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ABSTRACT

In this thesis, a Zero-Voltage-Switched (ZVS) Quasi-Square Wave (QSW) buck converter is
studied. The topics under study include the principle of operation, analysis, design and simulation of
the ZVS-QSW buck converter. Experimental results show that the designed prototype circuit achieves

zero-voltage switching throughout its operation range.
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i Yo

_ T*(-Dy,
8LC
szaszaennauvewssu lWihandiuesn
1-DYW
av, = LDV, 2.18)
8LCS
tazez 13A1ens15za8nAAY (Ripple Ratio)
AV 1-D
° = g (2.19)
v, 8LCf*

° X a ] & d
INANN5 (2.18) f1dsanisniiIdszasnaauusedu Idfivssrgesianiseasden
T ar =t g P
HINeAIN s M Inszuaassd e e ousnavumiunsoii Idas i misie woisw
o ' 4 d ° 3 3 ) =N ° v e
W liiayvesauns 2.18) lianieshiganassh a1 D isud11aduils 8niTuiisdei ldemdau
e A 1 o ey ° A A 1o d A A a
VeI uMs (2.18) ifwnng Tagnmsmumaanileni nsemumaunudszguSamunniud lu

} 4 [ v
aay Iinnvuf s anse Tasnismuaiszasnaduveussau i ueen'ld
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dhiinnemanan NIzseuInmmAndzil

H J d o ¢ d a d o
22 mdaunlsnnislsuuuninneuesmesuuumInsnusagw WA

Hugue (ZvVS-Qsw)

!
N
)
3
I

L :
O D Z=cC, V. ¢ RS

U (2.13) 2393 euyavRe ZVS-QSW Buck Converter

2.2.1 19512312995 ZVS-QSW Buck Converter

HanMITIIaIN

¥
HANN I UVBIIN0T mmmuuﬁuﬂaumsﬁmu'lé’li'lu 4 ¥R Tﬁtl:l‘ﬁ"ﬁﬂﬂ'liﬂ'lﬂ

¥
ﬂmnmaﬂ%"xhu'lumsﬁnmuazaﬁmumsv'iummm‘msmmﬁ

+ VW, -
+ Vu - Y Y
—P Cr
‘LiérfWY\_
+
Vg'Z:" ZX Vy 4 v

1 (2.14) 2995 ZVS-QSW Buck Converter

t
i =C‘g:c gy =£VL(t)d’+ic(to)
v, —jV (et +v.(t,) v, = 1%
c —'o L c Vo L= dt

83113
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Interval 1

4

L

7, T,

\ 3 z g 1,
—_ Vo
L .
0 / -
; t T 4
* /\\ :
0 ’ ,/ —

0<t<t)
A . o o o P - s |
1534917 Switch tum off H1ay ﬂ?lﬂ!ﬂ.’?&'?ﬁiqlluu‘lf (CI)VI Va, = VS'Vo 1u%ﬂ‘zlﬁ8?ﬂuu

2

1A

: da
g is)asl v, V., ig,, i, Mnavuluases

¥

1] \ s = J A @
Vg = 0 A28t0h W laTea hivihou mahelusrsnmiiosianisn Tsuuudiuszudem

o o o 1 o ° o a
wunlszgn Tenuud () AudaviioniusTsuuus @) uaziinasi i@ ufulssqs Teuuuding

& o A A 2 &
msaotsegounszng v, = -V, uazlunanfeanuil vV, 02iatiusunizne v =v
[ 4 [/] swW swW 8

+ ;ér -
; Il
+ Vo - L G
_’ IC]’
Vi~~~

31 (2.16) 2993AMYAYBS ZVS-QSW # Interval 1
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KCL

c¥ . _[%j v, (e + i, (o)}

dt

Mmsutdasadary

clsv ()-r )= v ()"0
sV (s)-v(0)= %V(s).~ '?(g_)

V(s{s + %] =¥ (0)- %

Vo o0
-

S+—— S'C+—

LCS LCS

v(0)

N V)=V, -V, ,Zy=aL , ®y=——
JLC

19



o ~ ~d
Aimsadarrduise

\7(1): (Vg -V, )cos o, —1(0)Z,sin o1 (1.1)
N [ = v
ZU
~ vV -V ~
i(r)= (—E—L)sin ot —1(0)cosw, 1 (1.2)
0
v V(n)=-v, , dmuald 6 =o,(, -1,)
-V, = (Vg -V, )cos 0, —i(0)Z,sin 6, (1.3)
N M = E;i W (1.3) wmsdae ¥, udniimsdagles1d
-4
M+(1—M)cost91—£%s'mt9l =0 (1.4)
g
Interval 2 (t,<t<t)

' 4 v { ° ° 4 o '
defisunanganamsni vy, =v, eihlflaleainm e1ngii 1.2 seviun

~ v o 4 ° o o o
v, = -V, taznamaias lsnuuslugawaamsa asznaludamilonius Tsuuuddnsam

quantidvesdaviieniilasaodssgeemnidunuu@adusunseis i =0

AN

i . )
I/D —_L-I{,

+ Jér -
—» lCr
A iLr

71 (2.17) 299sauyaved ZVS-QSW 1 Interval 2
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1102993 i()=i,

NSV, =V, =V,

70 =" -0)+ ()

ny ’ a -~
gAdUAYBIYINaINAeY i(t,)=0

me (12 _tl)+i(t1):O

{ Lo
(’z "’1):’(’1 )_I;—

0

0

M o, @m*faz’mms o,(t, -1,)= w;L" i(t,)
0

Z,~
0, ZV—::’ (’1)

11 @) unulu )
0. = Lo ____(Vg -V,
2 IIO

0

Ve, = (Vg -V, )sin 0.t — T(O)Z0 cos @,

NN M=

MO, =(1-M)sin 6, +QZ0 cosé,

i
J

g

stn @ .f, — 1 cos @t
0°1 0" 1

1.5)

(1.6)

(%))
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Interval 3 (t,<t<t)
1) c:y 9 A o’n; Q' d' N o c{ o o
Tutsnaiildmaniss TsuuusyuTaosud i, = 0 naznszualuaaniioniilvandy
a o L) o ~ Ao o o
nans 3oi1 I laTea livhaunazi ifanmadszgndaiulszyc aunszis v, = v v,

¥ v
sazlunanfeaduil vy, 12aaaunseni Vg, =0

+ %r -
v V. i
I,
'1"~ +
V__L Vs e y
b4 T— T_ o

31 (2.18) 2993auYAYBd ZVS-QSW H Interval 3

KCL i=i_ +ig,

Mmsutdasardans

C ()-V ()= -7 ()
)= ()

1
sV
)+ 7cs

na o V(t,)=-V,

V(S{CS+—} -V,
V(s)= i
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Yimsutlasanlarsauise
v(t)=~V,cos o, (t; — ;) (1.8)

AGAT1BUBIT NN MY vie,)=v, -V,
INAUMSI (1.8)
Vv -V,=-V, cosa)o(t3 —12)

g

V, -V, =-V,cosb, (1.9)
1 ¥, isanea
1-M =-M cosb,

M -1
cosly = —— (1.10)
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Interval 4

l.'ilﬁ’l Switch turn off LAY maammﬂmmam 3 VI Vow

Y
vy, =

aa 4 o 4 o g .
nszuaninadume Tuaavtonius Taud G,

(<t<t)

‘ i =1 a o 4
$299071 3 HALANIUUULITUTU IUN5 2N IDIYA ) Wl

PN

KVL

HAimsutdasadars

ndasarlasduisa

9 ] ad daA A @ ] a 4
TATANTOYINIATNN AABTAITUAUYBIFNIATNHIN

(|

=0 une

Ve, =V, -V,M

[ a v o =4 o
0 iy nngdezuiinszua Wit narmuaiagaens suaideriusy

=iy) 196 i 92 Inanduniamady

= ic .—‘
Vi =0 'Y i
T
\& Lr/‘/‘/“m <
+ l +
v, ,

P T 4

U (2.19) 2995033a¥03 ZVS-QSW 1 Interval 4

-V, +V, +V,=0
vV, =V, -V,
di =V, -V,
dr

L(SI(s)-i(; )=V, -

1(s)— t(t )

i(t) i(’s)zl'(Vg -Voxt: ‘t3)

0

ife,)=1(0)

@ (1.9 unulu i(y,) vesaums (1.11)

(1.11)
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. -V, . 1
’(O): ZOO sin a’o(t3 _t2)+ Z:(Vg _Voxts _13)’22_

= _ZVO sin 0, + (Vg -V, )94
0 00
. Y, 2
i £ gunsauns
g
v, v, . 1
0)=—-2."9%ging. + -5 V -V
I( ) 2 ] smo; + . Q)OLO( 2 0)94
V
i(o)=7~"-[94(1—M)—Msin93] (1.12)
0
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4
UNN 3
ASATHINUUASNIIDONUVDIIDT

3.1 Unn

T v v
9 Y IR

cly a @ ° 1 = o
Tuimilezeadestuaisesnuuuiunuadan q Miferdeadnsesaledauaiiing
o as = r.:i @
s TanuuitinneunesmesuuuaIasiussdu Iddndugud uazdeyalumsidenlseilnsel

a1 q Tursesaeunesimesuuuaiafinssau iy iugud

3 ¢ dar - 4 ¢
3.2 n1saaﬂnmua%’numma?;maﬂasnﬂaﬂmmuﬂumaunasmas

AMURNIIAUBURA 20V - 25V
1 SAUBMNA 15V
Tvoa 50-150
aamdadaddige 100 kHz
v,
M. = 7
in,mmn
I,/
Moy =—2
I/:",max
d' = ﬂw =
iife o fdlwAa

S D
o

@

UTIAUATUIV 1092985

159 UATUBDNUYBIIIDT



FINTUAB W YA

I =— 3.1)

I =— (3.2)

e R, fs Ivoa

pnual, =15V R, =5QR,

[Om&\:E:3A
5

[Gmln:—l——s—zlA
™15

LY d' o w w d d
3.2.1 MI9BAUULAIHHEI W WAzA NIV 529892905 1ARB UGS NS
N1598NUUUA VSN
Y = o ) y o o £ Y & P
Aunileni Wunsausivmdnluunuminezuesgiunszuavaa ienszuaTvnaad
v o o o a1 A & < a ° 9 v d A a o v &
Tvadud@aniionifiaunnay fsredra fusuuuaninanisaudl lduaziiienny
[ d a o ° v 3 e v >3 [ s :4 o
wimanduda fezaildamanumisnilunnuimaniisniaaas asntulunisesnuuudr
4‘ ) o c; 9/ -1 1] A' ° =~
miigni sufuderdesiimsszymnszuaIvaagega Memusoiimsesnuuudenuny
] 2 o o A o 9 [ [V ’ ° 9 A a ot
numandisz hithan1seudd 18 uazdromumadenaniid lunsainnszualvaaliaigen

v 4 d o« ' P e
‘\lu'lﬁ‘\lﬂ\il[ﬂuuﬂl“ﬁﬂﬂﬂ:uﬂu’lﬂiﬂiyu]ﬂﬂua?ﬂ!‘b'uﬂu

J AN/
VN

7 6.0 nszua i Inaddamiioni
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Q si ° et 5 a' o [ d
nnaanummuwummeﬁmmagmwwmmmmmﬂaﬂm
(M) MUIUMAUKHEIN

NANMITN(2.14) ATUIUHIAIANUHNLENI

L — (1 -Mmm )RL max
min Zf
_ (1-06)15
21100x103i
L =30uH

A‘ o 9y o - . | . o o 9 9 ]
menwliule1di1e s luTnuaccem) ssadudenaidamiioniriduinnniizous

9
Q/ o/

4 A N
AYUUIaBNAT SSuH

) A (4, )
lumisesnuuuadaaunilenihL FednyNidesdiiindsfe daamvileninzdesly
a (Y Px] r's = ¥ At P Vo oo o
audiluvazfinszuaevinalimgaga Tagiimsssnuuu1giu Fhmuannaveuiny
» v » ¥
AVAMAYUUDINUN (Area Product , Ap) IMINRUNARYINUBINUNY (Window Area , Aw)

I& N 4 1 o/ v Qo $
FanmaguANuAFINA IR AN 1INE3.3)

2FE
A=A A4,=—" (3.3)
k k. JB_,.
d' P} . 4” o v 4" o ¥ (Y 4" Ai
e 4, fAe  swnguAuTzwINNuIMDAMINYBAURURUTIUISUARIA
P 4 do
A, f18 HUNARYINYBUNU
» [
4, fie  Wunnldussguania
L o d' [ 9 4' o
E A wawwnazoulud@untioni
s as ¢ : P
k, fAes  eanlszaeumsldlsylevinunnidussgvania
s ] J o o o
k, fe  SanduITMINAITUANAATUNTZUAS IS DUBT(RMS) ¥84A3
ld' o
mileniy
] Ao anumunmiunszualuduaianeuag
B fe  saumuuniuddndgege
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nasnunazavegludamiisnidnnnldnnaunsi.4)

1

E= Eufm (3.4)
lile
Al
IL,max = [L + 2L
VInguaulianie Iiivesses
1, =1 =34
AT, =10%1,
=0.1(3)
=03

ILM=3+°—;=3.15A

unum L, =3.154,L = 55uH aaluaunisdi 3.4) 92187

E\::%(SSXIO"GXJIS)ZJ

=0.27mJ
11184910118 Crest factor: &, 92147
I
k =-m
1
A -
we I, o nITUAgIYA
I As  Amnvesideaeundovensud

unuet 7 =3,71=2121 asluaumsdndue1d
k. =14142
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UNURY £5=027mJ kw =06, k_=14142,J =3x10°4/m* woz B_ =0.2asluaunis

#3.3)

o 20027x10%)
A4, =44, = (0.6)1.4142)3x10°§0.2)

=1.0606x10"°
=1061x107"

=1061 mm*

Judenunumas lsauuy  EE25/20

®) Muamausaulunswua urta3th

o ¥ o =1 o 4 o o
mm”l‘lmummumumzhmmmum TAgs 1IUITDBUDINIANDINAL mmm"lﬁ

91RAUN1TN (3.5)

N: LIL“\E\.\
A B

unudl,  =3.154,L =55uH, A, = 4lmm*, B = 0.2 0aluaumis#i(3.s)

(s55x10%)3.15)

N= T41mm270.2)

=21.128~22 781

(3.5
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(3) VAVRIVADIANBILUAI

1
a=-— (3.6)
J
nﬂ' P} J 4; Y o
e a fo Wunmhdaveiaianauag
J As anuvuuiunszualuwduaianasiag

unua g =34,J =3x10°4/ m* adluaunisn (3.6)
3

a=_———-

3x10°A/m-

2
a=1lmm

Tagadanawasn 19U Ao aIANBAULBS AWG26 (a20 = 0.519 mm*> @ 0.8128 mm)

3 ¥
IUIY 2 (U

(2) Y9219

seozmmniivesreseInf(Air gap) M i amaumilenihamundesnisanse

s ldonaumsi 3.7)

_4rx10- N4,

1, 7

3.7)

unue N =22, 4 =4lmm* L =55uH adluounisn 3.7)

_ 47x107(22)*(41mm*)

L
£ 55x107°

= 4.531 mm
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nmseanuuuaufullszy
>
Ay Ifhwesdauinlszy iR annnaunsasiillovewsidue wina

v ] ¥
auns#(2.19) v Waumsildinnumanime IWfhwesduiuilszqaad

1N AV, = g—_—D——"““z)-Vi
8Lcf,
AV 8Lf?
WMURAY, =0.5%V,, D =0.2,L="55uH, f, = 100kHz asluaumsi.16)
_ V. (1-0.6X100)
0.57,(8)55x107 f100x10*f

=18.18 uF

[l L 4 v
iie991n lunses ludessnts s sau I dueeniimsuitlanininua s imua Sadensn

anugvesiaiulszglfinanidimdman’ld vaden C = 6404
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(24 d' ] d w_ o d
3.2.2 mseenuvudanianiuslamnmuazdnivilszgslanmuun

VNNl lunsesnuuuNimua
M_ =06 uws M, =075
(M) AIUMA URHEIN
Tumsesnuuudamiionius Tauuudt szlfnsmimnduiusszning p v J @nwmin o)

netumsdwnm Tasmindu M, naz M, adlunslszrdnpdug

p3
1.8
1.8
1.4 ‘
!
1.2 —
n 1
snioye F = 0,425 3a°0,52° 'r
0.8 - {5.52, 1.068113311) —
0.6 P SN S o . .
~
0.4 = >
0.2 «_.‘:““\ < ’;L\ N \\ N '
0.4 0.6 0.8 1
1

51 3.2) naluamsmdiiussznie p fu )
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4‘ L= o
QaulvlumsimsieH

J =
Iy
Iba.se =
Zo
12 1871
1.Z
J =t (3.9)
Im
d' el y 9 a A 4
o Z e AR NUATUNIUBUNUAUY

nszua I Iugy per unit

3
=]

Nanmzanuddiga (fmm)

Iomax 'Zo
=2/ 9 (3.10)

@en f, . =0425 91k J__ =05
unui J_ =0.5 asluaunsdi 3.1 iem Z,

7 = Jmax 'I/m,mm (3 11)
- Io,max .
_(0.5)20)
3
Z =3333
910 f, = Jomin (3.12)
/e
die £, Ae  sandauszwinmaudaiadgnuaimiis Tauuust
£ fe ez Tsuuun
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unua f, — 100kHz asluzumsi (3.12)

n.min

=0.425, f,

s,min

fs,mm

f=g

100
0.425

F. =235294kHz
fanmemudqgalf,,.)

[o minZo
=— (3.13)

n,max

min

wnuel, . =14V,  =25V,Z =3.333 asluerunsdi 3.13)

>7 n,max

= (1)3.333)
25

J_ =0.133

nns @ J, =0.133 Ik 7, =038
naumsi G musom f "lé'mmmumfmm =0.8, f, = 235.294kHz adluaums

# 3.14)

fs,max =.fn,max 'fr (314)
=(0.8)(235.294kHz)
=188.235kHz

)
=y

suauainldiiaslsTaaiavadad zvs) szeglusis £, 09 .. A0 100kHz-

188.235kHz
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desmaunawtis Tanuud (7) swannsommdamiionins Tauuusi (2 Juaz

Anfutlszys Tsuuudt (C) Thewmannisdi (3.15) uaz (3.16) amday

Z
L, == (3.15)
2xf.
1
C, = (3.16)
2z,

MU Z, =3.333, £, =235.294kHz aeluaumsi (3.15) une (3.16) mud iy

~ 3.33
" 27(235.294kHz)

L, =225uH

1
C =
" 27(235.294kHz)3.33)

C. =0.2034f
' A o o K- ] ] o o
AU Tauun 2.25uH naymdanutlszuviienius Touuus 0.2 uf

() Annammnum (4,)

wasuazauegludamiisnidman lRvinaunsnG.4

1

L.max =IL +

I Al
2
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nquantiania Iiivenes

I, =1 =34

Al, =10%1,
=0.1(3)
=03

@ : 3
Ay 14

JLM=3+%-3-:3_15A

WNuANT, . =3.154,L = 2.25uH adlummisi (3.4) az'I8N
E= %(2.25><10“"X3.15)2J

E=11.163x10"°J

UNUAVE =19.85x107°J kw=0.6, k =1.4142,J =3x10° A/m*uaz B__ =02 a3y
ﬂum'i‘ﬁ(fij)

o 2iaesxio)
4= 44 =GN 4142)3x10°)0.2)

=43.85x107"

=43.85 mm*

- 4
Sudenunuies 1sAILY EE 13/13B A, = 24.9mm?, 4, = 26.6mm* ¥mwag

»
FENIN 4, B0 4, nnnnsdan Mugashaunsalsunumes lsauunil1
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®) numawiuseulunisnuduniieih

adanldiuaamniiening lfaraneauas Tasiiuauseuvsalansauas fuanla

2INAUATN (3.5)

N: L]Lma\
AcBmax

unuAl,  =3.154,L =2.25uH, A, =24 9mm* B = 0.2 ad luaunsa.s)

_(225x10°)3.15)
~ {24.9mm*)0.2)

N=25=3 591

(3) YMAUBIVAAIANDAA

unual =34,J =3x10°4/m? adluaunisii 3.6)
3

a=————+

3x10%°4/m”

a =1 mm?
Tasaans A 19y fie maanewAuUeS AWG25 (a25=0.162 mm* @ 0.4547 mm)

81121 8 1fu
(@) ¥o98 1017

5202A N 9YRYBI0 IMA(AIr gap) M1 I IRmaTmilsnhmundesmsamse
fMua IR naunisi 3.7)
Mue N =3, 4_ =249mm* L =2.25uH aaluaunisn 3.7)

_4rx107(3)*(24.9mm?)
£ 225x10°°

L

LJg =1.1mm
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maiden’laTeasuidenlaomsdneunzeuigegala 12.692 A

g 3.9 nsduaasnszua Tvdhi TnarulaTea

} 4
ienlaTeamdriiaseadniues MBR 1645 aunsamuiinaussiudoundugege 45 Taas
@ d
uaznunszua luda hiviuedegeqa 16 A

55
IRF 640 HH

v,
ZO—ZSVGP MBRISIS B R024F 60 uFS R, 2 IISIOV
5-15Q

i (3.5) 2eTulnsfuNTRUAT-AT ZVS-QSW
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324 eemmumsmuqmmuusaﬁ’u

1ife191nn13A2u93 11 Tvuans sWu(voliage Mode Control) Aeatloundu ¥, luds
~ 9/ S o ] o/ &£ I
295v81gAwAANaIR unzdesdidaffaufieudygw Feluled uc 3864 PWM gn
k4

pannuuldiignsalivaniueguds aunsaiwiesnuuulffunisaruquussduves
westinneunesined 18 TaoesAeemIAIR,,Cr R, R opees Cose MMMz ENTIOZT]H
g ar ~ o a o da ~ o é s a
lednAadygraisuudaiduiiiaindawdesnsesnliniuquaiad  WeFauiszdy
useduIfhdmoendell  Taomumsilfinnemd R, (defiv1 9 vealed), C, (Aed
w19 vealed) umastuauntsi (3.19) R, @01 6 veslod) R, (Aefin1 7 vesled)
oz C,,, (@ofiv1 8 vesled) namsluaunisit G.2Dune (3.23) 29asmetuled Ue 3864

PWM uaaslugili 3.6)

Error Amp 5V

o
P v

From NI
Feedback ;
and /_
Reference

E/A Out,l_

T Imin Irange
w—{lr*—<~—4<1~sv o +
g Cvco, i1min A ! B Clook One Shot Pulse
Y B ' X (Resonant Time)
5V —|var RCE: P L aviav i 5 L n

.
'k
L
I,
=

N 12K$ 0.5v--
L Zero | -
1,

qlii3.6) wesnwluled uc 3864
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dia R, fip
C, fo
=)
. 78
P
9

min

T =R.-C (3.17)
T =037, (3.18)

9y
ANUATUMUYBIFIATUMIUANIA
¥
Ay Ifwesdnfudsyg ihdsna
$samnniganIsente

Frnanissnganieide

-~ o o
1enAAAVYIZIVUIA 360 PF

91088N15% (3.17)

1. =41ps
RT —_ Tma\'
G
_ 4.1x10°°
T 360x1072
R. =114 kQ

@enld R, =95 kO

VAU (3.18) 9214

T =03(4.1x107)

mat

T, =123 us
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3.2.5 M392nUVY Voltage Control Output

3.6
Foormn = (3.19)
’ RHHHCVL‘O
3.6
Fooma = (3.20)
' ( len .Rrange J C
Rmm + Rrange s
Avuald
R =100k
F.. =100kHz
MAAUNIH (3.19) 0214
~ .36
b le[l F;CO
unuen R__F,
3.6
Cpo =
(100£Q)100£Q2)
C._, =360pF
9NANATT (3.20)
Frpom = 2.0
len ‘Rrange . Cvco
Rmm + Rrange
Rmm ' Rrange _ 3 6
Rmm + Rrange K oo _max Cvco
3.6 3.6
R Ronee = ' R+ .
min range o mac . Cm Rl'l'l.ll'l F‘w o . C‘u’ I{max
R, -3 __, 36 onge
Rm.m Cvoa F\w,m C‘m lel’l
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. 6
Rmnge _R’ﬂn € 3 6 = 3
*“\F___.C.,-R._| F..-C

Voo, max veo Voo, max veo

3.6

R _ Fvca,max 'Cvca

range 1— 36

F Vo, max 'Cw:o 'Rmm
910AMS Simulate ¥l wen F, . =188.3kHz wnusaslueumsd (3.21)
3.6

R - (188.3kHz (360 pF)

range 36

1-
(188.3kHz (360 pF X1004Q2)

R .. =113.250kQ

range

wenld R = 68kQ

range

(3.21)
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3.2.6 MIBBNULT NI TUINAvBINemHAR 1831 15 UI905 ZVS-QSW

IRF640

|
M .—
UC 3864 ’% f‘ — ] '—-———’V\/\,Rg:]m L
Co=3.30F 11 C,=33yF
° 0 15V
3 ZD11N4148 ?Rr =1k I
[_) 0z 1V

—

I

Fi 3.7 1sstunavesremdafa i MIV199IZVS-QSW

Tunsfunaveswearaddadmiuiees zvs-Qsw sufludesadrersesdunadi
asusnfumeihseninnesnquiesmamas Tassessunafifeniiluuuy s
wﬁauﬂm"lﬂﬁﬁmﬁm"lé'a“’azﬂﬁ 3.7) mysenuuvadnudendas i denanannseld
snuvmadn IdiissnndeiuiideMfhsnnudes Sudenunumelsdnuy E1-19
(4,=233mm> A,=51.Tmm> A,=120461lmm*) $1uIusBUVLIUANIALgUQLVEY

wioutlasMihdnnaidnnaunsi 6.22)

vV
N = VoMo (3.22)
" 4B,/
tile N, e  dwiuseuvewamnlgugivesntenasivih
Vi 08 H33RUZIqANIAULIgUAl

e ¥, ,.=15v M, =025 uaz B, =02T w1& N,=9 50y une
endmausenvesvanlanAsgiivesndenas i (¥,) hinhdvémuseuvesvania

Ugugil fe N,=N,=9381 Taoaaanesuasiléiu fie ndaneswuasiues AGW28

(a., =0.08046mm* @, =0.366mm)
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FupurszeIMidnulgugii €, fesdunszuaddlnariumdendas I ifesain

Qs

HIIRUBUNAYDNTTVINAYBINBTIMARMIAIIT IR UIB M WAYES UC3864) iHudyauwad

’

vIndiszavdreduiuguinimg ihwedauimlszy i ¢, deadendfivin1v14

Y

v

) o 4 . A o g
AUT THHUUNYD 299313 THUUUNHVUBYNTY (series resonance) 1HBIINANAUITY
o { a o v e L) o ¥
Ifmazdamiisnimedmdgugiveanienladih L, Wesnimimdlumsadadeds

4 { * 1 = o '
igane Weidenamiis Tsuuuiiihu o.10iweswawdlunsaidas C, Anrwg Idfhwes

aunulszy i dnnaldnnaunsi (.23)

100

P oar'flL,

=

de  C, de  awmawyihvesdaufulszgIddhic,

L, e  swdumilsniwesdamiioniL,

Aunurlszy IimednmBogii C, aTeaSosnszua D, ddwmu R, uax R,

- . . . a A Qs . o o d
anfuilulavsunanil (Clamping circuit) ¥liafiussfuannseulalon D, Wudygruiad
Aot o 9 a d t s Y v - o
wanfifisvaudduiugud drnsdanarvenssunanildeinadimunalunisadag
’ I & o s ’ o o S AN ' as
stufgane e nuvinavensduanaseuauiulszy i C, sl disdenmined?
R v ’ a d o o o

vearInvesesuaauil littesndi 10 mrvesnmna lumsadad anamg e sdufu

sz ¢, snna'lRnneaunmsii 3.249)

107,
C,2—2 (3.24)
R, +R,
de ¢, fAe sy iMfhwesdaimbssyihc,
R, Ao swawdumuvesddumuR,
- ' b ¢ > ¥
A AIAIAUNIUYBIA MM R,
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#fumu R, daretlesiuniseeaFanams13an (parasitic oscillate)NF1A1D
~ o = ~ g 3/ v o o
TumsesaFamalinigunn mseeasamasmnsunatuldgvinduiulssy Iiiung - sesa
sazdamilsnindsFaninannaimenvesmoidyanalulsesduing yenniatidiniiu
o a o + J . . Y
fAumuvesdadiuniu R, Sldimuagisnmyu (rse time) voaussfuing - yaia ifon
J v J Y z o o @ o ~
R, =10 Q ifielvi¥rnarduvenssdung - gesadui iiuemadidaimsadaddae
o Y 1 - ° o @
amIge Mifun R asifeidudumainlszy Mfhesnnnmavazuemdadids
ngamnszua Fiues lalea D, denuuel Tuasumiesitavuiavewssaue lif (spike)h

anAsoung - ¥a5 o L IIAuURNAausIRUING — ¥83 ruaduamHai1ag

v k4
{9 AINYD92995 AB AIUITAIAT 2NIAIVAY 1Az NITUINAISTNOY

ihdeiuez 1Risessausianua Ae3UAEG.9)
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Feedygui 2 fnszua it lnarwsemda (7, )
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43 MINATOUMSINALSIFUUUIVBIIISUVY Closed-Loop
lﬁmﬂ‘s'umﬁuuamﬁ\muquﬁuﬁai’fuﬁmwﬂmﬁmsﬂn Ausedulvfiian
aseunsmvia (V) snszua i lnadnuwemda (7, ) snszua il Tuadwd
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(v)

21 42)  wavInnIImAResFRNus TevivesaeesAindl Closed-Toop

Foadganud 1 dwseiyTdiianadeuuemva V)

soedygnui 2 nszua i Tnasinmeans (7, )

Fosdaygnud 3 snszua i Tvakmdamiienthivdh

s Tanune (7,,)
Foedyanai 4 susesdulifiianasenlalen (V)
@ nsdl f, ., 1, . wazV,

Smin

@) asdl £, .1, AV,

Smax
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Vi {, mm?imm]n( Joon JkHZ)
V) (A) DNMITAUIN INNINARDY
20 1 100 83.5
225 2 144.12 123.1
25 3 183.24 165.5
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4.4 MISNATBUNISINHITTAULIIAMB IANA
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1. YngANAnDIAIzIN 4.3
2. 91onseau Iv#h 15 Vv 910 DC Power Supply $4 APS-1 1iu399sAu9
3. 91ous9au 1Wl#h 20 v 970 DC Power Supply 3u PAD35-10L 1¥iuasesmamias
4. Tudinsws vy e dwafinszumedng 1A-3A awdrdy
5. 910us9au 1A 25 V 910 DC Power Supply 7 PAD35-10L 1% 2993 n1ad1d4
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DC Power Supply APS-1
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Hanl1iviaasd

MT1N 4.2 AT IARINIIIRUIBIANAVDIIITHDY Close-loop

1, v, (V)

(A) Vi =20V | V., =25V
i 14.92 14,92

2 14.91 14.86

3 14.91 14.83

4.5 MsnaasumsneausIvesstuIviviue N

25n1INANDS

1. Sngananeadezlli 4.4

2. 959U TN 15 V 990 DC Power Supply U APS-1 1dA1399387uR
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ndinrinaaemuden 4
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Stopped ] 2000 /07 /01_06:24:59
CH1=500mV: : : 4 : : 2ms /div
ac 11 I .l (2msydiv)

: I MORMS(0KS /9

BTt ot (ot

1
............... I 3
i
i
o
+*
M
I
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Smoothing : OFF CH1 ! ——————— Malin : 10K Mode © SINGLE
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nlasunlasedeiunaunin 1a Ty 34 nazein 3a Tiduia
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3N @.6) gldygnamsdu i uerdnavevisesiiusaay 25v disnszua T uerdna

alasumlasegatundunn 1A Tuhilu 34 uazen 3a Thilu 14
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4.6 Uszanimmuaziililaveaussiuinvluedinavesises

4.6.1 tszAnSaIMued1995h Closed-loop

$151N 4.3 1A TaANTNTHUB9I9935 Closed-loop RANTILAINY

Vo (V) | 1(a) V, (V) I,a) | R, (Q) | dszniam %
20 2.38 14.92 2.75 5 36.2
22.5 1.42 14.89 1.82 1.5 86.5
25 0.67 14.88 0.99 15 87.95

4.6.2 Silaveussdulvif e inm

71 4.7 SuTavewssduIrfuerdnavesrsesfusedu i buna v,

Stopped g
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t
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¢
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t
1
i
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BW : FLL CH2 [ ~wmmwa- Zoom :

=25V
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mm mm
44 0.0503 0.06604
0.00199
43 0.0564 0.07366
0.00250
42 0.0633 0.08128
0.00314
41 0.0711 0.09144
0.00397
40 0.0798 0.1041
0.00500
39 0.0897 0.1143
0.00631
38 0.1008 0.1295
0.00799
37 0.1130 0.1448
0.01003
36 0.1270 0.1626
0.0127
35 0.1422 0.1778
0.0159
34 0.1600 0.1981
0.0201
33 0.1803 0.2235
0.0255
32 0.2032 0.2489
0.0324
31 0.2261 02743
0.0401
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30 0.2540 0.3048
0.0507

29 0.2870 0.3404
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28 0.3200 0.3759
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0.1022

26 0.4039 0.4699
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25 0.4547 0.5232
0.162

24 0.5105 0.5817
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23 0.5740 0.6502
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22 0.6426 0.7214
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21 0.7239 0.8052
0.412

20 0.8126 0.8966
0.519
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19 0.9119 1.003
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2.082

13 1.829 1.943
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12 2.052 2.172
3.308

1 2304 2.431
4.168

10 2.588 2.720
5.261
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* {1 Unitrode Products UC1861-1868

w= from Texas Instruments I UcC2861-2868
UC3861-3868
Resonant-Mode Power Supply Controllers
FEATURES DESCRIPTION
» Controls Zero Current Switched (ZCS) The UC1861-1868 family of ICs is optimized for the control of Zero Cur-
or Ze(o Voltage Switched (ZVS) rent Switched and Zero Voltage Switched quasi-resonant converters. Dif-
Quasi-Resonant Converters ferences between members of this device family resuft from the various

combinations of UVLO thresholds and output options. Additionally, the

s Zero-Crossing Terminated One-Shot i S . .
one-shot pulse steering logic is configured to program either on-time for

Timer
ZCS systems (UC1865-1868), or off-time for ZVS applications (UC1861-
e Precision 1%, Soft-Started 5V 1864).
Reference
The primary control blocks implemented include an error amplifier to com-
e Programmabie Restart Delay pensate the overall system loop and to drive a voltage controlied oscillator
Foliowing Fauit (VCO), featuring programmable minimum and maximum frequencies. Trig-

« Voltage-Controlled Oscillator (vCO) ~ gered by the VCO, the one-shot generates pulses of a programmed maxi-
with Programmable Minimum and mum width, which can be modulated by the Zero Detection comparator.
Maximum Frequencies from 10kHz to  This circuit facilitates “true” zero current or voltage switching over various
1MHz line, load, and temperature changes, and is also able to accommodate the

resonant components’ initial tolerances.

e Low Start-Up Current (150pA typical)
Under-Voltage Lockout is incorporated to facilitate safe starts upon

* Dual 1 Amp Peak FET Drivers power-up. The supply current during the under-voltage lockout period is
e UVLO Option for Off-Line or DC/DC typically less than 150pA, and the outputs are actively forced to the low
Applications state. {continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVvLO 16.5/10.5 16.5/10.5 T 817 8/7 16.5/10.5 16.5/10.5 8/7 8/7
Outputs Alternating Parallel Alternating Paraltel Alternating Parallel Alternating Parallel
“Fixed” Off Time Off Time Off Time Off Time On Time On Time On Time On Time
BLOCK DIAGRAM
Fault [15 Fault
and Bias and
v Logic 5V Gen 1] 5V
Soft-Refl{te Precision
Reference
NI 2 >_ I Sig Gnd
INV |3 -
UVLO
13} Vece
E/A Out} 4
Range| € -
One Steering FET A Out
Rmin| 7 vCco .
Shot Logic Drivers
Cveel® 14{B Out
Zero {10 ' —————-Eg Pwr Gnd
0.5v
RC|o9o

UuDG-82018

Pin numbers refer to the J and N packages.
SLUS289A - OCTOBER 1998 - REVISED FEBRUARY 2006




DESCRIPTION (cont.)

UVLO thresholds for the UC1861/62/65/66 are 16.5V
(ON) and 10 5V (OFF), whereas the UC1863/64/67/68
thresholds are 8V (ON) and 7V (OFF). After Vcc ex-
ceeds the UVLO threshold, a 5V generator is enabled
which provides bias for the internal circuits and up to
10mA for external usage.

A Fault comparator serves to detect fault conditions and
set a latch while forcing the output drivers low. The Soft-
Ref pin serves three functions: providing soft start, restart

ABSOLUTE MAXIMUM RATINGS

VG ot ot e e e 22V
Output Current

Sourceor Sink (Pins11&14) ..................... 0.5A

DCPulse (0.518) - .. oiit it e i 1.5A
Power GroundVoltage . . ... ...................... 302V
Inputs (Pns 2,3,10,&15) .................... -04to7V
Ermor Amp Output Current . ....................... 2mA
Power Dissipation ........ . ... ... . .. it 1w
Junction Temperature (Operating). .. ............... 150°C
Lead Temperature (Soldering, 10 seconds) .......... 300°C

All voltages are with respect to signal ground and ail currents
are positive info the specified terminal. Pin numbers refer to
the J and N packages. Consult Unitrode Integrated Circuits da-
tabook for information regarding thermal specifications and
limitations of packages.

UC1861-1868
UC2861-2868
UC3861-3868

delay, and the internal system reference.

Each device features dual 1 Amp peak totem pole output
drivers for direct interface to power MOSFETS. The out-
puts are programmed to alternate in the
UC1861/63/65/67 devices. The UC1862/64/66/68 out-
puts operate in unison alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

DIL-16, SOIC-16 (Top View)
J or N, DW Packages

N/
5V|1 16 | Soft-Ref
Nij 2 15 | Fault
INV] 3 141B Out
E/A Out} 4 13| Vee
Sig Gnd} 5 12]Pwr Gnd

EA out
l_o_lZoro

E-_]RC

PLCC-20 & LCC-20 (Top View)
Q & L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
Soft Ref 1
(2% 2
NI 3
INV 4
3 2 12019 E/A Qut 5
\_/ SigGnd 6
14 18 Range. 7
5 17 RmiN 8
fe © e 19
{7 15
Zero 11
ls 14 NC 12
9 10 11 12 13 NC 13
A Qut 14
Pwr Gnd 15
Pwr Gnd 16
Vce 17
B Out 18
NC 19
Fault 20
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UC2861-2868
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ELECTRICAL CHARACTERISTICSUnless otherwise stated, ail specifications apply for -55°C<Tas<125°C for the
UC186x, —25°C<Ta=85°C for the UC286x, and 0°C<TAa<70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, Rmin=86.6k,
C=200pF, R=4.02k, and Csr=0.1uF. TA=TJ.

[ min ] Tvp | max JuniTs

PARAMETER TEST CONDITIONS
5V Generator
Output Voltage 12V <Vee 20V, -10mA <lo<0mA 4.8 5.0 5.2 \
Short Circuit Current Vo = 0V -150 -15 mA
Soft-Reference
Reslart Delay Current V=2V 10 20 35 pA
Soft Start Current V=2V —650 | 500 | -350 | pA
Reference Voltage Ty=25°C, lo=0A 4.95 | 5.00 | 5.05 \
12V < Vce s 20V, —200uA < 1o < 200pA 4.85 5151 Vv
Line Regulation 12V <vVcc < 20V 2 20 mv
Load Regulation —200pA < lo < 200pA 10 30 mV
Error Amplifier (Note 3)
Input Offset Voltage Vem =5V, Vo =2V, lo =0A -10 10 mV
Input Bias Current Vem =0V -2.0 | -0.3 HA
Voltage Gain Vem = 5V,0.5V< Vo<3.7V,i0 = 0A 70 100 dB
Power Supply Rejection Ratio Vem = 5V, Vo = 2V, 12V £ Vcc £ 20V 70 100 dB
Error Amplifier (Note 3) (cont.)
Common Mode Rejection Ratio [0V < Vem <6V, Vo =2V 65 100 dB
Vourt Low Vip = -100mV, 1o = 200uA 0.17 | 0.25 V'
Vout High Vio = 100mV, lo = -200uA 3.9 4.2 \
Unity Gain Bandwidth (Note 4) 0.5 0.8 MHz
Voltage Controlied Oscillator
Maximum Frequency ViD (Error Amp) = 100mV, Ty=25°C 450 | 500 550 | kHz
Vio (Error Amp) = 100mV 425 5§75 | kHz
Minimum Frequency Vip (Error Amp) = -100mV, Ty = 25°C 45 50 55 kHz
Vip (Error Amp) =-100mV 42 58 kHz
One Shot
Zero Comparator Vth 045 | 0.50 | 0.55 Vv
Propagation Delay (Note 4) 120 | 200 ns
Maximum Puise Width Vzero = 1V 850 | 1000 | 1150 ns
Maximum to Minimum Puise VzerRO = OV UCx861 — UCx864 2.5 4 55
Width Ratio Vzero = 0V UCx865 - UCx868. -55°C to +85°C 4 5.5 7
Vzero = OV UCx865 — UCx868, +125°C 38 5.5 7
Output Stage
Rise and Fall Time CLoAD = 1nF (Note 4) 25 45 ns
Output Low Saturation lo = 20mA 02 0.5 \Y
lo = 200mA 0.5 2.2 \
Output High Saturation lo = -200mA, down from Vce 1.7 | 25 \
UVLO Low Saturation o = 20mA 0.8 1.5 \4
Fault Comparator
Fault Comparator Vth 285 | 3.00 | 3.15 N
Delay to Output (Note 4) (Note 5) 100 | 200 ns




UC1861-1868
UC2861-2868
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ELECTRICAL CHARACTERISTICSUnless otherwise stated, all specifications apply for -55°C<Ta<125°C for the
UC186x, —25°C<TAsB5°C for the UC286x, and 0°C<TA<70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, RMIN=86.6k,

C=200pF, R=4.02k, and Csr=0.1uF. Ta=Ty.

PARAMETER I TEST CONDITIONS [ min [ 1vp | max Junits
uvLo

Vee Turn-on Threshold UCx861, UCx862, UCx865, UCx866 15 16.5 18 \Y
UCx863, UCx864, UCxB67, UCx868 7 8.0 9 \'

Vee Turn-off Threshold UCx861, UCx862, UCx8B65, UCx8B66 9.5 10.5 11.5 \%
{JCx863, UCx8B64, UCx867, UCx868 6 7.0 8 \4

fcc Start Vce = Vee(on) - 0.3V 1650 300 A

lec Run ViD = 100mV 25 32 mA

Note 1: Currents are defined as positive into the pin.

Note 2: Puise measurement techniques are used to insure that Ty = TA.

Note 3: VID = V(NI) — V(INV).

Note 4: This parameter is not 100% tested in production but guaranteed by design.

Note 5: Vi = 0 to 4V tr(vi) 10ns

APPLICATION INFORMATION

UVLO & 5V GENERATOR (See Figure 1):When power
is applied to the chip and Vcc is less than the upper
UVLO threshold, 1cc will be less than 300uA, the 5V gen-
erator will be off, and the outputs will be actively held low.

When Vcc exceeds the upper UVLO threshold, the 5V
generator turns on. Until the 5V pin exceeds 4.9V, the
outputs will still remain low.

The 5V pin should be bypassed to signal ground with a
0.1uF capacitor. The capacitor should have low equiva-
lent series resistance and inductance.

FAULT AND SOFT-REFERENCE (See Figure 1):The
Soft-Ref pin serves three functions: system reference, re-
start delay, and soft-start. Designed to source or sink
200uA, this pin should be used as the input reference for
the error amplifier circuit. This pin requires a bypass ca-
pacitor of at least 0.1uF. This yields a minimum soft-start
time of 1ms.

Under-Voltage Lockout sets both the fault and restart de-
lay latches. This holds the outputs low and discharges
the Soft-Ref pin. After UVLQ, the fault latch is reset by
the low voltage on the Soft-Ref pin. The reset fault latch
resets the delay latch and Soft-Ref charges via the 0.5mA
current source.

tpd = t{Vo = BV) — {{Vi = 3V)

The fault pin is input to a high speed comparator with a
threshold of 3V. In the event of a detected fault, the fault
latch is set and the outputs are driven low. If Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20uA. When Soft-Ref is fully
discharged, the fault latch is reset if the fault input signal
is low. The Fauit pin can be used as a system shutdown
pin.

If a fault is detected during soft-start, the fault latch is set
and the outputs are driven low. The delay latch will re-
main reset until Soft-Ref charges to 4V. This sets the de-
lay latch, and restart delay is timed. Note that restart
delay for a single fault event is longer than for recurfing
faults since Soft-Ref must be discharged from 5V instead
of 4V.

The restart delay to soft-start time ratio is 24:1 for a fault
occurring during normal operation and 19:1 for faults oc-
curring during soft-start. Shorter ratios can be pro-
grammed down to a limit of approximately 3:1 by the
addition of a 20kQ or larger resistor from Soft-Ref fo
ground.

A 100kQ resistor from Soft-Ref to 5V will have the effect
of permanent shut down after a fault since the internal
20pA current source can't pull Soft-Ref low. This featwe
can be used to require recycling Vcc after a fault. Care
must be taken to insure Soft-Ref is indeed low at start up,
or the fault latch will never be reset.
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APPLICATION INFORMATION

On/OTf 5V Generatod S5V sV
Vihe (IC Bias) .

16.5V (8V) -

4.0V s, Inhibit Output(s) (UVLO) j?_
Pwr Gnd Sig Gnd
Inhibit Output(s) (Fault)
Fa""5}~:1>b4s s
s.0v Fault v Delay
Latch 4 Latch
0.2V
oft-Start
R R or 0.5A
Soft-RefJJb_VW
|
20Q % eczision
== ener Restart
= Delay 20pA
*UCx861/62/65/66 thresholds are 16.5V and 10.5V.
UCx863/64/67/68 threshalds are 8V and 7V. UDG-82020

Vee 0.5V (7V):

5V
OV Restart ... ... OV ey
Delay
SottRe e 0.2V
BV ool
Fault .
%
Output(s) Low / - /]

UDG-82021-1

Figure 1. UVLO, 5V, fault and soft-ref.
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UC2861-2868
YC3861-3868
From Nt Error Amp 5V
Feedback
and INV
Reference E/A Out
L é
Range | = iz
'R ] Imin Irange
., Rmin . C%)
" Cvco I min | Clock One Shot Pulse
(Resonant Time)
5V — . RC — D L\ 3v/2v . J
= 5v = F
$
_n— Zero |
UDG-92022-1
VCO
Clock
(Internal)

One Shot

Minimum Maximum Zero Controlled
Pulse Pulse Pulse UDG.92023.1

Figure 2. Error Amp, Voltage Controtied Osciliator, and One Shot



APPLICATION INFORMATION
Minimum oscillator frequency is set by Rmin and Cvco.
The minimum frequency is approximately given by the
equation:

43

Foypy & ———7
! Ry * Creo

Maximum oscillator frequency is set by Rmin, Range &
Cvco. The maximum frequency is approximately given by
the equation:

UC1861-1868
UC2861-2868
UC3861-3868

The Error Amplifier directly controls the oscillator fre-
quency. E/A output low corresponds to minimum fre-
quency and output high corresponds to maximum
frequency. At the end of each osciltator cycle, the RC pin
is discharged to one diode drop above ground. At the be-
ginning of the oscillator cycle, V(RC) is less than Vth1
and so the output of the zero detect comparator is ig-
nored. After V(RC) exceeds Vth1, the one shot pulse will
be terminated as soon as the zero pin falls below 0.5V or
V(RC) exceeds Vth2. The minimum one shot pulse width

. 33
F . E . . . . .
MAX Ry |/ Range Yo Cpeg is approximately given by the equation:
Tpw(min) 03 R C.
The maximum pulse width is approximately given by:
Tpw(max) 1.2 R C.
STEERING LOGIC
UCx861, 63 UCx862, 64
B - vee One Shot
One Shot [>T Out A Fault Latch
3 uvLo 0.5Q
D] Output
0.5Q
Fault Latch »-—{ Out 8
uvto -_‘j Pwr Gnd
uDG-92013 uDG-92014

The steering logic is configured on the UC1861,63 to result in
dual non-overlapping square waves at outputs A & B. This is
suited to drive dual switch ZVS systems.

uUCx865, 67
JL_ vee
One Shot —CST ’_:g out A
Fault Lateh 4—d Out B
VLo =< Pwr Gnd
UDG-92015

The steering logic is configured on the UC1862,64 to result in
inverted puise trains occurring identically at both output pins.
This is suited to drive single switch ZVS systems. Both outputs
are available to drive the same MOSFET gate. It is advisable to
join the pins with 0.5 ohm resistors.

The steering logic is configured on the UC1865,67 to result in
alterr:ating pulse trains at outputs A & B. This is suited to drive
dual switch ZCS systems.

UCx866, 68

One Shot
Fault Latch
uvLo

\

2050

> QOutput
20.50

Pwr Gnd
UDG-92016

The steering logic is configured on the UC1866,68 to resuilt in
non-inverted pulse frains occurring identically at both output
pins. This is suited to drive single switch ZCS systems. Both
outputs are available to drive the same MOSFET gate. It is ad-
visable to join the pins with 0.5 ohm resistors.



APPLICATION INFORMATION (cont.)

UC1861-1868
UC2861-2868
UC3861-3868

Internal One Shot

UCx861,63

UCx862,64

UCx865,67

UCx866,68

ul

‘__I

Qut A

Out B

Qut A

Out B

IR

UDG-82017

Figure 3. Current waveforms.
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PACKAGING INFORMATION

Orderable Device Status 1 Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp @
Type Drawing
5962-9203101M2A OBSOLETE LCCC FK 20 TBD Call Tl Caill Ti
5962-9203101MEA OBSOLETE CDiP J 16 8D Call Ti Call i
5962-9203102MEA OBSOLETE CDIiP J 16 T8D Call Ti CallTi
5962-9203103Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
5962-9203103QEA ACTIVE CDIP J 16 1 T8D A42 SNPB N/ A for Pkg Type
5962-9203103V2A ACTIVE LCCC FK 20 1 8D Call Tl N/ A for Pkg Type
5962-9203103VEA ACTIVE CcDIP J 16 1 TBD Call Ti N/ A for Pkg Type
uc18614 OBSOLETE CDIP J 16 T8D Call Tl Call T|
uC1861J883B OBSOLETE CoIP J 16 TBD Call Tt Cali Tt
UC1863J ACTIVE CDoiP J 16 1 T8D A42 SNPB N/ A for Pkg Type
UC186348838 ACTIVE coipP J 16 1 8D A42 SNPB N/ A for Pkg Type
uC1863JQMLYV ACTIVE cowp J 16 TB8D Cali Tl Call T1
UC1863L ACTIVE LCCC FK 20 1 18D POST-PLATE N/ A for Pkg Type
UC1863L883B ACTIVE LCCC FK 20 1 8D POST-PLATE N/ A for Pkg Type
UC1863LQMLV ACTIVE LCCC FK 20 8D Call Tl Cali Ti
UC1864J OBSOLETE cDiP J 16 8D Call Tl Call i
UC1864J8838 OBSOLETE colP J 16 8D Call Tt Call TI
uc1864L OBSOLETE LCCC FK 20 8D Call Tl Call Ti
UC18641L883B OBSOLETE LCCC FK 20 TBD Cali Tl Call Tl
UC1865J OBSOLETE CcolP J 16 T8D Call Tl Call Tl
UC1865J8838 OBSOLETE CDiP J 16 8D callTl Call TI
uC1867J OBSOLETE coip J 16 TBD Call Tt Cali Ti
UC1867L OBSOLETE LCCC FK 20 TBD Call Tt Calt Tl
UC28610W ACTIVE SoIC DW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWG4 ACTIVE SOIC bW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWTR ACTIVE SoIc DwW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWTRG4 ACTIVE SoIC DW 16 2000 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no SbiBr)
UC2861NG4 ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
uC2861Q ACTIVE PLCC FN 20 46 Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
uC2861QG3 ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR
no SbiBr)
UC28630wW ACTIVE SOIC Dw 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2863DWG4 ACTIVE Soic DwW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2863DWTR ACTIVE Soic Dw 16 2000 Green (RoH)S & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
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Orderable Device Status ! Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp 3
Type Drawing Qty
UC2863DWTRG4 ACTIVE SOoIC DwW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2863N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2863NG4 ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A forPkg Type
no Sb/Br)
UC2864DW ACTIVE SoIC DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br}
UC2864DWG4 ACTIVE Solc DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2864N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2864NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2865N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2865NG4 ACTIVE POIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sh/Br)
UC2866N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2866NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC38610W ACTIVE SoIC DwW 16 40 Green(RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTR ACTIVE SoIC DW 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTRG4 ACTIVE Soic oW 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3861NG4 ACTIVE PDIP N 16 25 Green (RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC38620W ACTIVE SOIC Dw 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
UC3862DWG4 ACTIVE SOIC Dw 16 40 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTR ACTIVE Soic DW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTRG4 ACTIVE SoiC Dw 16 2000 Green (RoOHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3862NG4 ACTIVE PODIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3863DW ACTIVE Soic DW 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3863DWG4 ACTIVE Soic bw 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3863DWTR ACTIVE SoIC DW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3863DWTRG4 ACTIVE SOoiC DW 16 2000 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
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Orderable Device Status ¥ Package Package Pins Package Eco Plan 3 L ead/Ball Finish MSL Peak Temp o
Type Drawing Qty
UC3863N ACTIVE PDIP N 16 25 Green (RoHS & CUNIPDAU N/ Afor Pkg Type
na Sb/Br)
UC3863NG4 ACTIVE POIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3864DW ACTIVE SolC Dw 16 40 Green (RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWG4 ACTIVE SolC DW 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWTR ACTIVE SoIC DwW 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
. no Sb/Br)
UC3864DWTRG4 ACTIVE SoiC Dw 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864N ACTIVE POIP N 16 25 Green{RoHS & CUNIPDAU N /A for Pkg Type
no Sb/Br)
UC3864NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
uCc3865DwW ACTIVE SOIC DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no ShiBr)
UC3865DWG4 ACTIVE SoIC bw 16 40 Green (RoHS & CUNIPDAU tevel-2-260C-1 YEAR
no Sb/Br)
UC3865DWTR ACTIVE SOiC bw 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865DWTRG4 ACTIVE SoIC DW 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865N ACTIVE POIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
- no Sb/Br)
UC3B65NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
Uc3865Q ACTIVE PLCC FN 20 46 Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
UC3865QTR ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br}
UC3865QTRG3 ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
UC3866N ACTIVE PODIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC3866NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UCc38670W ACTIVE Soic ow 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWG4 ACTIVE SoIC DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3B867DWTR ACTIVE Soic DW 16 2000 Green (RoHS & CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
UC3867DWTRG4 ACTIVE SoIC Dw 16 2000 Green (RoHS & CUNIPDAU Levet2-260C-1 YEAR
no Sb/Br)
UC3867N ACTIVE POIP N 16 25 Green(RoHS & CUNIPDAU N/ AforPkg Type
) no Sb/Br)
UC3867NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC3868N ACTIVE PDP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
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Orderable Device Status " Package Package Pins Package Eco Plan 9 | ead/Ball Finish MSL Peak Temp @
Type Drawing Qty
UC3868NG4 ACTIVE PODIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: T has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http:/Aww ti.com/productcontent 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 homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 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 Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

3 MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

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 warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Ti has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. T! and T suppliers consider certain information to be proptietary, and thus CAS numbers and other limited
information may not be available for release.

in no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annuali basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidianies (T1) reserve the nght 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 latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to T!'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 Tl's standard warranty. Testing and other quality controf techniques are used to the extent Ti
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessanly performed.

Tl assumes no fiability for applications assistance or customer product design. Customers are responsibte for
their products and applications using Tl components. To minimize the nsks associated with customer products
and applications, customears should provide adequate design and operating safeguards.

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

Reproduction of information in T data books or data sheets is permissible only if reproduction is without
alterafion and is accompanied by alf associated warranties, conditions, fimitations, 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 Tl products or services with statements different from or beyond the parameters stated by Ti for that
product or service voids all express and any implied warranties for the associated T product or service 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 other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.li.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com QOptical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Secunty www.t.com/secunty

Low Power Wireless www.ti.com/ipw Telephony www.ti.com/telephony
Video & imaging www.ti.com/video
Wireless www.ti.comiwireless

Mailing Address:  Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright ® 2006, Texas iInstruments incorporated
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IRF640, RF1S640, RF1S640SM

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

IRF640, RF15640, RF1S640SM UNITS
Drain to Source Breakdown Voltage (Note 1) .. ... ............................ Vps 200 v
Drain to Gate Voltage (Rgg =20kQ) (Note 1) . ... ........................... VDGR 200 \Y
Continuous Drain Current . .. .. .. ... ... ... . Ip 18 A
Te=1000C . Ip 1 A
Pulsed Drain Cumrent (Note 3) . . .. ... ... ... . . . i, lom 72 A
Gateto SourceVoltage . .. ... ... ... .. ... . ... Vags =20 \Y
Maximum Power Dissipation ... ... ... .. . ... ... ... . ... L. Pp 125 w
Dissipation Derating Factor . ... .. ... ... ... . i 1.0 wre
Single Pulse Avalanche Energy Rating (Note 4). .. . ... .. ... ... . oiiieuean. Eas 580 mJ
Operating and Storage Temperature . .. ... ..............vieevaueenann... T4 TsTG -55to 150 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10S. .. .. ...... .. .....ceeiieierinnnn. T 300 °c
Package Body for 10s, See TB334. . ................ ... ............ <o Tokg 260 °c

CAUTION: Stresses above those listad in “Absolute Maximum Ratings™ may cause permanent damage fo the device. This ts a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this speafication is not impled.

NOTE:
1. T4=25°C to 125°C.

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS

Drain to Source Breakdown Voltage BVpss |Ip =250uA, Vgs =0V, (Figure 10) 200 - - \
Gate Threshold Voltage Vas(tHy | Ves = Vps. Ip = 250uA 2 - 4 A
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgs = 0V - - 25 pA

Vps = 0.8 x Rated BVpgs. Vgs = 0V, Ty = 125°C - - 250 pA
On-State Drain Current (Note 1) Ioion) | VDs > IpoN) X 'osionmax: Vs = 10V (Figure 7) | 18 - - A
Gate to Source Leakage Current Igss Vgg =20V - - +100 nA
Drain to Source On Resistance (Note 1)| rpsion) | Ip = 10A, Vgg = 10V (Figures 8, 9) - 0.14 0.18 0
Forward Transconductance (Note 1) Ofs Vpsg 2 10V, Ip = 11A (Figure 12) 6.7 10 - S
Tum-On Delay Time taon) | VoD =100V, Ip = 18A, Rgs = 9.10, R =5.40, - 13 21 ns
o T o eeT sty [ 1w [
Tum-Off Delay Time a(OFF) g Temperature ~ | 46 | es ns
Fall Time t - 35 54 ns
Total Gate Charge Qgron) | Ves = 10V, ip=18A, Vps = 0.8 x Rated BVpss - 43 64 nC
(Gate to Source + Gate to Drain) (Figure 14) Gate Charge is Essentially Independent
Gate to Source Charge Qge ""f Opera_t—ir;g;“eAmpera(ure - 8 - nC
Gate to Drain "Miller” Charge Qgq G(REF) = 7 - 22 - nC
Input Capacitance Ciss Vpg = 25V, Vgs = 0V, f = 1MHz (Figure 11) - 1275 - pF
Output Capacitance Coss - 400 - pF
Reverse Transfer Capacitance Crss - 100 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 3s - nH

Contact Screw on Tab to | Symbol Showing the

Center of Die intemai Devices

Measured From the Drain | Inductances - | as - nH

Lead, 6mm (0.25in) From

Package to Center of Die L
Internal Source inductance Ls Measured From the - 75 - nH

Source Lead, 6mm GO

(0.25in) from Header to Lg

Source Bonding Pad Is
Thermat Resistance Junction to Case Ry - - 1 °cw
Themmal Resistance Junction to Rgja | Free Air Operation, IRF640 - - 62 °cw
Ambient Rgia | RF1S640SM Mounted on FR-4 Board with Minimum | - - 62 | °cw

Mounting Pad

€001 Fairchdd Semiconductor Corporation IRFB40, RF1S640, RF1S640SM Rev. B




IRF640, RF1S640, RF1S640SM

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MiN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET o - - 18 A
Pulse Source to Drain Current lspm | Symbol Showing the - - 72 A
integral Reverse P-N
(Note 2) . f
Junction Diode
G
)
Source to Drain Diode Voltage (Note 2) Vsp T, =25°C, Igp = 18A, Vgg = 0V, (Figure 13) - - 20 \
Reverse Recovery Time ter T, = 25°C, Isp = 18A, digp/dt = 100A/us 120 240 530 ns
Reverse Recovery Charge Qrr T;=25°C, Igp = 18A, digp/dt = 100A/us 13 28 56 uc
NOTES:
2. Pulse Test: Pulse width <300us, duty cycle < 2%.
3. Repetitive Rating: Pulse width limited by maximum junction temperature. See Transient Thermal impedance curve (Figure 3).
4. Vpp = 50V, starting Ty = 25°C, L = 3.37mH, Rg = 2562, peak Ips = 18A.
Typical Performance Curves uniess Otherwise Specified
1.2 20
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4 19 “ \
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£ g T~
2 08 z \
& 12
z x ™
2 £
lj<- 0.6 [T}
a z
2 z°
5 04 g
[ 4 -}
w I
g o2
a
° 0
o 50 100 150 25 50 75 100 125 150
Tc, CASE TEMPERATURE (°C}) Tc. CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Zgyc, TRANSIENT
THERWAL IMPEDANGE (°C/W)

FIGURE 2. MAXMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
10
1
0.5 ==
02 1.111 11 L | )
oo & o LJ- |
- e
0.02 : 1
0.01 ! =us 4-, 4 "‘i‘ 1
001 E= 8INGLE PULSE E wores: 1 © =
DUTY FACTOR: D = ty/iz
PEAK Ty = Poy xZgyc ¢ Te
0.001 NPT " At b kddd
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tp, RECTANGULAR PULSE DURATION (s)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
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IRF640, RF1S640, RF1S640SM

Typical Performance Curves uness Otherwise Specified (Continued)

1000 Esz zs: 30 v r
e IOr N THIS AREA MAY BE 7 S +H I PULSE DURATION = 80ys
N DS{ON) - - \1ov DUTY CYCLE = 0.5% MAX
Tc =25°C 2 8v
g 100 <
e ous £ v
z 'S S W4
5
E 5 sl N 100s E
3 =S53: z 2
= 10 : 1ms Z 42
3 ~1 3
a N 10ms =] v
o E -
E Tc =25°C DC
[ T, = MAX RATED A
I~ SINGLE PULSE ol Y
1
1 10 100 1000 [] 12 24 36 48 60
Vps. DRAIN TO SOURCE VOLTAGE (V} Vps. DRAIN TO SOURCE VOLTAGE (V)
FIGURE 4. FORWARD BIAS SAFE OPERATING AREA FIGURE 5. OUTPUT CHARACTERISTICS
30 . v 100
PULSE DURATION = 80yis | ves=8v PULSE DURATION = 80pis
DUTY CYCLE = 0.5% MAX ! DUTY CYCLE = 0.5% MAX
Ves =10V Vps 2 50V
g 24 % Vgs =7V <
-
g e £
@ 18 = [+ 4 v o
@ o zr
3 > 77
z ., Vgs =6V | I~ 77 25°
2 z 1sec f /
a a FF
£ Vgg =5V & =
6 ] Vgs =4V GS n - 1' i
\ Y A 7
0 S ot {{
0 10 20 30 <0 5.0 0 2 4 6 8 10
Vps. DRAIN TO SOURCE VOLTAGE (V) . Vgs. GATE TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS FIGURE 7. TRANSFER CHARACTERISTICS
15 T T 3.0
PULSE DURATION = 80ps PULSE DURATION = 80us
DUTY CYCLE = 0.5% MAX W DUTY CYCLE = 0.5% MAX
T € .. Vgs =10V, Ip = 18A
38 3
2w e -
p g 0.9 z § 18
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o uw 0.8 o« 12 o
. @ W >
Iz ND »
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8 oa Ves= 10V Z o6
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FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
VOLTAGE AND DRAIN CURRENT RESISTANCE vs JUNCTION TEMPERATURE
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IRF640, RF1S640, RF1S640SM

Typical Performance Curves uniess Otherwise Specified (Continued)
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FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE
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FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT
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IRF640, RF1S640, RF1S640SM

Test Circuits and Waveforms

Vos
! BVpss
L - tp —
Vbs
VARY tp TO OBTAIN ] . Ias J k‘ —
REQUIRED PEAK Ipg Rg t]:z, = voo i\“/l \ Voo
Vgs T- ——————em— II ‘\
DuT 4 \
/ \
- V4
tp P \‘
ov Ias O e e e = SN T
0.01Q
+—AMy — ‘AV —-—
FIGURE 15. UNCLLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
R 'ON Rl e — 'OFF - —
1 taoN) -— —itaoFF)|=—1
— ‘r | s — |f -—
v
os 90% . a0
10% 10%
o - = v = — o
290%
Ves 50% 50%
<«———— PULSE WIDTH ———o
0 10%j

FIGURE 17. SWITCHING TIME TEST CIRCUIT FIGURE 18. RESISTIVE SWITCHING WAVEFORMS

Vos
(ISOLATED
SUPPLY)

CURRENT
REGULATOR

SAME TYPE
AS DUT

A J
+Vos
A

DUT L3

_’ o_ L N N N NN NN NN NN
0 t l6(REF)
Vos \G(REF)
i CURRENT —t=— Ip CURRENT
SAMPLING — SAMPLING
RESISTOR RESISTOR [ pu——
FIGURE 19. GATE CHARGE TEST CIRCUIT FIGURE 20. GATE CHARGE WAVEFORMS
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST ®© OPTOLOGIC™ SMARTSTART™  \[CX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoOIFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTOo™ Power247™ SuperSOT™-§
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
ECOSPARK™ ISOPLANAR ™ QFET™ SyncFET™
E2CMOS™ LitleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET®

STAR*POWER is used under license
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
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Schottky Rectifier

(continued)

Typical Characteristics
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Figure 1. Forward Current Derating Curve
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systems which, (a) are intended for surgica! implant into
the body, or (b) support or sustain life, or {c) whose
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with instructions for use provided in the fabeling. can be
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({uT1/sunsy Visual Basic Editor A1A15 run TuTu5unsu EXCEL
Option Explicit
Public Function J2(mu, theta)
' quasi-square-wave resonant switch (basic single transistor version)
' calculation of normalized current J, as function of Q1/D1 conduction angle theta and switch
conversion ratio mu

Dim JL1, JL2, JL3, beta, delta, ksi, F, Pi

Pi = 3.14159265

If mu <0.5 Then

J2=""

Exit Function

End If

JL3=Sqr(2*mu-1)

JL1 =-JL3 + theta * (1 -~ mu)

If(1-2*mu+JL1~2)<0 Then

2=""

Exit Function

End If

JL2 =Sqr(1 -2 * mu +JL1 *2)

beta = Atn((1 - mu) / JL1) + Atn(mu / JL2)

delta=JL2 /mu

ksi = Pi - Am(JL3 /(1 - mu))

F =2 * Pi / (theta + beta + delta + ksi)

J2=F/(4 *Pi)*((JL1 - JL3) * theta + JL2 * delta)
End Function
Public Function F(mu, theta)
' quasi-square-wave resonant switch (basic single transistor version)
' calculation of normalized switchiné frequency F, as function of Q1/D1 conduction angle theta and

switch conversion ratio mu



Dim JL1, JL2, JL3, beta, delta, ksi, Pi

Pi=3.14159265

If mu < 0.5 Then

F =

Exit Function

End If

JL3=S8qr(2 *mu-1)

JL1 =-JL3 + theta * (1 - mu)

If(1-2*mu+JL1~2)<0 Then

F=mo

Exit Function

End If

JL2=Sqr(1-2*mu+JL1"2)

beta = Atn((1 - mu)/ JL1) + Atn(mu/ JL2)

delta=JL2 /mu

ksi =Pi- Atn(JL3 /(1 - mu))

F =2 * Pi/ (theta + beta + delta + ksi)
End Function
Public Function J(mu, F)
' quasi-square-wave resonant switch (basic single transistor version)
' iteration to find normalized current J, as function of normalized switching frequency F and switch
conversion ratio mu

Dim JL1, JL2, JL3, beta, delta, ksi, Pi, F1, F2, F3, thetal, theta2, theta3, thetamin, m, convg, eps,
dF

Pi =3.14159265

convg = 0.000001 ' set to 1e-05 for faster perfbrmance

eps =0.25

If mu < 0.5 Then

J___"N



Exit Function
End If
JL3=Sqr2 *mu-1)
thetamin =2 * Sqr(2 * mu - 1)/ (1 - mu) ' minimum theta
thetaZ =2 * Pi * mu / F ' starting guess
If theta2 < thetamin Then
J=rm
Exit Function
End If
theta3 = theta2 * 1.1 'set up initial values
F2 = Fit(JL3, theta2, mu)
F3 = Fit(JL3, theta3, mu)
Do ' iteration loop
thetal = theta2
theta2 = theta3
F1=F2
F2=F3
m = (F2 - F1)/ (theta2 - thetal)
theta3 = theta2 + eps * (F-F2) /m
F3 = Fit(JL3, theta3, mu)
dF = Abs(F - F3)
Loop Until dF < convg
JL1=-JL3 + theta3 * (1 -mu) ‘' calculate solution after convergence
JL2=S8Sqr(1-2*mu+JL1 *2)
beta = Atn((1 - mu) / JL1) + Atn(mu / JL2)
delta =JL2 / mu
ksi =Pi - An(JL3 /(1 - mu))
J=F3/(4*Pi)* (JL1 - JL3) * theta3 + JL2 * delta)

End Function



Public Function Fit(JL3, theta, mu)
' computation of F, used in iterative routine of function J(mu, F) above
Dim JL1, JL2, beta, delta, ksi, Pi
Pi = 3.14159265
JL1 =-JL3 + theta * (1 - mu)
JL2=Sqr(1-2*mu+JL1~2)
beta = Atn((1 - mu) /JL1) + Atn(mu / JL2)
delta=JL2/ mu
ksi =Pi- Atn(JL3/ (1 - mu))
Fit =2 * Pi / (theta + beta + delta + ksi)

End Function




QSW zZVS characteristics

‘unction tester: inputs
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0.6 1
n
0= 9.424778 = 12.56637061
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0.4124445 0.51 1.8823037 0.295243 0.51 2.642818985
0.4250147 0.52 1.8046883 0.3034149 0.52 2.549378036
0.436363 0.53 . 1.73361 0.310955 0.53 2.462497189
0.447088 0.54 1.6658934 0.318179 0.54 2.378985219
0.4574143 0.55 1.6003189 0.3252055 0.55 2.297616962
0.4674525 0.56 1.5362655 0.3320935- 0.56 2.217768872
0.4772647 0.57 1.4733671 0.338877 0.57 2.139073055
0.4868884 0.58 1.4113866 0.3455769 0.58 2.061291294
0.4963466 0.59 1.3501605 0.352207 0.59 1.984259079
0.5056535 0.6 1.2895705 0.3587766 0.6 1.907857295
0.5148165 0.61 1.2295281 0.365292 0.61 1.831996516
0.5238382 0.62 1.169965 0.3717573 0.62 1.75660767
0.5327172 0.63 1.1108276 0.3781749 0.63 1.681636174
0.5414484 0.64 1.0520732 0.3845462 0.64 1.607038101
0.5500227 0.65 0.993667 0.3908712 0.65 1.532777566
0.5584275 0.66 0.9355809 0.397149 0.66 1.458824919
0.5666454 0.67 0.8777917 0.4033776 0.67 1.385155436
0.5746536 0.68 0.8202807 0.4095541 0.68 1.311748389
0.5824227 0.69 0.7630327 0.4156743 0.69 1.238586351
0.5899144 0.7 0.7060361 0.4217329 0.7 1.165654693
0.5970789 0.71 0.6492819 0.4277227 0.71 1.092941221
0.6038494 0.72 0.5927644 0.4336349 0.72 1.020435931
0.6101349 0.73 0.5364807 0.439458 0.73 0.948130848
0.6158053 0.74 0.4804315 0.4451775 0.74 0.876019974
0.6206609 0.75 0.424621 0.4507746 0.75 0.804099317
0.6243451 0.76 0.3690584 0.4562245 0.76 0.732367036
0.77 0.3137587 0.4614946 0.77 0.660823719

0.78 0.2587449 0.4665398 0.78 0.58947285

0.79 0.2040515 0.4712968 0.79 0.518321544

0.8 0.1497305 0.4756714 0.8 0.447381701

0.81 0.0958611 0.4795136 0.81 0.376671831

0.82 0.042573 0.4825472 0.82 0.306220024

0.83 0.83 0.236069023

0.84 0.84 0.166285433

0.85 0.85 0.096978325

0.86 0.86 0.028344992
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