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High Frequency Induction Cooking Using Half — Bridge Series
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High Frequency Induction Cooking Using Half — Bridge Series

Resonant Inverter
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ABSTRACT

This paper presents analysis of high frequency induction cooking using
half — bridge series resonant inverter. The detail consists of the principle of heat
ganeration in high frequency induction cooking, equivalent circuit of the heating
coil with cooking vessel of different material , circuit analysis under RLC series
resonant operation of the half— bridge inverter circuit, various measured voltage
and current under the variation of vessel sizes and material. A prototype of the test

“set is developed with apower level of 2.28 kW and can be operated successfully

with switching frequency up to 40 kHz.
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weuwih (L) AT ANNAUIABLIN (R,)  ASTUMS

Lg
eq
IZ i RL I:> Req
L2
Oi

N:1

1119 2asiisuiwenseuias

L, =L+N -1, —

Ry =R +N*-R, (226)

Taen N = $1UIUTOVVBIVABIAHWYIN

-y a
Rl , RL = ﬂ']1119”“7”“"“@Qmﬂﬁ?ﬂﬂﬂ“{]ﬂllﬁ%nﬂﬂgﬂ

a o 4 a = a
L,.L,= dufnuausuesunadnlgugiiuaznnogil
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mann 1 qaruianeiihvesnisuy (F=20 kHz)

Parameter Stainless Aluminum
Resistivity (Q-m) : p 60x 10" 28x10"
Relative permeability : Ll 100 1
Skin depth (mm) : O 0.28 0.60
Surface resistivity ((2-m): R, 22x10" 047x 10"

anudumumedunieni (R, awnsamldnasnudndmieesnszualnaiu
Tumaugyedn  deaums 27)  daumanesievinannsafouunu ladeanuduiusves

ﬂ’)’lilé]}"lu‘lmuLL@&'ﬂﬁ%LLﬂﬁQﬁﬂJﬂﬁ (28)

R, = § =472 x107 \/pu, f - uas - I, = NI, (2.27)
P =4z x107 -(NI,} - \[pu.f

(2.28)

a (o o
2.2.2. MIAUATSHNITININIUUIIISUY

* SlJl:—— 1
> L l Load I
1 ¢ F<Cd
- AC Input
O— Induction coil
: e

o d a Jda J 4
n) FLUVNTRINIUVBIFANUTAIOUNIBT IR T
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"'“’T i -

Calt
=
=Sn.

A o A = ' = 4
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]
=3

Taseadvenmyedumilenimawige  Wldedruasdunesinesis Tuuud
a Y o a 4 q9 a o o
wuneynsy musndounaaslédgf 10 $al% MOSFET [uadad s1 uag s2 vhawadu
i WiTalalea DI uay D2 wegmelunoamauazdevinunduiameiy  S1 uag S2 C /
IS o a Jd 1 a W o v 9 P v
2 s Tsuuugnihdieos drusuanuaugGieun (L,) HaZANUAIUMIUIEUINT (R, ) 9
T ouumuvaniamilenivazsuyedy endndedlym Reverse Recovery va4lnlon
yzhnfianuige  wmahauzidenilanudadadsegendianutis Tsuuud  nszua
Tvan () wdwdwssiunsouaiad (v) fegiit 11 msadun/feunsihauvesdlad s1
Y v Y a odo () 9!; o ' Yy X Y a Jdu A
wae s2 ezldndnmiliadadminszuaegAounthil vgadhaufeuudteldadaddlniisy
' [ ’ ' t4 3
Whnszua ieliliinmsdanesi DC - Link  Weenneshiesnuuuil dunidinsaindas
a !u’}l 0 A 2 o Yo o P A o a
YOI INTNIADI92ATLTN Zero Voltage (zvS) TeildmasIWihgayfevazsurinszuaiian

v
o

a1

wanmshauresndusadounesineds lsuuuduuueynsy  awsaesuield
¥ v A v w ~ v A o I~ A4 A =
Frodnuazaaudne 9 fegif 11 ussAuBunnveaess Isunudeynsuiv juaauEmasy
= 3 0 = 4
(Vo uazil quality factor Q 49999365 Taumudge (Q = 2.5) hldnszuaIvaadlugadu

d r_“i a 4 0&// Y 1 dy
e FaEUIT0ARTIZHI s uy Tadeds Tadl

a A o 4
DURLUAUTYDIIVIIS TBLUUUS (Z)

; 1
Z:REQ+J a)s'l.eq—ﬁ
2
5 1
1

p=tan™ Q| w, ——

n
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o, = __1.__ : resonant frequency
JL, -C.
o= . normalized switching frequency
7 4~ Leq b ¢
of § _C‘?‘ : characteristic impedance
y o
93 &fﬁ‘i . quality factor
96

4 o 1 a J a
UAAY fundamental VBWSIWUATOUTING (V) am1503R312% 1A Tagns

UANBYATH Fourier 92 ldaduns

V, =V, snwt da 0 <ot <2z (2.31)

m
T

Aszualvaa ()

i, = I, sin(o,t - @) | (2.32)
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Tauii Vv

(2.33)

(2.34)
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unh 3

T v

TnsearsveamueANA NN TIULIMHE N

y A Y ¥ A o o
Tassadeiupuvenssianudounyumiisniueasdegyl

SIJE

?1
Load
AC Input B
Induction cail ’
D2 TCF

N

SZJ

= v A s & o
3171 12 TATEafa iU U VOUMMIA NI UM U
ngdveeslszneudiudiulsznou 5 daufe

1. 299503090 TUAIALINT iaqﬂszuﬁmdﬁmﬁuwm (Rectifier and Filter)
a L4 Jd
2. 1ITDUNO TR DI (Inverter)
a 4 4
3. NITNUANIUIDIABST

4. Tnand Tauuud

3.1 9933890 TZUANAZ IV INTDINTTUANNATUBUYN

el 224 ° Y @ = =
1995509052 (Rectifier)  wiminiiwlaus sy o s suaadu Il i
~ a “ - ' o
aseuanse  1aoldlaloaSoinszuanuuusad (Bridge Rectifier) @IUINIINTOULTIAUNI
Y] -~ Yo G v 9 1 Y AL oA Aa <
Audunn szlddunvlsznsedivasalviGoy  uazywnszualinuiivanonuiowies
Y o/ A . £ o "
mosdoins  laomsaaussiunssiion (Ripple Voltage) ¥a@1dun1smiaaznianiolszy

o 3 ' o o Yo dy
safy AinsammvesRunulszy ladell

45940
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Ioton(max)
C Pkt e 3.1
filter Vr
Tag To fo nyzualszaninavo9esiSoenszua wonuys)

ton(max) fio $397819 C Awlszy Guin)

Vr fio Aiooatweavedsidunsziouio M yMue9asises

e (Vpnp)

d. 4'! 1 s .—_g o 9 a A'i s Y o 3

1NAVNISN 3.1 tifer C Hannatue Miliusdunsaeniinlooay  AItY

a o g 2 a o A . o 1Y
yilauazvnvesdanulszqaeinadunsnsziion (Ripple Voltage) DILIIAY IWasald
Taginamsoenuuuanianieidunats  vonlirewsBoanszuaiiausunsiion i

a s 3 o ' < 4
1NU 10 !‘]J’E]5!%1&9’]%@\3?\1“5\3@1«!!@1%7&1’]

S1 F1

0-220 V NG jaa €1 |C2 |c3|Rijc4
b §

50 Hz
( AC i

5191 13 199915 NI LU ALALINATNTBINTSUA

AY
Y|
Al
M|
Al
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a d é
3.2 1NVIULNDINDY

2958unedne i Mfhumdnusad (Half - bridge) Wmvhiinlacs ey
Tfhnszians b ihnssiaadunidge Teolfimnefueaina (Power MOSFET)
Tasmsinuveawoadinrsinudduiuiazya c?aagﬂmﬂ Q, uaz Q, syMnundouniu
ez Q, uaz Q, venumdoudu Fuweamata 2 yrezmanmieniulild exdoahans

asuiuliiSen o

st%} g:

V( N sl
Coll
} saJ qu I To
uia S1 uay
S2 v
& T
| , Y
g1 R =
V + ) l ll e ‘
Y. Coft "
I 3 J" s.xJ ‘! J,TO
| [
1 | e ‘g
uia S3 uay
54 vinonu

517 14 mshau vesgaduneimes

w s A ¢ ° Y A A A . ~ ~ &
laTeanaseumneiuemra HvrivsIa8e (Free Wheeling) Apusizfiniies
' ¥
woaa Q, uar Q, Sungahnszud ususzimsndudy Mldlalea D, uaz D, ogly
1 0 3
Fnvaludanse uaziinszuadiunila lMasonnnuaaia ietlosiunszuaduil lvadou
v ¥ o 9 = 2 Y A < ' -4
AsutueEa e lueandiderie Fededlla Toailumsiuvosnsaua Fauoavn

4 g YAl ' ' 9
wes IRFP460 N4 laToadaatnioluuds
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3.3 YARIUANDUIRS MBS

3.3.1 2995739 (Control Circuit)

.« yd 5 o o @ ol 4
sarvquezsimihilumstuliedaanaiadylamaon (Square wave)
9

Yuanadivzi 1 lumsduvunavesrsesdunefined Taus1¥lediues TLaos 1Hule

o

1 9 ]
adedyane 16 11 Feansonugu lAinnuduazve-5v

o

R0

33.2 19959UAA (Drive Circuit)

dauanaiasi ldongeanruguazihndediiuisesgedung Taeaesye Gy
b4 . k4
wadisnz ldvieulawennsai dionsnnsialvesdaanaia 2 dygna nnganiuguld

a (Y a o 4 o o L4 o o
Wudaszrody uagiiyemivvefietloadunssdualiveassu 215 gRIuRUUTIAY

=1

uazIsERTuInAT I sanead IRAagIN 15

G

FIFTER

%

3
— 3l

-agla

=

=
T =0 |
u |
SRRl et ot
s S 55—
| s | . I 5 « 3 . i

U 15 uaaemsaI TAILANINIBIMD SuAz s TUITIA IS B U SIS
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3.4 Tvia@s o

A~ o A ° o 3 o
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fds cr vaaamiloniild s dasanewawed 30 S 20 Fu viuliidududon
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udninnvannaniidlumuvaaiannadusiguinandszina 24 41 Futuvnenls

o 3/ 4 1
fundoiueswnalvgy

Vessel

By

—

Induction Coil _|

FOLY

51 16 Tran3 o

v 3 @ o w ¥ = 9 W vt = o 119
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a a
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A' =< n:l ::4' d' ) s 1 1 :1' 1 = s oA
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IMYIANANUD IFU Nzud Tvan uazdas i iemdumshauiminzaw
o
21/n3IN15NARDY
Y, =
BT R R TLPRITAYS
2. Variac
3. Digital Meter
4. Storage Scope
b4
5. Wiio Stanless 1105 24 U551 1.5 AAs
TUADUN1INAADY

1. f93905Ua2In893AA197) gl

2. ﬁmﬁaﬁ'minﬁw 15805 AaULYAAIN
3. (Haunsaaliis siundd

4. l5unuATi 40 k2

5. UTANANIINABDY

6.
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/1

i
1

}_
*__

1
= Storage
Scope
2 [
i,_..
o |9 2
\ {VVVY
AMA

Orive
Control

51 17 MsAvneesMsNaaDd 4.1

g

2002/03/28 032801

o
ot
. >
EE%E CIARCRGRL 3: C4Z
WaN13INAnoS
Stopped
CHI=I00V :  CHZ=20v
DC 100:1 : DC. 10:1

Bus/div
© (Bus/div)
NORM:100MS /s

=Tr acél: Max
=Trace2= Mak

288.0V
28; 00V

195.3v

Freq 40.49kHz
Freq 40,65kHz

5118 Jiladunsziaazis W uRA1A 40 kHz
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ARILIUIIZE WU U

Stoppead «
CHi=100V ;.  Ciz=20V
DC 10&1 : DG X1

Susydiv
. (Bus{div)
NORM IDDMSI ]

=Tracel= Max
ITrace2= Nax

Freq 42;19kHz
Freq 42;37kHz

2)))

UNTZUFUASUTIAUNANUD 42 kHz

2002/03/28 03.30:53

Stopped
CHI=100V :  CH2=20V
BC 100:1 : DC 10:1

Sus/div
(Sus/div)
NORM:WOMSIS

300.0v¢
22.40Y

=Tr acé] = Mak

Rms
Rms

Freq 44,05kHz
Freq 43 86kHz

198 sY

ﬂﬁ 20 s1Jwauﬂi%muawmmu‘ﬂmnm 44 kHz

U



25

2002/03/28 03:31:42

Stopped :
CHI=100V @ CH2=20V
DC 100:1 : DC 11

Sus/div
© (Bus{div)
NORM:100MS /s

=Tracel= Mk 312.0V :  Rms

206.2v . Frpq 46,08kHz
1478Y ©  Friq 46:08kHz

< 4 AP .
sun 21 gUARUNsEIREzITIAURA LN 46 KHz

Y

2002/03/28 03:32:29

CHI=100V :  CHZ2=20Y

Stepped g
DC 1001 ¢ DC 101 T

Sus /div
. (Busfdiv)
... NORM:100MS /s

-

=Tracel= Max SUQ.UV :
=Trace2= HMak 18340V

el ]

L ] |g| L e o o o L R I - o
3 P

202.6Y :  Freq 48;08kHz
_12:88Y  ©  Freq 48:08kHz

s 22 gndunszIduAz:

ITIEUNAIND 48 kHz
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SIopped

ZUUZIUS7 28 Bsgsan

CHI=100V
DC 100:1

Clz=20v
DC 101

Sus/div
© (Sus/div)
NORM:100MS /s

=Tracefl =
=Tracez=

308.0V
BLEAT: ) S

Rms
. R

Freq 50;76kHz
_Freq 50.51kHz

203.2v
108V G

quUn23g

Stopped

UnAUNTZUAIASUTIAUNAIND 50 kHz

2002/03/28 03:34:13

CHI=100V -
DC 100:1

CHZ=20V
Dec 10:1

Sus7div
© (Bus/div)
NORM:100MS /s

219.5v Fréq 52;36kHz

w1008y G Freq 52:36KkHz

4 A g -
qun 24 pUndunTzUALAZITRUNAIM 52 kHz
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Stopped

2002/03/28 03:35.02

CHI=100V :  CHZ=20V
DC 1001 1 DC 101

Sus/div
i (Susydiv)
NORMC10DMS /s

5 200.0v . Freq 54,35kHz
5 8.968Y . Fréq 54;05kHz

=Tracel=s Mak 308.0Y :  Rmi
=Trace2s Mak 15.20Y R

511 25 31lnAunszuauAzNT IAUNANND 54 kHz

Stopped < ZUUZ /U328 U330k
CHI=100Y : CH2=20V ] Sus/div
(Sus/div)

DC 1001 ¢ pCc 101

=Tracel= Mak 308.0v : Rms 211.8Y :©  Friéq 56.18kHz
=Trace2= Max 14,40V Rms  8.220v Freq 55.87kHz

= 2 o A =~
511 26 J1/AAUATZIAUAZISIAUNAAITILD 56 kHZ

<4
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Stopped

2002/03/28 03:36:56

CHI=100V :
DC 10011 :

CHz=20V
DC 10:1

Susydiv
(5us/div)

NORM: 100MS /s

=Tracel= Mak 312.0V
=Trace?2= Max 13;60V

213.1Y
7.582v

=7

51

<

arepprd

27 5UAAUATZURIAZUS WUARIVD 58 kHz

LUUZZUD L0 LD 4T

CHI=100V :
DG 100:1

CH2=20V
pC 101

Sus/div
(Sus/div)
OB.M:H]DMS(S

=Tracé_1= Max
=Trace2= Max

. Freq 60;24kHz
;. Freq 60;B1kHz

= & o A A
gﬂﬂ 28 gﬂﬂEﬂJﬂﬁleﬁ!Lﬁzlliﬁﬂuﬂﬂ’,}ﬂm 60 kHz
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ﬂ’JmEd;(kHz) Vmax(V.) Vrms(V.) Irms(A.)
40 288.0 195.3 19.80
49 288.0 192.9 17.64
44 300.0 198.5 16.23
46 321.0 206.2 14.78
43 300.0 202.6 12.68
50 300.0 203.2 10.81
52 308.0 2105 10.09
54 308.0 209.0 8.98
56 308.0 211.8 8.22
58 312.0 213.1 S 7
60 308.0 215.7 7.25

& b 4
M1919N 2 wamsnaasuavuulawmnug
ayUwan1snaaed
[ . [ 9 . 0
1NNSNABDUTIIZHU N HloANVRIALTY NTzua IHanvzAauanas Fuilonseud
- oM oy o y ) o < © ) Tha) A H A £
Imananas Mae e ldninmysdunnudgs Arzasdiasiin HuRaiionutmnay

v nvoeias Wi n lddas

20 T T T T T T T T T
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 i 1 1
: ; ' ' | ‘ ' \ :
1 1 1 1 i 1 5 1
j i " i ) ; i i i
1 1 1 1 1 1 1} 1
i ' ; : i . . :
1 1 1 1 1 & t L} il
L e bk " CEEEE - Temmmmmm - Fmmmmqm - =
1 i 1 1 1 1 1 1
< : : . : : i i i
- . i ' i \ 1 ‘ " "
‘ | :' E : ' ‘ \ i
[0 e e o B T AR T S .
N R T T ]
' ' \ ' . ' ' i ‘
5 ! | H f H H H H H
40 42 44 46 43 50 52 54 56 5E 60

Frequency(kHz)

sl 29 msnfaouulasvesnszumiionasunnd
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4.2 saveamstlasvaiavaain

Togilszasd

“efnywavosmsanulasvuiavesuaain NiKadeniad Wiz ldainen

Wadunudge omunavesvaadaiinzau lumsldoy

aunsninsnaaes

L iamedunadeq

2. Variac

3. Digital Meter

4. Storage Scope

5. ifo Stanless 10§ 24 Ussqi 15 A0

6. UAAIANDILAVINA 10 181,15 Uz 20 1dY
Fumoun15NARS

1. @9199suazAsasiame gl

2. lduaadnuing 10 &y

3. shwreRussyh 1.5 a5 Auuanin

4. Heunsealiusesundi

5. Tufinwamsnaaod

6. fdriuaoud 1-5 Taonlaouvaaseiiu 15 uas 20 &

P = ok

v@ @ Rotee | CIoRCZROIZRRLS i

Scope

— ]

Stk 52 ke

1 F — =
Bridge

G H2

7

Coil

gt B

4l

Drive
Control

511 30 MsepIIMINARDIN 4.2
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HaN1INaang
Stopped $ 2001/11/27 022109
CHI=100V : Chz=10V : : T Sus/dv
DC 100:1 : DG 101 : : (Sus7div)

NORM:100MS /s

=Tracel= Mak 202.0vV Freq  41,32kHz
=Trace2= Max  14;00¥ :@  Rmi F"eq 31:67kHz

51 31 plndunszuauazussiudeldvaalnuina 10 du

Stopped 4 2001/11/27 02:16:13
CHI=100V & CH2=1gv : Sus/div
ocj 100:1 0 DC 1001 : ¢ (5us/div)

: : : NORM:100MS /s

aTracel= Max

Rms  203.0V Freq 41.32kHz
=Trace?s Mak 16i00Y = Rms 12,04V Freq  41.49kHz

1 32 gladunszuauasussduiioluaniaving 15 iy



Stopped g 2001/11/27 02:11:17
CHI=100V :  CHZ2=10V Sus7div
DC 1001 : DG 10°1 . (Busydiv)

; : : NORM: 100MS /s

=Tracel=

=Trace2= Max

Freq 41;67kHz
Freq 41;67kHz

517 33 il Aunszuauazus wWuiie lunalnviuin 20

coil Ym(V.) Vrms(V.) f(kHz) Irms(A.)
10 292.0 203.9 41.67 5.81
15 292.0 203.0 41.49 12.04
20 292.0 200.6 41.67 16.68
A19190 3 Han1TneaoMaTuuLIAYAE I8
ajUranisnanog

o Y W A q ¥ Ao ) &
%WﬂWﬁﬂTﬁ’maﬂﬁﬂﬂ’ﬁlﬁ 1@‘1{1311J31 mmsﬂwmmmmmmmaqrﬁuammmm \H

° Y ~ 1 ¢£’I o 8 Y1 o & I SO zg 9/ - 3 3 =
ﬂﬂﬁﬂﬁg’,uﬁiﬁaﬂilﬂnﬂﬂ‘uu 1!@3%%“1ﬂlﬁﬂ1ﬂ1ﬂ\3 lvh’*hnmmmmma HBINNI LITUaInY

$1unay Aun lumsihn sty Mnseud 1va 1dun maelWAn 1834

Y q.¥ < o =
INAANTTNAATI VARIAUUIA 20 19U 11’1ﬂ'§$uﬁ lMan uazniay l“v‘l“ﬁﬂﬂﬂ"ﬂ’éjﬂ
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coil{core)

= = 4 =
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d‘ ] A U 9/
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2. Variac
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CH1

F1 - Storage
« oro
Bl R}
| — —
Brkdge | CORCZRCORRIZ ek ae Coll
e ] MAY aans
s |l st [l o
1 (_J;:}
Drive
Control
K ; g
511 35 MyApI9RIMINAADIN 4.3
HAN1SNARDY

Stepped

A

2001/11/27 00:16.02

CHI=100V .
DC 100:1 :

Sus/div
¢ (Bus#div)
NORM:100MS/5

=Tracel= Mak 292.0V

R :
=Trace?= Max 14i80v :  Rms  11;24¥ :  Freq 55:56kHz

Friq 55,56KHz

51 36 s1lnAunszuAazIs WITBT Tz TR N wemadUn e 1 iladng

K
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Stopped b 2001/11/27 00:20:13
CHI=I0OV : CHZ=10V | : ; . Sus7div
DC 1001 © DG 101 : : i (Susydiv)
: : : : : : NORM:10DMS /s

203.2v Fréq 55i56kHz
11,20y © Friq  55;87kHz

sl 37 s1lpAunszuaumsus wWwiios zovesEnaIaRIAA UKD 2 iindiuns

AlLPpEa - LUV L /40 UULD.CD
CHI=100V : CH=10V i { : Sus/div
DC 1001 DC 10:1 5 . (Bus/div)

g P : 2 NORM:100MS fs

v AEEA Y oeatt ¢ A v el

=Tracel= Max 202.0Y @  Rni , : ‘
=Trace?= Mak 13i20Y :  Rms 10;20¥ :  Freq 55;87kiz
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2001/11/27 01:0106

Stopped g
CHI=100V : CHz=10V . : : . Susydiv
DC 101 bCc 11 : : (Susydiv)
: : : : : : NORMETO0MS /5

=Tracel= Mak 202.0V .  Rms  202.6V Fréq 54;95kHz
=Tracez= hhx 15;20V Rms  7.622v Freq 54; _S_SkHz

d’ d‘l o d.! t 1 o 9 a s
?Jl]“ﬂ 39 gﬂﬂauﬂszumgazusmmimizﬂzw'Nizmnwmﬂﬂuwm 4 Yaniuag

2001/11/27 00:33:11

Stopped +
CHI=100V CH2=10V < [ : i Bus/div
DC 100:1 DC 10:1 i : : i (Susydiv)
: J : ) g : NORM: IODMSIS

=Tracel= Mak 292.0Y = Rms 201.2V :  Frieq 55;56kHz
TEaceas WEx M 80V < Rms E.721y :  Freq 55;58kiHz
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2001/11/27_01:04:58
CHz=10V : : ¢ Busydiv
bC 1001 ; : ;. (Susydiv)
: : : : NORM:100MS /s

4~

=Tracel= Max 292.0v Rms 203.8Y @  Freq 55,25kHz
=Trace2= Mak  14;40Y . Rms 5.725¥ @ Freq 55;56KkHz

U 41 sURAUAT T RIS e UEID T ZUsH 19T 2RI 1R aRR Y D 6 aalns

G

A

Stopped 2001/11/27 00:40:37
CHI=100Y . CH2=10V . : ; T sus/div
DC 1001 :  DC 10:1 : : © (Buszdiv)

: : : : NORM:100MS /s

=Tracel= HMak 292.0Y Rus  208.6Y Freq 55.56kHz
=Tracez= Makx 13:60¥ Rms 5.100Y ©  Freq 55;56kHz
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Stopped g 2001711727 00:44:29
CHI=100V : CH2=10V ] : T Sus/div
DC 100:1 DC 10:1 5 : : T (Sus{div)

NORM: 100MSIS

=Tracel= Mak 202.0V © Rms 203.3¢ | Freq 55;56kHz
=Trace2= Max 12 soy Rms 4.619y Freq 55 87kHz

c‘l 4‘1 o g‘{ ' ' [ 9 o a
‘qilll‘ﬂ 43 zﬂﬂﬁuﬂizuﬁlmzlli\iﬂuﬂlﬂizﬂzﬁN‘izﬂ’)ﬁﬁlﬂa’)ﬂﬂﬂ‘ﬁi]@ 3 UnaLUAT

Stopped g 2001/11/27 00:49:45
CHI1=100V @ CH2=10V t § © Bus/div
DC 100:1 : DC w1 : : o (sus{div)

: { : : : NORM: WOMSIS

A&7

sfracel= Max 202.0v .  Rms 203.2Yy .  Freq 55.56kHz
=Trace2= Max 12,40V . Rms 4.185v = Freq 55,07kHz

it 44 AlnAunszuanazusRilezuzM T s D avamIARUNITe 9 ladiuas
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Stopped : A 2001711727 00:53:30
CHI=100V : CH2=10V ¢ : : . Suszdiv
DC 1001 DC 10:1 : : U (Sus/div)

; : : : : NORM:100MS /s

]

=Tracel= Max 292.0v .  Rms 203.0v ©  Freq 55.56kHz
=Trace2= Mak 12,00y : Rms 3.800v Freq 55,56kHz

suft 45 U unszuauazus sfuilos sz vvAnIaiunde 10 Tadins

gap Vmax(V.) Vrms(V.) Irms(A.) f(kHz)
1 292.0 2082 11.240 55.56
o) 292.0 203.2 11.270 55.56
3 292.0 202.7 10.290 55.56
4 292.0 202.6 7.622 54.95
5 292.0 201.2 6.721 55.56
6 292.0 203.8 5.725 55.25
7 292.0 203.6 5.109 55.56
Q 292.0 203.3 4.619 55.56
9 292.0 203.2 4.185 55.56
10 292.0 203 3.800 55.56
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2. ldmfiuos 18
[ 4 3
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4,
5. fuNANANISNARBY
v v T '
6. T unoui 1-5 Taolaouvnavosmiioiiy 20,22 i 24
a CH1
i Storage

Scope
Si lk—
&.—-

: J—l
S2
pose | o \c§\R1$ ) E |

i
IFT
adw

Coil

TF1
Y =

Bridge
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CrA
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Control
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Stopped 4 2001711727 04:13:42

CHI=100V CHZ=10V 3 T sus/div

oC 1001 DG 10:1 ¢ (susydiv)
SN W N  NOUTN0 T WIS, OO S NORMCIBIMS /S
NW 3 WW

. A V . - ‘
2
=Tracel= Max  292.0V Rig  202.1v ©  Freq 38.61kHz
sTrace?= Mak 1260V iomRuypoblly —welreq 38:61kHz

Ui 48 snAunszuaazus Wi ldustoiues 18

Stopped | 2UUTA11/2¢ UdhEay
CHi=100V :  CH2=10V : . Bus/div
pC 1001 DC 101 a (Bus{div)
: g : % NORM:100MS /s

Freq 38;31kHz
Freq 38;31kHz

.
-

51 49 gindunszILAzIT A

9o g9 4

fiol¥noes 20
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SIopped « 20U1211728 U440y

CHI=100V ©  CH2=10V
DG 1001 0C 101

Sus /div
¢ (Susfdiv)
NORM 100MS /s

=Traceél= Mak 292.0¥ @  Res 202.4Y :  Freq 88:46kHz
=Tracez= Max  17:20V =  Rws 12;85¢ ©  Freq 38;d6kHz

y . o 4
it 50 glaAunszuauazns il ldnidawos 22

CH1=100V : CH2=10V Sus7div

Stopped Al 2001/11/26 23:58:08
DC 1001 : DC 10:1 I

: (Busydiv)
NORM 100MS /s

Pt

=

./,f.?

= S S

=Tracel= HWax  292.0V R 202.7v Freq 38:46kHz
=Trace?= Max 18;00V ‘Ran“"ISLZDV N Freq 38;46kHz

ST |

51 51 sUndunseuauazis i Wusoes 24
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Vessel Vm(V.) Vrms(V.) f(kHz) Irms(A.)
18 292.0 202.1 38.61 7.64
20 292.0 202.3 38.31 11.25
22 292.0 202.4 38.46 12.85
24 292.0 202.7 38.46 13.2
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WAN1INAaDd
Stopped 4 2002/03/28 03:39:35
CHI=100V : CHZ=20V ; : . suszdiv
DG 1001 1 DC 101 : : © (Susydiv)
5 : 5 SSUUUUUUI SORUUNE SO NORM: 10DMS/S

=Tracel= Max 288.0v : Rms  186.3V Freq 40;98kHz

=Tracez= Mak 27:20Y Rms  19;32¢ Freq 40;98kHz

U 54 sUpAURI Lz s diled Tvian

U

&t

Stopped ¥ 2002/03/28 03:40:12
CH1=100V CH2=20Y . : : : Sus /div
DC 1006:1 DC 10T ; ] . (Bus{div)

NORM:100MS /s

=Tracel= Max 2304.0v . Rms 210.8Y Freq 41.15kHz
=Trace2= Max  B8.800Y @  Rms 8.883y - Freq 40.65kHz

c; s r.“i @ A‘i n 1as
51l 55 g1t unIzuduazus e Ll vaa

aquwan1snaaed
A = A 3 o Y 1 Ao
nnmynaasuionoufivunwnnglatuimesi inmsun die liInaae:
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nb‘topped ~ TYYA F12/20 UTUDZ
CH1=100V @ CH2=10V i : : . Bmsidiv
DC 100:1 : DC ;1 H g g . (Smsydiv)

s : : : o : : KORM:200kS /s

=Trace?2=
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TL494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

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

e Complete Pulse Width Modulation Control Circuitry

On—Chip Error Amplifiers
On-Chip 5.0 V Reference
Adjustable Deadtime Control

Undervoltage Lockout

On-Chip Oscillator with Master or Slave Operation

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

MAXIMUM RATINGS (Full operating ambient temperature range applies,

unless otherwise noted.)

ON Scmiicanductor

http://onsemi.com

MARKING
DIAGRAMS
16
/ SO-16
N \@ B SURFIX TL494XD
cAsE751B [0 _AWLYWW
1
7
16
PDIP-16
\ N SUFFIX Lggal
CASE 648 [0 AWLYYWW
16 1
1
X =Corl
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week

ORDERING INFORMATION

Rating Symbol | TL494C | TL494l | Unit
Power Supply Voltage Vee 42 \
Collector Output Voltage Ve, 42 \Y
Ve

Collector Output Current le1, lc2 500 mA

(Each transistor) (Note 1.)
Amplifier Input Voltage Range ViR -0.3 to +42 Vv
Power Dissipation @ Tp < 45°C Pp 1000 mw
Thermal Resistance, Roya 80 °C/W

Junction-to—Ambient
Operating Junction Temperature i § 125 T
Storage Temperature Range Tstg -55to +125 o]
Operating Ambient Temperature Ta 2@

Range

TL494C 0to +70

TL494! -40 to +85
Derating Ambient Temperature Ta 45 &

1. Maximum thermal limits must be observed.

PIN CONNECTIONS

o N et
oninv oninv
st japut L1 w ﬂ Elnput
Inv Inv
Input [z Vee E Input
Compen/PWN
Comp Input o E Vet
Deadtime ] Output
Control L4 = 13] Gontro
|
o5 H [12] Vee
Osciltator
Rt E L_CE C2
Q2
Ground [ 7] [10] E2
ci g 9 5] E1

(Top View)

© Semiconductor Components Industries, LLC, 2000

July, 2000 — Rev. 2

Device Package Shipping
TL484CD SO-16 48 Units/Rail
TL494CDR2 SO-16 2500 Tape & Reel
TL494CN PDIP-16 500 Units/Rail
TL4S4IN PDIP-16 500 Units/Rail

Publication Order Number:
TL494/D




TL494

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \%
Collector Output Voltage Veci1, Vo2 - 30 40 \%
Collector Output Current (Each transistor) ot lc2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vec—-2.0 \Y
Current Into Feedback Temminal I - - 0.3 mA
Reference Output Current . lref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 nF
Oscillator Frequency fosc 1.0 40 200 kHz

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

Characteristics Symbol l Min l Typ | Max { Unit
REFERENCE SECTION
Reference Voltage (o = 1.0 mA) Vief 4.75 5.0 5.25 \%
Line Regulation (Vgc = 7.0 Vto 40 V) Regjine - 2.0 25 mV
Load Regulation (Io = 1.0 mA to 10 mA) Regjoad - 3.0 15 mV
Short Circuit Output Current (Vegs = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) - 2.0 100 HA
(VCC =40V, VCE =40 V)

Emitter Off-State Current lg(of) - - -100 HA
VCC=4OV,VCZ4OV,VE=0V)

Collector—Emitter Saturation Voltage (Note 2.) \%
Common-Emitter (Vg = 0V, Ig =200 mA) Vsat(c) - 1.1 1.3
Emitter—Follower (Vg = 15V, lg = —200 mA) Vsat(E) - .5 215

Output Control Pin Current
Low State (Voc 0.4 V) locL - 10 - HA
High State (Voc = Vres) locH N 0.2 8.5 mA

Output Voltage Rise Time te ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time t 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://lonsemi.com
2



TL494

ELECTRICAL CHARACTERISTICS (Ve = 15V, Cr=0.01 pF, Ry = 12 kQ, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics | symbol Min Typ Max | Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio - 2.0 10 mV
Input Offset Current (Vo (pin 3) = 2.5 V) lio - 5.0 250 nA
Input Bias Current (Vo (pin3) = 2.5 V) lis - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vcc =40 V, Ta =25°C) Vicr -0.3 to Vgc—2. \"
Open Loop Voltage Gain (AVo=3.0V,Vo=0.5Vto 35V, R =2.0 kQ) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo =0.5Vto 3.5 V, R =2.0 kQ) fc- - 350 - kHz
Phase Margin at Unity—Gain (Vg = 0.5 Vto 3.5 V, R =2.0 kQ) Om - 65 - deg.
Common Mode Rejection Ratio (Vgg =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVce =33V, Vo =2.5V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lot 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) Vn - 2% 4.5 %
Input Sink Current (V(pin 3) = 0.7 V) 1,8 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin4 =0 V to 5.25 V) I (OT) - -2.0 -10 A
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(Vpina =0V, C1 =0.01 uF, Rt = 12 kQ) 45 48 50
(Vpina = 0V, Ct = 0.001 uF, Ry = 30 kQ) = 45 50
Input Threshold Voltage (Pin 4) Vin \
(Zero Duty Cycle) 4 2.8 8.3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 kQ) fosc - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 pF, Ry = 30 kQ) otdde - 3.0 — %
Frequency Change with Voltage (Vo = 7.0 Vto 40 V, Ta = 25°C) Afgsc (AV) - 0.1 - %
Frequency Change with Temperature (ATp = Tiow tO Thigh) Afgsc (AT) - - 12 %
(Cy=0.01uF, Ry =12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshold (V¢ increasing, les = 1.0 mA) Vin S5 6.43 7.0 ’ \
TOTAL DEVICE
Standby Supply Current (Pin 6 at Ve, All other inputs and outputs open) lcc mA
(Vec=15V) - 55 10
(Voc=40V) - 7.0 15
Averége Supply Current mA
(Ct=0.01 uF, Ry = 12KQ, Vipin4) = 2.0V) - 7.0 -
(Voo = 15 V) (See Figure 12)

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

http://lonsemi.
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TL494

Qutput Control

v~ 1WA

Error Amp
2

Ref.
Output

This device contains 46 active transistors.

Figure 1. Representative Block Diagram

r
6 |
L S |
|
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I 0.12v i
e I :
Deadtime } 0.7V
Control | J|= R
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|
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Error Amp Feedback PWM
1 Comparator Input
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Deadtime Control —»
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Flop |
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L Emitter
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Figu

re 2. Timing Diagram
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TL494

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, Ry
and Ct. The approximate oscillator frequency is determined
by:

foge ™ —1e1
Rte Ct
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 Q2, 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 t0 3.3 V.

Functional Table

Input/Output fout
Controls Output Function . =
Grounded Single—ended PWM @ Q1 and Q2 1.0

@ Vyef Push—pull Operation 0.5

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 (Vcc —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
control of the loop.

When capacitor Ct 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. Output 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 external bias
circuits. The reference has an internal accuracy of £5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

500 k 1 i e B
~ I~ =1 1
5 \\ T T il
5 ¢y - 000 ur Ve 1Y
5100k =22 =
= L~ N
(€]
Lw
£
o=
S 0.01 uF
5 10k D
o = ~ = S
8 ™
3 0.1 uF =
81.0K A :
e e e 3 s e s S .
500

1.0k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M
Rr, TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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(o]
Ve = 15V
1502 150
W2 2w
Vee
Error Amplifier fagp | Deadtime C1 +—0 Qutput 1
o N\ Under Test Inputs E1 1
@ o——— Feedback =
0 - Ry c2 © Qutput 2
Feedback F)I— Cr o e
—0 Terminal = miy
(Pin ) () > Error
L I
I - Ref
= Output
V, o— -
18t Other Error 50k§ Control and Out
Amplifier T
Figure 10. Error—-Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit

r——————
|

r ] Each

l | Output

l Each I Transistor

l Output [

| Transistor |

| e e e e

|

| S

Gnd

Figure 12. Common-Emitter Configuration Figure 13. Emitter—Follower Configuration
Test Circuit and Waveform Test Circuit and Waveform
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Viet
6
Ry r——=—n
Master Rs . Ve | |
Rr [ 31cr Vip> 40V 12 ! ] '
I Cr 1N975A | :
= = Vz=39V } 50V ||
Vit TR
Gnd | ' l
6 | l
Rr Slave .I 7 | |
5 (Additional = L——_21
L—o Cy Circuits)
Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vj, > 40 V Using
External Zener
+Vj, =8.0Vto 20V
o,
o 1N4934 iy
lg=02A
. Vee ,\,4\’7,:3__ Ty 0 S
2. c |8 Tip 22%
™ 32 i k
33k === +
H 2} Comp TLa% ¢l 2 sl
0.01 35V
ot s - Cofl Tp | %0 47k§
32 | 28V i pd 1
16 . T~ 50
|° OC Vg DT Cr Ry Gnd E! E2 s e, 4 o
13| 14 4 5 6 7 9| 10
ANA += 240 §
4.7k 10 §
4.7k 10k O_’ig g 15k
O 0
All capacitors in uF
Figure 20. Pulse Width Modulated Push—Pull Converter
- Test Conditions Results
Line Regulation | Vin=10Vto 40V 14 mV 0.28% L1-35mH@03A
i T1 - Primary: 20T C.T. #28 AWG
Load Regulation | Vin=28V,Ilp=1.0mAto1.0A 3.0 mV 0.06% Seconrtyj'ary: 120T C.T. #36 AWG
Output Ripple L Vi =28V,Io=10A 65mV pp PARD. Core: Ferroxcube 1408P-L00-3CB
Short Circuit Current Vin=28 VR =0.1Q 1.6 A
Efficiency L Vin=28V,Io=1.0A 71%

http://lonsemi.com
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1.0mH @ 2A
+Vin = 10V o 40V Vo =50V
i Tip 32A e o 5
k__é lo =1.0A
VA~
47
1
% 47k
12 i
T o 0.1 -I:
1.0M
Voo C G Comp 3
——2—0——;
1 3 5.1k 5.1k
50 % O AMA-
sov T TL494 Vi |14
15 | 500 —L
- —Lo—enA A MR850 10V
16 5.1k
+
Cr Ry DT 0C.Gnd Ef
6 |4 [13]7 |9 |10 *L 50
T tov
§ 150
0.001 /]\ 47k
O
e,

Figure 21. Pulse Width Modulated Step—Down Converter

Test Conditions Results
Line Regulation Vip =8.0Vto40V 3.0mv  0.01%
Load Regulation Viy =12.6 V, lo = 0.2 mA to 200 mA 50mvV  0.02%
Output Ripple Vin =12.6 V, 1o = 200 mA 40mVpp PARD.
Short Circuit Current Vin =126V, R . =0.1Q 250 mA
Efficiency Vin =12.6 V, Ig = 200 mA 72%

http://onsemi.com
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PACKAGE DIMENSIONS

PDIP-16
N SUFFIX
je—A —> CASE 648-08 N?
aTAT T oY aTuRy ISSUE R ,
16 9 f 3
D B 4
10 8 * 5
FLIGIL] '\:‘JULE:' L
& =0 - L
[ 1 1 \ S
QL{
|7 e
H i Lk g M
. D16 PL
(@] 0.25 0.010)®|T]| A ®|
SO-16
D SUFFIX
CASE 751B-05
{-A-} ISSUE J

)

PsprL

1 o | |[@lezspoto®[BE)|
__T;H_H_H_H_H
G

e Rmo/»/ o
{j%‘%d

N
M

%Jﬁ:—%@@ﬁ_

[@]025 0010@[ ] B ®[AB)]
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TES:
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.
INCHES MILUMETERS
| D[ MIN | WAX | MIN | MAX

A | 0740 | 0.770 | 18.80 | 19.55

B | 0250 | 0270 | 635 | 685

C | 0145 | 0475 | 369 | 444

D | 0015 | 0021 039 053

F_] 0040 0.70 1.02 177

G 0.100 BSC 2.54 BSC

H 0.050 BSC 1.27BSC

J | 0008 | 0015 021 0.38

K | 0110 | 0130 280 3.30

L | 0295 | 0305 750 774

] 0° 10° 0° 10°

S 10020 | 0.040 051 1.01

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS | __INCHES
pit [ MIN_| MAX_|_MIN | WAX

A | 980 [ 1000 | 0386 | 0393
B | 380 | 400 | 0150 | 0457
C | 135 | 175 | 0.054 | 0068
D | 035 | 049 | 0.014 | 0019
F | 040 | 125 | 00t6 | 0048
G | tzrBsC 0.050BSC
J | 019 | 025 | 0008 | 0008
K | 010 | 025 | 0.004 | 0000
B R S ) e e
P | 580 | 620 | 0220 | 0oms
R 1 025 | 050 | 0010 ] 0018
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Rectifier

PD-9.512B

IRFP460

HEXFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Isolated Central Mounting Hole
Fast Switching

Ease of Paralleling

Simple Drive Requirements

\/[NSS:z 5()0\/
RDS(OH) = 027Q

o = 20A

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-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier T0-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

Absolute Maximum Ratings

TO-247AC

‘ Parameter | Max. | Units |

[lp@ Tc=25°C | Continuous Drain Current, Vas @ 10 \Y; 20 ;l

lo @ Tc=100°C | Continuous Drain Current, Vas @10V 13 A
Iom | Pulsed Drain Current ® 80

[Pp @ Tc=25°C | Power Dissipation 280 w

| | Linear Derating Factor 2.2 W/°C

MVes | Gate-to-Source Voltage +20 | Vv

PEﬁ " Single Pulse Avalanche Energy @ 960 mJ
Iar Avalanche Current @ 20 & A

| Ean Repetitive Avalanche Energy @ 28 | mJ
dv/dt _Peak Diode Recovery dv/dt @ 35 — | Vins
Ty | Operating Junction and -55to +150

1 Ts1a Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

L Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nemn)

Thermal Resistance

B | parameter | Min

Rec Junction-to-Case =

T7F<9cs B HCase‘to—Sink, Flat, Greased Surface

e Juncfion-toAmbient o
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IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

| Parameter Min. | Typ. | Max. | Units Test Conditions
V(8R)DSS Drain-to-Source Breakdown Voltage 500 — — V | Vgs=0V, lp= 250pA
AV @rjpss/ATa| Breakdown Voltage Temp. Coefficient — | 063 | — | VvrC |Reference to 25°C, lo= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — | 027 Q |Ves=10V, Ip=12A @
| Vas(th) Gate Threshold Voltage 2.0 — 4.0 V | Vos=Vas, lo= 250pA
| ars * Forward Transconductance 13 — — S |Vps=50V, Ib=12A @
loss Drain-to-Source Leakage Current — — i pA g0/, e
— — 250 Vps=400V, Ves=0V, Ty=125°C
i | Gate-to-Source Forward Leakage — — 100 - Vas=20V |
Gate-to-Source Reverse Leakage b — | -100 Vgs=-20V 0
Qg Total Gate Charge e | = R Td 1p=20A I
Qgs Gate-to-Source Charge — — 29 nC | Vps=400V
Qqd Gate-to-Drain ("Miller") Charge — — | 110 Vas=10V See Fig. €and 13 ®
td(on) Turn-On Delay Time e 18 = Vpp=250V
tr Rise Time — 59 — e 1p=20A
i td(oth) Turn-Off Delay Time — 110 — Rg=4.3Q
t Fall Time =] 8 | = Ro=13Q See Figure 10®
Lo Internal Drain Inductance \ — 5.0 — gitnﬁe?g_zl%?g')
‘ nH | from package
Ls Internal Source Inductance | — 13 — and center of
| | die contact B
Ciss Input Capacitance — 14200 | — Vgs=0V !
Coss Output Capacitance — 870 ‘1 — pF | Vps= 25V ’
Crss Reverse Transfer Capacitance — 35051~ 7 f=1.0MHz See Fig.re § .
Source-Drain Ratings and Characteristics
‘ Parameter Min. | Typ. | Max. | Units Test Conditions j
ils Continuqus Source Current g 1} 20 MOSFET symbol /- °
(Body Diode) A showing the Lé
Ism Pulsed Source Current ey 3\ 80 imegral reverse L.\; |
(Body Diodé) @ p-n junction diode. is
['Vsp [Diode Forward Voltage = = [ 78 | V |T/=25°C,1s=20A Vos=0V ® |
tee | Reverse Recovery Time | — | 570 | 860 nLJ‘ T,=28"Cglr=20A \
Qi | Reverse Recovery Charge l — 5.7 8.6 uC 'Ldi/dt=100A/us @ |
ton l Forward Turn-On Time ] Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+m
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=50V, starting Tu=25°C, L=4.3mH
Rg=25Q, Ias=20A (See Figure 12)

® lsp<20A, di/dt<160A/us, VODSV(BR)DSS,

Tys150°C

@ Pulse width < 300 ys; duty cycle £2%.
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ToP éggv - e ToP Zgiv 4:
A — iiey A
3o v 3:3v /
e [lﬂ'l'mi 4.5V ‘ o BOTTOM 4. i
g A g /
g ann £ b
< Vs < Y
< £ o 4.5V
b ol e : > =
3 2
O /I! (&
< Z £
o 4.5V +——1 ©
o = o A
I 5 S8
4
‘ 20us PULSE WIDTH 20us PULSE WIDTH
. | Tc = 25°¢ . Tg = 1509C
l0100 104 ‘0100 101
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Tc=150°C
: @ S B
T DL
e T 4
Z ! &
i 3.0
— ] / ‘g
$%2}
B LA e .
= | O ~
:-: / | o)) 8 l/
§ 10! - ' % S 2.0 1/
= v T 3 ®
8 : @ E 1s5: '//
= tg:i'" e 2 2 //
T s e e
a ® 10 e
a o /’/
== TN 1~
! 5 0.5
Vps = 50V 23
w0 20us PULSE WIDTH ) = VGs = 10V
4 5 7 8 S 10 "60 -40 -20 0 20 40 60 B0 100 120 140 {60
Vas, Gate-to-Source Voltage (volts) Ty, Junction Temperature (°C
S p
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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Capacitance (pF)

Isp, Reverse Drain Current (Amps)

0000
! Vas = OV, f = iz
Cies = Cgs *+ Cgy Cgs SHORTED
Crss = Cga
8000 < Coss = Cds * Cqgg
N
N
5000 \ Ciss
N\, .~~"‘
N
4000
\N
N Coss
<
| T
2000 brgE
| S
\\‘_-
5 ‘
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

102
w"’/'
V/'
/]
7
//
/1
Y
1500C /
25%
| Ves 509
10! -
0.6 0.8 1.0 {2 1.4 1.6 1.8 2.0

Vsp. Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Vs, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)

20 -
Ip= 20 Ve = 400V
0s
Voo = 250V 1
0s TN
. Vg = 100V
P/
A
12
//
8 /A/
4
V4
4 )
FOR TEST CIRCUTT
g SEE FIGURE 13

[

40 89 120 160 2

[

0
Qg, Total Gate Charge (nC)

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

1057

|
S 108 @

»n

2 S 1p @

Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area
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Ip, Drain Current (Amps)

20
\
16 \\
} \\
12 T
| e
N
] \\
4 :
|
Q
25 50 75 100 125 150

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Thermal Response (Zgyc)

Fig 11.

Ro
Vos >—
D.U.T.
Y
fiov
Pulse Width < 1ps
Outy Factor € 0.1%
L

-Voo

Fig 10a. Switching Time Test Circuit

Vbs
90% .

10% + 5
vas—/|

tdon)

\
1
!
l
[
I

td(otf)

Fig 10b. Switching Time Waveforms

i==aat = m=sas: = -
i Y s use: : :
JEREEL 1 1 T 90 3 T T
&l | T
i 1 i
| el
bo-2 T | 3y
| | L]
1 ko2 T =5 T
- t
55 1
;Po.3 =1
Fo.cs i 2% 2l |
1 IiZdl I
U P i
-c.az///k SINGLE PULSE
“Zheor Ll (THERMAL RESPONSE) ! .
T it - el [\ I
AR T it *
i I \ T
" i RAAL |‘+ =t *-z-l
I NOTES:
™ 1. DUTY FACTOR, D=ti/t2
= K =P
= ! l 2. PEAK Ty=Poy x Zenje + To
1078 107 1073 1072 0.1 1 10

t, Rectangular Pulse Duration (seconds)

Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vary 1, to obtain Vbs

required las

V(8Rr)DsSS

AS — — —

Fig 12b. Unclamped Inductive Waveforms

Charge —

Fig 13a. Basic Gate Charge Waveform

2400
ic
Top B.3:
134
= 2000 30TTOM 204
E
3 I
2 1600 :
> T
g \ |
1
2 1200 \ |
2 t
a \ N
@
© 300
E, 7
2 w0 ;
w
\ N
. vpp = 50V NS J
25 50 o 1C0 125 130

Starting T, Junction Temperature(°C)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator _1

I ‘= Ip

Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit

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

Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517

International
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