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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 resuits show that the designed prototype circuit achieves

zero-voltage switching throughout its operation range.



11

naanssndsznia

4 [y s &

vovounm A3. ¥iiuni yadnvanyasel Fuiluernsdfaruguinerinug dmsy

3o q

A defaanquazanunguNauzdiah ldiuaaean

o

yovauga a3, uuniand samye dmsudwuzihuezdinsaidiudse Temiae

2
Taseudl

] @, o o '

vauaunn AT BAYITTRr naziTaan In dmsudwunimazauyiomie

~ =l

0 v A' q’ w 9/ r'd s 9 o e
# q Tagmwizesngunsnums 14gdnsainaziniesiie ialudesllians

yoyauRuINeU q NAAUTIMSUAIIFIOMABA1 9 nazass i ] sanzdia

ANBAN

’

= Y o

o, o o 4 @ {
yousunm i Hosgilnsaintldddan 1dsugunstiuaviniesifodante 4 115 Tuns

[ dy
R AGPRERIRY

9/ o o o s M

¥
qaietiveva LR ATEURS JuBIABRYAIIA TIUNIsaT U Ay uagmsaauasuly

-

yo 1+

nodmsudSyyrinusidus saaa 184 20R quamazilsg TomisunadiainSyan

q

a de ? 9 ]
UNUTUYDURVHARUNISAUNANIY

q Al

o o

AMZATAI

WEINA © dnm
o =l

weamdaden aug

o’ o

oA P
WIYNYET yyaseIni



a5y

UNAALD

UNARELR MYIBINGY

neanssulssmea

gy

NSUYNN

ARG EAT)

unfi 1 umih
1.1 anmnflunazanudfgvestSyaiinus
1.2 mynjanmonazdagilseasdvesntfiog
1.3 vauuavesins sy

9
1.4 YUABUNITANYI

v

‘=v - -t v ~ =t
UNN 2 gy fitacvayanine3vs

4

2.1 29951ANBUNOS A3

2.1.1 AR SN NI TININYPII895IARBUNBS 19DT

2.1.1.1 souzficdaditngua

2.1.1.2 amuzfindadvgatinud

2.1.1.3 Sa31vendUed99TnAAB e IABS

2.1.1.4 aszie i hrarmudamiioni

2.1.1.5f15zap nARuve s AL I iduesn

2.2 Zero -Voltage Switched Quasi - Square Wave Buck Converter

2.2.1 IAT12H987 QSW-ZVS
unil 3 MIMHIULAZAITOBAUYL

3.1 unih

o % s - a g4 o o
3.2 nisesnnsestianeunesesuadadius iy i udugqud
3.2.1 mseenupudanileninazannulszyuesrstinneunssines

s 1 o - o o
3.2.2 myespuuudaniioninazdunulsreveaa9sis Tanuus

3.23mstdengilnsaiaiadias laTeadia
3.2.4 MIVBAULUAIIAIUAUITIAY

3.2.5 M3isvniul Voltage control Output

II
I
v
V1

VII

NN Yy W N

10
11
12
14
17
17
26
26
26
27
33
39
41
43



M3UY(AD)

3.2.6 MIgeauuINT AR Tnavewemaidedmsulinneunesiney
UNA 4 NITNARDAZHAN1INADDI
4.1 yniin
4.2 M591999399515 THUUNABUNBS IABT VY ZVS
4.3 MINATUNIINAIT TEIUUY899951U Closed-Loop
4.4 MSNATBUNTSAYITTALUTIAUDIANA
o I'4
4.5 MINATBUNSABUTUBIYBINSIAY T ua1ANA
s A o s o
4.6 YszansnmuazSuitlavewssdu e dnavesaeg
4.6.1 UsenFMmU9929959 Closed-loop
o o (4
4.6.2 5ulave s wau T iienana
4; a d
Uni 5 uninsaitlazaging
5.1 agUmaminanss
5.2 flywinwanagusamad ly
1ONE150 1994
J
MARIN A | aseunuedlse
AMANUINY | AITNVHIRAINAIN
3/ - d
MANWIN A | Yayavedlediued UC3864
d
MARUING  FeyavpanemYIAUBS IRF 640
d
MAaRuIN e vayaveslaleares MBR 1645

ManuIn .  ldsunsusivlamnseriapuaz J

45
49
49
49
50
52
53
55
55
55
56
56
56
57



Vi
AMIUYAITN

o
MINN

1) 1 :ia 3 o s d’a o
4.1 yrasmsniTausunudnIuguIiaYulueIesIRLTINATINMIT S 1004
42 HAMIIAAMTIAUBIANAYBIDTIUY Close-loop

43 uanaszanEnImued33993 Closed-loop NAN1IZANE

52
53
55



Vil

NTUYMN

i
2.1 (M) 2esudasiunssiu Ilfhnszuarass- ns:cmmaﬁ{ugm
(V) 1eTANYAVBIAIAY
(®) us s Ivifhdween
2.2 1A N7 Buck Converter
23 uraanesauyaiieaiasihnszia
2.4 urAneesauyaiieaindugainsyua
2.5 WesauyavmzaIaminsClia
2.6 usadu ihanaseadamiienn
2.7 sz Ifi ek udamiisats
2.8 avzua T Tnaru@aiiuisey
2.9 2vstinAsunefAsYnzadRTngAINs U
2.10 Aszuad Inakiudainiioni
211 nasiiemams Inavesnseua T Tud s
2.12 (n) nszuad narusaniioah
) natad narmsadulize
2.13 39953 UYaY8IZVS-QSW Buck Converter
2.14 1997 ZVS-QSW Buck Converter
21505 Vg, Vg i, iL,ﬁuf‘im'fuimws
2.16 2993 AUYAYBY ZVS-QSW Hl interval 1
2.17 31993y avey ZVS-QSW“V‘.I interval 2
2.18 21995 AYAVE ZVS-QSW i interval’3
2.19 21995 AUYAVES ZVS-QSW i interval 4
3.1 n3zuaIfh Inasudamiioni
3.2 psuaasnmduiusseninp du g
3.3 nsuaaenszuagagai Tnauemva

3.4 s uaasnszua i n Tnarulalen

W W

[= N N Y

0 0 00 NN

10
12
14
15
15
17
17
18
18
20
22
24
27
33
39



vl

aSUUMN(AD)

i nin
s @ A A =1 o o
3.5 2993 aA U IRUAT-ATA0E aurlsaiiuun 40
3.6 199319 1u lod UC 3864 41
a o & ¢ [ o o
3.7 2959unaveseddamdsd mIvasesinnsuneiines 45
3.8 299511 AIAUNSIAUAT- AFUUDIAAIUANIULISIAY IAs UC 3864 48

4.1 wa9InNISIaeINITINATYYIeNS TeuuYedIss

(ﬂ) ﬂiﬁ -f;:onmm 3 IOmax ae VSmm 49
W s £, T, Wag Vs 50

4.2 HA9INMINARBIT RTINS TFIUUNYSIT N5 Closed-loop

() nsel £ T, was Vi - 51
) a3t f, 0 s las Vi, 51
4.3 M3TAYANANIFIMFUNAABINITSALIT YA WHIBIANA 52
4.4 nataganasssdmTunAdeUN TR LUBIE MY I e 1Ana 52

a5 pldaananisauidiiuevave e siinssiusune - 20v - ilenszin Wi due
Wisundaseduiundunn ta iy 34 razein 34 Widua 53
a6 pdyanamsi e wiausesesinssiuduna  25v uf'lanszuﬁ"lvlﬁumﬁvgg
wasundasedefunduein 14 T 3A nazein 34 Thiluia 54
4.7 SuTlavews it Iihiedwaveyaeesiiiaedu i duna v = 250

uaznszua liuonanagiqa 54



3 o o J
1.1 aaudlusnuazanudifigvesSyaninus
flagiiunnastiemdd Il wuuaiag (Switched mode power supplies) 1in15 1491y
T ¥
sgsunsnato luglnsaluazszuudidansetindmiolmi diesviniivuadn hminw o
filszansnwgailenSsudoudunwdstiedide Idwuuadiod lunsir i 1 Fauns iy
o L) e a Y a Jd 9 P} = ~ a
119N YR a198 18 My ualadezdesiiadesnin U uned nazasuausld
* [ P o P ¥ a L) & 2 9
pdnsIATudenTzumBIANANTo TR UB URaInan 1T Touinlas Fedeenunuannse
a3z IdTaensesnutwasssaeilounduldimnsay
295RaUNBsIMes Tasna 1wl Mde Idfhgudovnzadad iinaviiliasesneu

E4

3 S ala o W Yt ) ) 9 At P o o 2 o
!'Jﬂilﬂ@iuﬂixﬁ'ﬂﬁﬂ1‘ﬂﬁ1 ﬂqh]ﬂuﬂ'liﬁﬂﬂ']ﬂuﬂ?'nﬁﬂ'ﬁﬁ')ﬁ?flwaﬂﬂﬂ'm\iﬂ'ﬁqmu!ﬁﬂvn(IW

2.

4 oy a a 3 & ad A o J A A I'4
’J\iﬂiﬂﬂunﬂﬂﬂﬂiuﬂi&‘ﬂﬂﬁﬂ'mq\ﬁlu nue‘lmﬁmmumiwmuwu A9 35N Tuud 9

o o I'4 Qs - < o o A o £ o A
sifsudnms s Teuuuiyssdnuioniv uazd uivdssamsi liussduldiivie

o <t Jd

aszua IMihlisuuguituyaeadad avesslamuiad-Adaeuneimes uiseen @iy
]

<4 [ o o a o
asenuy fe 29955 Tanuuineuesiassnuuaidadiassua il wilugud unzaaesis

o a 3 o o
Tsuusineunesmasuuvaiasiusiau i uifugud

= = v a’ o a o = o
TulSyninusmutivzinausmsins g inen1spsaiuLNesAredanA I

o o 4 St e d as L4
Tsuuvitnneunesimesnaiadusedu iudugud

1] [ d =
1.2 ANUjanINaazIAgLTEaN YBINISANY)
< o ° s o J a dd Y o
1. Ay mdnmsiiaigs lsniaeunesiassmiuadagius sau I uilugud
b 4
2. ﬁny1116"ﬂmmaﬂuuuua=17unaumsaammwanwnﬂmmuv‘i’ﬂaunafmaf

wuuedasiussdu Tiuiugud
- o ’ o o 'S a od Y
3. AnmannInuaNIs Tsnuuiaeunesmesuuuadasiussau Iliuily

o o o a od Y o
4, ﬂ%"N'NilTN ﬂiﬁi‘lﬂlu'll'i’lﬂi)ul'Jﬂilﬂﬂillﬂﬂﬂ"lﬂ‘lﬁ’llﬁQﬂu\]‘ﬂﬂ'llﬂuﬁutl



1.3 VB UIUAURIIATINY

- Y o o s o a o o
1. ﬁﬂlﬂﬂﬁﬂﬂTiTﬂ\ﬂU’Uﬂﬁ?\NiﬁT‘]ﬂ!u‘u‘ﬂﬂﬂu!')i’)ilﬁai!lﬂﬂﬂ?ﬂ‘lﬂﬁﬂﬂu"lﬂﬁ"llﬂu

[ ]
=
S-1¥

o 4 o a  Jd s o
2. onULLI9TIs Tsnuusinsunesms suuualadnsanu I ugud
o Y ° o o o a o s
3. Suynfunsihauvenisess Tsuuuineunesmesuuumiadnussdu T uiu
o
qud dreTsunsuiia’lils (PSPICE)

v s s ' a od o o
4, fﬁ'N'Nﬂ7liT‘Bl!“ﬂﬂﬂﬂunﬂﬂﬁﬂi!!ljﬂﬂ')ﬁ‘m’llliﬁﬂu1ﬂﬂ1lﬁuﬂuﬂ



o
UNN 2
NYHYUATHANNFNINIHUBIIIDS

A ¢ d v d ¢
ﬂmmmsmmwﬁimuuun‘umi:mnasmm

LY o o/ o o A d oA {24
219951tasiuLsIAY DC-DC edovann s uuuuaIas ﬁmqmé’hﬂmunmmﬁm
=) ° - [ =  do - o
ﬂ:ﬂiﬂﬂﬂﬂ1i?’nﬂuﬂlﬁ\3ﬁ'}ﬂ‘fﬂg 2 Tmm ﬁdﬂ ﬂﬂl:ﬁ'}ﬁ‘lﬁnﬂ?:l!ﬁl!ﬁ:ﬂﬂl:ﬂ?ﬂ‘fﬂﬂﬁﬂTﬂi%!!ﬁ
T =Y L4 ﬂ a Ia d ~ ] - ll AR A g o o P
lasadagrziiualagaiannisund 1wy ueaiia 1o 1990% BININVINUG U ‘mammgﬂ‘ﬂ 2.1

() 299sauyavesIndadzii 2.1 @) wosidnaomseau I ueiya da3ali 2.1 (A)

+ Vie - I
—
+
+
Vin <_ B R Vs
()
——/ l[_
O
—
+

()



3
Vs
ON | OFF | ON
—

Vo Lot

T !

(")
§1l?; @.1) (n) 2asasiunsssu Idihinssuaase- nszuaﬁiaﬁugm

Py 4
V) NVINUUNYDINIAY

@ usau iaueen

nMsszmuNvazaIafias cumissey Tihdusentismiuns sdu Tdhdnud
S A < @ o 5 o ¢ & o a
yuzrhadadvyamhnsznanswu iihdussassiifimifugud sutrasdyanamuli 2.1 @)

szanmnsamausIay 1MW Inssuaasunfg ldnnauasn 2.1



’ﬂ|._-

jvo(zyt
{

T
v.di + jowj
DT

N -

(

DT

:%j

0

@ [r @)

DT

= us ey Iivhve sumasss

Y ;:y ~a
= #78 lAa

& a Yo o v - = Y 1 Y o v %% 5 Y
enansiiluenasianulidmsumsldanunenisfinyvingy ldeygraliihlulddssloviaunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly




w Jd dé
2.1 NAFUNNDUIIDIUADI (Buck Converter)
LY LY "] o J A o 9 [ [y 9 A o
NISNBUITAVLS AU NReUNBSInRS Huasesni Iszauuseau TWihduseniinid
» as = [Y ar o =3 I & ~ ~ =
Awseau g Feedoudnmsvitutla-ila  dreadadaidanseiing Iuinetinug
Y qy 9 ° o A a od o a A b4 d ~
ativiilfueamaimihiduaiadaahauianuiige  teemedueninavesses  §lave
o . ' Y ¥
Hames (Low Pass Filten) min ussu s uase nlianuilunszuaasandy sxuangaens

o

18999519 2.2

9

S
s Y

‘ R
@ &/ Cr =

AN

71 (2.2) uAAI2995 Buck Converter

msineyil 2 domay fe Taiadndriinicua. aegil 23 saz¥asiaiadvga

o - - 2 A 5 - a 2 S A
HnIsue mgﬂ‘n 2.4) %imi'u1ﬂizumm:ﬂgﬁmﬂiz!!ﬁuam’gﬁ%zmﬂﬂuﬁ"wﬁ’nm)ﬁm

S 7 A
‘ o, an'as!
| A ¢
E I +
| +
b R% v
I{g V—VD Cf——’ﬁ <
]

A . A s Jf o
UM (2.3) nranresauyniisadadihinszua



+V, -
! o & waZY\ .
; .
R
i L Vo
Y, 2; D Cf —

717 .49 namsrnsauyaiiendadvgmins e

d o e d é
2.1.1 UAFTIEANTHINUVB 805 UNND 1LIB 6103

2.1.11 aowsiiddnahnseia

vaigiiniad thaszualaloa IWsnussdu T Gaunauilfla Tealithnsznaton sy
aszua fhnnivdsioivaiudaiiederenioaus sWumnaTeuRamtenhazRAi Segii
2.6 uaznsztai MasuRamiionAlY fegtft 2.7 @aeiiandihnseia)

ol +V, <

]
[}

71 2.5) 2eseruyavaizadadiinssue




A
V.=v,
t
DT T
— Vo
v
51l (2.6) useeu Ibihanassudamiignia
AiL e
2

S
D

. lf
<
/

'

1 2.8) nszua b Inadudaiinlszy




{ o &
1n31ii 2.5 1¥nguesnesverd musadouiiuaumsuswuliihyesresgeey

Taaunisussru IMfanassudaamiisnivesannsi (2.2) M3eaunsn 2.3)

VAVAHV, = 0
V, = V-V, @.2)
V, = V4V, @.3)
V, = V.
nngaaiaRamiioni
-
v, = Bo
dt
wnue 7, asluaumsii 2.3 121831
di
Loy ty,
dt
ALV =V,
At L
yasiadndinssa
At = DT
ST R
DT L
ae Waums AL lusefiaiasiinssuadsd
) Vy, -V
Ad i :’( 2 I o)DT 2.4
EL)
. V.-V,
AIL(close) = ( I ‘)DT Q.5



d' o, d o
2.1.1.2 g usNa I YgAIN STME
vazfindadugminszua laTealdsunssdu i laTemhmhiinssuadagl

4’ as -e:' L4 o Ci o g v ¢t @
1 2.9 ussiufianaseudamileniinclisminy -7,
S

+V, -
o o Y™
L —
I +
R
Vo
v, A D Cr —— ?

3 o 4 o d °
711.2.9) 2aninmsuneinesvaizaiadvgaiinssua

o v o a P
nngili¥ngueunesverdies Idaumsus wuldihanadendaviloahsaums (2.6)

A=A 2 26
unum ¥, =L% aslumnmsi .6)
Ly
dt
& 3 W
At L

v d oA ° 0
sasadadiiinazia Ar =1 -D) imuatadlununisdisdy

NETIRL

(=D} L

o 4 :
vz Raumsdanmsnlasunlasvesnssua i,

4
Ay openea) =—LL(1—D)T (v %)

10




[y 3 J
2.1.13 EWI51‘"3“3‘“ﬁ»i']\ﬁ]?ﬁ/ﬂﬂﬂunailﬂﬂi
o s 4 ¥ o ¥ o 4 a A ywyd o
33“5UﬂﬁﬂulgailﬂE]iﬂz'ﬂ‘l\ﬂu1ﬂuiqﬂu1ﬂﬂ]ﬂ“u@@ﬂ“ﬁ-]ﬁqqﬂ%:lﬂﬂﬂlu‘lﬂlua@ﬂi1ﬂ13
c:' ~ ' Y = ° [ - A ' a4 a o
s‘ﬂﬂﬂ‘uu‘i_lﬁQM@GﬂiZtlﬁﬂ1ﬂﬁN1uﬁ3!ﬁut’nu11u$?\1ﬂﬁ3ﬁ‘]ﬁu1ﬂi$um!ﬁ:%N‘ﬂ’d?ﬁ%‘ngﬁ

o ~ ot LY o L) A =t A 9 o -
UIATTHATSHAUNIAVFUSNAYIIR VIO ﬂ1ﬂN'PJu111?”“15ﬂ!1!814!ﬁ1!!\7?]1411].lﬂfN'ﬂianﬁ’l (2.8)

AiL(closed) + AiL(opened) =0 (28)

v, -V 4
=t DT ——=(1=-Df =0 2.9
( 7 j L( r 2.9)

Lv=rIp=K bl =0

W.-¥ -v,(1-D)="10
V.D-V.D=V, +¥,D =D
a5 e SR

¢ o P

¢§ Qs L o
‘lN'i]%ilﬁﬂﬂ NVNIUITIAUYDIINITU ﬂﬂﬂuliﬂglﬁﬂi UM IN'(2.10)

V.
—2=D 2.10
v 2.10

A s o d d [ et 1 t a
ATUNITN (2.10) HAZAAUTULRUBINTUNADUNBIABDT BEHUNAI D ilzum'lé"]umu

1 ms1zusaau T imsduse nezdsatiantesndmsean M A uaue

11



2.1.1.4 pseua I lvashudamiiani

_L ‘r

AN

AiL/<———>\/ \\

717 2.10) nszuadTvasudamileni

z
2

—R—

{ i v ar 3 P 3 * a 2 v &
aszua I un e Inadudamtisaimimmasy nszuad lvaduTnaagadowidu

aums ldaeaumsi .11

DN\ /4
Ve

IL=R

211

msaageimmassnd I gaganazassuaiidigan inarudomiloniey

o~ ) o ] i a o v v g
s lusasiadadvgriiinszia 9131 110 muhdassnsmauminszia thgegedilva

] @ ~ o a PO ) a4 o 24 4 LY =
mummumu‘nnmnﬂmsmmﬂizua'lﬂﬁmaaﬂumenuwmammmﬂaauuﬂawaenszua

{ v o 3 o n 4 = LA KL o P
Alvadudmiionin (Ai) FuSorfinamwdwns uglaunis Tddauasi @.12)

o= L
S

AIL(OPEN)
s i)
TR L 5

I ) - I AiL(opened)
L.mmn L
’ 2
V I
=L Ll g pyr
kK 2| L
1 (1-D)
[L min = 4 -
’ R 2Lf

(2.12)

(2.13

12



A Ao o o W o = ' o = o v A
Gou lundiaydimsumsirauluTuuanszua A f Tvarwudamiioniuwuderiies

Aenszuad Inaduguvtioniesasuilunssuaulneus aunsne.13) mnsotianldiums

ma i Tagaridaniienihmdesngandi Iduesannsemaululuuanszua

aoitlaam o lannaun1sn (2.14)

vinauns 7, ansmilddmuanmisdhioueeses sgiiesihiouluTnue

4 4" A L d' A * L4
AsTUaABIUBY (CCM) maiﬂmﬂs:ua'luﬁamm (DCM) Feznanluunnsesnuuuleesin

o -4
ADUINBTIADT
Ime =7 L—(i:g_) =0
’ R~-2Lf |
I {l-D)] _ 0
R AT3Lf
i\ ~(1=D)
R\ DI
a21dn

(2.14)

13



d‘! (v d
2.1.1.5 Arszasnnauvsnssiu e wins
2 9 o s 4 a a v g idn ~ o Y
ﬂqumﬂu%msuﬂﬂaunasmaﬁ:mwsnsmﬂ’nuﬂuaqnmmmn'lummsﬂmz’ﬂﬂw

a -3 a 4 o @ da
usesnuNIIATUeen (V,) SonTamiugauaa iiewinanusinanisdivgnsainetsaieingyl

YB9WIINNABUNIDTINDS

iL IR
— —>
—_— BTSN >
ic

-

I
| B
b _.,..._"'\/\',..-_.m..._, -

1l (2:4D) uaanenIns wavaenszug idiludauae

91031 2.11 minszuadi varudaiinlsze 1dnn

PEKERERRh (2.15)

14



L,mn

=

(m

~

)
}
s

(W

N @.12) () pszuah vartudamteni

o v o a
(W) Aazuai Tuarng unuy sy

«— Kk —

a D o d ) W @ o
WAz svaraulszy ¥snnaanuiavesaatiulszyas ldaumsvealszy

Q= CV,
AQ = CAYV,
Nl

C

[} o Tog P2 U o o
A1 AQ munsdrsmeinwuitldanuesassuen Iwarmannvlsgy

A
0 = }(T) stz
~  2l2) 2

dieunuat AQ asluaunisi (2.16) (Werssineuia)

(2.16)

(2.17)

15



o Yo

_ T*(-Dy,
8LC
vmsvasnaauvews ey IMfhndueen
1-D)YW
AV, = L————)—Z—"- (2.18)
8LCf
uazes 18A18n3152a8nAAY (Ripple Ratio)
V. £
2oNNIAZE (2.19)
v, 8LCS>

° 4 ar o 4 o
InauNs (2.18) fdassmsnaldsasnaausau i wegasesiidiissasdan
¥ a’ L= g o A
1AW 1 sau I inssiaas e snGsunIAYUaINI 59 1A a0 91U 197D WeTET
o » a 4 ' 1 =] & p v e
W iavuesannis ag)distasiiganaerii e D Tdudrladuita 83 Fniiedevinhisd
r~J A * o a o A a v o e A A a
vosaus (2.18) iM109 Tnsmistiumdamitianii niemusautulssgnsemunniug lu

v 1] ¥
ey v ntudssin Iannsa lasnsmusiszasnaauvesussau s usen 14

16



diinmemanai nIzveuniaAnizl

‘ ¢ da d d a $ o
2.2 mac'l?mm'nnV\Iaﬂcmmunmﬂauna'smasnmnmn%ﬁusmu‘lﬂ%

iWhugud (ZVS-Qsw)

L
il‘f : i{ l__/Y[\l/\ﬁ _|
Q ~ !l 'L_/‘N‘r‘ R
N ; ;

.
O D#-==C Ve C RS v,

L

31 (2.13) 209 5eruygave s ZVS-QSW Buck Converter

2.2.1 WAT12313995 ZVS-QSW Buck Converter

Hann1snIaI
} 4
HAANM ST NUYD 3993 M saustumsunsyhem 18y 4 $290m Tasldrunisms

¥
amnmmé’mu’lu M AAENRSBTINoATIMIIUVBIINI A

+ VC' =
S I g o]
Cr
‘LiérfWY\_
+ +
V;—::'- ZXVD ___;Vo

31 (2.14) 2993 ZVS-QSW Buck Converter

. LAV, S .
i,=C dtc i =£VL(t)dt+1c(to)
v, —]V (et +V.(t,) v, = 1%

¢ —'o L A L~ dt

17

83113



o 4 73 5 l

o /‘\
Ui 2 e
il asyasid vy, Vi i i fHifntuluae:
Intervall  (@<t<t)
(3970 Switch wm off ttax Faiiulazgs Teuuus () AV, = V-V, TuvaiziReaiuil
Vg = 0 Mae o IWla Toa liviven maanlusasnsiisfamen Touuudiussnii
ks Tauvud ©) fudamiioahs Tanuvd @) taziinmh s afudsgqs Touwudiin

L

M w & e 1 &
mImelazgaunseis Vg, = v, uazluneinoanuil vy, ssiiveunisie v = v,

+ VCr -
-+ VSW = _ic" y ict ”
‘Lil;l’/'YWL
+ +
H-— ¥ JTE- v,

71 (2.16) 29931y AYB ZVS-QSW # Interval 1

18



KCL

c"VC - [ 12 (t)dt+zL(0)J

Mmsudasatais

clsv (s)-7 )= =57 (5)- 1(0)
SV(5)= V(O): __._.V(s).. ig_)
V(s{s + - ] ( )_ @

R\ (anY & > S? SC-
LCS LCS
V(O)‘ = 1(0)

3 52+L %- [S:*'—l-j
LC ) C
[ 1 1
=2 () JC | Altc ©)
= 1 —JZ v 1
S2+-——— S2+_____
LC LC
i ] 1
= Sl v(0)- 25 L i(o)
S+ — L {g2, b
L LC | LC

91 V)=V, -V, ,Z,=a,L , @ =—
JLC

19



simsatmaduisa
v(t)= (Vg —V,y)eos @t — 7 (0)Z, sin ot

~ Vv -V ~
i(1)= (—g—L)sin oot -1 (0)cosw,t

[
vinns il V(n)=-¥, , dmuald 6 =w,(, -1,)

- LS (Vg -V, )cos g, - T(O)ZO sin 6,

V ° o o
M0 M =-% i3 anmadae ¥y udahmistaglesld

w |

0%, sing, =0
V 1

&g

M+ (1 =M )cos 9, -

Interval 2 t,<t<t)

(1.1

(1.2)

(1.3)

(1.4

* 4 v ~ ° o a - T
dpifiguINTINANIEAN 1V, =V, Jaiid laTemitens s1agun 12 e3mudn

V,, =-V, tagninnsinais lauus lusasnaisn asgualuad unilonius Tsuuuddnasom

puauiAvesd antisni Tasmiolszyeanuiuuuudadusunsais i = o

+ %r e
—) Ice

‘ 3 'Lr

71 2.17) 29vsauyaves ZVS-QSW ¥ Interval 2

20



9109993 i()=1i,

1% ,
:ZJ‘VL(I)+’(’1)
4
V
:‘Li(’7 "’\)+i(t\)
VNN Y, =V, =V,
7)== 1)+ 7(0) 5)
gAfugAvesTInaTiae i(t,)=0

o (gt yrle) =0

1 /YA
(tz "’1):’(t1 )_I;—

0

0

M o, f;}mﬁmums @t —tl):w7°L—°—i(tl)
0
Z \ =
Gl =29 (z 1.6
I % (1) (1.6)

1 @ unulu6)

Y SRSt =
B 2= —(’—[—(L——O)sin @4l = i €O0Ss (ootl}
Ve,

0

Ve, = (Vg =V, )sin Ot = 7(0)20 N

NN M =

M6, = (I=M )sin§;~ @ZO cosd, .7

4

21



Interval 3 (t,<t<t)
) qy 9 A o’:; A t:' . o’ c{ o LY
Tusrsnmitldmanss TsuuudiuTaosud i, = o naznszualudaumiioniilvandy
~ ° o ® ~ lw o )
WA 3oi I laTea livhaounasi Idiianmedszgiidaiulszyc punssns v, = v v,

i 4 v
sazlunanfsinuil Vg, 92aaa9unsene Vg, =0

+ Iér -
P
—p IC[
I,
+~ +
V__L 5 1 y
g T_ - o

710 (2.18) 20930308 ZVS-QSW i Interval 3
KCL o=i, +ip,

(4 cr

o= 0 iy L

, \
CiV—°={%'[VL(z)dt+i(tz)J c 5, =0
[

\di

Mimsudasandais
Cr ()= V()= 27 6)

SVAs)+ —= iy () =4, )

LCS

na V(L)=-%,

1 ,
V(S{CS + B‘} =~V

(=
s |
LCS
S
Vis)=—¥, 1
» S+ —
LC

22



ymsutlasanlarsouidie
v(t)=~V,cos o,(t; - t,) (1.8)

AqANBYBITF AN AN v(,)=V, -V,
10AUNT (1.8)
V, -V, =-VF, cosa)o(t3 —12)

g

V, -V, =-V,cosb, (1.9

4

11 V, misanea

(1.10)

23
& a Yo o v - = Y 1 Y o v %% Y
enansiiluenasianulidmsumsldanunenisfinyvingy ldeygraliihlulddssloviaunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly



Interval 4

(537 Switch tum off UAZIHBIINYINIAN 3 A Vg,

14
Mg, =

A a d? o ~ o 4 .
pszuannayUMe TUA T oS T G,

(t,<t<t)

' < A & a ¥ o & 2
PN 3 UDZIWHVUUDUIFAUTUIUNITTYINOIA ] NI

_ i
Viw =0 e, f—‘i
T

AN

KVL

HAmsutasadars

mlasanardudsa

9 ] A da A 9 [ ]
LAYAM Y INIAING AABTAITUAUYDIFINININHUN

(l

Vi~

=0 uaz

p T 4

Ve, =V, -V, M

' a [~ [ - ' a Jda ot v o
0 1wwAy nnglsziunnseud i Ivarduadagfenssumagadudy

=iy) 196 i 92 Inanduniamedy

f
Il
i
4

l +

FU7 (2:19) 29950 a¥B1 ZVS-QSW Tl Interval 4

7 ey Wy =)
Voo sV oW
di > R
dr,

LESL(s)-i(t; )=V =

= T)

i)= i), ¥ e, - 1)

0

ife,)=i(0)

@ums (1.9) wnulu i(,) vesaums (1.11)

(1.11)

24



. -V, . 1
’(O): ZOO sin a’o(t3 _t2)+ Z:(Vg _VoX’s _t3)'z);:—

(1.12)

& a Yo o v - = Y 1 Y o v e‘gs Y
enansiiluenasianulidmsumsldanunenisfinyvingy ldeygraliihlulddssloviaunism

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly



a
Unn 3
N1IATHIVUUASNITOONULVIIDT

3.1 Unn

r v v
b o/ a4

::l e 9/ @ ° A 8t =t 4
Tuunilewifeadesfumses nuuusiuuniaig q ARsadesivissaedauaising
i3 Tsuuusitinneunesmesuyuadasnussau I uugud uazdoyalunis@enldailnael

a3 9 lursesasunesinesiuuaiasiussdu Ifuiugud

, ~ ¢ das - d ¢
3.2 n1saanmmmn'N«‘nsﬂ3acumm3snﬂgﬂqumu‘nuﬂﬂaunasmas

AMUAUTIAUBUNA 20V — 25V
HSIRUB N 15V
Tvaa 50-156
pamdadaddigs . 100kHz
v,
W8 = 7
in,mn
I,/
M=t
V:n,max
4 “ P a
e M As . @qdlufa
V., fle  asdudiudivednes
fn "\ WIIAUAIUBONYBI NS



FIINSUAB W YA

I =—° 3.1)

/ =—= (3.2)

e R, fs Ivoa

unuel, =15V R, =5Q,R

min I max

omax

omm = S
g 15

o P2 ° v o LY [ d
3.2.1 ﬂ]iﬂﬂﬂ!!‘U‘lW]'Jl‘}‘iuﬁ'J‘i-“!!ﬂzﬂ?!ﬂ'ﬂ‘l'iz‘q‘llﬂx‘iJﬁ‘ﬂﬁ'ﬂﬂﬂﬁunaﬂﬂ@i
N198BNUVUAAKHE 11
LY ~ o 1) 1 < =3 é’ t as A 4
auntieath duussnivan lusnumanszivegnunszad v, easziuaTvaan
' 'Y =1 o % 1 A 3 =3 = ° 9 * o - A a Eh <
Tnaruduniienifianiudu deorsiikadiliununuivaninannsuda 1&naziienny
[ d A o ° v H o v -1 [ s : o/
mimanduda pegsiridaaumiisnihlunnuntmaniiaaany dniuluniseenuuud’
mileth suunsdssiinissrysmnszua aagega Msannsesiinmseanuyifeniny
] < A ' a A o 9 9 [ ] o £ A At
mitanioz binen15suda1d_mzdtoauvadenainiild Tuasaifiaszualnaaiiaiges

v g g Ula ' 2 e
‘Uu’lﬂﬂﬂ\i![ﬂul!ﬂ!ﬂﬂﬂﬂﬂ:uﬂuTﬂi"ﬂJUTﬂﬂUﬁ’?m‘b’uﬂu

S AN/
VN

7 6.0 nszua i Twadwdamiioni

27



(Y si ° et 5 4' o [ d
n1ssenuuud uniahd e EnagauiuidiniuunumesTsn
(M) MUIUMA UL

INAUNITN(2.14) ATUINNIAIN1INHLEND

L — (1 —Mmm )RL max
min Zf
_ (1-06)15
“2(loox10°)
L =30uH

menawiule 1831985 Tutuimcem) WssiudendiduniiganialduinaiizouH

9
e

£ M v
AYUUTIU[BNA S5uH

@) A (4,)
TumsesauvvasiedaniisnhL FedyNased1tieteie danilaainzdesly
A as Px] o, SN el ‘1' Vo oo
audud luvasfinssnmeminalinigega Tasdsmssonuuui l$iu i muavuiaveainu
» v b ¥
AAHAYUUBINUN (Area Product | Ap) I¥MINHUNEAYINUBIUNY (Window Area , Aw)

& N 3 5 a/ v hd 1
FIPWAUNUNANA VIR IR ITUNIITNE.3)

2F
A S A A, = (3.3)
kk JB_..
& & 4 4” P s A’ P ¥ o o : P
e 4, 8\ AwaguNUNI M I NRUNTNAAYI 1VeNUALAUTILT SgUAala
- 4y d'w
A, fe  WuhKavauedinu
¥ v ¥
4, fs  wWunnldussyuania
E  fs  wiwwhazauludamiioni
4 (K]
k, fAs  mdnlzaeunilfdszloninunnlFussgvenia
o [ * o [ o/
k, fin  SAIdIUTTMINAITUAIAATUNIZUAB T BUBT(RMS) Y8R
d' 9
milgai
J fs  aawmuuniunszualuidunianeaiag
[} o d
B A8 snumuwniuddnggage

28



wasnuNazavegludamiionidmnldninaunisi.4)

1

E= Eujm (3.4)
il
Al
IL,max = [L + —2—L
Minguaulianis Iiihvesases
Jrf=3.4
Al, =10%I,
=0.1(3)
=03
Aariuey 18
Fyact =3+°—;l:3.15,4

unuel, . =3.154,L =55ufd asTuminish (3.4) e¥ 1890

E\-—-%(SSXIO‘GX&U)ZJ

=027mJ
118491011870 Crest factor: &, 9z 147
1
k =-m
1
e I,  Ae  nrzuAgeqe
I As  AmnveshdaeundovensIud

unuen I =3,7=2.121 adluaumsduduesld

k, =14142

29



UNURY £5=027mJ kw =06, k_ =14142,J =3x10°4/m* woz B_ =02 03luaunis

#3.3)

o 22rx10?)
A4, =44, = (0.6)1.4142)3x10°§0.2)

=1.0606x107°
=1061x107"

=1061 mm*

Judsnunues lsauut EE25/20

®) Muamisinusauluniswua a1

P> ¥ o a =t o ¥ o o
awd [gRuamtiening dalanowas TassnusouyeInIanoda mmm"!ﬁ'

INAVNITN (3:5)

N: LILnuL\
AB

¢ max

WA, =3.154,L = S5uH, A= 4lmm’, B = 0.2 paluauniii34)

L max

(s5%10)3.15)

N = Y02)

=21.128 ~22 501

(3.5)

30



() VHIAVDIVAAIANDIUA

I
a=-— (3.6)
J
P A 4 4 9o
1o a g WUNHUIRAVDIAIANDINAN
- v 9
J o ﬂﬂm‘m”lllu'uﬂi:llﬂ1ulﬁuﬂ]ﬂﬂﬂdtlﬁd

unum/ =3A4,J =3x10° 4/ m* adluaumsn (3.6)
3

a=————

3x10°A4/m”

2
a=1lmm

Tagalranauasin 4R Ao aaanediauuss AWG26 (a20 = 0:519'mm* @ 0.8128 mm)

3 k7
VIUIU 2 (Y

(@) Y0901l

FZULAUAI WYBIFBI0INA(AIr gap) N 1T lARIA WM Heniwnndesnisantsa

s ldonaunish 3.7)

A x10 NPA,

L 7

3.7

WU N =22, 4, =4Tmm* L =555 0 lwatin1sdi 3.7)

[ Amx10722)° (41
¢ 5510

="4.531 mm

31



mseanuuuaaunvilsy
Ed
Ay Mihwesdaufinlszy Idihfinsannnaunsadillavews e wina

. ] ¥
aun15#(2.19) 92 Wdaumsi ldannumamamg IWfhwesduiudlszqad

N AV A
o 8Lc:fs2
C = V_O(_l___&“_;_) (3.8)
AV 8Lf

WAURN AV, = 0.5%V,, D, =0.2,= 55 f-=100kHzas luaun1si(.16)
~ ¥ (1+06X100)
0.57, (8)55 x10°f100x10° )

=1818 ukF

[l > ¥
ires91nluases ludeens Iusesau Iddhdweeniia s didlan i uamdmua Sadena

anvyesdanullszgfimandmmanon 1 saden C'= 640

32



3.2.2 mseenuuudaviisaiuslsmnmuasaafulszqislaunum

VN auldlunsesnuuuNimua
M_ =06 uws M =075
(M) AmAUREEIN
Tumsesnuuudamiionins Tauuudt szlfasmimduiussznin p du J @naruan o)

wwlumsdwon Tasmndu M naz M, aslunsilsgnina pfu g

p3
1.8
1.8
1.4 :
!
1.2 -
" 1
sinsays F =0,425 34 '0.52° 'r
0.8 - .52, 1.062113311) —
0.6 pasias, N AN o -
~
0.4 == -
0.2 = < "\\ = \\ i .,
0.4 0.6 0.8 1

71 G2y arwluaasma iU szndn p iy J

33



4‘ ~ o
Qo lvlumisimsizd

J =
. L
base — ~
ZO
2z'lé
17
J =22 (3.9
Iln
P - » 'Y A a o
1149 VA fle AR NUATUNTUB U WA LY

nszua Izl per unit

o) !
=)

NannzAuddIga (fs,mm)

Iomax 'Zo
T (3.10)

@den f, . =0425 wlR U =075
wnuen J_. = 0.5 asluannisdi 6.1 iewt Z,

% (€ Jmax 'I/:n,mln (3 11)
P Io,max .
_(0.5)20)
3
Z, =3333
910 f,= J s (3.12)
Je
e £, Ae  sasdauszwinmadadadgnuaimdis Tauuusd
£ fe  admdisTanuun

34



unua f — 100kHz asluzumsi (3.12)

n.min

=0.425, f

S,min

fs,mm

L=

100
0.425

£, =235.294kHz

fannzawdgaga(f,,..)

[o minZo
Q7 (3.13)

11, max

mn

wnueng, . =14V, =25V, 7 1=3333 asduauntsi (3:13)

>7 1n,max

1 4 (1X3.333)
25

J. - =0133

nns @, =0.133 9218 7, . =08
AT (3.12) AuhIan T JROWNUNMUA S, = 08] £ = 235.294kHz a8 Tuauns

# (3.14)

fs,max =fn,max 'fr (314)
=(0.8X235.294kHz)

=188.235kHz

FanrmdiiliifedTs Taaiavadad (zvs) szeglusa £, s .. A8 100kHz-

188.235kHz

35



desmswnamtus Tanuud (1) wannsommdamiionis Teuuusi (2 Juas

Aufutdszys Tsnuudt (C) TRewannis (3.15) uaz (3.16) awmdiay

Z
L, =-2e (3.15)
27f,
1
C, = (3.16)
24.Z,

MU Z, =3.333, £, =235.294kHz asluaumsi (3.15) uog (3.16) amd iy

N 3.33
"\ 27(235.294kH:)

L =225uH

1
4 A
" 27(235.294kHzX3.33)

G L0203
' P2 a o v oo oo = 9 4
smammiioniusTsuuun 225pHuasmmnulssymiioniusTauuud 0.2 uf
@) Annammim (4))

wasuazavegludamiienhidman lRvinaunsnG 4

1

Ay

;

36



sinquantianie Iifhweies

=03
aariuez 14

faams =3+%—3—:3_15A

Wnuez, = 3.154,1 = 2.25uH artyaums .4y v 189
E= 15(2.25x10'6x3.15)2J

E=11163x107°%7

UNUAE = 19.85x 10 kw/ = 0.6, k., =1.4142,J =3x10° 4/m*way.B, =02 aalu
aun1siia.3)

S 110634 107)
Ap= A, = (0:6)1.4142)310° §0.2)

=43 85x107"

=43.85 mm*

- P I
ﬁﬂlﬂﬂﬂ“ﬂulﬂﬂﬂsﬁ!l”u EE 13/13B Ac = 24.9mm2,Aw = 266mm2 ‘]Nﬂ“"ﬂﬁm

¥
T2UIN 4, 1 4, e luaasiaunse 1dunumes lsdnuui1d

37



®) Mnumanuseulunianud uniieiih

] 9 o o a 'y 9 ° o v v
aran lERuauniieniieg 1¥alansauas Tagsiuiuseuvstalansad auln 1@

INAUATN (3.5)

N - LIL max
AcBmax

WU, =3.154,L =2.25uH, A, =24.9mm” B = 0.2 2l uaun1sn(.5)

“(225x105.15)
(24 9mm? f0.2)

N =25=31991

(3) YIAUBIUARIAN DAL

unual =34, J.=3x10°4/m? aslumsinisi (3.6)
3

a=————

3x10°4/m*

a =1 mm?
Tasaanewuasniléiu Ao aaaneuannes  AWG25 (a25=0162 mm* @ 0.4547 mm)

#1121 8 1Fu
@) ¥o38 107t

LOZAUNINUBITBIBINIA(AIr gap) 1 1T IAmamilenhmwndesmsa s
s B naunisi 3.7)
wnue N =3, 4_ =249mm* L =2.25uH aaluaunisi 3.7)

4z x107(3)*(24.9mm?)
£ 225x10™

L

Lg =1.1mm

38



3.2.3 msidengilnsaiainduaslaleadias

= = o\ o) o/ A '
nsifengilnstiaiaduas laTeafinrsanvnfifausswunaaszuagagad Tnari
9
ar & \J L o o * o Qs o -l
gunsaliu Fermssduasy- sesagegaveswemadidinussdudounduvesaleadid
ifnfunsseuBuUNAgIga As 25V

mstien ISuemaszifienvinnisimesmazeunigegala 13.15 A

: : 4
7ii(3.3) nsvluaasnssuagegad Ivausdive

ienlduemmamied IRF 640 annisonuiniaus swuasy - wesa gega 200 Tamiuazaszua
e
AUIRDY 18A



maiienlaTenszienTaomsdinswnztudigeqald 12.692 A

1t 3.4y nsitaasaszii TR Inarau e Tea

} 4
ifen lalsadfwilaseadnmies MBR 1645 aunsanuinans Wudeundugege 45 Taas
Y d
uaznunszun luda luniundegena 16 A

55
IRF 640 HH

7
20_;5,,@ MBR1S B\ SR 0.2uF 60 R, 3 I’S’OV
5-150

= S

§ 3:5) 290sutlnsdiuu T EUAT-AT ZVS-QSW

40




324 aammumsmuqmmuuﬂﬁ'u

n‘feamnmsmuqu‘luTnuﬁusqﬁu(voltage Mode Control) destloundu v, ligs
2995VEWAIMAANAIR uazdesiinanfSoufoudygw Feluled uc 3864 PWM gn
eenuvuitiigUnsaivaniueguds awrsatiunesauuulffunisaiguussuyes
westinneunesines1d  TaoedesmAIR,,Cp, R, Ropger Coy iz auiingiin 1l
TednAadygraiduudaiduiiiarndawdesnseenlinivquaiad  Wesauszdy
usedu Tlfh&meande Tasaumsildainnumea R, (@efivi o vesled), C, dodl
w19 vouled) umadlumunsd (3.19) R, (ﬂwmwm"lw) R (Aefivn 7 vea'led)
waz C,_ (Aefin1 8 vesled) uamsluminisn G.2Dune (3:23) 29esmelu'led Ue 3864

PWM taaslugilii 3.6)

Error-Amp SV

F<Ys
oy

From NI
Feedback }
and
Reference

EIA Out,L

TII 1 ~ //imin  Irange
-LW—{I[T—<'——J.<I~~-5V Q (*;
. Cvco, Imin A 53 Clock One Shot Pulse
13 » L T \,@—*———- (Resonant Time)
5V Ll va, T sy i S J

-
e
L
=~
i

N 12K3.0,5v--
L Zero | =
1,

q1li3.6) 2995nwluled uC 3864
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T =R, -C, (3.17)

max

I =03T. (3.18)
& - ¥ g J o
dle R, fle anmAuMIuYsIdIdumudan
C, ds  mowyidiwesdnfudszy ihdsim
7. f8  $uoaunaiganesie
7. @8  funaniesngaiiesile
I o=41us
- o o
109AAANYLTZ9YUINA360 DF
INAUNISN (3.17)
R . Tmat
L4ax107°
360x107"?
R =114 k)
@enly R. =95 kQ
nnaunsh (3.18) 9z 18
o 203(#1%10%)
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3.2.5 M3928nlBY Voltage Control Output

3.6
E'CO mn (319)
, RH‘HHCVCO
3.6
E-co max (320)
' ( Rmm .Rrange j C
Rmm + Rrange i
fmuald
R =100k0
F, =100kHz
Mnaunsi .19y 14
NN
id RI'R!R F;c‘o
wnua1 R F,
3.6
N~
(100£Q2)1004€Y)
Cl. =360pF
mﬂﬁumsﬁ (3.20)
3:6
E’co.max =
Rmm ‘Rrange { Cvco
Rmm g Rrange
Rmm .Rrange _ 3 6
Rmin + ‘Rrange F WO max Cvoo
3.6 3.6
R R = - ‘R. + .
min range o . Cm }zmm me . va 1{max
R 36 36 Ry
F:m_max CM Fw:o,max : CVCD Rmm
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Rmn 4 _Rran '€ 3.6 = 3'6
g “\F___.C_-R._| F_.-C

veo, max veo VCo,max veo

3.6

R _ Fvco,max 'Cvco

range 1 ~ 36

Fvco,max ) CVCO . len
91AANS Simulate ¥ I¥MS WA F, =188 3kHz wnusasTuaums® @.21)
3.6

— (188.3kHz (360 pF)

range 3.6

1-
(188 3kHz (360 pF(1004Q2)

R, =113.250kQ

range

wenld R = 68k

range

(3.21)
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3.2.6 MIBANUUVTI NV TUINAvBINemHAR 18I 5 UINT ZVS-QSW

IRF640
}J
] .—
UC 3864 ’% f—_ '_'_};YS’Q .
Gy=3.3uF 11 C=33yF
0 . 15V
3 7 D1 1N4148 ?Re« =lQ I
[_) Oz 18V

—

I

FU 3.7y ssTuinavesemaMA T M iU ZVS-QSW
Tunstunavesuemnamasd s uiees zvs-Qsw sniludesadasssdunani
msusnfums Wfhsenihnesmugeinasmaiine Taossesdunaidemiunuy 14
& @, 2 " o v
nifeuilas IihdumasIdagaii 3.7) mseeauvuadisndeutas liihdsndnmuise 14
uauvinada ldiieseindeiudine i duauden Sudenauaues Isauvy Er-19

(A, =233mm" > A, =51Tmm* A, =1204.61mm’) SNIUTEDYOIVAMIALFUGHYEY

wisuas e 1ginaunisi (3.22)

V
N =_PM_."M_”E. (3.22)
e AcBmaxof;
tije N, feo  dunuseuvesvamplgugivesniendadinih
Vo 8 ussdugsqaedmigugi

de v, =1V M, =025 uaz B, =02T o8 N, =9 sou une
WendnussuvesvamanAsgiivesndeulasifh (¥,) Minhdusmruseuvesvania

Ugugil fie N,=N,=9781 Tasmaanewasitléiu fe nraneunsuei AGW28

(a,;, =0.08046mm* ¢, =0.366mm )
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FupurszeMihdnualgugii ¢, fesdunszuaddlnariumdendas i ifiesan

4

HIIRUBUNAVDTTUINAYB IR AT U INAYEY UC3864) ITudynmad
vIndiiszavdreduiuguiniug iwesduimlszyidih ¢, eudond i 1v14
a % % . A o g
AWMT T UUNYDIIIDTIT I FUUUNHVVBYNTY (series resonance) 1HBIINANAUITY
Iifwnzdaumiisnimedmdsuplvemdendadiih L, deenimimdlumsaiadedis
4 1 [] 4 -~ 4 v
rigane leidenamds Teuuuiiiy o.10iweswrwdlunisaded C, fAinawgdihwes

aunulszy I dnnaldvinaunsi (3.23)

100

i = )

&

we ¢, fe sy ldfhussiaiulszginiic,

L, 9/ smiaaumigihiivesdamileniil,

dunvilszyifmednmdogic aleasonszud D dadmnw. R, tax R,

Q

Qs

aefuiluasvsunauil (Clamping circuit) sliafinzsduannsoulalon D, udyanuiad

ot v ¥ a P o ¥ ' a

yanfifiszaue auiiugud mnsdanaivessnsuaaniideananimivna lunsadag
’ < & o as s o & o SO Sy ' s
stlufisanaieinuunavanssduanaseuduninlszy il C. i diaifendineds
R ] [ alid v &

veaImuesesinaui hittesndi 10 mwesaunalunisadad sy dfhvesdafu

sy C, srine' IR neanisi 3.24)

107,
A (3.24)
R +R,
de  C,  Ae  smawy MWssdaimlszy e,
R, fn  A1wawdunmuvesdadumuR,
A 4 ¥ @« ¥
A AIAINIAMUMIMYBIAIRIUMUR,,
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@ 9

drdumm R, aeretlesiunisesadanamadan (parasitic oscillate) A1 11D
-~ o v a ~ J 1y o o o
TumsesaFamalisigunn msesasanammnsunatuldnindunulszy Iifiung - sesa
sazAamilgninfsdaninaninalwevesamioidyg s lulsesduna usneiaianw
o [ ° U J . . @ 4
fAunmuvesfadiumu R, SlFhmuagienmdu (rse time) voaussduing - ¥asa ifon
4 ’ 3 o z ° 4 a o a
R, =10 Qe ldsranavuveanssdung - sesadwh iueanlamidesinisaiaddae
a o v 4 ° o @
G Mdmu R, derfterludumaiszy Idiheennmimavazuemmaiids
ngahnszud Fues lalea D, asuuverTuasiuiesinavuinusssdua Taf (spike)h

anasaung - a5 T A uNfansIAuINg — ¥93 qvsauemanias

I3 k4
DI IUYBLI993 AT TIUINTAIAATTAILAY 1Az N TTNAISTNBY

hdsiuez 1R 5ustamua Ra31NEG.8)
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IRF 640 2.25uH//550H
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20 - 25¢ SROF  ppgr’ TR =5-150 |
FS s sem
E
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Iy L2 171 —L
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0.1 1
o8/ 3
1.8kC2 20 4 boe)
—AAA—] 4 12
e (32 2P 0.14F 0.50
= 6850
Mg sz 0.50
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360 uF 9.5k
— 8 61— W\
i I 360 uF
a
L 2
= A e
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O - S
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usedulihfianasenlaloa(y,) fnstinandnauqudige 7., = 100kHz R uiile
Lo =34, V.. =20V 1osfinsfinnudnIuangeqe £o. . =188 24kHz Rady

tiie Ioin VA Vg =25V a4l




@)
3ii @) wannmsdmewniiiadyons Tsuuuivesdees

*ﬁw’@mmﬁ Lawseiu Il fimonsenema W)

sesdagnni 2 mnssua i iwarimenia (73,)

sosdnanui 3 anssua A Tnadugamilenn Il
i Tammunst (1)

Yosdaanuil 4 swssauivifiiaansenialen (7,)

™) 038 £ LT wa Wy

) i1 A v ;-3 70

A I3 \ o7 4 L]
sinwaitldsinnrysassezeiu @i mssduldihwanasouvediva’ V. annsis
A -3 1 ] ¥ o~ & L)
quiluvazindashiinszun I uasdeuadadinszua i Tufdelseser uifa

nmsqyieluvuzaiagy

43 MINATOUMSINALSIFUUUNUBIIIOSUVY Closed-Loop
sﬁanﬂ?wsﬁmmmﬁmmuﬁsﬁaﬁuﬁmwﬂnuﬁmsm ausedu Tfhitan
aseuuemn (V) snssua i Twakmweaa (7, ) snszuatvifi tuakud
mitenh v 3 Tl (I,) Az sdu fhilanasenlaToa( V,) ﬁnsﬁmmﬁmuﬁu
ﬁ:W(ﬁ Soonmin sﬁﬁémﬂalo,m =34 uasV, ;, =20V uaznsﬁmmﬁmuauqeqn Soonmax

Aatuile Iy, =14uas ¥, =2% &waslugilias ao'hlil
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91 42)  WavINMIIMARBeF YIS THINNMEs037indl Closed-Toop

Fosdyanud 1 Aussdu i ianadeuenia (7,,)

sosdyanud 2 snszua i Tnainmennia (7, )

Feedggnuit 3 Anszua i Tnarudamilenhdh

s Tanun (7,,)
Yosdayanad 4 sussduiiianasenialen (7,)
@) nsdl £ . .1, . waz v,

Smin

o) nsdl £, 1, uazV,

Smax
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199N 4.1 !!ﬂﬂ\iﬂﬁllﬁU‘]J!‘Vlfl‘llﬂ’lllmﬂ’nlﬂlmlﬂﬁ‘l]ll[l'u’Ni]ii]iQﬂU‘V!lﬂﬁinﬂﬂﬁﬁ]'lﬂi’)si

Vs 1, mm?imm]n( Joon YKH2)

V) (A) INNITAIUIN TINNIINANDY
20 1 100 83.5

22.5 2 144.12 123.1

25 3 188.24 165.5

]
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N NezmuIImaNuinugei ldninnsnanesesiisinuidesnifd o
¥ A =SR] 9 a 3 oo o v o K]
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3IEn1NAR0Y

1. YnyANANBIALzLIN 4.3

2. wussan 1WA 15 V910 DC Power Supply 34 APS<1 hifuadesnauny

3. srauseau 1vih 20 v 910 DC Power Supply 31 PAD35-10L 1fiuases marias

4. Tudinatus i e dnainszuaedng 1A-3A audidy

5. 910u59Au 141 25 V 910 DC Power Supply 34 PAD35-10L 1A12995n1ad1d

Y o 9 P
HAIMNITNANIA YN 4
Digital Oscilloscope DL1520

Current Probe

(5%

'_+"O—' =
Vi SMPS _ ] load
DC Power Supply
PAD35-10L
DC Power Supply APS-1

7 @.3) nsdayananssdmiunansInsshy AU AUIL YA
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HaniIneas

M990 4.2 HAMTIAAINI IR UIBIANAVBIIIITHDL Close-loop

I, v, (V)
(A) Vi =20V | V., . =25V
1 14.92 14.92

2 14.91 14.86

3 14.91 14.83

. é
4.5 MsnaaeUMsABUAHIIves I HINH uB A

A5N1NANDS

1. Sngananeadayiliiaa

2. 95 sau 1 15 V 910 DC Power Supply 71 APS-1 hifuieasadunu

3. guseu I 20 v 210 DC Power Supply T4 PAD35-10L 111403 madida

4. tudtndganamzenu bidue wnadensuna lineadnanlasunlasedis
suwdunn 14 T 3A ueven 34 Tddu1a

5. 91 aA W25 ¥ 010 DEC Power Supply 33 PAD35-10L hifuae9sniafide

ndiinInAnaInITen 4
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Current Probe
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e I ¥ NG
+ + B
Vi SMPS Vo I foad 1{ { toad 2
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DC Power Supply

PAD35-10L

DC Power Supply APS-1
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Stopped L] 2000/07 /01 06:24:59
CH1=500mV: : : + : : 2ms/div
ac 11 I .1 (@2msydiv)

; I MORMSA0KS/s)

BT A4 ok (oo

fob ok b foont oot Tl
4

................................................................................

=Fiter= =Qffset= =Record  Length= =Trigger=
Smoothing : OFF CH1 ! ————==c Main : 10K Made : GINGLE
BW © FULL CH2 : 0.0V Zoom : 10K Type . EDGE CHY ¢

Defay : a.0ns
Hold Off : MINIMUM

30 @.5) sudganansaulviiednave vasesnsau 20V idanseua Tuhiedvne

whasuiasedenundunin 1a hlidhu 3a nazein 3a 1iluia

2000/07 /701 062550

: 2ms / div

E I (amsydiv
5 ~NORMSQ0kS 4

Format [ FleName [ AutoFie |
BME 25 OoN )
wFiters =0Offset=

8moothing : OFF CH1 ! —ece—we-
BW : FULL CH2 : o.ov

Holkd OfFF : MINIMUM

71 @.6) pldgmnansduifuerdnavesaesiiussdu 25v dienszua TR ue1dna

nlasumlasegntundunia 1A Tuhiflu 34 vazein 3a T 1A
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4.6 dszansmmuazSilifavesnsaiulnfueinnvesises

4.6.1 UszdnEaINnue113959 Closed-loop

#1519 4.3 uaAdlsTanTNINUB 93995 Closed-loop AN1IZANY

Vo (V) | 1(a) V, (V) I,a) | R (Q) | dszaniam%
20 2.38 14.92 2.75 5 86.2
225 1.42 14.89 1.82 7.5 86.5
25 0.67 14.88 0.99 15 87.95

4.6.2 Silavadussdulvifue e

71 4.7 SuTavewssduIMAuerdwavesasesiussduihduna v,

Stopped g

2007 /02/06 18:53:08

CHI=Z00mV.
AC 11
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b
i
I
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T
1
sFiiters =0ffsel= =Record Length= sTrigger=
Smoothing : ON CH1 | ~e=c=a= Main 0 10K Mode : AUTO
BW : FULL CH2 [ ww=mwa- Zoom

=25V
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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 01600 0.1981
0.0201
33 0.1803 0.2235
0.0255
32 0.2032 0.2489
0.0324
31 0.2261 0.2743

0.0401




o3 vunaidusi yinalduruguinag P
. 4 wunwinaalna
AWG# guina iesaunuIy

1111]’1:Z

mm mm

30 0.2540 0.3048
0.0507

29 0.2870 0.3404
0.0647

28 0.3200 0.3759
0.0804

27 0.3607 0.4191
0.1022

26 0.4039 0.4699
0.128

25 0.4547 05232
0.162

24 0.5105 0.5817
0.205

23 0.5740 0.6502
0.259

22 0.6426 0.7214
0.324

21 0.7239 0.8052
0.412

20 0.8126 0.8966
0.519




e vuaduru vnadusugudnang J 4y
, 2 wuninhaalna
AWG # AudnaIs iiesaunuI

mmz

mm mm

19 0.9119 1.003
0.653

18 1.024 1118
0.823

17 1151 1.247
1.040

16 1.290 1389
1.308

15 1.450 1.557
1.652

14 1.628 1737
2.082

13 1.829 1.943
2.627

12 2.052 2.172
3.308

11 2304 2431
4.168

10 2.588 2.720
5.261




HMNAHUIN A

v

= 4
V032 V83 10BIUBT UC3864

L
H

o=}

PSR

..
y=
S

,.:'

-
0

o
€4

A
X .e‘t

s e = Y o (% v - = LY ' Y o v ¢ v v
enansiluenansianulidmsunisidauienisnwivingy ldeugelviiluliusslomisunisi

lidnsdilagiiadu dnviavnuiilvdnulasilent wagdesdnadadadivesenarsynasaninisunluly



1} Unitrode Products UC1861-1868

w from Texas Instruments I uUC2861-2868
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 resuit from the various

combinations of UVLO thresholds and output options. Additionally, the

¢ Zero-Crossing Terminated One-Shot ) L X .
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-
* Programmable Restart Delay pensate the overall system loop and to drive a voltage controiled oscillator
Following Fault (VCO), featuring programmable minimum and maximum frequencies. Trig-

» Voltage-Controlled Oscillator (vCO) ~ 9ered 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.

» Low Start-Up Current (150uA 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
UVLO 16.5/10.5 16.5/10.5 T 8I7 8/7 16.5/10.5 16.5/10.5 817 817
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 Fauit
and Bias and
R\ Logic SV Gen AR
Soft-Refl1s Precision
Reference
NI 2 >_ N 4 Sig Gnd
INV |3 =
uvLo
13} Vece
E/A Out} 4
Range| 6 -
One Steering FET A Out
Rmin|7 vCcoO .
Shot Logic Drivers
Cveole 148 Out
Zero {10 ' —————-Eg Pwr Gnd
0.5V
RC|9o

UDG-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 105V (OFF), whereas the UC1863/64/67/68
thresholds are 8V (ON) and 7V (OFF). After Vo 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 s 22V
Output Current

Source or Sink (Pins 11 & 14) . ...... ..o .ov 0. 0.5A

DC Pulse (0.518) .. ..ottt s 1.5A
Power Ground Voltage . . ... ... ..o o0 it vun o D2V
Inputs (Pns 2,3, 10,&15) . ... ... v, =04 to.7V.
Ermor Amp Output Current ... ... i .. +22mA
Power Dissipation ........ ... ... .. it 1w
Junction Temperature {(Operating). ... .. i . on . 150°C
Lead Temperature (Soldering, 10 seconds) ... .. ..... 300°C

All voltages are with respect to signal ground and all currents
are positive into 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 allflowing a 2 Amp peak current.

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

S
SV] 1 16 | Soft-Ref
Nij 2 15 | Fault
INV] 3 14]B Out
E/A Out} 4 13| Vee
Sig Gnd} 5 12}Pwr. Gnd

E A Out
EZero

E__]nc

CONNNECTION DIAGRAMS
PLCC-20 & LCC-20 (Top View)
Q & L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
Soft Ref 1
5V 2
NI 3
INV 4
3 2 12019 E/A Qut 5
W | _SigGnd 6
14 18 Range 7
5 17 RMIN 8
je ©) i Re 19
[7 15
11
{8 14 ’_ﬁ%& 12
9 1011 12 13 NC 13
A OQut 14
Pwr Gnd 15
Pwr-Gnd 16
vee 17
B.Out 18
NC 19
Fault 20




UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSuUnless otherwise stated, ali specifications apply for —-565°C<Ta<125°C for the
UC186x, —25°C<Ta=<85°C for the UC286x, and 0°C<Ta<70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, RmIN=86.6Kk,
C=200pF, R=4.02k, and Csr=0.1uF. TA=TJ.

PARAMETER TEST CONDITIONS [ min ] Tvp | max JuniTs
5V Generator
Output Voltage 12V <Vec < 20V, ~10mA < lo < 0mA 48 | 50 | 52 | v
Short Circuit Current Vo =0V —150 -15 mA

Soft-Reference

Restart Delay Current

V=2V

10 20 35

Soft Start Current

V=2V

Reference Voitage

T4 =25°C, lo=0A

4.95 | 5.00 | 5.05

12V < Vce s 20V, —200uA < 1o < 200pA

A
650 | —500 | -350 | pA
v
Vv

4.85 5.15

Line Regulation

12V <Vecec < 20V

2 20 mv

Load Regutation

—200pA < 10 < 200uA

10 30 mv

Error Amplifier (Note 3)

Input Offset Voltage Vewm =5V, Vo = 2V, 1o.=,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 =8V, Vo= 2V, 12V £ Vec <20V 70 100 dB
Error Amplifier (Note 3) (cont.)
Common Mode Rejection Ratio [0V < Vem <6V, Vo =2V 65 100 dB
Vout Low ViD = =100mV, Io = 200uA 017 {025 | Vv
Vout High Vio = 100mV, lo = ~200uA 3.9 4.2 \'4
Unity Gain Bandwidth (Note 4) 0.5 0.8 MHz

Voltage Controlied Oscillator

Maximum Frequency

Vip (Error Amp) = 100mV, Ty =25°C

450 .| 500 550 | kHz

Vio (Error Amp) = 100mV 425 575 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 Pulse
Width Ratio

Vzero=0V. UCx861 - UCx864

2.5 4 5.5

Vzero = 0V UCxB865 -~ UCx868. -55°C to +85°C

Vzero= 0V 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 \'4
lo = 200mA 0.5 2.2 \
Output High Saturation lo = -200mA, down from Vce 1.7 | 25 v
UVLO Low Saturation lo = 20mA 08 1.5 \4
Fault Comparator
Fault Comparator Vth 285 1 3.00 | 3.15 Vv
Delay to Output (Note 4) (Note 5) 100 | 200 ns




UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSUnless otherwise stated, all specifications apply for -55°C<Ta<125°C for the
UC186x, —25°C<TAsB85°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 [ Tve | max Junits
uvLO

Vee Turn-on Threshold UCx861, UCx862, UCx865, UCx866 15 | 165 | 18 v

UCx863, UCx864, UCxB67, UCx868 7 | 8o ] o v
Ve Turn-off Threshold UCx861, UCx862, UCXB65, UCx866 95 (105 | 115 ] v

UCx863, UCx864, UCxB67, UCX868 6 | 70 | s v
fcc Start vce = Vee(on) - 0.3V 150 | 300 | pA
Icc Run Vi = 100mV 25 32 mA

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

Note 2: Pulse measurement techniques are usedto insure that Ty = TA.

Note 3: VID = V(NII) — V(INV).

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

Note 5: Vi = 0 to 4V fr(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 0.1pF. 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 UVLO, the fault latch is reset by
the low voltage on the Soft-Ref pin. The reset fault tatch
resets the delay latch and Soft-Ref charges via the 0.5mA
current source.

tpd = t{Vo =-8V) = 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. [f Soft-Ref is
above 4V, the delay lafch is set. Restart delay is timed as
Soft-Ref is discharged by 20pA. When Scoft-Ref is fully
discharged, the fauit latch is reset if the fault input signal
is low. The Fault 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 recusing
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 o
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 pulf Soft-Ref [ow. This feature
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.



APPLICATION INFORMATION

UC1861-1868
UC2861-2868
UC3861-3868

Pwr Gnd

Faulta}——j>b4s s
3.0v Fault Delay

4.9V r_>Inhibit Output(s) (UVLO)

On/Oft 5V Generato] 5V A
Vih* (IC Bias) H
L
Sig Gn

Inhibit Output(s) (Fault)

Latch 4v Latch

P

16.5V (8V) ---4--.

0.2V
oft-Start
R R or 0.58A
Soft-RefJJb_VW
20Q g%

Vee 0.5V (7v)

recision

Zane
per Restart

Delay 20pA

*UCx861/62/65/66 thresholds are 16.5V and 10.5V.
UCx863/64/67/68 thresholds are 8V -and 7V.

Gnd

UDG-82020

5V

= Restart ~ ot A~ . B OV .......

Delay
SoftRef = NN s a7 0.2V
< A" | EORUUUOUIORY VORI, b W | 3P

Fault .

Z
Output(s) LOW ‘AN - /]

UDG-82021-1

Figure 1. UVLO, 5V, fault and soft-ref.
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UC2861-2868
UC3861-3868
From Nt Error Amp 5V
Feedback
and INV
Reference E/A Out
L é
Range | = iz
'R ] Imin Irange
,,_Rmin 5V C%)
" Cvco Imm | Clock One Shot Pulse
(Resonant Time)
5V — . RC D L\ 3v/2v - n
= 5V = =
3
_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 Controlled Osciliator, and One Shot



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

4.3

Foyy & ———7
‘ Ryun ® Creo

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

. 33
(RAJ[N //Range ). C‘VCO

Fuyix =

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 oscillator 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
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
Ucxsel, 63 UCx862, 64
S - 9 One Shot
One Shot >T Out ‘A Fault Lateh
D‘l a uvLo
Fault Lateh 4 Out B
Ui -_‘j Pwr Gnd
UDG-32013

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.

UCx865, 67
I vee
One Shot —CST ’_:g oR £
Fault Latch 4 Out B
wko < Pwr Gnd
UDG-92015

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.

The steering logic is configured on the UC1862,64 to result in
inverted pulse trains oceurring 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.

UCx866, 68

One Shot
Fault Latch
uviLo

\

2050

> Qutput
20.502

Pwr Gnd
uDG-92016

The steering logic is configured on the UC1866,68 to result in
non-inverted pulse trains 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

Out A

Qut B

=121 |a|h

UDG-82017

Figure 3. Current waveforms.
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PACKAGING INFORMATION

Orderable Device status (! Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp @
Type Drawing
5962-9203101M2A OBSOLETE LCCC FK 20 TBD Call Tl Call Tt
5962-9203101MEA OBSOLETE CDIP ] 16 TBD Call Ti Call T
5962-9203102MEA OBSOLETE CDIP J 16 TBD Call Ti Cali Tl
5962-9203103Q2A ACTIVE LCCC FK 20 1 18D POST-PLATE N/ A for Pkg Type
5962-9203103QEA ACTIVE coip J 16 1 8D A42SNPB N/ Afor Pkg Type
5962-9203103V2A ACTIVE LCCC FK 20 1 TBD Call Tl N/ A for Pkg Type
5962-9203103VEA ACTIVE CDIP J 16 1 8D Call Ti N/ A for Pkg Type
UCc18614 OBSOLETE CcDIP J 16 8D Call Tl Call 71
UC1861J8838 OBSOLETE coIP J 16 18D Call Tt Cali Tt
uC1863J ACTIVE CDIP J 16 1 18D A42 SNPB N/ A for Pkg Type
UC186348838 ACTIVE CDIP J 16 1 8D A42 SNPB N/ A for Pkg Type
uc1863JaMLV ACTIVE CDIP d 16 8D Cali Tl Call Ti
UC1863L ACTIVE Lecc FK 20 1 T8D POST-PLATE N/ A for Pkg Type
UC1863L883B ACTIVE Lcee FK 20 1 TBD POST-PLATE N/ A for Pkg Type
UC1863LQMLV ACTIVE Lccc FK 20 18D Call Tl Call T1
UC1864J OBSOLETE CDIP J 16 TBD Call Tt Call Ti
UC1864J8838 OBSOLETE ~ CDIP J 16 8D Call Tl Call TI
ucC1864L OBSOLETE ~ LCCC FK 20 TBD Call Tl Call Ti
UC1864L883B OBSOLETE  LCCC FK 20 8D Call. Tl Call Tl
UC1865J4 OBSOLETE CDIP. J 16 8D Cail.Tl Call Tl
uC1865J8838 OBSOLETE Coip Jd 16 18D Call Tl Call Tl
uc1867J OBSOLETE CDIP J 16 TBD Call Tt Call Tl
UC1867L OBSOLETE | LCCC FK 20 TBD Call Ti Calt Tl
uC2861DW ACTIVE SoIc DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
UC2861DWG4 ACTIVE SOIC DW 16 40 © Green (RoHS & CUNIPDAU ' Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWTR ACTIVE SoIc ow 16 2000 Green{RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWTRG4 ACTIVE SoIC oW 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 Sb/Br)
UC28630W ACTIVE SOIC oW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC28630WG4 ACTIVE SoiC oW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2863DWTR ACTIVE SoiC DwW 16 2000 Green s(bRg-()S & CUNIPDAU Level-2-260C-1 YEAR
no r)
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Orderable Device status "' Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
UC2863DWTRG4 ACTIVE SoIC bw 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 SOoIC DW 16 40 Green(RoHS & CUNIPDAU tLevel-2-260C-1 YEAR
no Sb/Br}
UC2864DWG4 ACTIVE SoIC bw 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
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 SbiBr)
UC2865NG4 ACTIVE PDIP N 16 25 _~Green (RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC2866N ACTIVE PDIP N 16 25 Green (RoHS & CUNIPDAU N/ Afor Pkg Type
no SbiBr)
UC2866NG4 ACTIVE PDIP N 16 25 | Green (RoHS & - CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC3861DW ACTIVE SOIC bw 16 40 Green (RoHS &  CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTR ACTIVE SoIC Dw 16 = 2000 Green (RoHS & « CU NIPDAU ' Levei-2-260C-1 YEAR
no Sb/Br)
UC3861DWTRG4 ACTIVE SoIC bw 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)
uc3se2DwW ACTIVE SOIC DW 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWG4 ACTIVE SOIC ow 16 40, Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTR ACTIVE SoIC ow 162000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWTRG4 ACTIVE Soic DW 16" 2000 Green (RoHS &  CUNIPDAU Level-2-260C-1 YEAR
no ShiBr)
UC3862N ACTIVE PDIP N 16 25 'Green (ROHS & CUNIPDAU N/ A for Pkg Type
no SbiBr)
UC3862NG4 ACTIVE POIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3863DW ACTIVE Soic bow 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 ow 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
Type Drawing Qty
UC3863N ACTIVE PDIP N 16 25 Green (RoHS & CUNIPDAU N/ A for Pkg Type
na Sb/Br)
UC3863NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3864DW ACTIVE SolIC DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWG4 ACTIVE SoiC Dw 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWTR ACTIVE SOIC Dw 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 PDIP N 16 25 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no SbyBr)
UC3864NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
uc3865DwW ACTIVE SQIC DW 16 40 - Green (RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no ShiBr)
UC38650WG4 ACTIVE SOoIC ow 16 40 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865DWTR ACTIVE SOIiC Dw 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 PDIP N 16 25 Green (RoHS &  CUNIPDAU | N/ A for Pkg Type
- no Sb/Br)
UC3865NG4 ACTIVE PDIP N 16 25 Green(RoHS & < CU NIPDAU N/ A for Pkg Type
ng Sb/Br)
Uc3865Q ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
UC3865QTR ACTIVE PLCC FN 20 1000 | Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
UC3865QTRG3 ACTIVE PLCC FN 20 . 1000 Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
UC3866N ACTIVE PDIP N 16 25 _Green(RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3866NG4 ACTIVE PDIP N 16 25 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
uc3ss7ow ACTIVE SOIC ow 16 40 Green (RoHS &  CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWG4 ACTIVE SoIC DWW 16 40 . Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
UC3867DWTR ACTIVE SOIC DW 162000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867TDWTRG4 ACTIVE SOIC Dw 16 2000 Green (RoHS & CUNIPDAU Levet-2-260C-1 YEAR
no Sb/Br)
UC3867N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A forPkg Type
) no Sb/Br)
UC3867NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/ A for Pkg Type
na Sb/Br)
UC3868N ACTIVE PDIP N 16 25 Green(RoHS & CUNPDAU N/ Afor Pkg Type
no Sb/Br)
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Type Drawing Qty
UC3868NG4 ACTIVE PDIP 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: Ti 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: Tl 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:/mwww.ti.com/productcontent for the latest availability information and additionat product content details.

T8D: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl'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: T1 and T) suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

in no event shall 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 annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (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.

Ti 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 fechniques 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 necessarily performed.

Tl assumes no liability 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, customers should provide adequate design and operating safeguards.

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

Reproduction of information in Tf data books or data sheets is pemnissible only-if reproduction is without
alteration and is accompanied by all 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 Ti 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.ti.com/automotive

DspP 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 Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.li.com ~ Secunty www.t.com/security

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

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

Copyright ® 2006, Texas Instruments incorporated
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FAIRCHILD

SEMICONDUCTOR®

Data Sheet

18A, 200V, 0.180 Ohm, N-Channel Power
MOSFETs

These are N-Channel enhancement mode silicon gate
power field effect transistors. They are advanced power
MOSFETSs designed, tested, and guaranteed to withstand a
specified level of energy in the breakdown avalanche mode
of operation. All of these power MOSFETs are designed for
applications such as switching regulators, switching
convertors, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and
low gate drive power. These types can be operated directly
from integrated circuits.

IRF640, RF1S640, RF1S640SM

January 2002

Features

= 18A, 200V

* Tps(oN) = 0.1800

* Single Pulse Avalanche Energy Rated
+ SOA is Power Dissipation Limited

* Nanosecond Switching Speed

+ Linear Transfer Characteristics

. Hi'gh Input Impedance

=.Related Literature
==¥8334 "Guidelines for Soldering Surface Mount

Formerly developmental type TA17422. Componients Y. PC Boards™
Ordering Information Symbol
PART NUMBER PACKAGE BRAND o
IRF640 TO-220A8 'RF540
RF1S640 TO-2624A, RF13640
G
RF1S640SM TO-263A8 RF1S640
NOTE: When ordering, use tha entire part number. Add theé suffix 94 to .
obtain the TO-263AB variant in thetape and feel, ie.. RF 1S640SMOA.
Packaging
JEDEC TO-220A8 JEDEC TO-263A8
SOURCE e
DRAIN
GATE GATE DRAIN
. - (FLANGE)
DRAIN (FLANGE) .\ % SOURCE =
T~ \ i
JEDECTO-26ZAA
SOURCE
DRAIN
DRAIN -~
(FLANGE) - .

€2001 Fairchild Semiconductor Corporation

IRFB40, RF 15640, RF156405M Rev. B



IRF640, RF15640, RF1S640SM

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

IRF640, RF15640, RF1S640SM UNITS
Drain to Source Breakdown Voltage (Note 1) .. ...................ooiiiioon. Vps 200 A
Drain to Gate Voltage (Rgg =20kQ)(Note 1) . ... ........................... VbGRr 200 \
Continuous Drain Current . .. .. ... .. ... . ... . Ip 18 A
Te=100°C ... il Ip i A
Pulsed Drain Cumrent (Note 3) . . .. ... ... ... . . . i lom 72 A
GatetoSourceVoltage . .. ... .. ... .. ... Vags =20 \%
Maximum Power Dissipation ... ... ... .. .. ... .. . L0 L. Pp 125 w
Dissipation Derating Factor . ... .. ... ... ... .. . 1.0 wrc
Single Pulse Avalanche Energy Rating(Note 4). .. . ...... ... ... ... .ieuian. Eas 580 mJ
Operating and Storage Temperature . . . ... ................coveeeeean.n. T4. TsTG -55 to 150 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10S. .. .. .. ..o .ovuriineaniaraan.ns L 300 °c
Package Body for 10s, See TB334. . ................................. oo Tokg 260 °c

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

NOTE:
1. T4=25°C to 125°C.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MiIN TYP MAX | UNITS

Drain to Source Breakdown Voltage BVpss-|lp = 250pA, Vgs =0V, (Figure 10) 200 - - v
Gate Threshold Vaoltage Vas(tHy -1 Ves = Vbs: 1= 250uA 2 - 4 \'
Zero Gate Votltage Drain Current Ipss Vps = Rated BVpgs. Vgg = OV - - 25 pA

Vps =0.8 x Rated BVpgg. Vgg = 0V, Ty = 125°C - L 250 uA
On-State Drain Current (Note 1) 'D(ON) Vps > ID(ON) X FDS(ON)MAX Vgs = 10V (Figure 7) 18 E - A
Gate to Source Leakage Current lgss Vgs = +20V - 3 +100 nA
Drain to Source On Resistance (Note 1) IDS(ON) Ip = 10A, Vgg = 10V (Figures 8, 9) - 0.14 0.18 o]
Forward Transconductance (Note 1) Ofs Vpg 210V, Ip= 1A (Figure 12) 6.7 10 - S
Tum-On Delay Time taony | VDD = 100V, Ip ~ 18A, Ras = 910, Ry = 5.4Q, . 13 21 ns
i T ST SN Co N Sk |
Tum-Off Delay Time W, 4ik S Syt T 48 es ns
Fall Time t - 35 54 ns
Total Gate Charge QQ(TOT) Vgs =10V, Ip = 18A, Vpg = 0.8 x Rated BVpgs - 43 64 nC
(Gate to Source + Gate to Drain) (Figure 14) Gate Charge is Essentially Independent
Gate to Source Charge Qgs ?f Opera_t—ir;g;:Amperatum - 8 - nC
Gate to Drain "Miller” Charge Qgg G(REF),"2- - 22 - nC
Input Capaditance Ciss Vpg =25V, Vgs = 0V, f = 1MHz (Figure 11) - 1275 - pF
Ou!put Capacitanoe Coss & 400 - DF
Reverse Transfer Capacitance Crss - 100 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET - 35 - nH

Contact Screw on Tab to | Symbol Showing the

Center of Die intemal Devices

Measured From the Drain | inductances & - 45 - nH

Lead, 6mm (0.25in) From

Package to Center of Die Lo
Internat Source inductance Lg Measured From the - 75 - nH

Source Lead, 6mm GO

(0.25in) from Header to Ls

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

Mounting Pad

€R001 Fairchdd Semiconductor Corporation IRFB40, RF 15640, RF1S640SM Rev. B




IRF640, RF1S640, RF1S640SM

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYpP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET o - - 18 A
'(Drscl,s(: g)ource to Drain Current Ispm ﬁ‘)t':;:: gz::zg g:‘:l - - 72 A
Junction Diode
G
S
Source to Drain Diode Voltage (Note 2) Vsp T, = 25°C, Igp = 18A, Vgg = 0V, (Figure 13) - - 2.0 \
Reverse Recovery Time trr T, =25°C, Igp = 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 T = 25°C, L = 3.37mH, Rg = 250, peak Ipg = 18A.

Typical Performance Curves uniess Otherwise Specified

12 20

[+ 4
4 19 Y \
[-% —
g E’ \
2 os i \
z g 12 g
g 0.6 E
a Z 4
2 S
o 04 o
x S
u 1.\
3 o2
[ %

o o

0 50 100 150 25 S0 75 100 125 150
Tc. CASE TEMPERATURE (°C) Tc. CASE TEMPERATURE (°C)
FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE CASE TEMPERATURE
10
1
05 e i b 2 55

0.02 g
0.01 1 =17 4— t4
—| 8 -

SINGLE PULSE E NOTES:
DUTY FACTOR: D = ty/t;
PEAK Ty = Ppy x Zgsc ¢ Tc

At b i A At bk,

A MM

e
2

Z43c, TRANSIENT
THERMAL IMPEDANCE (°C/W)
[-]

0.001
105 104 10° 102 10! 1 10

tp, RECTANGULAR PULSE DURATION (s)

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE

€2001 Faurchild Sermiconductor Corporation IRF540, RF 15640, RF 1S6405M Rev. B




IRF640, RF1S640, RF1S640SM

Typical Performance Curves

1000 —
OPERATION iN THIS AREA MAY BE 3 ====S2::
LIMITED BY rpg(on) =
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FIGURE 4. FORWARD BIAS SAFE OPERATING AREA

30

24

PULSE DURATION = 80ps | ves=av
DUTY CYCLE = 0.5% MAX
Vgs =10V

FE, N
A3

VGs =7V

|

18

Vos =6V

12

Ip. DRAIN CURRENT (A}

-k
L

rDS(ON)' DRAIN TO SOURCE
ON RESISTANCE ()

-
N

g
o

o
h
w

| Vgs =4V Ves =5V
AN

T

10 20 3.0 40 5.0
Vps., DRAIN TO SOURCE VOLTAGE (V)

FIGURE 6. SATURATION CHARACTERISTICS
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FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE

VOLTAGE AND DRAIN CURRENT

1p, DRAIN CURRENT (A) Ip, DRAIN CURRENT (A}

NORMALIZED DRAIN TO SOURCE

Uniess Otherwise Specified (Continued)
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FIGURE 5. OUTPUT CHARACTERISTICS
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FIGURE 7. TRANSFER CHARACTERISTICS
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FIGURE 9. NORMALIZED DRAINN TO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE
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IRF640, RF1S640, RF1S640SM

Typlcal Performance Curves uniess Otherwise Specified (Continued)
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Test Circuits and Waveforms
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT
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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™ SMART START™  VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSQT™-8
EcoSPARK™ ISOPLANAR ™ QFET™ SyncFET™
E2CMOS™ LittleFET™ 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 TOMAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO.IMPROVE REUABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION.OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDERITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS:
LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRIT TEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for-use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

2. A aritical component is any component of a ife
support device or system whose failure 0 perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in
any manner without notice.

Preliminary First Production This datasheet contains prefiminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes-at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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I G 2
FAIRCHILD
SEMICONDWCTOR”

MBR1635 - MBR1660

Features
* Low power loss, high efficiency.
* High surge capacity.
* For use in low voltage, high frequency \ o
inverters, free wheeling, and polarity . }_o
protection applications. PIN2- L
* Metal silicon junction, majority carrier

CASE Positve

conduction
* High current capacity, low forward
voltage drop. el
* Guard ring for over voltage protectiof. TO-220AC

Schottky Rectifiers

Absolute Maximum Ratings® 1 - 7,25 uness creraisenotes:

Symbol Parametér _ Value Units
1635 1645 1650 1660
Vame | Maximum Repelifive Reverse Voltage ) 35 45 S0\ | 60
e Average Rectified Ferward Gurrant ' 18 3
375 " lead iehgth @ T, '+ 125°C ‘
lesu Non-repetitive Peak Forward'Surge Current 150 A
8.3 ms Single Half-Sing-Wave Ll
Taw Storage Temparature Range 65 b #175 °C
T, Operating Junetion ='l'm'mw'al:.nﬂe -65 to, + 150 °C
*These ratings ane imiting values sbove wiich the seryiceatilty Of any semmicondusior devics may be impaired.
Thermal Characteristics
Symbol Parameter Value Units
e Power?)isshaﬁon p 2.0 w
R Thermal Resistance, Jupction to Ambient 60 °C/W
Rax Thermal Resistance, Juriction to Lead 15 “CIW
Electrical CharacteristiCS.. 7 2s:cuiess otnerwise notes
Symbol Parameter Device Units
1635 | 1645 1650 | 1660
Ve Forward Voltage I 16 A, T=25C 0.63 0.75 v
I, 16 A, T.= 125°C 0.57 0.65 v
ln Reverse Current @ rated V; T,=25°C 02 10 mA
T,= 125°C 40 S0 mA
— A
lram Peak Repetitive Reverse Surge Curment 1.0 05 A
2.0 us Pulse Width, f= 1.0 KHz ? *

©2001 Fairchild Semiconductor Corporation MBR1E3S - MBR1SG0 Rev. C

0991MEIN - SEILYEIN




Schottky Rectifier

(continued)

Typical Characteristics
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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™ SMART START™ \VCX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E:CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET®
STAR*POWER is used under ficense

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN.TO IMPROVE RELIABILITY. FUNCTION ORDESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATIONOR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN;NEITHER DOES IT CONVEY ANY-LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.
LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or 2. A critical component is any. component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) suppert or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the fabeling. can be effectiveness.

reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Infarmation Formative ‘or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First. Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes- at any time without notice in order to improve
design.

No ldentification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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{1 T1/sunsu Visual Basic Editor A1v1m3 run TuTUsunss 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

2="

Exit Function

End If

JL3=Sqr(2*mu-1)

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

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

32="r

Exit Function

End If

JL2 =Sqr(1-2 *mu +JL1 12)

beta = Atn((1 -mu) /JL1) + Atn(mu / JL.2)

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

P1=3.14159265

If mu < 0.5 Then

F=rm

Exit Function

End If

JL3=S8qr(2*mu-1)

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

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

F=mv

Exit Function

End If

JL2 = Sqr(1 -2/* mu +JL1A 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

g



Exit Function
End If
JL3=Sqr2 *mu- 1)
thetamin =2 * Sqr(2 * mu - 1) / (1 - mu) ' minimum theta
theta2 =2 * Pi * mu / F ' starting guess
If theta2 < thetamin Then
J=rm
Exit Function
End If
theta3 = theta2 * 1.1 ' set uprinitial 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=Sqr(1-2*mu+JL1~2)
beta = Atn((1 - mu) / JL1) + Atn(mu / JL2)
delta=JL2 /mu
ksi =Pi - Am(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 - Am(JL3 /(1 - mu))
Fit = 2 * Pi / (theta + beta + delta + ksi)

End Function




QSW ZVS characteristics

‘unction tester: inputs

0.6
6.2831853

.alculated values

2

0.4472136
2.0660605
2.0170786

0.480364
3.3617977

2.300524
0.5056535
0.6821464

lacro calculated values

2

ot

0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59

0.6
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69

0.7
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79

0.8
0.81
0.82
0.83
0.84
0.85
0.86

J

0.6821464
0.5056535
0.4620372

6.2831853

1.1305502
1.0690464
1.0140085
0.9623073
0.9127403
0.8646958
0.8178132
0.7718598
0.7266758
0.6821464
0.6381864
0.5947315
0.5517321
0.5091502
0.4669565
0.4251292
0.3836531
0.3425186
0.3017222
0.2612666
0.2211612

0.181424
0.1420837
0.1031838
0.0647899
0.0270046

F

4.5 1

3.5

~ 2.5

1.5 -

0.5 1

0.2

\,\ﬁ

0.4 0.6 1
p
0= 9.424778 = 12.56637061
M J

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 0.581.4113866 ' 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



0.74
0.75
0.76
0.77
0.78
0.79
0.8
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
© 0.9
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

#VALUE!
#VALUE!
#VALUE!
#VALUE!

C.74
0.75
0.76
0.77
0.78
0.79

0.8
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89

0.9
0.91
0.92
0.93
0.94
0.95
0:96
0.97
0.98
0.99

0.3318444
0.2961169
0.2591029
0.2207877
0.1811478
0.1401431
0.0976993
0.0536532
0.0074585
#VALUE!

#VALUE!

0.74
0.75
0.76
0.77
.78
0.79

0.8
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89

0.9
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

1.1357642
1.079742
1.0216321
0.9614348
0.8991502
0.834778
0.7683174
0.699767
0.6291244
0.556386
0.4815459
0.404594
0.3255132
0.2442706
0.160796
0.074899
#VALUE!

0.74 2.141620328
0.75 2.059987863
0.76 1.975221132
0.77 1.887321039
0.78 1.796288338
0.79 1.702123637
0.8 1.6048274
0.81 1.504399938
0.82 1.400841389
0.83 1.294151G78
0.84 1.184330455
0.85 1.071376977
0.86 0.955289902
0.87 0.836066916
0.88 0.713703994
0.89 0.588193855
0.9 0.459522366
0.91 0.327658812
0.92 0.192522806
0.93 0.053801539
0.94
0.95
0.96
0.97
0.98
0.99





