p. = 4.8, Copiseras = CperseTco = 0.01uF, Ta= T, '

PARAMETER TEST CONDITIONS [ min | TvP | max JuniTs
Undervoltage Lockout
Start Threshold VuvseL = VIN 9 10.75 | 12.5 v
Vuvset = Open 125 [ 1525 165 | V
UVILO Hysteresis VuvseL = VIN 1.15 1.75 | 2.15 Vv
VuvseL = Open 5.2 6 7.4 \'
Input Bias, UVSEL Pin VuvseL = VIN = 8V 30 pA
Supply Currertt '
lvin Startup VIN = VyvseL = 8V, VC =18V, IpeLsetae = 150 | 600 nA
loELseTcp=0
e Startup VIN = Viyyger = 8V, VC = 1BV, lbeLseras = 10 100 pA
lpeLseren=0
vy Operating uc3g79, UC2879 23 35 mA
Uc1879 23 36 mA
Ivc Operating 4 8 mA
Voltage Reference
Output Voltage T;=+25°C 4.92 5 5.08 v
Line Regulation 11V < VIN <18V 1 10 mv
Load Regulation lyrer = —10mA 5 20 mv
Total Variation Line, Load, Temperature 4.875 5125| V

Short Circuit Current

VREF = 0V, T, = 25°C

-60 | -15 mA

Error Amplifier

Error Amplifier input Voltage

24 2.5 2.6 Vv

Input Blas Current

0.6 3 pA

AVOL 1V < Vpomp < 4V 60 90 dB
PSRR 11V < VIN < 18V 85 100 dB
Output Sink Current Veome = 1V 1 2.5 mA
Qutput Source Current Veowmp = 4V -13 | 05 mA
Qutput Voltage High lcomp = =0.5mA 4 4,7 5 \'
Qutput Voltage Low leomp = 1TMA 0 0.5 1 \)
Slew Rate Ta=+25°C 6 11 Vius
PWM Comparator
RAMP Offset Voltage T, = 25°C, Note 3 1.1 1.25 1.4 \i

PWM Phase Shift,
ToeLseTa-8. ToELsETC-D = 0, Note 1

Vcome > YrRaMPpes« + VRAMPofiset

38 99.7 | 102 %

Veome < Zero Phase Shift Voltage

QOutput Skew,
ToELSETA-B. TDELSETC-D = 0, Note 1

Veome > VRAMPpesk + VRAMPoffset

10 ns

Veomp < Zero Phase Shift Voltage

10 ns

Ramp to Qutput Delay, ToeLseTas =0,

UC3879, UC2879 _

115 250 ns

TpeLseTc0=0 UCc1879 115 | 300 ns
Qscillator
Initial Accuracy Ta=25°C 180 200 220 kHz

Voitage Stability

11V < VIN < 18V

Total Varation

Line, Temperature

160 200 240 kHz

CLKSYNC Threshold _ 2.3 2.5 2.7 \4
Clock Qut High 2.8 4 v
Clock Out Low 0.5 1 1.5 vV
Clock Qut Pulse Width 400 600 ns

Ramp Valley Voltage

0.2 0.4 v
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ELECTRICAL CHARACTERISTICSunless specified; VC = VIN = VyysgL =12V, CT = 470pF, RT = 9.53k, RDELSETA-B =
RpeLsec-n = 4.8k, CoeiseTas = Cpetserep = 0.01uF, Ta=T,.

PARAMETER TEST CONDITIONS MIN | TYP | MAX [ UNITS

Ramp Peak Voltage 2.8 29 3.2 v
Current Limit

input Bias Veg= 3.0V 2 10 pA

Threshold Voltage 235 ( 25 | 2.65 \i

Delay to OUTA, B, C, D 160 | 300 ns
Cycle-by-Cycle Current Limit

Input Bias Veg = 2.2V 2 10 pA

Threshold Voltage 1.85 2 2.15 v

Delay to Output Zero Phase 110 | 300 ns
Soft Start/Reset Delay

Charge Current Vgs = 0.5V =20 -9 -3 pA

Discharge Current Vgg=1V 120 230 nA

Restart Threshold 4.3 4.7 V

Discharge Level 300 mVy
QOutput Drivers

Qutput Low Level loyr = 10mA 0.3 0.4 \'4

Output High Level loutr =—-10mA, Referenced to VC 22 3 v
Delay Set (Note 5}

Delay Time RoeLseTas = Roetseren = 4.8k 250 | 370 | 520 | ns

Delay Time RoeLseTas = RoeLseTc.o= 1.9K 100 155 220 ns

Zerg Delay VpeLseTAS = VoELSETCD = 8V 5 ns

Note 1. Phase shift percentage (0% = 0 , 100% = 180 } is de-

fined as ezz-;’-‘)-da%

where is the phase shift, and  and T are defined in Figure 1.
At 0% phase shift, is the output skew.
Note 2. Delay time is defined as:

delay =T » (El- —duty cycle)

where T is defined in Figure 1.
Note 3. Ramp offset voltage has a temperature coeffecient of
about -4mv/ C.

Note 4. The zero phase shift voltage is the voltage measured
at COMP which forces zero phase shift. This condition corre-
sponds to zero effective output power. Zero phase shift voltage
has a temperature coeffecient of about-2mV/ C.

Note 5. Delay time can be programmed via resistors from the
delay set pins to ground.

Delay Time = (0.89 <1070 «Rppy 4y )scc

The recommended range for Rpgay is 1.9k to 10k,

OUTC 50% —
QuUTD

L
T

Duty Cycle =

Period =T
TDHL(A to C) = TDHL(B to D) =

Figure 1. Phase Shift, Output Skew & Delay Time

Definitions




PIN DESCRIPTIONS

CLKSYNC (Bi-directional Ctock and Synchronization):
Used as an output, CLKSYNC provides a clock signal.
As an input, this pin provides a synchronization point.
Multiple UC3879s, each with their own local oscillator
frequency, may be connected together by the CLKSYNC
pin, and they will synchronize to the fastest oscillator.
This pin may also be used to synchronize the UC3879 to
an external clock, provided the frequency of the external
signal is higher than the frequency of the local oscillator.
CLKSYNC is internally connected tc an emitter follower
pull-up and a current source pull-down {300pA typical).
Therefore an external resistor to GND can be used to
improve the CLKSYNC pin's ability to drive capacitive
toads.

COMP (Error Amplifier Output): This pin is the output of
the gain stage for overali feedback control. Error amplifier
output voltage levels below 0.9 volt forces zero phase
shift. Since the error amplifier has a relatively low current
drive capability, the output may be overridden by driving
it with a sufficiently low impedance source.

CT {Oscillator Frequency Set): After choosing RT to set
the required upper end of the linear duty cycle range, the
timing capacitor (CT) value is calculated to set the
oscillator frequency as follows:

Dilin

CT=T08+RT+f

Connect the timing capacitor directly between CT and
GND. Use a high quality ceramic capacitor with low ESL
and ESR for best results. A minimum CT value of 200pF
insures good accuracy and less susceptibility to circuit
layout parasitics. The oscillator and PWM are designed
to provide practical operation to 600kHz.

CS (Current Sense): This pin is the non-inverting input to
the two current fault comparators whose references are
set internally to fixed values of 2.0V and 2.5V. When the
voltage at this pin exceeds 2.0V, and the error amplifier
output voltage exceeds the voltage on the ramp input,
the phase shift fimiting overcurrent comparator will limit
the phase shifting on a cycle-by-cycle basis. When the
voltage at this pin exceeds 2.5V, the current fault latch is
set, the outputs are forced OFF, and a soft start cycle is
initiated. If a constant voltage above 2.5V is applied to
this pin the outputs are disabled and heid low. When CS
is brought below 2.5V, the outputs will begin switching at
0 degrees phase shift before the SS pin begins to rige.
This condition will not prematurely deliver power to the
load.

80

uc1879
uczsg79
uCaarg

DELSETA-B, DELSETC-D (Output Delay Control); The
user programmed currents from these pins to GND set
the tum on delay for the commesponding output pair. This
delay is introduced between the tumn off of one switch
and the turn on of another in the same leg of the bridge
to allow resonant switching to take place. Separate
delays are provided for the two hali-bridges to
accommodate differences in the resonant capacitor
charging currenis.

EA- (Error Amplifier Inverting Input): This is normally
connected to the voltage divider resistors which sense
the power supply output wvoltage level. The lcop
compensation components are connected between this
pin and COMP.

GND (Signal Ground): All voltages are measured with
respect to GND. The timing capacitor on C7, and bypass
capacitors on VREF and VIN should be connected
directly to the ground piane near GND.

QUTA - OUTD (Outputs A-D):. The outputs are 100mA
totem pole output drivers optimized to drive FET driver
ICs. The outputs operate as pairs with a nominal 50%
duty cycle. The A-B pair is intended to drive one
half-bridge in the external power stage and is
synchronized to the clock waveform. The C-D pair drives
the other half-bridge with switching phase shifted with
respect to the A-B outputs.

PWRGND (Power Ground): VC should be bypassed with
a ceramic capacitor from VC to the section of the ground
plane that is connected to PWRGND. Any required buik
reservoir capacitor should be connected in parallel.
PWRGND and GND should be connected at a single
point near the chip to optimize noise rejection and
minimize DC voltage drops.

RAMP (Voltage Ramp): This pin is the input to the PWM
comparator. Connect it to CT for voltage mode control.
For current mode control, connect RAMP to CS and also
to the output of the cument sense fransformer circuit.
Slope compensation can be achieved by injecting a
portion of the ramp voltage from CT to RAMP.



PIN DESCRIPTIONS (cont.)

RT (Clock/Sync Duty Cycle Set Pin) The UC3879
osciflator produces a sawtooth waveform. The rising
edge is generated by connecting a resistor from RT {o
GND and a capacitor from CT to GND (see CT pin
description). During the rising edge, the modulator has
linear control of the duty cycle. The duty cycle jumps to
100% when the voltage on COMP exceeds the oscillator
peak voltage. Selection of RT should be done first, based
on the required upper end of the linear duty cycle range
{Btin) as follows:

2.5
~ 10mA * (1—Diin)
Recommended values for RT range from 2.5k to 100k.

RT

$8: Connect a capacitor between this pin and GND to
set the soft start time. The voitage at $S will remain near
zero volts as long as VIN is below the UVLO threshold.
Soft start will be pulled up to about 4.8V by an internal
9uA current source when VIN and VREF become valid
{(assuming a non-fault condition). In the event of a current
fault (CS voltage exceeding 2.5V), soft start will be pulled
to GND and then ramp to 4.8V. If a fault occurs during
the soft start cycle, the outputs will be immediately
disabled and soft start must fully charge prior fo reseiting
the fault latch. For paralleled controllers, the soft start
pins may be paralleled to a single capacitor, but the
charge currents will be additive.

ADDITIONAL INFORMATION

Please refer to the following Unitrode publications for
additional information. The following three topics are
available in the Applications Handbaok.

11] Application Note U-154, The New UC3879 Phase-
Shifted PWM Controller Simplifies the Design of Zerc
Violtage Transition Full-Bridge Converters by Laszlo
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UVSEL: Connecting this pin to VIN sets a turn on voltage
of 10.75V with 1.5V of UVLO hysteresis. Leaving the pin
open-circuited programs a turn on valtage of 15.25V with
6.0V of hysteresis.

VC (Output Switch Supply Voitage): This pin supplies
power to the output drivers and their associated bias
circuitry. The difference between the output high drive
and VC is typically 2.1V. This supply should be bypassed
directly to PWRGND with a low ESR/ESL capacitor.

VIN (Primary Chip Supply Voltage): This pin supplies
power to the logic and analog circuitry on the integrated
circuit that is not directly associated with driving the
output stages. Connect VIN to a stable source above
12V for normal operation. To ensure proper functionality,
the UC3879 is inactive until VIN exceeds the upper
undervoitage lockout threshold. This pin should be
bypassed directly to GND with a low ESR/ESL. capacitor.

NOTE: When VIN exceeds the UVLO threshold the supply cur-
rent (ItN) jumps from about 100 A to greater than 20mA. If the
{)C3879 is not connected 1o a well bypassed supply, it may im-
mediately enter the UVLO state again. Therefore, sufficient by-
pass capacity must be added to ensure reliable startup.

VREF: This pin provides an accurate 5V voltage
reference. It is internally short circuit current limited.
VREF is disabled while VIN is below the UVLO
threshold. The circuit is also disabled until VREF reaches
approximately 4.75V. For best results bypass VREF with
a 0.1pF, low ESR/ESL capacitor.

Balogh.

{2] Application Note U-136, Phase Shifted, Zero Voitage
Transition Design Considerations and the UC3875 PWM
Controlter by Bill Andreycak.

Design Note DN-63, The Current-Doubler Rectifier: An
Alternative Rectification Technique for Push-Pull and
Bridge Converters by Laszlo Balogh.
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S
INSTRUMENTS

www.ti.com 5-Feb-2007
PACKAGING INFORMATION
Orderable Davice Status " Package Package Pins Package Eco Plan? Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
uc+879J . OBSOLETE cDIP J 20 TBD Call Ti Cali Tt
UC1879.)8838 OBSOLETE CDiP J 20 TBD Call Ti Call T
ucz2879DW ACTIVE SQIC Dw 20 25 Green (RoHS & CUNIPDAU  ievel-2-260C-1 YEAR
no Sb/Br)
UC2879DWG4 ACTIVE SOtC Dw 20 25 Green (RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC287TIDWTR ACTIVE s0IC DwW 20 2000 Green (RoHS & CUNIPDAU  Level-2-260C-t YEAR
no Shifir)
UC2879DWTRG4 ACTIVE =Te] [ Dw 20 2000 Green (RoMS & CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
ucas7al OBSOLETE CDIP J 20 TBO Call Tl Call Tl
UC2879N ACTIVE PDIP N 20 20 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC2879NG4 ACTIVE PDIP N 20 20 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no SbiBr)
UC38790W ACTIVE S0IC DW 20 25 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
UC3879DWG4 ACTIVE 30IC DW 20 25 Green (RoHS & CUNIPDAU  Levei-2-260C-1 YEAR
no Sb/Br)
UC3s7aIDWTR ACTIVE SOIC DW 20 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3B879DWTRG4 ACTIVE SOiC bDw 20 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no $hiBr)
uc3aaral OBSOLETE CDIP J 20 TBD Call Tl CallT!
UC3873N ACTIVE PDIP N 20 20 Green{RoHS & CUNIPDAU N/A for Pkg Type
no Sh/Br)
UC3879NG4 ACTIVE PDIP N 20 20 Green {RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br) i

) The marketing siatus values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lfatime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to suppaort existing customers, but Tl dees not recommend using this part in
a new design.

PREVIEW!: Devica has besn announced but is not in production. Samples may or may rot be available.

OBSOLETE: Tl has discontinued the producticn of the device.

2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Graen (RoHS & no Sb/Br) - please check
hitp:/fwwwe ti.comiproductcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free {RoHS): TI's terms "Lead-Free” or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homocgeneous materials, Where designed {c be soldered
at high tamperatures, Tl Pb-Free products are suitable for use in specified lead-free processes,

Pb-Free (RoHS Exempt): This component has a RoHS exemption for sither 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free {RoHS
compatible) as defined above.

Green {RoHS & no ShiBr): T! defines "Green” to mean Pb-Free (RoHS compatibla}, and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous materiatl)

@) MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temparature.

Addendum-Page 1
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Important information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or wamanty as (o the
accuracy of such informaticn. Efforts are urkdarway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide reprasentative and accurate information but may not have conducted destructive testing or chemical anatysis on
incoming materials and chemicals. T1 and T suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

in no event shall T¥'s liability arising out of such information exceed the total purchase price of the T1 part(s) at issue in this document sold by T)
to Customer on an annual basis.
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J (R—GDIP—Tux) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN
PINS #+
oM 14 16 18 20
) ’ [ | Ge | 0e | O | oo
14 8 BSC BSC BSC BSC
SEARGRARSRA RS BOMAC | (oon | s | (zese) | (2692)

B MN — | — | — | —

D

— o —»

0.300 | 0300 | 0.310 | 0.300

PEVIVIVEVEVES! CMAX 3y | (782) | (7.87) | (7.62)
7

0.245 | 0245 | 0.220 | 0.245

H
41 g%(g(}:%} C_MN (6.22) | (6.22) | (5.59) | (6.22)

0.060 (1,52
—.1 l¢— 0.005 (0,13) MiIN 0.015 (0,38 l' & 'l

= 0.200 {5,08) MAX
z_ - ¢

Seating Plane

0.130 (3,30) MiN

N

{0100 (2,54)] 0.014 (0,36
0.008 (0,20

4040083 /F 03/03

NOTES: A, Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with o ceromic lid using glass frit.

D. Index point is provided on cap for termingl identification only on press ceromic glass frit seal only.
E

. Falis within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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MECHANICAL DATA
N (R—PDIP—T**) PLASTIC DUAL~IN—~LINE PACKAGE
16 PINS SHOWN
A » PINS =21 14 16 18 20
6 y 0.775 | 0775 | 0920 | 1.060
i W e W i W e Y i WY e Y i B A MAX | q9,69) | (19,69) | (23.37) | (26.92)
D) %%? AN Qo) | (as2) | (21s9) | (2558)
P =y g e sy g g g - — AR BB AC AD
1

‘J L_ VARIATION
8
0.070 (1,78
0.045 %1345‘ A
0.045 (1,14 0.325 (8,26
- je— s
0—&—)5_030 576 & 0.020 (0,5%) MIN —» ———E——-go_m e [
\ T rﬁ 5.015 (0,38
—r 0.200 (5,08) MAX

f Gauge Plane

l———-"'

A l Seating Plane

)

0125 (3,18) MIN 0.010 {0,25) NOM

—-l 0.430 (10.92) MAX L—

0.021 (0,53
i gois éo.aag

[5[o010 @) (
]

|

‘\“/’ 14/18 Pin Only A

20 Pin vendor option

4040049/ 12,/2002

NOTES: A, Al linear dimensions are in inches {millimeters).
8. This drawing is subject to change without notice.

A Fails within JEDEC MS—001, except 18 and 20 pln minimum body tength (Dim A).
A\ The 20 pin end lead shaulder width is o vendor option, either half or full width.

TeExas
INSTRUMENTS
www.ti.com
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MECHANICAL DATA
DW (R—PDS0-G20) PLASTIC SMALL—OUTLINE PACKAGE
~ 0.512 (13,00)
0.436 {12,60)
20 1
'ﬂ 0.419 (10,63)
0.393 (3.97)
0.299 (7.60)
0.291 (7,40)
IRELEEREEE: :
/ . Ao
0.020 (0,51)
dex Area +—{0.050 (1.27)] 0. 012 8.0z (0,31
F Y - \
LAAAARAAAAMT AL .
L-0.104 (2.65) Max g—:g—gﬁ-%%
0.013 (0,33)
8,008 (0,20)
1 7 A
: ] 0.004 {0.10)
¥ l
Gayqg Plons === Seating Plne
\__/
0050 (1,27) |
0.016 (0,40)
4040000-4/F 06/2004
NOTES: . Ml tinear dimensions are in inches {milimeters).

A
B. This drawing is subject to chonge without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falis within JIDEC MS—-013 variation AC.

TEXAS
INSTRUMENTS

www.tl.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to
discontinue any product or service without notice. Customers should obtain the fatest relevant information
before placing orders and should verify that such information is current and complete. All products are sokd
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality conirol techniques are used to the extent
Ti deems necessary to support this wamranty. Except where mandated by government requirements, testing
of all parameters of each product is not necessarily performed.

T! assumes no liability for applications assistance or customer product design. Customers are responsible
for their products and applications using Ti components. To minimize the risks associated with customer
products and applications, customers should provide adequate design and operating safeguards.

Ti does not warrant or represent that any license, either express or implied, is granted under any Tl patent
right, copyright, mask work right, or cther Tl intellectual property right relating to any combination, machine,
or process in which Tl products or services are used. Information published by Ti regarding third-party
praducts or services does not constitute a license from Tl to use such products or services or a warranty or
endorsement thereof. Use of such information may require a ficense from a third party under the patents or
other intellectual property of the third party, or a license from Tl under the patents or other intellectual
property of Ti.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices.
Reproduction of this information with alteration is an unfair and deceptive business practice. Tl is not
responsible or liable for such altered documentation,

Resale of T1 praducts or services with statements different from or beyond the parameters stated by Ti for
that product or servica voids all express and any implied wamranties for the associated Tl product or sarvice
and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on ather Texas Instruments products and application
solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www. ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/autometiva
DSP dsp.ti.com Breadband www.ti.com/broadband
interface interface.ti.com Digitai Control www.ti.comvdigitalcontrol
lLogic logic.ti.com Military www_tl.com/military
Power Mgmt power.fi.com Optical Networking www.ti.com/opticalnetwork
Microcontroilers microcontroller.ti.com Security www.ti.com/security
Low Power Wireless www ti.com/lpw Telephony www.tl.com/telephony
Video & Imaging www.ti.comivideo
Wireless www.ti.com/wireless
Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright ® 2007, Texas Instruments Incorporated
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Intemational -
IRF510

(] Rectifier

HEXFET® Power MOSFET

& Dynamic dv/dt Rating
* Repetitive Avalanche Rated 2 v = 100V
* 175°C Operating Temperature : DSs—
* Fast Switching _ . ‘
* Easo of Paralleling v Rpg(on) = 0.54Q
* Simple Drive Requirements
: s Ip=5.6A

Description

Third Generation HEXFETs from Intemational Rectier provide the designer -
with the best combiriation of fast switching, ruggedized device deelgn, low

on-ragistance and cost-effectivaness.

The TO-220 package is universaily predermed for eif commercial-industrial

applications at power dissipation levels to approximately 50 watta. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptanca throughout the industry.

Absolute Maximum Ratings
Parameter Max. Units

ip @ Tc=25°C Continuzous Drain Current, Ves @ 10V 58
o @ Tc= 100°C | Comtinuous Crain Curent, Vas @ 10V 4.0 A
low Puized Dmain Current @ 20
Pp @ Tc=25°C | Power Dissipation - 43 w

Linear Demting Factor 028 WG
Vas Gate-to-Sourcs Voltage 120 v
Eas Single Pulse Avalanche Energy @ 100 mdJ
Ian Avalanche Currant @ 5.6 A
Eap Repetitive Avedanche Enemgy © 4.3 mJ
dvrdt Paak Mode Recovary. dvidt @ 5.5 Vins
Te QOperating Junction and 5510 +175
Tsra Storage Temperature Range oG

Soldering Termnperaium, for 10 seconds 300 (1.6mm from case}

Mounting Tormque, 6-32 or M3 screw 10 Mbein (1.1 Nern}
Thermal Resistance .

Paramater Min, Typ. Max, Lnits

Reuc . | Junctlon-to-Case B —_ — 3.6
Recs Case-0-Sink, Flat, Greased Surfa — 0.50 — C/W
Raa | Junclion-to-Amblent —_ — 62

1




IRF510

Electrical Characteristics @ T, = 25°C (unlass otherwise specified)

@ Repetilive rating; pulse width Emited by
max. junction temperature (See Figure 11)

@ Vpp=25V, starting Ty=25°C, L=4.8mH

Ra=250, Ias=5.8A (Seo Figure 12)

Pamamster Min. | Typ. [ Max. | Units Test Conditions
v Drain-to-Source Breakdown Volaga 100 | — | — 1 V [Vas=OV, lo= 250pA
AV AT} Breakdown Voliage Temp. Coetficient — 1012 ]| — | VrC |Refarence to 25°C, ipw 1MA
| Foston) Static Draln-to-Source On-Resistance — — 054 | Q |Vas=l0V,p=34A @
| Vasiy Gate Threshotd Voltage 20 | — | 40 V| VoemVos, o= 250pA
| gt Farward Traneconductance 1.3 | — — S | Vpe=50V, lo=34A @
. — — 25 Vpe=100V, Vga=OV
loss Drain-to-Saurce Leakage Current =T [ 250 | ™" [Vosm80V, Vag=OV, Te150°C
lass Gate-to-Source Forward Ledkage — — | 100 A | Vag=20V
Gata-to-Scurce Reverss Leakage e - | -100 Vag=-20V
Q Total Gate Gharge r — [ — | 83 lo=5.64
| Qg Gate-to-Source Chatge L — | — {23 | nC |Vos=B0V
| Cigat Gate-to-Drain ("Millsr") Chamge i — | — | 38 Ves=10V See Fig. 6and 13 @
 fegon) Tum-On Delay Time L — | 88 1 — Vop=50V
t Riss Time — 16 —_ ns Io=5.8A
Loam Tum-Off Delay Time — 165 | — Ag=240 .
1 Fall Tima —_ 0.4 — Ro=8.40 See Figurg 10 @
Lo Interrial Drain Inductance L\ 5 mzlasha_')
b ool
Ls Intemal Source inductance — | rs | — iy o Y
| Cien triput Capacitence - | 180 ] — Va0V
Couz Output Capaciance —_ 81 —_ pF | Vo285V
'-5: Reverse Transfar Capacitance — 15 —_— f=1.0MHz See Figure 5
Source-Drain Ratings and Charactexistics
Parameter Min. | Typ, | Max, | Units Test Conditions
15 Confinuous Source Current L Ia MOSFET symizol o
(Body Dicde) ~ | 4 |showigthe
lsm Pulsed Source Current = (25~ 20 intogral reverse “@
{Body Dlode) @ p:n junction dlode. s
Vap Diode Forward Voltage - 8 — 2.5 V' | Tm25°C, 1a=5.6A, Vag=0V @
i Reverse Recovery Time _ 100 | 200 | ns | Tm25°C, lem5.6A
"1 Qr Reverss Recovery Charge — | 0.44 | 088 | uC |[di/dt=100AM s ©
| ton Forward Tum-On Time Intrinsic am-on thme is negiegible (tum-on ks dominated by Ls+Lb)
Notes:

@ t5pxB.6A, dVdtsTSA/a, VDDsVBRiDSS,
Te=1768°C

@ Pulse width < 300 pus; duty cychks 2%,
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ip, Draln Current (Amps)

Ip, Drain Cument (Amps)

IRF510
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Fig 1. Typical OQutput Characteristics,

Tc=25°C
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Fig 3. Typical Transfer Characteristics
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Fig 2. Typical Output Characteristics,
Tc=175°C
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IRF510

Capacitance {pF)

. lgp, Reverse Drain Current (Amps)

o Vgs = OV, f = 1Mz
Ciss ™ Cgs + Cgo Cus SHORTED
ss = Coa
£ oxs ™ Cos *
N
AN |
.-.q rli
N
150 S
~~.\'-'-n-
. II e
T~ I =
[=Crsa
o Lt
10 104

Vps, Drain-to-Source Voltage (volts)
Fig 8. Typical Capacitance Vs.
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— =]
T
750
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d 4
0o . / /
250
P i
/
1w /
7 Vgg = OV

[ X} 0.6 0.7 0.8 0.9 1.0 1.4 1.2

Vsp, Source-to-Drain Voltage (voits)

Fig 7. Typical Source-Drain Diode
Forward Voltage

TET L]

vps = BOV——_
Yos = 50V
Vpg = 20V

Y

Vag. Gata-to-Sourca, Voktage (volis)

FOR TEST CIRCUIT
SEE FIB!.HE 13
[ B 10

" G, Total Gate Charge (nC

Fig 6. - Typical Gate Charge Vs.
Gate-to-Source Voitage

0

[+]

OPERATION N THIS AREA LINITED HH
g BY Rpg (o b

5
/!
)i 1 4
"4

Iy, Drain Current {Amps)
f!
4

- it 1t
RN 1L
misn
Te=asoc
* TJ=475%C
0.1 SINBLE P
T 3 g0, 2 LY 108

Vps, Drain-to-Source Voltage (volts)
Fig 8. Maximum Safe Operating Area
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Fig 12a. Unclamped Inductive Test Circuit £ %
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/ oo h; N
/ Voo = 25V TR
Vos / \ ¢
/ \ o5 50 75 100 25 450 478
/ \‘ ) Starting Ty, Junction Temparature{°C}
s — — T Fig 12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Wavsforms T et
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i Loosa |
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Vag m—)
sl T
la * ()]
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Fig 13a. Basic Gate Charge Wavaform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recavery dv/dt Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — Sea page 1509

Appendix C: Part Marking Information — Sea pags 1516 lntemational
Appendix E: Optional Leadforms — See page 1525 ReCﬁﬁer

s
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PD-9.512B

IRFP460

International
[rer| Rectifier

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

¢ Repetitive Avalanche Rated o -

¢ [solated Central Mounting Hole VDSS =500V .
® Fast Switching

* Ease of Paralleling o Rps(on) = 0.27Q2
* Simple Drive Requirements

Description .
Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectivenass.

Tha TO-247 package is preferred for commercial-industrial applications
where higher power lavals preciude the use of TQ-220 davices. The TG-247
is similar but superior to the earlier TO-218 package becausa of its isolated
mounting hole. It also provides greater crespage distance between pins to
meet the requirements of most satety specifications.

TO-247AC

Absolute Maximurn Ratings

Parameter : Mex. Units
1@ Tc=26°C | Continuous Drain Current, Vgs @ 10V 20
Ip @ Tc = 100°C | Cortinuous Dmin Current, Vgs @ 10V [ 13 A
[ ow Puised Drain Current © 7 80
Po @ Tc=25°C | Power Dissipation 2 28D W
Linear Derating Factor i 2.2 WrC
Vas Gate-to-Sourca Voitage 1 +20 v
l——E“—s Single Pulse Avalanche Eneigy @ . 960 md
lan Avalanche Current © ‘ 20 A
@ Hepetitive Avalanche Energy © . 28 mu
d/dt Peak Diods Recovary avidt @ : 35 Ving
T Opearating Junction and -55 to +150
Tsma Storage Tempemture Range Lo}
Soldering Temperature, for 10 seconds 300 {1.6mm from case)
Mounting Torgue, 6-32 or M3 screw 1Q Ibfsin (1.1 Netn)
Thermal Resistance
Parameter Min. Typ. Max. Units
Raic Junction-to-Case — — 0.45
Rucs Cage-{o-Sink, Flat, Greased Surface - 0.24 e *Ciw
Raa Junction-to-Amident p = - 40
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IRFP460 -

Electrical Characteristics @ T, = 25°C {unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vemoss Drain-to-Source Breakdown Voitage 500 | — — V| Vag=0V, o= 250uA
AV@nssIATJ Breakdown Voltage Temp. Coafficient — [ 063 | — | V”C |Reference t0 25°C, ip= TmA
Rosta) Static Drain-to-Soume On-Rasistance -~ | — [027 ] O |Vos=10V, Io=12A &
Vs Gate Threshold Voltage 20 | — | 40 | V |Vos=Vas, lo= 250nA
. Forward Transconduciance 181 — | — | 8 |Voe=50V, Io=12A @
—_ — 25 Vos=500V, Ves=V
loes Drain-to-Saurcs Leskage Currant — T — {250 | ™ [Voed00V. Ves=0V, TrizoC
fass Gate-io-Source Forward Leakage -— — 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Oy Total Gata Charge ~— —_ 210 Ip=20A
Qe Gate-to-Source Charge — | — ] 20 ] nC |vee=doov
gﬁ Gate-to-Omin ("Miller”) Charge — — 1t0 Vas=10V See Fig. 6 and 13 @
| bator) Tum-On Detay Time |- 18 — Vop=250V
i Rise Time [ — | 88 | — ns | D=20A
ool " | Tum-Off Delay Time — | 110 | — Re=4.30
) Fall Time - 58 r—— Rp=130Q See Figure 10 @
Lo intemal Drain Inductance — |50 | = &
-
Ls Internal Source inductance — 13 —_ ;ie Yontiet !
Ciea Input Capacitance — 4200 [ - VagwOV
Com Qutput Capaciance ~ B70 | — | pF |Vpg=25V
Crs Reverse Transfer Capacitance ' 380 | — f=1.0MHz See Figume 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. [ Max. | Uniis Test Conditions
is Continuous Source Current 1 P 20 MOSFET symbol ]
(Bady Diode) A showing the
™ Pulsed Source Current el [AYZ0 integrad reverse &
{Body Diodd) © p-n junction diode. 8
Vso Diods Forward Voitage - - 1.8 V | T25°C, 1s=20A, Vos=OV @
tr HRevarse Recovery Time — | 570 | 880 | ns |T.m=25°C, |=20A
G Reverse Recovery Charge ;= [ 57 | 88 | pC |di/ct=100AMSs @
lon Forward Tum-On Time | Intrinsic turm-on time ts neglegible {tum-on is dominated by Lo+Lo)
Notes:
@ Rspetitive rating; pulse widih mited by @ IsDs20A, dildts160AMSs, Vop<V(RR)DSS,
max, junction tamperature (Sea Figura 11) Tss1850°C
@ Voo=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle <2%.

Ram25£, lag=20A (See Figure 12)
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Capacitance (pF)

Isp, Reverse Drain Current (Amps)

IRFP460

Vgs = GV, f = iMHz 20 T
Cimm = Cgs * Cga Cgs SHORTED - Ip > 204 Vog = 400¢
ss = Coo & Vg = BAOV —‘\\‘
8000 Cosa = Cgs + G g 1% Vg = 100V I
N :
\\ g.
\5' o
000 \ Cig oy > 12
LN . 3 v
I ¥ & /8
L. Coxs P
NLTHL g |
2000 Crey T
--..,,____\\ A /
m SUERE T
it 13
48 ) 8 ) B0 0 180 00
Vs, Drain-to-Source Voltage (volts) Qg, Totat Gate CGharge (nC})
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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Appendix A: Figura 14, Peak Dicde Recovery dv/dt Test Circuit ~ See page 1505
Appendix B: Package Qutline Mechanical Drawing — See page 1511
Appendlx C: Part Marking Information — See page 1517
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