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ABSTRACT

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

achieves zero-voltage switching throughout its operation range.

I



nafanssusema

=

a 4 a ¢ 2 Y o o
Y8URUAW A3, FIUNS yydavayase Fuiluervsifalruguiliganiinug
dmsuduugii dofamisquazaunjaniausfiamids uaaoamn
o S o o o o a o A LR
vououRw as. uuniani gamsrdmTudwuziiwazminsaidiulsz Tonide

2
Iasanuil

[ 3
] o o

vovoufw WA BN asiaUTean In dwmuswusiuasanugiomae
v - o ¥ C4 4 A o Vv a e
@14 9 Tnamwzedniunelnums 19ginsaluaziniesiio ia luealians

Y8VDURAUHOY 9 NRaud T uaNuTIomBeas o uazasslimdslenuzdiani
AnvAN

{ ~ @ o o g YR {
voveuquii q HosgunsainIndian14duglnsaiuazinsesiioTadis 4 #ldlums
4
M lassnuil
»
gaMoilvovevnanseuasvemmztaiidmSumsamivayuuazmsdaaduly
9 P=Y a o'd’o [~ ] v ¥ - 3 da R A a

Nl yaninusiduiseanld1dded quawazdssTomidunadininligan

=) d’dy & 5 ]
U vouBUUARINS SAUNATIIY

Yo o
Avam
4
uantfasIa gniufa
o
wiwnnyian waralszang

UITBYYY AaUAND

111



1308y

unfinge
UnAnteNIBINgY
)
naanssulscma
CARILaT]
ABVYHNN
mlYMIn
d' o
unn 1 umn
1.1 mmﬁ]umuazmmﬁﬁﬂﬂmﬂ?n}wﬁwuﬁ'
) o 4
1.2 amnjainouaz iagilssasavesmsanu
1.3 Y01UAv04 1A
a a v Ad v
YN 2 NYUUAsYBYaNINEIVB
2.1 unti
= o o
2.2 MSAATITHMINNIUVOIDT
a a o
2.2.1 UseANSNMUD9395ABUIND 1905
-3 @ 4 ﬂ' o 5
222 Masgydoninasululees
2.2.3 299311ARBUND31ADT
P ' ar o I'4
2.2.4 239379995 IBUUUNLU VT ANOUNDSADST
a 4 v a 4 o o 4
2.3 MIAAITITHIVTUOAL IUUNLUVINNBULIDIIADS
2.3.1 Hanmsmau
Py o o | a
2.3.29A51BAMINNUEIN T1 (¢ t)
a I's o y ~
233 AATRWHANITMIOUYNN T2 (4,-t)
P I8 o ] ~
2.3.4 WATWHNMIMAUTNN T3 (1,-t,)
a 's ©° ] ~
2.3.5 ANTIAMINUFIN T4 (t-t,)
2.3.6 MIANTEAMINSZUAA NS
=Y o
2.3.7 msanszimnszualaloa D
= a P4 o o ¢ @ 4 o
2.3.8 Wan JAINMINATIZH 995370515 TBLUUNUUUInADUDS 1AD3
= '8 o o . R
239 mmﬂﬂzﬁmuﬂﬂmmﬁvm HAZADULIDIFULS 1%(Conversion Ratio)

2.4 APHNMIVDNUVINDI

v

I

11

VIl



a3UN(AD)

N 3 MIATMINUDZNITOBANVY
3.1 vmh
3.2 M5BBNLLYNINAAL Tauuuninnauneime Suuuedng
useau nfndugud
3.2.1 MIDDALLYNIT9330af Istuuninneunesnes
upvadadiusedu thithigudildumsnaass Tnssam
3.3 MI0BNULIVEI 192993 MIAMA
3.3.1 nssenuunaduFamiinhversssiulasius sy
a%-a uuin 71190 Tnseu
3.32 Msvenuuadeduiuilszguoesesinlasiunssdy
a3-a% vunie 719 Tnseu
3.3.3 Mseenuuua’ wusarauns 1a Toavearsesiadts Tamuy
Sanounesiaesuuuaiasiius sfu I SuguinlfluTnseanu
NAM3I1a0d lag 1asunsy PSPICE
3.3.4 MyooAuUIAIFAMTioN VBT Tsuuun
tansunesmesuuvaiadiussduiiuguiidlulasenu
3.4 NI WIMINNULAZNITOBNLULINNIAUN
3.4.1 ANBAUSNINNIUYDIAINAY
3.42 MIDONIULNITAIUAY
3.5 nMseenuuUadInwITUINAve AHAfIA
UNT 4 PIINADBINDLHAMINABDA
4.1 ymh
4.2 Ms$aeeesaa lauuuninneunesmesadIag
fusadu I uiugud
43 MINARRITaAs lmuuitansuneimesuuuaiag
fiusadu I uiugud
44 MINATOUNSTNIIZTALUS WD IANA
45 AuNAdoUMIABLIUBIYBWsIAL I WyA

4.6 Uszdnsnmuaziiillavewssiu Inihiednyavesees

26
26

26
26

31
31

36

37

40

42
42
45
48
51
51
51

53

55

56
58



N310Y(Ad)

4.6.1 3z@NTAMYD93395111129118 (Closed-loop)
) ar o
4.6.2 SUdlovswssan Thieanea
a o d
UNN 5 ynasellazagine
5.1 agilwaninean
52 famiwuuazuuinisudly
1BAAIBBI
d
marwn n maumaessa
MARIIN ¥ MIWNARIAA N
b4 ) <
MaANIN A Yoyavedlediues UCISEN
MANUIN 9 Yoyavesusaniniies IRF640
MAWIN 9 Jeyaveslalearues MBR1660

Mmannn a Jldaanamidnndnug

58
59
60
60
60
61
62

67

71

85

95



GRRRICTRRNY

i
2.1 juaanlszininmusisesneunosime; lumangw
22 suamalszAnnmussrnesneusiines il iia
2.3 1eTTiRABUNBSIARY
24 nsmuansnsgydsiiosnnnsadadvazussdunonssuahidugud
2.5 13Me%s Tauuwiuuusaneunesines
2.6 s muansrafi lRnaeesaeds Tuuuinuinaeunefined
2.7 WEA929952395 307 Tuuuiipninnounesines
2.8 'Nilstmgmm'msﬁa?usTmmuﬁﬁﬂﬂﬂunaﬁﬂa%'uuua%a?ﬁusaﬁu"Mﬂnﬂuquif
2.9 NITAUYAUAAINMINNUVBWANF N
() 9VTTNYAUARIMSFIWTT 1 (11,
(¥) 29sAUYAARINISTINTNT 2 (t,1)
(® 'memgauﬂmms'v‘inmw'wﬁ 3 (t,t)
(9) VT AUYAUARINISVIMTT 4 (1)
2.10 smumwuﬂﬂ‘aﬁfau'hlmsv‘imuuaza"ﬁunﬁv‘hﬂwannsﬂuyav‘%‘a 4wy
211 wanansiAsuanizvonnsauyannanme T4 dhgan1e T1
2.12 nsmuaasnnuduiusvoseiad s, nszuaitinaduduniioniri,
sruduiinnasenaiad v, unzmmmduiianaseslalen v, fiamazi T1
2.13 uatasmsnlAouanizvesisauyaninanne T1dganz T2
2.14 nymluansnTuduRuSvesaiad S, nszuad Inarudamiioni i
mmnsufianasenaiad v, unzmamusifinnasenlalen v, fiomaedi T2
215 uaaensidouamazvessauyannaniz T2 iganiz T3
216 nsnaRsn dNuSveIrdng S, nazuai lnarmudamiionh i, AnwAuY
fiannieuadad v, wasmmmiudinnaienlalen v fianzi T3
217 uamsmsnlAouan iz vesvsauyannaamz T3 Wigan1e T4
218 pymluasa i usvesaiad s, nssunitlnadudamiioni i, manudu
Aannsouaiay Vg, wazAnsuRanasoulalon Vﬁﬂmaz’r’i T4
2.19 2esviadis Tsuiuuinneunesiaed fuaashnisuai ok ind
wazAssIeH k@ amienhiidwimmed @ =1)

220 nsMuaasiuveInsZUaaIAY (1)

2
=t

0 ~N A R W W W

L- - -

10
i1

12
13

13
14

15
16

16

17



1IN IN(AD)

31
2.21 uaasmnuesnszualalen D ()
o o o s o 4 4
2.22 PIHUEAININIUYBINTT A Tsuuuituininnsunesiinos
AY 1 a N N 4
nhidamsgadonadag
@ d’: a o @ A I'd
2.23 ANHHAARIAIIFURUTNIMUADINNIS AT IZR 9IRS Tamuum
minneunsiines
@ @ @ A o
2.24 HAMIRUTNYVULVBINBUNBITULS 13(Conversion Ratio) D299 37015 [t UN
muinneunesiaes
o <o ) . o
(1) AUARHYBUTYDINBUNIBIFUIS 1% (Conversion Ratio) N3t C,, Tinuiiu2
o 4o . a1y
(%) AUANYBITYBINDUIIBIFUIS 1% (Conversion Ratio) 38l C,, TinuTu3
Y o o . . a o
() AUANYUYDINDULIBIFUIS 1% (Conversion Ratio) N3l C fiauily 4
2.25 uansmsesnuuy laoidenmonsiduvesdumilszy (Cp v 2 910
o Y ¥ v o 2 ] ' ar
AUANYUZYBIOAs 1T IMBIR AN ULy ¥ linsounquamudnyae
od o 4 o
YBIABUIIBITULS 19 (M) NAIn1seiga
2.26 uaasnseenuuy laoidend Sasiduwesdaniulssy () Wusnn
o o P 1 o
UANBUZYBINBULIDIFULS 195 (M) mmauaqnmﬂaum{%uﬁh ™M)
N maszdiiga
2.27 waaamsimuasianudaIndaga (£, 1) VDINIINVBAUULIIN
o o
AUANHUSYDIABULIBDIFUIS 1(M)
w a I'd ¥ Sy 3 Y '
2.28 UAA199530A1s Tnuun uazA1voegllns sin lanndisdsmsosnuul
1 o ' @ o o
3.1 uaasnsoenuuy Tanidenmonsidmuvesduiulszy (Cp diu 2 ninquidnuaz
/o PR ' I o o
UYBINDUNBIFUS 19 M) m'luﬂsﬂmqumﬂaumiamﬁh (M) nMIZAIGA
3.2 uaasmseenuuy Tauidensas1duvesiniulsey () dlu 3 vnnadnyas
‘s 2 o ;o4
¥BINOUNBIFINS 19 (M) Falinnudoaite1Flunseenuuy
o ] @ o @
3.3 uaasnsoenuuy Tauidendas 1dmvesdniuisey(Cy) W 4 nqudnymzyes
S 4 ' o A o
ABUIBITUIT 1Y (M) FINTBUAQUAIMNBUIDITUS IT(M) Nmmsziiga
° 3 { a do a o
3.4 uAAINIHIMUAAIAMDAIATAIGA (f, ) V89NIINOBAUULINAUINHUZYBY
aeues s T

v a o o o o ' o
3.5 uaaseasians lsuuuiianouesnesuazmyessglnsain ldnnnmesnuuy

A1

3
U

17
18
18
20
20
20

21
23

24

24

25
27

28

28

29

31



a1ty NMIN(AL)

31]?;

3.6 1AAIN9TH 19 1a03mseunn Tsunsy PSPICE

3.7 HEAAIR ISR UL ATLUAVDIAIATIINAITT 10D

3.8 UAAIAMTIAUUDZNTZUTVDS 1A ToavINNI5$1A09

3.9 AINes AT vaziduavesaUnsaimi lg

3.10 Tnseadunmisihsudandugu

3.11 Aspel¥auveueIinn

3.12 (M) uaaaevsnieluves UC3s6N ludawvesninid
@) amudildlunsmugumsinuvesaing

3.13 29959unaveanedmaidsdmsuisesiads Tsuuwhinasunesines
uvuadasnus sdn i ndugusitgluiassm

3.14 uaA33129935WYBINS ABLUYNTA (Closed-Loop)

41 wanINMs$ravIMsAFaaNs Iuuuvee9s
(M 038 Iy =5A (Lo ) W02 V, =20V (V, )
@) 38 To =1A (o) oz V, =25V (V)

4.3 Nﬁﬁﬂﬂms%1ammssﬁﬂﬁ'ﬂgtuumwhuuuﬁ’manwsﬁmé’naﬂﬂ (Closed-loop)
@) Ml To=5A (Igum) 802V, =20V (V)
Wil I,=3A wag V, =22V
@ 05t Io=1A (Igm) 02 Vy =25V (V10)

4.4 A13tRgANARBIFIMTUNARDINI I NYTLALUS IRMBIAYA

4.5 nsiryananpsdmiunaTeuMIABUAUIYBIT AL INR U EYA

46 il siu e dnaverisesiusedu 20 v denszua i uedya
wasuasesresiunduan 1 A T s Auazons A i1 a

47 yidygnaussiuifhiednaversesiiussdu 25 v illenszudiiednn
wianuuasetretumwdunin 1 A lhilu 5 Auazans A Tdshi 1 a

48 SuTlavesus win I uednaveresiiussauIfduwa v, . =25V

waznszua Wihoswagage

IX

%N
38
38
39

43

45

48

50

51
52

53
53
54
55
57
57

58

59



a13UYAII

A

2.1 HAAIA AN ANIAYD9I995AI0I WNITOONLLIY

3.1 wansrguaniAvesleesiiveniuy

3.2 HEAIPISRTIUMIAUREIATHANILAN

3.3 uamﬂmﬁuﬂ'ﬁmmu%5ﬁaﬁﬁTcmmmfﬁﬂﬂaumiﬂa{ﬁaammu

3.4 uaasi 19 lums $1aea TasTusunsy PSPICE

3.5 uarAsA I IRUIRE NS TLAIgAYRITInTuaz laTon

3.6 uaasAvesgUnI el A 19 fudnIugY UC3864N

4.1 wamamsnfeufouauiaugui ldnnnsmanesfumsiines

4.2 Nams'S'ﬂfimsqﬁuLmﬁummawnmmﬁﬂ (Closed-loop)

4.3 yanaalszAnSnmues19957291la (Closed-loop)
) uanslszAnsnmusanesiiussdulnihdune v, . =20V
@) uaaslszinnmvesisesfiuseuirfhduna Vi max =25V

(0) uaraslszanEnimvenesiuseiuiidune v, =22V

2
26
30
31
37
39
47
55
56

58
59
59



uNni 1

VNI

o d
1.1 anumihsnuazanudngveslyantinus
o Vo o_ as a o . .
Hagiunndsnomds Ifuuuaiag (switched mode power supplies) 1in15 19914
’ ' I'4 ad =Y Qs A = : @
so1aunsnmeluginsaluazssuudidnnseiindatiolv dlesvindvinadn shminw wez
a A 4 o v o1 o o =Y o o Y
sz annmgailenSsuisutuuvassieids Iddwunditios Tumsir T nuusedu
o [ o A Jd ¥ A A P a
1FNAvoUMaI91wmMas Iifhuuuadadezdostiiadosnn Tanuneh uazasuaussld
(] [~ A o r-1 o Py Py A v
p0193 A5 AlBNISHAIANANTBUTIAUBURAIN AN sIasuNLl 03 FadeenuuudIsD
pIZNT 1A lasmsoenuuu s sastsundu iz au
4 4 o -~ o o a ¢ A o
2095n8U1I851903 Iaona lilezdl MdsIdfhgaudovmzadad dinadiiasesaey
4 o a oo ° =, o & 4 o o A o
nofimesilz@niamdr 3aldlinsAnufundBEnsaiadioaaiideamsgadoild
¢ ot a o 2 P as PR o o 2 & aa ¢ a
193ABUNBSIMDS Uilsz@nEnmgsu nilshAsnsilinsiavy de 3505 lauuun o
Qs o 4 o - ° Qs o & ° [
pIfonanmIs Tsuuunvssduniionit uazdunulszpneiliussdulddivie
¥ o o It A 4 o ]
nszua ihiisuiuguiluvaizadad 205 Tanuuiad-Adnounesines ulseen ity
- P4 P4 o a JdA o
a8aLtuY fe 299315 Tsuuuvneunesimesunyaiadinszua I uilugud uazaeess
o =Y H Y
Tauuvineunesinssunuaiasmusadu iuiugud
o =Y Jd ¢=’ o a @ o d
TuilSganiinusiduiiwinauemsinsied uaznisesauuuisesdans Tauuuni

wuutaiadadus s Tifuiugud

] [v] d ]
1.2 ﬂ')'nligﬂ“ﬂTEIIIQZQﬂQﬂiZENﬂQIi’)ﬂﬂ'ﬁﬂﬂ'ﬁﬂ
o o LYY o o o d o da Y
1. ﬁﬂ‘H'I"Hﬂﬂﬂ'ﬁ'ﬂ'\Q'I'N'N"ﬁNﬁﬂl‘ii‘ﬂmﬂuﬂnﬂﬂﬂunﬂiLﬂf)ﬂl'ﬂ'ﬂﬁ')ﬂ‘]ﬁ'ﬂlﬁ%ﬂu'lﬂﬂ'l
o
dhugud
1 4
Y o @ = o o
2. ﬁﬂ'ﬂ'\ﬂaﬂﬂ'lﬁf)ﬂﬂll‘ll’llllﬁSﬂluﬂﬂﬂﬂ'ﬁﬂﬂﬂllﬂﬂ‘uﬂﬂ’Jﬂ‘ilﬁlmﬂlﬁi“)ﬂluuﬂﬁﬂﬂﬂu
o o a  da o o
nesmesuuuaiadusiu Inthilugud
@ o a o o o o a da o
3. AmnmdnnmInuguanesisiad lsuuuyitensuneswestunaiadiuseduiih
flugud

1Y o A J o & o a  da Y s
4, ﬂﬁN’Nili’N%illﬁmii“mmu‘}’mﬂﬂﬂunﬂimﬂﬁLl‘U‘]J’ﬁ’JW]i‘VluiGﬂublﬂﬁnﬂuﬂuﬂ



1.3 YeUIUAYRIINIINY
[ o o - o o o o Py o
1. ANBIMANN13M191UY995 Wadals lanuuninneuesiaes LuuaIny
@ o
useiu A udugud
@ a o o o o o o ar o
2. BBANLINNS AR Innuitanounesimei nuuaIadus s A uiiugud
o o @ o o o o o A fa [y
3. $1093M3 R 19UV IT0A Isuuuninnounesiresuuvadagnuseaulndn
~t o
Whugud A2 Tadsunsudialala (PSPICE)

Y o a o o o o A dA o o
4, ﬁsN'mmamimmummﬂaunﬂsmaumuﬁ'Jmmumu'lﬂﬂnﬂuﬂua



UNN 2

v

- & a a
neHuasysyamnyIvel

2.1 NN

4 ¥ s 9 or o d w A d
LI‘Hﬂﬂﬁizﬂﬁ'I'Jaﬁﬂﬁﬂﬂ'li‘"'l@'luﬂlﬂﬁ?\wi'Uﬂﬂﬂunﬂilﬂﬂi uamwmamﬂmuuuﬂ

Uaneunesimssuuyaiasius i Il uiluguilugaund

¢ o
2.2 MIAANTHNIMNNUVD9905

a a 4
221 1.'53ﬂﬂﬁﬂ]ﬂ”e@’]@ﬁ]iﬂﬂulﬁﬂilﬂa‘;

Tumangug
199TAAUNDTIADT
I; out
1 U1
q
— . P
F, out —}?n  —— Efficiency =—-=100%

in
P~ a = o o P
31 2.1 sluaaalszanE N INYed 13RI ABUNIBIADT IUNING]
° 4 J = g Yy o W ¥ ' o
Tunisiuesssaeunesineinanguiu szlimsids Iddudr widy
f1as Ivifheen Ae L IdiRad e iihgapdone 2 1da dszdnnm = 100%

himalgia

Haspaunasinesd

F, »* g
%, loss* |

P
P <P —— Efficiency = —2- < 100%

out in
P

in

out
|

.l."

17 22 puanakiz@nSamueasesaouneiime’ il fia



2.2.2 Mdagyeinavuliules
°_ w a A g A a d
- Midsgadohndsuniawmnunnudaiay
oA a d o A [} o
. angydodennnsaiadvazussundenssualifiugud (um-
on, tum-off loss)
A A o o o 4 ° "
- msgydoiisnndunuilssyursazdaniioniuda (parasitic loss)
- msgadorileanniiaaindindssqveslalen (diode recovery

loss)

o w = R - a a G4
~  Midegapden hinJdsunlamunnuiding
o MIYAIT0991N1515 1N 52U (conduction loss)
s M3 qmlﬁ on10 1UAUN 182111 (inductor copper loss)

- MsgadonIN (fixed losses)

a4 o 4 o aoA 4 o A v
Tufithissinssnfndumsguiodsnnnsadaduasus swundenssualidiu
P A e aa o d o da M . .
g_fuﬂcmﬂunamn’mmcn —~ ATNBUIDIABIULUNATIAIUIATY (Pulse Width Modulation)
TG
4 b a2 Py aa o a
siasoaamsgydoninaiuluaniziild lasdinisis Tanuun Taverde
ar o o o o ~ ° 4 o a  d4 ar
nanmsis lsuuwivesdudulszy uazduniioni e ldidamsaiadiiussau il

guindeaindinssuainfiiugud

- o ' y o P ° ar o 4
1‘1&1’5@‘&311&““ﬁ{lﬁuﬁﬂzu’]lﬂ'uﬂNa‘ﬂ‘&(ﬂ"ﬂﬂ’ﬁ‘“1\11““3@')\1%51]?\?\3“&']@5lﬂfﬁ uas
o o ¢ s i‘_l o & ‘ﬂ < o 'l v o ﬂ
NI mmﬂﬂwuuum%unﬂimai=1Nl HranMIiguluaungnun 'IJQﬂ'IﬁWﬂlu'u U
o o 4 o o o 4 o < a o
Ni]suamﬂmmu‘n ADUIDIADIUVVUAADULIDIADT i'n.l'l'l]ﬂ\]ﬂ'li"llﬂi'lz?ﬂlﬁzﬂ'lﬁ

@ A A o P v A o o 4
ElElﬂl!‘lJ‘U’N‘ili)JﬁﬂliI‘]ﬂluuﬂ ﬂ‘]f-ﬂ‘]iﬂﬂunﬂimElim_lU]Jﬂﬂﬁ’)ﬂ‘lﬂlﬂﬂu'lﬂﬂuﬂuﬂuﬂ



2.2.3 219930ARBUIIB I INDS

3 o ¢ &
310 23 2astinaeunesiaes

v.s‘wilch A

Vg

on

-~y

lxwitch A

~
~ Vv

Switchig losses

-~
7 N\
N
N\

\

e

\4

-~

3 4 a J& o ] o
21 2.4 smluaasmsgapdaiissnnmsaisdvasussunsenssua ludugud

A ¥ Qs o oL ° o  Jda o
nnnai lRvennstiansunesinessuifumsiunuunadia Tugadu (Pulse
. . o QA o w i a ¢ 1 5 ~ o z
Width Modulation) wldifasdeqoudenalasszvinmsuldsuaaiuzvesaiag fe
v ] E 4
Tusnei I nhnseua wazsen i hivinssua lumagmunawesmsau dniunn

{ a o o_ o ’
w1 lganud lunsaiadgs Mdsgadonzlisigeanlyde



a é (Y é d
2.24 ?Qﬂiﬂ?ﬂﬁ!ﬁi‘ﬁllﬂ“ﬂliﬂﬂﬂﬂﬂBul’)ﬁi!ﬂﬂ‘i

* Vs TR

: = o ¢ o ¢ &
311 2.6 nsmuaaawai 18vIn993me%s Tauuuinuuinneuesnes

o ~ o Y o 4 o o
vinwaf 1deIneesnleds lauuuiuuutinnsunesines ssannsoud luilgmimas
=] a o d [ - v b4 s 9 d’ o ¥ '

gadovinmsadasvaiziussdunienssua ligudla uatodosvesrsestezduna ldnn a1
o o ’ 1A P ¥ @ o A a
useuiannsoulalen (lutimdosnin ) Fufluwameinsivesdunuilszqudsnifasn
'y ad o £
souaphiouluAlveslalon wues
o 1 Y - 4 LY o
snsoud lilgvidenan 18 Taoniswauesaleis lsuuuiuuninaeunes
Jy ¥ & a d Y o ¢ A 13 et
wos IMiduisesdads lsuuuiuuninnounefinesioud lvilgmau hifiadesnmues

P w o o J o 3 ]
1993 FINANNIIMNU uazn1sansieztinaue ludunouse lul



a d v a o
23 MY INTIERINsans Isuuuiuuiinno U IIneS

4 o o ¢ o ¢ &
310 2.7 uarag995299530aAs Tauuuimnninnsuneines

o a Jd @ Jd o o 4 o v ar
AMSUNIAATIZH 2995 0aMs TuuuNHUUTRABUNeSIADS 3TABINIHUARIYBIAD
& 3 a o @ o
wilsraiudeulvlunmsinsiemiiududuusn
v a ¢ o P o oA a ¢ w s
299 5300A1s Isuuunuuuaneunesiaes Uideululunsinsiey Al

Y a -~ L4 o N
MBUNUAUT U ANYUS (Characteristic unpedance)

z,- &
Cs
2,-[F
. CD
z =‘E
C

- o
AN Tqmuummqu (Resonant angular frequency)

_ 1

o /,/LcS
_ 1

o /,/LC]D
_ 1

o= /i

8 o
A10015 511U 1N (Resonant frequency)

_ 1

° 2m,/LC;



anudaInT (Switching frequency)

oL
fO

Y o o
mmmuﬂszqsm (Total capacitance)

_ GGy
C. +C,

231 HANMININY
a s o o o o ¢ o A del o '3
TunisImsziieesdads Tannniianeunesinesuuuaiadius sdu Iiuiiueud
a ° Y 2 @ A Y s ) LA ¥ a s A
winsimualdnwesdaniisnimudnesniingann meldhedensinszy ¥

¥ o A’
2 dvsauyansil

il
:

D

@

Co
— G (,L I,

D

3 o a o o o ~ 4 ar 4
128 1esanyaveasesiiads lsuuniinnounesime Suvvadndius e I uilugud

o A & o 4 4 a Jda o ¢
unz99sads Tsuuuitaneunesinesuuvaiadius wu i uilugudszannie

' o b 4 L4 @ :
tmﬂﬂ‘li‘lﬂ1ﬂﬂﬁ)ﬂﬂ1ﬂlﬂﬂ 4 943 Y



SEE ——# T 2 | @
(1)) (V)
el I

-+ T3 j# T T4 ®
(M) C))

gﬂi’; 2.9 NI AUYIUAAINTINIUVBUADE TN
) ”msﬁugmmmmiv‘hﬂuﬁnﬁ 1(tt)
V) N‘niﬁuymmmmsﬁnmahe‘?'l 2 (t,t)
Q) awsﬁugmmmmsv‘inmihe"?i 3 (4,t)

(9) NITAVYAUAAIMFITRMENN 4 (1,1

£ A o W o : vy o dy
mﬁau'\mmzmﬂumsvnmumm’awsm 4 LL'U'U'ﬂ'llniﬂllﬁﬂﬁ1ﬂﬂ3mlﬂuﬂ1‘“ﬂﬁu

“ii=lo, Vs =0, T Q

Vp=0
e - \ 4
[

i v ‘
Y Vs =0 |
T=1 — ‘

1 3
lf 7 +o —-—p—————’—r
A 4
z 3
Y =1 E
Vo=0 *— k

é Period Completed

] ¥ k4
U8 2.00 summiaaslsu lunmshnuuazidumsiinuysansauyaii 4 wouy



10

232 Inneimahannaei T1 (- 1)

lunmsGudumsiiasiziastans Innnniwuianeunedines ssisuiinsey
TaolaaasihouunIdszoeniiads  uazesduduinszdeinanas T1 mag iWeanas
T4 v'inmwm%‘%ﬁymswvwnims'vuﬁﬁ'lnmhuﬁamﬁmﬁmawﬂszumm'ﬁuwﬁﬁuﬁﬁu
WwoR i, = I, nazwuhmanudusnaseudilaTen v, witams lusadeundy viddnny
sunnaseuiilaToatfinmihiugud (v, - 0) uazfians T4 faziadedumshanduvasi
#iad s afluaninssua Fohld mamduanasouiiadadinwidugud (v, -0) Tas
$rnmidianinszudizonsy o Taofideusi @, )> 0 ms1zd i, ) <o udlaTen
D, vz ﬁa‘ifmzﬁﬂﬁ'ﬁ?ﬂﬂﬁmmsnﬂmﬂmws'lﬁ' M IfamnsonsuauSuduves

] . >
amz T1 18 Taofadomzsudu@aTa) dmuasiae 1ddaeii

1,(0) = I,
Ve(0)=0
V,(0)=0

'Y

%:» QD L —

31 2.11 yamamsulfouanizvesasssauyaninaniz T hgan1ie Tt

L1
T ¢

» ’ v . ]
msanszsauyalugsann: T1 duSunniinszuai lvarudamiioniuas
[$ - 3 v w o t o a 4 ow °
pszueeayniinumiuned i = 1, Mildlalea D hithnssua nazadas s denaiinssua
J o o $ o d @ w
o 1 18105 aruyavesan1ng T1 Aegali 2.10 sazaunsodnsedanuduiuivesaning

T1 1870

110 NQYBUNDT BONA (KCL) :
I, =1,+1,

dv
I, =1, +C, (— 2.1
L 0 »( I ) (2.1

110 AHUBUADI FONA (KVL):



11

Ve =V, +Vep
di
Viy = L(-(};‘—) +Vp 2.2)

» b 4
NAUMIN 2.1 wag 2.2 e i IRanuduwus Al

Vi@)=0 (2.3)
i) = I/i"’—sin ot +1, (2.4)
ZD
Vo=V, -cosmpt) (2.5)

v o d o P @ o o s J
ﬂ']ﬂﬁﬂﬂ'liﬂ'l'lﬂﬁnwuﬁ‘i’l"lﬂa’u %zmmmuﬂﬂw sunuaanUTUNUTYo IO

A v [ ~ °o_ ' o 1 o o ¥ o A v
S, nszua N Inarmua wniloni i MANUAUNANATIDUAIAY V , uazMANUAUNANAS OU
Taleav, 14

\ 4

/

to b 4

A\

212 asmluamenuduRuivesadad s, nszuad Inasuduniioni i, manudu

5 ’ s v v A ] P $
Nanaseuaday vy, nazmnnuauiianaseulalea v fian1zh T1

233 INIMIMOMIN T2 (- )

° P e § o Jd o ' o °
AN e T1 ssfugaaailoadnsgadeld i s sueh i

29511z T2 uazilioadnd () aglugaslihnszua sxdawaldnszudIna



12

v @ 4 A a o P o - A o 4
rudunlszanaing C, uny Fsawnait ll@owinsauyameasizd

@ @ o [ 4
anuduiusate q et

op

‘ l
Vo G
- l I
310 2.3 yarasnsnlasuanzve wsduyanINaNIE T1 Mganiz T2
[] ¥
fiang T2 fmuamiaieg 1anatl
I, =1, =1I, 2.6)
NNIANYa T2 9218
NNNGUDUNBIFONW (KVL):
Ve =Ve, +Vep .7
P v @ do A
Nnaunsh 2.6 uaz 2.7 s lRanuduiusaail
o 1,Cs 1,
i (t) =i (0)cos@gpt + ——=—(1-cosoyt)+ [V, — Vp(0)]=sinogt (2.8)
C+Cp Z )
1. Lt 11, G,
V() =———=i, (0 t——— 2 t+[ Vi - Vp (0 1-cosogt) (29
Al mSDCSlL( )sinag, C.+C, (DSDCS+CDSID(DSD [Vie —Vi( )]C5+CD( ospt)  (2.9)

| B ] C
Vo = Vp(0)+ ———E——IL(O) sinog,t+[Vy -V, (0)]-(—:———S—é-(1 ~COS Oy t)

SD™~D N D

Mt b S gnagt @10)
Ci+Cp  agpC, C+C,

o o JY 9 < = v o a d
INAUNTTAITUAUNUTUNAU ilzﬁ'm'ﬁﬂu'l‘lllL‘\!Uuﬂﬂﬂuﬂﬂﬂﬁ'ﬂﬁﬁﬂﬂuﬁ'\]ﬂ\iﬁ?ﬁﬂ’
$ 3 o 4 ° J o a v 4 ¥ o 3 ]
S , pszuah Inaddamileni i, manuduisnaseuaday v, , uosAmnnusunianaioy
lalen v, 14



13

s t
i|L C\ —_— 75* e e —— __Io_.
o \‘/ k >
v, .
Vin
vl |
Vin |
\_/ .
Y b bbb b

- @ @ o a o P ) [ A o . ¥ @
214 asvlugasanuduiuivesaded s , nssuai varnudumiieniri, sy

{ ] a o 4 v A ¥ P {
nanATeNaIAY v, tazrianudunianaseulalea Vo nan1izi T2

o

234 IR5enimsmanemaei T3 ¢, t)

{ ° : ) T Qs H [] a o
fanz T2 swhanueaisduiiernnudunanaseuaias v, asauiu o uazlalon
3 ) o o A ] A’ 3 H L8 a e
D, aglusruhnssue  MidSudnganne T3 (@anr T2 Gugadionssuaiiiodwyniind

. nnadigudieue 1,>0)

iL
+ + +
Vin Ds Vo G C‘) [—» VIV Ds G L
| Gs I I Cs T

311 2.15 urasmsnlsuan zveniesauyana e T2 Wigan e T3

d' [d J 13 @ d’
Hanme T3 fvuaaaee 1aneil

I, =1, @11)
N NSANYD T3 9214

1ANQUBIRDI A (KVL) :

V=V oAV 212)

v v
VINAUNIIN 2.11 uag 2.12 92 WRanudunusasil



14

Vi@)=Vs(0)cosaot+Z,I, (0)sinwyt + V(1 -cosayt) (2.13)
. 1 . .
L O=Wnw—Vs (O)]”Z_ sin @l + i; (0)cos wyt (2.14)
D
Vp(0)=0 (2-15)

@ o oY 4 °o 2y o @ a f
PINAUNTANUTUNUTUIIAY ﬂgﬂ'\lniﬂ‘lﬂ.h.lﬂlﬂ‘l.lﬂi'lﬂllﬁﬂﬂﬂ'nilﬂﬂwuﬁﬂlﬂﬂﬂ'ﬁﬂﬂf

A ’ ar a o . ’ o A ' -4 4 o a ’
S , przuad Inarmuduniioni i, MANUAUNANATINAIAT V , HazAAuAUTianAI oY

latoav, 14
A
S
T it ake Rl
\'/ \4

Vs

Vin | /\

Vo

Vin
/ .

b hbts Y

3 @ o J a o & v o $ o, ¥ ar
s 216 nymuamnNuduRuivewdad s , nszuan Tvarudauntienii i, AAnuAY

~ ' a J 3 o A 1 d‘ 3
fanasouadad vy , uazamnuaufianasow a loa v ian1izi T3

a < o i
2.3.5 INNTHMIMOUYIA T4 (¢~ t)
o o =1 a’ ¥ A v o % '
Tumsimnmuluganz T3 sshnnusassfuasluamziidiennnuduiianaseu
s J I3 ' ]
and v anauiiu 0 Mldwesdhgmahauaanz 4
o Y a ° 4 3y o 3 ¥ ~ L4
Taglumstinuvesssesluanniz T4 dszSihauiismanusunanasouding
v, anauilu 0 laloafiadnd D, sveglusrninszuauazsshmiimiinssualnaniug,
A o ' a o oY a o ' ' ° 4 A
miusnit i, lureay Tasluvasmoiuiesedidiaday seglusininssua e
o ] Y A a a J S 4 ° P [] @ % L
pszuad Inakuduviionh i uduses o ada¥ s whnszuad madudamiionii g

] o ¥ L) -~y 9 Q’ d' P
franuny hidannsoi lihdsusesayald Tavaniie T4 szdugeasilienszuan'lva



15

] Y ~ o L4 =t 1 1w a 9 o 9 o
mudanilenhuesnssumeniymiaumiiuned i, = 1, udneesezndudilirauly

A M 2 o A o . s
AP T1 DnATe Fenez Tdmamneunsy 1 seunmsaiay (Switching Cycle) Noa

i

&

S jA
+ s
QO 2 G CD | A nC G
5N 217 yeasmsdouan iz vesnesauYANNAENIE T3 [WNGan1Iz T4
iz T4 e ldamuduwuiang 186l
1
i (=7, j Vodt +i, (t;) (2.16)
Vo=V, @17
VAU 2.16 uag 2.17 sz AR nuFuRusRail
zL(t)— t+1L(0) (2.18)
Vs (1) =0 (2.19)
V,(6)=0 (2.20)

@ o o ° = @ o o a o
IMNAUNMIANUFURUTNIEU zamnsoii l@ouns MuaasanuduRusuosaInd

S , pszuad Inaruduniioning manuAuRanasaualIaY v, , uazmanuaunianasoy
laToa v, 18



16

A
S
WAL IN L i
B Y
/i
Vs
Vin
Vo
Vin j/
to 1tz t

1 @w o d = o 3 . ar P o, 1 o
i 218 nsmluamsanuduiusvesadng S , nszuad Inakudamiloni i, aanudu

fanasouadad v, , tazmnwaufianasowulalea v nannzh T4

o ¢ s ¢
2.3.6 MIUAIICHRNIZSHTAAINY

D-_ D Io
—I—C

y W

4 o e o ar I3 ¢ A 3 - 9 = d
511 2.19 2wesiiads Tauuuiiuuinasuosiaes Audarhnszuai naRuainsuay

d’ ] s P o 2 L4 =2
ﬂszuaw"lwamummumummmmuwaﬂ I =1)

g 2.19 wiudh nszuaadadezilsangadamilounseuai Inarudamilont

& a i v < a oA o

(=1 Tavluvazfiadad s sglugraihnszud sz Idnsmns suaadaddesstszngas

) a ] o = o A a o L U 10
milouns Wnsyuad Inarudamtionh uazluvaznadnd s aglugiabihnssumase
[ y P t = C4 ° = oo ¢ & a o
wui lifinszua®i Tnardwadag s ldnssuaadadiugud Fanszuaaing 0y szamnse
uanaldnegIi 2.20



difnmomanan nizveuindimansze

17
A i i }
i { t
S
on Jloff
I R g
. i T i
h h A
lo : < : : : >
i i
o ‘| A ' :/’ N
& 1 d
L‘ ! V
¥ 1
319 2.20 nsluaasiunvesnssuaaIat ()
[ '3
23.7 myaAnsrnnszuainlen D
::‘ @ o n:‘ ] 3 o d’
1Nzl 2.18 siemnsamanudniuivsanssuan Inarylaloa D laasil
L=I,~1, @21)

71 2.21 nsluaasiinvesnssudalalea D (1)
238 Hafldnnnisdnniiwesians lsmammnuiiareunasaes

= o o o o L4 .
nIMIARIREANUFIRUS eIl 1 58UNISEIAY (Switching Cycle) 92

» ta o o a A A a Jdo or a
wuh hifaddsgyfoiiovasicdamihou Awmaasiugli 2.22

82008



Vs
Vin

4 ° @ o o o < AN v a
311 2.22 s mlumasmisyhauvesisesiinds Tsunuvinuuinnounesme s lunams

A 4 a o
LRTGETG RN

No switching Loss

4

18

@ o % - ¢ o %
ua 315”?1‘!]9\1ﬂ')'mﬂllwugﬂﬁﬂﬂﬁ%'lﬂﬂﬁ?lﬂi1371')\35)51!'(1?!15I"]ﬂluuﬁl!ﬂ‘lﬂlﬂﬂ@u

nosiney Aagilii2.23

v

311 2.23 ns Mluaasr iy

¢ ¢
1I9031A0T

il R

\{

s &

v

a LS o o ¢ LY
FNIHUKBINNIITAATITHINTUDALT Tﬂmmummvvﬂﬂﬂu



19

2.3.9 mﬁmﬂzﬁmu‘sqé'\’mmﬁv!mmzﬂaunes‘%'mﬂv {Conversion Ratio)
v a ¢ o 4 o o d  An g
infmiliﬂuga‘umawmamﬁTmmummunﬂﬂaunesmas lﬁﬂﬁwﬂ‘mﬁﬁﬂ'lﬂﬂﬂ

o ' v d =) o [}
usruUNanATeNA ANUIZY C, nisussduanasonlalen D

o s Yoy a o ’ o d
HazNAUMINIMIININYsIszduna ldhsrumniiussdunnnsondniy
b d } 4 ¥
152 C, vieussdiuanasoulalea D Wy Ao 939981 T1 uag T2 (0-t) Mmin AniuA1vey
[ d 4 P A
UsIAUIL A ¥, esm11A naumsi 2.5 uagarunish 2.10

Va(-cosopt) (0<t<t,)
Vo =

i, O)sin @yt +Hy VO =S (1 -c050550) - L -1 _Cs

vV (0)+
>0 Bl p stCp Cs+Cy  ayCp G5+,

sinogt (1, <t<t,)

v o o ::’ 1 Q’ ° T e d A o d”
NNANVAUNUSYNANF NN TI uas T2(0-t,) i)sm“lﬁ"lﬁ'uiQﬂummnmaaumu

1
v, =7£ v, (1)di

1 1 2
v, = ?[ [V, @ar + [ v,()d |

v » ¥
e T gumsveanswdusiynnde s ezamsaaunsii ldm aunisves

o o ad a 4
ABULIBIFUL 19 (Conversion Ratio) 18 lasmsdagtusaunts Taskissen luasis

4
ANUAMUNIZUBS Uoa 1ad (Nomalized Load Resistance)

R
R. =L (2.22)
vz,

C
Cc,=—2 223
vEG (2.23)



20
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¢ a  od o A
wosuuuaIasiussiu Iuilugudenaunisy 2.25 118

Lo 1
2nf,Z,

WislsmunuAIND f, = 196.08 KHz uazz, = 10 sz@amiienivesasesionts
g o < o a d4 o 4 3w 4 v A o
Tauwiinasuneiimesuuyadasusdu Iiihidugudondy 8.116 pH Fuilumnzi
Y JJ @ o o o o a da o 4
Tnamsts launugivnlunesions lauuusiinnsunesnesuuuaIagius A ugud
» . y
Antuninaunsi 33 uaz 3.2 uasvinissiasswamananssnwgild 3.5 «21dnssud

d' 1 Q) d' o
Nlwawdanilonh L1, =1_)

I, =8.4499 A  (INMINABIHAMINANGI)

E= (%J(&l 16 x107°)(8.4499)’

= 0.28974448702058x10~ joules
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A, =AA, __2E
K, K.JB,

_ (2)0.28974448702058x 10"

©0.6)1)3)10° Jo.2)
=1.609692 x 10‘9 x 1012
~1609.692 mm!*

° y v 24 [ ¥
snnitnadhdusriauiadenvnavewnunes 15a  Taenavewnuy
N5l 4 ' A 4 1 oA de o 4 dd
i lsa (Maruan n) TaotllalsmauawaguituiissniiefiundavisvesnufunNuni
THussywaadauda Aesansodennnavesnues lsatesiinn1Flunswuld Tanden
L 4 ooy A 4 oA do o & dd
unudDS 15ANUY 1Y EER  35/34 A NaguiuNssnIinuniaay 19 vaunuiuwung
a 4 o % o ¢ o o 3
Tussyvamafivanelumsasedmiloninensesinnouneiiaes Ashuaasluaunish
3.11 Muane

A=A A = (100)218)

r witc

I

21800 mm* 3.11)

Wounum1as Iuaun1s9 3.6 1 E 1IN IUNITIUIUTDVYDIHUNDIAIVDIND

d' o Y 1 e ° ' ’
Wi 1dvid 4 sou

U . (8.116)8.4499)

34 = 4 591

EER 35/34 ; N=—m>—
o AB_ (100X0.2)

uazvipvsudualanldmu eansosuas ldnnaunsi 3.7 wieunuaiey

= %é =0.8333 mm’

| p

4 . o o
Faannsoiir lifen 19mvuavesvaaialdanmsvuiaaad il (MARLIN 4.)
vy
1MURDIIMS asaeuduUIsIMIRNU TN soRu TARsmeiuvIAYsUNULARY

a v 3 A '
suu@enut 1dn5e Tl ineaumisi 3.8 Wisumuaiez 18

1AW EER 35/34 ; (218Y0.6) > (0.8333)4)
130.8 > 3.33

é oy 1] s or H
Faoaunsiues uaashanns aRuan laiomefuvuIaueIunUNEenL
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FTUSVBATOIMINF (air gap) N I lemanumilonimdesmsannaldsinaums
(3.9) lounuainz 14

2 -7
uPu EER 3534 1, - 4nx(4) (IOO)ZIO = 0247  mm
811610

34 ﬁmsmmi‘ﬁmmmznﬁeammmwsm‘uqu

3.4.1 SNYAEMINNUVBIAINUAN
4 o d a o o o A ]
2evsnouneinesuus lsnuunadasvazuswu Infuiugud de draatveams
o a ¢ o ' o 4 Ay y ¥a ° by
mnuveesaladiziinulusiamenoy 1, F9nildssnuunifessimuald
1 { a t o ~ [ ' oA @ @ (4
srnmieiad hivhnszua 1, asiilasvhmsudasmnnuiiiesneus v It uerina
Tasiinwnldeenuuy 13T adenlddnrugy UC3864N amnsenunulsesis Tsuuuvinou
o d a d o 9 ° ' o
nesimesmindumzusedu IMihiugud 18 wazawsetmuasianameiou £, Ta

Tassadnsiinuvesdaniugu UC3864N wlszneulildediuats o Al 3.7

Error amplifier(E/A)

Ai$11983 Error Amplifier (E/A) 71 1 unsauguazvuieSnzseduns sduiih
[IANATIANG 19910151 191HYB929955 7MUY Pulse Width Modulation 3 11jas afinas
s i Ihumuierhhlsuanunhevesiadiesmumszauus s T uerdna

uasz IS uanudveswadunu

Voltage Controlled Oscillator (VCO)
¢ o 0 S a a =
Fanduvoltage Controlled Oscillator (VCO) fmiliindanudiamndosmslag
mnnudimda ldeznidoumlaws st Idihidewdninaiugu Taous iduliinlslums
] a e @ a v o do I
muguanidizinenmsulioufieuanudifesnstugudrdslasduiuiiuiansuves
. 2 L4 [ 1
Error Amplifier (E/A) #3101vinaves (B/A) lnauguusedu i (veo) dunszuainih
o a ar o d
1, Vo338 IFh (VCO) GiBunannaawfiun 1 289 Ry . Reange WozAnnlizy
» » ] 3
Cyeo WONNIMITUANNAVOIRAT GegA-MIgAaIITO S IMUAMIUTRNTU  Roppee

Rogin-Cco N3OMIAIND AR mouNTs
3.6

e 3.15
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3.6
Soonmax = (3.16)
Fault [15] Fauit
and Blas and
Logic 5V Gen 1) sV
Soft-Ref [16] Preclslon
Refarence
N[ 2] I Slg Gnd
iNv 3]
uvLo 13| Veo
E/A Out| 4 1___._____
Range
Amin One Steering FET A Out
Shot Loglc Drivers o
Cvco| 8] » 14;B Out

Zero 12| Pwr Gnd
o] —

311 3.10 Tassademsshadnuny

One -shot timing generator and Zero wave crossing detection comparator
d o o 5 o a o
Handu One shot gniinnldiedmuannuninvesiodgegalavn RC Tao

o @ o

dogrunNadin One  shot xgm‘hmﬂ%’nmmﬂ%wm'ﬁaﬁﬁnﬂs:ﬂﬂmﬂ?amﬁﬂnﬁ'u
Foyanmarnilaisu Zero detection comparator ( Faignatnnnszue Ifhwesdumilent I,
uazussduIifhduiinlizy €, ) FeitedFuanmofiwgiiddmsaiadiinszuaifuiv
quinToussduIniluiuguinia « eturaeadumsnlaounlasveamssiazqungd #3
asnldounlac® uazdumnzauduginsels Tauuuiidmsuysiuléuas anunhaves
Wadausent ldnaums

T, =RC (3.17)

T, =03T, (3.18)

Under voltage Jockout (UVLO) and 5 V bias generator
PE o 4 'Y W o
Hanu (UVLO) msarunumshauvesled welleadummulasansmshiem

19410% a1 vaziSuTFuled Tunstms sau i ndoulddlTedfinnnni uvLo
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Je S 4 3
threshold #83WIATU 5 V bias generator 33gn Enable o1 1# 3950y  nwluvesdsled

Haw'la

Steering logic to output driver

dusesswdyanafin I lumsduvumvesweamaiide

One Shot
Fault Latch L
UvLO 050
- Qutput

to.50

Pwr Gnd

1 v o
31 3.1 myneldnuveusana

TIUAZIBUADY  YOIUAATVIVRIRIA UGN
415 V Pin 7390 Bypass 11/ Signal Ground #sd i uilsey 0.1uF Tasdudvalseyi
A233A1 ESR 1tag ESL M
Soft-Ref Pin 9205015 3 Hanyu'lAL System Reference, Restart Delay Soft-Start 1ag
Ed
Soft-Ref pin witinds 14t Input Reference 195y E/A 2211 an Overshoot 1 1ums ALY
o [ d’ 74 . 1 9t 2 o S a A o a 3
§15vv1 1114 Bypass Capacitor 88191180 0.1 pF ez lfifaTamsnvina Fault Julu
seuv Taovaenanlunsmss seilusasiaiu 19:1 (Restart Time : Soft Start)
gasnldne
=C,, x10kQ (3.19)
(3.20)

T saft start
T rt = Cgpx190kQ

resta

. 4 13
UAMIABIMIIA N Restart Delay Fuasannsaldmnnuduuiiu 20 kQ dsiiands

119191 Soft Ref asns1a uaaz Waumsalaoull

(0.48mAXR , ) - 0.2

T restart = RpxCgpxin 321
(0.48mA + R_,)- 5
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3.4.2 N1IBBNUVINVIAIVGN
Y ' s &
APV TUVAIUNBUDININILS TBUUUNU UITUANATIVINIITADULIOSIADS
& 9 4 4 a ¢ ¢S A
wuuia tlez I9mnnsdasilumsaivguaidadudisesis Tsuuumihaleanizvesssyy
wanslasuulassinnudsznldounlasanlide
a = d ¥ H o o )
TulSggriawusiauiiflusssuuuaiadvmzussdu A udugudssszauls
usadu I vesdadisadad liihnszus T Taohussdu Idhfueaniadeatinuiiu
ot i a ¢ °
guineunadasesiinszua i
% Yy ¥ A A a ¥ o a ¢ o & P
vinndnmidnsdu JudenlFledanwadmuguaiadiues UCIseN Fuiluled
o o @ A I'4 4 ¥ A =y dor A
frunsanlugun1s MuYesesiadis Isuuuinounesiaes 14 tiswniifndun
nlasuns wWumuguaud 1@ (Voltage Control Oscillator) HATENISAMMUATIININMYA

o . $ g a a d4 a L4
HASUAUBIUBANA (one-shot timer) 1¥naN (N ldifianisaindfius snugud

Erom Error Amp 5V

Feedback
and
Reference

Clock One Shot Pulse

(Resonant Time)
Lo

(M)
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vCcoO

Clock
{Internal)

One Shot
Minimum Maximum Zero Controlled
Pulse Pulse Pulse
)

310 3.12 () wanaesawiuves UC3seaN tudiuvesnnud

$ o .4
@) aowanlFlumsaugumsihinuvosaing

1t TddunassamsiinuYeness Isuuuiasunesmesuuua iaduas

wsesu Il ugudes 1dsrevesnudlunsadadidhu 100 kHz - 184315 kHz uasl
3 ¥

Fraaiaiad lihinszue ¢ ) dlu35us duiulunmseenuuy Seldsenuuylnled
UC3864N a31enudnunuidhauinnudaivaudige (f, ., ) inuilu 80 kHz uasi
anudauqugaga (£, ) inuilu 240 kizuazfivanare . fauius pS wield
o dn ¥ 3 = ' v o Jdo ¥ o @ a
Foygnailinnledliamutuazgamnm  , fuiustumsldou sasszihlidudimua

3 L Py A o 4’
Tumismagunsataie q indoasi
v 1
duvensadannutlunsauguuema

3.6

con min = (3.22)
RminCVCO

foonmax = 3-6
(R, //R

(3.23)
Cee

range ) 0
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VINAUNISN 3.22 tag 3.23 3214

R —=_ ~mn (3.24)

Taswzimuald C,, =360pF eliheremsnimdu q

113229214 R, = ; 3.6 —=125kQ
(80x10°)(360 x1072)
3
3249214 R e = 12510 _ qske
240x10°
80x10’

daveamsarana ueaaliinszualvvh

T =RC
Toﬂ" min — O'3Toﬂ' max

AR muaB3eduld t . =5uS den C=360pF

6
%31& R=~—52<—}-0—_1'2—=14m
360x10

mazezla T, . =(0.3)(5x107°)=1.5u8
off min

M3 3.6 uaaimwesgUnsalnlFiudinaugu UC3864N

R e (11 6) 62.5kQ
R (017 125kQ
Cyeo (118) 360 pF
R (19 14kQ
cC Y 360 pF
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3.5 MyoonuuUT319 I TIInAve INRaafAa

c, c IRF640
Ocsean O 7
33pF Ly <
AV

i [ o o a as o o LY o (4
51 313 29esdunavspaiafdidim Sy sadl lauuuntinneunesines

wuuaIadnus sdu Iiuiugudnldluinsanu

Tunsdunavewsamamdadmmesiads Tauuunisneunesiresuuuaiay
fuseiu Iithidhiguisuiudesahvsesdunaiifinsuontumaifhiszuinaesaugu
fnevsmamids Tavassunaiidenidunuulfndeulas nthFwaad 1&feg1i 3.13Ta0
mseenuasmenacnhdndamnselfunusnadnlitosnndsiumas i
dmten Sufenunuies sduvy B9 (A, = 233 mm® A, = 51.7 mm’ A, = 120461

mm’) $17usRRvewAmAlguniivesndoulay Invhd e idnnaunisi (3.12)

Vpri,prmax

AB f

¢ max s

N =

P

(3.12)

Tagh
N, fie Snnuseuvesaninlyugivesndemlasinih

eri.pk

2 o v =
9 usIAUGIgAN AL R

o v, - =025 unz B = 18 N - sfons

Wie V=15V D_ =025 uaz B =02T 9121d N =9 381 unsiaonimim
seuvesuaaanavgivesdoutas i ()M dus musesvesvanalgugil fio N,
=N, = 9 sou Tnvalaneaunaiil§u e aranouauves AWG28 (a, = 0.08046 mm’

$,,= 0.366 mm)
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dutvlszydimddnnlugiic, flestunszuaddivamundouadini
[HiD99 N5 IAUBUNATBINIITUINAYBINEAINARIEY (15 9F1IDIANAYBY UC3864N) 111
@ o o P LY a 4 LY 1 Ao
dyaravaduiniiszdudsduilugud mmg Iifhwedaiulszy Wi ¢, Aeadendiivh
4 J o . A -
181 8n 210 Tauusu 399515 Tuuuduuuoyns (series resonance) 111899 1nA AN 152y
o { ° a v P a o
Th ¢, wazdumiienimednlzugiiveandiomladdh L desnhmmdlunsding
¢ - A A o 4 ' = a &
athafisane dordonauds Tauuusiiu 0.1 mvesnnudlumsaiad madug Iflwes

FufudszgInih ¢, Anoasldnnaunsii 3.13)

100
C —

- (3.13)
T oan’fL

.

oy
c, foamylviheesdunulszynihc,

L, fis Anumilenhwesdumiionii L

o o = o o 4

dannlsey hmedwmdsgi ¢, TaTeadsnszua D, Adumu R, uag R, Ao
&, . . . a a ar U o o o 4 .
funihursvsunawi) (damping circuit) wilanussduanaseu lalea D, iWudyanaiaduiny

s a Jd LY 3 a d 7
fiszaududailugud masdnarvennsuaauifsuwinaiimunailunisaiadedis
=) A o 9 ar [} o/ [~ A A oA 3 w
oanaftesnu Idnnaveussduanaseudufulizy i ¢, nefl dindeadinsdina
' v 9 o ' o 4

ves 2vsunanil liesnd 10 mhwssmunarlunsadad Amnug Itthuesduilszy

I ¢, s ldmeaunist (3.14)

10T,
c 2z —— (3.14)
R +R
B -4
Tash
o o
c, asanuyldhvesdanuilszyindic,
R, A0 ATUAIUMUYOIRIATUMU R,
R, f© ANVAIUMUYB IR UMY R,

adumu R Aeedlesiumsesadainnsin (parasitic oscillate) A AR IUNS

= A ~a ~ 3 9 - o Y
sadFanalimgann missataaadunafetuldnnduimbszy tina-seiauazda
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. s B ¥
milpnindsdaiasnanusvesmnihdganulnsssdmns usnnaiismanudumu
o Qs ° v J . . [y 4
YoRUMU R, Galdimundaanaiu (rise time) yoauisduna-4o3a 1don R =10 Q
A 9 1 J o 4 n’/ o 9 o @ o a Jdy o @
weldsmiuveussimna-seiadui Muemlamdvhms adaddrennusige @2
fumu R defehudumaiilszyIdheennninavasueaiamdmgmbnizua §
+ v § o W ar d . 4 ) 4
weslalea D Asuuuer luasauneinavuiaveussdualid Gspike) anasouna-seosa
] A aaoe o o -
Tildiuniaussuna-sesdvosweamaiida
n" n:’ 5 o @ e o 4 o -
wititife lddin1seenuuuleesiiads lsuusdiansunesimes uuvainfvne
o 4 o °_ o 3
us ety Iiuilugud 29esmaalugu uazaestunaveswemiadduiiunGouieonds 3e
Yo 1 v P [y =q a >
TahdawdegneensuulladiareesilFluminenss Tasllununmussdsesimuaniy

] £ 4
31N 3.14 Al

rMﬁ‘l___l
' < | 8.116 uH 55 uH
D———’?'———-——
AERang
i 1
R 324.68 nF
™ §1-SQ
bo—25 | MBR1660 200 uF
8117 nF
'-I=~J >———
100 33pF 33 pF
AN i
[ ] L]
1BV kQ INA148
15V
J <
J D
o L
| 500 pF 3
I 10k0 ' l?'nF +15V
#: 62.5 3
0.1 2F M
J»~AM9——L7'1
T 2 1k
360uF seouF
~ |

71N 3.4 naasjihnessauvesmsasuuY e (Closed-Loop)
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NIINAADIUATHANTIINADDI

4.1 vmih
o o LY L3 o o da o o
2estiadts Tauuuvidansunesnesuuuadadsiussiu tthiugudildeenuuyll
Tuumidin 1dgmhwnaasuienadsuanuannsslunissnuissduussdu i
% A A o Any o . Ay y y a A |
wiana menlivwisudynai lAninnisdiassiwan lddeandestunquinselu ¥

aa = Ak ° ' a
APNTINADITIVDIHNANTITINAADIN 1ﬂ%$u1lﬁuﬂﬂﬂ1ﬂ1uﬂ“u

° Q) e ¢ ar ¢ ¢ a da [Y)
4.2 Mmidesaesianls lsuniinnsunestnesuuuadasius it uily
d
gue
Tumssrasnsesiads Tauuunidansunesinesiuuaiadnus sdu i uhugudly
37 4.1 fvsawssduldhiduaiad (V) usedulifranadenadng (V)
o s R 4 3 a £ A
aszud I InaswaSad (i,) Ansdinodaiuquitga £, =100kHz WRatwile

Nomax =5A, V00 =20V unzﬁﬂsﬁimwﬁmnqnqaqﬂ f, e =184.135kHz Aty

1 v
- (% ~
dis I, =14, V, . =25V ugasnaginal
(&) zvs_zre_1-SCHEMAIITI-ZVS MRT (active)
100v
o 4
SEL»>
=160
B VePRINTL:Z,C1:2)
1A
-102 i
LIPS
102
-103
o I{L)
10¥
207
av
3.3035zs 3.9200zs 3.9400ms 3.9¢60ma 3.2508ms 4., 0400ns

¢ V(32:2,8)

() Tize
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{8} zve_mre_l-STEEMATICL-ZVS MEC (active)

L

vV ViV V/\V/\d%ﬂ?

1007

N\_/]

il

D FERLET

>
-
>

=Tk
™~ .

o (L
07
1,,_: Fa Fat A Fat NN Fa¥ Fa Fal n__ N
WiWAWAVAWAVAVAWAWAWA AW
SEL??
- 3.3500ms 3.2600%8 3,8740m3 3.3¢0(ms 3.920002  4.00600%8
Lize
@)

it 4.1 HannMsSraesmafadaaens Taununvens
Foudgyanafi 1 fussduanaseniiaag (V. )
Foedayanai 2 mnszuavfhitedad (1)
sosdayanad 3 dnszuaIndhit lnarwdamilonh (1,)
yoedayanai 4 mussiubifhiienasewlalen (V,)
M) mAl Iy =5A (Ig ) W08 V, =20V (V, ..)
@) Ml Io=1A (Ig,,) 402 V, =25V (V. ..)

vinkait Idsnmsdiasssziuldiussdu Idhianaseududulsz g anasbagud
a a 1o 1 a o v o o
Tuvaznadad liinszuaid vazdeuaiadiimszualif dudfedsesez iifans

a a da : @ A =) a v
qq,lmu‘lummzmm DHMNYIUNALTDYITNTHVDININIONAY



) LY =N d as d d a Jd' LY |
4.3 MINAABIIRTNAAs IauHuNianaulasnesuuuadavius e Inwuilu
d
gud

d =
MINATDVNIINALS IBUNNNVB D IUVV A (Closed-Loop)

Tek Run: 100MS/s Sample
[

C4 Freq
92.593kHz
Low signhal
amplitude

¥ 3oV ChT ™S00 A 3 EONs Ch1 o 20V 1 Feb 2008
Ch3 5.00A .00 V e 18-;’;-36

Tek Run: 100MS/s Sample
1

1 C4 Freq
108.342kH2z

Low signal

amplitude

" 1 Feb 2008
18:32:40

)
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Tek Run: 100MS/s Sample
L

L3

T

-

"l'--!'""F"'I'-"I"ﬂ":-‘ o

C4 Freq

1 170.648kH2
Low signal

amplitude

A  M2.50us Chil s '2'0'\)‘1|:eb2003
v 18:31:08

Q)]

11 4.2 nannmis Sraesmsifiadygnans Tnnusiuesissfinsdasila (Closed-loop)

Fosdganui 1 fusdunnaseuiiadag (V,)
sosdaygnudi 2 mnszua I iiadad (1)
soedayanai 3 Anssualiihitnarudamiient (1)
sosdayanaii 4 Awssdunihiianaseulalen (V,)

M Mt I, =5A Iy, 4ag V, =20V (V, )

(e I,=3A wag V, =22V

@ 38l I, =1A (Iyu,) o V, =25V (V,.)

q1fi 43 fﬂuﬂ15zﬂ%‘umﬁtmﬂ'nu?;muqn‘?'uﬁﬂﬁuﬁmmﬂﬂﬂﬁmimmseﬁuﬁﬂﬂs'au
fiedad (V) mnszuafhiiadad (1) mnszuavdhitlwakwdmiionh (1) a
st Infhiiannsenlalen (V,) finsdinnuiniuguiiga £, i Ansuiie Iopm =5 A
uazV, . =20V funsdiienhnuiiaaisisna fe I,=3A uag V, =22V

3 ~ J »
uaznsBinIMDMUAUGIYa f, ., Navwdie 1, =14 wozV, . =25V



d' =) d‘ d' b4 Y o
M 4.l ll’dﬂ\‘lﬂ'ﬁl‘lﬁﬂﬂlﬂt)ﬂﬂ')'lllﬂﬂ’)‘l]ﬂﬂﬂ1ﬂ‘i]'lﬂﬂﬁﬂﬁﬁﬂ\‘lﬂ‘ﬂﬂ'ﬁil'lﬁﬂﬂ

\'A I, mmﬁmnqn( Joon JkHZ)

\%] (A) NNITINBY INMINAABY
5 100.00 92.59
4 115.68 102.00

20 3 12743 116.30
2 14271 131.60
1 170.59 161.30
5 115.68 102.00
4 122.52 111.10

25 3 136.23 125.00
2 154.91 142.90
1 184.31 170.64
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nnms sz ImIALanIuu IdInnsnaesseziinnnuddesn s
9 & a1 9 P J v a LA o ¥
18 esnnluaeesimnnudunundafiauuazmdanaraninginsama q ildm

" 49 2 ¥ 4 A A ¥ Y s Y oy
hildandesms Twdssaannudaunenezldusiuenns ldawmanims

(Y] LY [¥) ¢
4.4 NINATIUNIINHITTALUIIAMDIANG

msnageuMsInuszRuus iU IfhieyAuuYIsEla (Closed-loop)

Digital Oscilloscope DL1520
o t Probe Digital Multimeter
] CH1 CH2
¢
— 0] =
v SMPS _ Yo ] load
__.O_.._
DCPower Supply
PAD35-10L
DC Power Supply APS-1

1 ar o o o ar ar o
31"?] 4.4 MIVAYANADBIT NI UNAADINIIINUITTAVUIIAUIDIANA
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aq
IHENTINAADY

[ [

1. SaganaassRagiii 44

2. 9190590U W1 10 V 910 DC Power Supply 31 APS-1 IWfunesaiunu

3. 918u338u 1WA 20V 990 DC Power Supply 31 PAD35-10L Wifusesnndids

4. Tufinsusedu Ifhiednafinssudening 14-5A awddy

5. 9101598U 1M 25 V 930 DC Power Supply 33 PAD35-10L 1¥Au99iniadids

¥ o ¥y
HATINIMINADBININIDN 4

AaNIINAABY

4 @ 1 o o
ﬂ‘l‘i‘Nﬁ 4.2 HANITIAAULTIAUBIANAVIINITUDD closed-loop

1, 7, (V)
) Vorn =20V | V, . =25V
1 4.983 4.985
2 4.979 4.980
3 4975 4971
4 4.972 4973
5 4.969 4970

4.5 nnageunsAeUaHeIVRMIH Irthioing

FBmsnanes

1. SayAnaasadagili 45

2. 910u5939u 1A 10 V 910 DC Power Supply {1 APS-1 1 UsAURY

3. 910853 TH# 20 V 910 DC Power Supply {1 PAD35-10L I¥finessmadiids

4. Wuindgaraussiu A wedyaidionssua e dnanldsunlasedie
duwdun 1 A lldhy s Avaznn s A hlkih 1 A

5. 91ou5939u 1A 25 V 990 DC Power Supply 31 PAD35-10L 1¥fuasesnindds
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Digital Oscilloscope DL1520

= CH1 CH2

q L
toad 1} | load 2

Vi SMPS Vo
O —O-
DC Power Supply
PAD35-10L

DC Power Supply APS-1

d' ar o o [
310 45 msdaganaassdmiumadounsaoudusvews iy INA 1o WNA

Hanyinaasy
Stopped g 2000/07/01_07:02:08
CHI=500mV: 2ms/ v
ac 11 2ms/d&iv)

=Filter= =Offset= =Record Length= =Trigger=
Smwothing : OFF CHY1 | ~~-=vew Maln : 10K Mode © SINGLE
BW [ FULL CcH2 : o0V Zoom © 10K Type : EDGE CH1 ¥
Delay : 0.0ns

1 o o & A @ 4 (4
1 4.6 Jldganas e IdiieAyaveees Nusady 20 v dienssua Iiftue 1dneg

wanmlasednsunduan 1 A lWdu s Auazan s Alddlu 1 A
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2000/07 /01 071222

CHIZS00mV: 2ms/div
ac Tt (2msydiv)
: : NORMSO0KS /s

=Filter= =0fFset= =Record Length= sTrigger=
Smoothing : OFF CH1 | ~==ww== Main 10K Mode @ SINGLE
BW © FULL CH2 : ooV Zoom @ 1K Type : EDGE CH1 &
Delay : 0.0ns
Hold OF : MINIMUM

UM 47 Jdgygnuussufluerdnavesnsesiusedu 25 v disnszua i e winys

nlasumlasesantundusin 1 ATSu s Auazan s A i1 A

4.6 Uszanimmuariitlaveansaduiherdnavesises

4.6.1 szanEamussisesunindila (Closed-loop)

M3139 4.3 sanadlseanEmmnveaaesuuuiila (Closed-oop)
(M) uaanlszdninmassisssinsedniidune v, ., =20V
@) uaanlszdninmeesassiussdu Ifbuna v, . =25V

() uarasszdnsamusedesiins sduiitune v, =22V

V. M| L® Vv, (V) 1,(A) Ry(Q) | iszaninn %
20 1.54 497 448 1 72.291
0.33 498 0.97 5 73.191

Q)]
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4.6.2 Slilevoussiulvivhuerdnn

V. V)| L@ v, V) I,(A) | R (Q) | dszinBam%
25 1.27 4.97 4.5 1 70.441
0.26 4.986 0.98 5 75.174
C)
V. M| L@ | Vv,V I,(A) | R,(Q) | szdAnSam %
22 0.85 4975 2.72 1.66 72.364
(,)

L , 2000/07 /01 074322
CH1=100mV: i Sus fdiv
AC 111 I :

=FiHer=

Smoothing : OFF CH1 :
CHZ :

BW . FULL

=0ffset=

=Record Length=
Main :
ooV Zaoom

10K
10K

=Trigger=
Mode @ AUTO
Type : EDGE CH1 #
Delay : 0.0ns
Hold OfFF : MINIMUM
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we3 vinaduRIY yiaduruguanat P
p 4 wunninaadnd
AWG # guinai 1iey R

mm2

mm mm

24 0.0503 0.06604
0.00199

43 0.0564 0.07366
0.00250

a2 0.0633 0.08128
0.00314

a1 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 0.2743

0.0401
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twef Uy vumduruguina P
. 4 Nunmindnlng
AWG# guonan ey mnuIY
mmz
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 0.5232
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




70
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¢ P nunvinAang
AWG # guina iesunIY

mz

mm mm

19 0.9119 1.003
0.653

18 1.024 1118
0.823

17 1151 1247
1.040

16 1.290 1.389
1.308

15 1.450 1.557
1.652

14 1.628 1737
2.082

13 1.829 1.943
2.621

12 2,052 2172
3.308

1 2304 2.431
4.168

10 2.588 2720

5.261
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L] Unitrode Products
o | from Texas Instruments

application 1 UC1861-1868
[ o i uC2861-2868
| available | )C3861-3868

Resonant-Mode Power Supply Controllers

FEATURES

o Controls Zero Current Switched (ZCS)

or Zero Voltage Switched (ZVS)
Quasi-Resonant Converters

« Zero-Crossing Terminated One-Shot

Timer

« Precision 1%, Soft-Started 5V
Reference

+ Programmable Restart Delay
Following Fault

« oltage-Controlled Oscillator (VCO)
ith Programmable Minimum and
aximum Frequencies from 10kHz to

MHz

o Low Start-Up Current (150A typical)

[
. Ei:l 1 Amp Peak FET Drivers

. O Option for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family of ICs is optimized for the control of Zero Cur-
rent Switched and Zero Voltage Switched quasi-resonant converters. Dif-
ferences between members of this device family result from the various
combinations of UVLO thresholds and output options. Additionally, the
one-shot puise steering logic is configured fo program either on-time for
ZCS systems (UC1865-1868), or off-time for ZVS appilications (UC1861-
1864).

The primary control blocks implemented include an error amplifier to com-
pensate the overall system loop and to drive a voltage controlled oscillator
{VCO), featuring programmable minimum and maximum frequencies. Trig-
gered by the VCO, the one-shot generates pulses of a programmed maxi-
mum width, which can be modulated by the Zero Detection comparator.
This circuit facilitates “true™ zero current or voltage switching over various
line, load, and temperature changes, and is also able to accommodate the
resonant components’ initial tolerances.

Under-Voltage Lockout is incorporated to facilitate safe starts upon
power-up. The supply current during the under-voltage lockout period is
typically less than 1500LA, and the outpuls are actively forced to the low

Applicaﬁons state. (continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVLO 16.5/10.5 16.5/10.5 8/7 8/7 16.5/10.5 16.5/10.5 8/7 87

Alternating Parallel Altemnating Parallel Altemati Parallel Alternating Paraliel
“Fixed” Off Time Off Time Off Time Off Time On Time On Time On Time On Time
BLOCK DIAGRAM
Fault |15 Fault
and i
> e oy e
Soft-Ref|18 Precision
Reference] j
Nif2 >_ 5} Sig Gnd
INV|3 -
UvLO E3:| Vee
E/A Out|4 L____.
Rangej} 6
. One Steering FET 1jA Out
Rmin{7 vCO . .
Shot Logic Drivers
Cvcols 14| B Out
Zero [0 L——-—Ez‘j Pwr Gnd
0.5v
RC{9
Pin numbers refer to the J and N packages. upee
LUS289A - OCTOBER 1998 - REVISED FEBRUARY 2006
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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 Ve ex-

ceeds the UVLO threshold, a 5V generator is enabled

whn:h provides bias for the internal circuits and up to
A for extemal usage.

........................................... 2v
Current

orSinkk(Pins118&14) ..................... 0.5A

Pulse (O51S) . .......c.cvieriiiiiiienna.. 1.5A

PowerGroundVoltage . . . .. ...... ... ............ +0.2v

(Pins2,3,10,&15) ...............onutn —04to7V

or Amp Output Current ........................ 2mA

wer Dissipation .. ... ... ... . ... ..., 1w

ion Temperature (Operating). .. ............... 150°C

Lead Temperature (Soldering, 10seconds) .......... 300°C

are; positive into the specified terminal. Pin numbers refer to
e J and N packages. Consult Unitrode Integrated Circuits da-
tabiook for information regarding thermal specifications and
itations of packages.

PIL-16, SOIC-16 (Top View)
J or N, DW Packages
A
5V} 1 16 | Soft-Ref
Ni| 2 15 | Fault
NV} 3 1418 Out
|
! E/A Out] 4 13| Vee
? Sig Gnd} 5 12} Pwr Gnd
{
RangeE 11| A Out
Rmin[z 10| Zero
Cveo| 8 zl RC

UC1861-1868
UC2861-2868
UC3861-3868

delay, and the intemnal 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 cumrent.

CONNNECTION DIAGRAMS
PLCC-20 & LCC-20 (Top View)
Q & L Package -
| PACKAGE PIN FUNCTION]
FUN PIN ‘
Soft Ref 1
5v 2
NI 3
INV 4
32 1 2019 E/AOut S
{4 /) ® | SigGnd 6
Range 7
is 17 RMIN 8
8 16| Cvco 9
RC 10
7 51 ™ Zero 11
8 14 NC 12
9 10 11 12 13 NC 13
- AOut 14
| PwrGnd 15
| PwrGnd 16 _
Vce 17
B Qut 18
NC 19
Fault 20

3



UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSUrless otherwise stated, all specifications apply for —-55°C<Tas<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=86.6k,
C=200pF, R=4.02k, and Csr=0.1puF. TA=T.

| PARAMETER TEST CONDITIONS | miN | TYP | max unmrs
5V Generator
utput Voltage 12V $Vee < 20V, ~10mA <losOmA 48 | 50 1 52 1 Vv
Short Circuit Current Vo = 0V -150 -15 | mA
Soft-Reference
estart Delay Curent V=2v 10 { 20 | 35 | pA
Soft Start Current V=2v 650 | 500 | 350 | pA
Reference Voltage Ty=25°C,lo=0A 495 | 500 | 505 | V
12V s Vee s 20V, —200pA < 1o < 200pA 4.85 5151 v
ine Regulation 12VsVec £ 20V 2 20 | mv
Load Regulation —200A < Jo < 200pA 10 | 30 | mv
Esror Amplifier (Note 3)
ipput Offset Voltage Vem =5V, Vo =2V, lo = 0A -10 10 mV
Input Bias Current Vem = 0V -20 | -0.3 pA
Voltage Gain Vem=5V, 0.5V s VO<3.7V,lo=0A 70 | 100 dB
Power Supply Rejection Ratio Vem =5V, Vo = 2V, 12V < Vec S 20V 70 | 100 dB
r Amplifier (Note 3) (cont.)
Common Mode Rejection Ratio |0V < Vem < 6V, Vo = 2V 65 | 100 dB
Vout Low Vip =-100mV, io = 200uA 017 0625} Vv
Your High ViD = 160mV, lo = —200pA 39 | 42 v
nity Gain Bandwidth (Note 4) 05| 08 MHz
Val Controlled Oscillator
aximum Frequency Vip (Error Amp) = 100mV, To=25°C 450 | 500 550 | kHz
Vip (Error Amp) = 100mV 425 575 | kHz
Minimum Frequency Vip {Error Amp) = -100mV, T3 =25°C 45 50 55 kHz
Vip (Error Amp) = -100mV 42 58 | kHz
Shot
Comparator Vth 045 | 050 {055 | v
Propagation Delay {Note 4) 120 | 200 ns
Maximum Pulse Width VzErRO = 1V 850 | 1000 | 1150 | ns
Maximum to Minimum Pulse Vzero =0V UCx861 — UCx864 25 4 55
Width Ratio VzeRo = 0V UCX865 — UCx868.-55°C to +85°C 4 | 55} 7
Vzero =0V UCXB65 — UCx868, +125°C 38 | 55 7
Stage
Rise and Fall Time CLoAD = 1nF (Note 4) 25 | 45 | ns
Output Low Saturation lo =20mA 02 |05 v
lo = 200mA 05 | 22 ] v
Output High Saturation lio = -200mA, down from Vee 17 | 25 | v
UVLO Low Saturation lo = 20mA 08 | 15] v
Fault Comparator
Fault Comparator Vth 285|300 315 v
Delay to Output (Note 4) (Note 5) 100 | 200 | ns
3
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UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICSuUnless otherwise stated, all specifications apply for -65°C<Ta<125°C for the
UC186x, —25°C<Ta<85°C for the UC286x, and 0°C<Ta<70°C for the UC386x, Vce=12V, Cvco=1nF, Range=7.15k, Rmin=86.6k,

C=200pF, R=4.02k, and Csr=0.1pF. TA=TJ.

PARAMETER TEST CONDITIONS | min | TvP | MAX [uNITS
UvLO

Vee Tum-on Threshold UCx861, UCx862, UCxB65, UCX866 15 [165] 18 [ V
UCx863, UCx864, UCx867, UCX868 7 | 80| 9 | v

Vee Tum-off Threshold UCx861, UCx862, UCX865, UCX866 95 [ 105 | 115 v
UCx863, UCX864, UCxX867, UCXB68 6 | 70| 8 "

lcc Start Vce = Vec(on) — 0.3V 150 | 300 | pA

lcc Run Vi = 100mV 25 | 32 | mA

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

2: Pulse measurement techniques are used to insure that Ts = TA.

Nots 3: VID = V(NI) - V(INV).

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

0to4v

Note 5: Vi = (Vi) 10ns  tpd=t(Vo=

APPLICATION INFORMATION

UVLO & 5V GENERATOR (See Figure 1):When power
is applied to the chip and Vcc is less than the upper
UVLO threshoeld, lcc will be less than 300pA, the 5V gen-

m:: will be off, and the outputs will be actively heid low. _

en Vo exceeds the upper UVLO threshold, the 5V
generator tums 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-

delay, and soft-start. Designed to source or sink

HA, this pin should be used as the input reference for

error amplifier circuit. This pin requires a bypass ca-

pacitor of at least 0.1uF. This yields a minimum soft-start
ime of 1ms.

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

ent source.

6V)— 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 imed 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 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 oltputs 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 recurring
faults since Sofi-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 nomal operation and 19:1 for faults oc-
curring during soft-start. Shorter ratlos can be pro-
grammed down to a limit of approximately 3:1 by the
addition of a 20kQ or larger resistor from Soft-Ref to
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 feature
can be used fo require recycling Vcc after a fault. Care
must be taken to insure Soft-Ref is indeed low at start up,

4 or the fault latch will never be reset.
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’ UC1861-1868
UC2861-2868
UC3861-3868

APPLICATION INFORMATION

Vel
On/Ot[5V Generatod 5V 5V
Vih* (IC Bias) Li
T 49V _, Inhibit Output(s) (UVLO) I
Pwr Gnd ) Sig Gnd
Inhibit Output(s) (Fauit)
Fault[ S s
3.0v Fault v Delay
Latchi 4 Latch
0.2V R ~ R oft Start
Soft-Ref L |
J_ T 20Q f g{,eczision
; T 1 ener Restart
, = = Delay 20uA
}' =
f “UCx861/62/65/66 thresholds are 16.5V and 10.5V.
UCx863/64/67/68 thresholds are 8V and 7V. UDG-92020

. 5V
15.0V -.-eey
: Restart  ...._..... OV -eeeees
i : Delay
Soft-Ref :
Y | U T
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Output(s) Low %/% E

UDG-92021-1

Figure 1. UVLO, 5V, fault and soft-ref.
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UC1861-1868
UC2861-2868
UC3861-3868
APPLICATION INFORMATION

Minimum oscillator frequency is set by Rmin and Cvco.  The Eror Amplifier directly controls the oscillator fre-
The| minimum frequency is approximately given by the quency. E/A output low comresponds to minimum fre-

equ?tlon quency and output high comesponds to maximum
43 frequency. At the end of each oscillator cycle, the RC pin
Fun = m is discharged to one diode drop above ground. At the be-

ginning of the oscillator cycle, V(RC) is less than Vih1t
imum oscillator frequency is set by Rmin, Range & and so the output of the zero detect comparator is ig-

Cvco. The maximum frequency is approximately given by  nored. After V(RC) exceeds Vih1, the one shot pulse will

the

uation: be terminated as soon as the zero pin falls below 0.5V or
33 V(RC) exceeds Vth2. The minimum one shot pulse width
Faux = @y 1/ Range o Creg is approximately given by the equation:

Tpw(min) 03 R C.
The maximum pulse width is approximately given by:
Tpw{max) 12 R C.

STEERING LOGIC

UCx861, 63 UCx862, 64
vee One Shot
Out A Fault Latch 1
uveo 050
?Output
20.50
Fault Lalch -L—-q Out 8
uviLo —+d rur ang o
UDG-92013 - ) UDG-92014

steering logic is configured on the UC1861,63 to result in The steering logic is configured on the UC1862,64 to result in
dual non-overlapping square waves atoutpuis A & B. This is  inverted pulse trains occurring identically at both output pins.
to drive dual switch ZVS systems. This is suited to drive single switch ZVS systems. Both outputs
are available to drive the same MOSFET gate. Itis advisable to
join the pins with 0.5 ohm resistors.

UCx865, 67

vce

POne Shot Out A UCx866, 68
One Shot
Fauit Latch
UvVLO 3050
Fault Latch 4 Out B = Output
UVLO —=C Pwr Gnd out B iEO.Sn
UDG-82015
he steering logic is configured on the UC1865,67 to result in Pwr @nd
al ing pulse frains at ouiputs A & B. This is suited to drive UDG-92016
al switch ZCS systems. The sieering logic is configured on the UC1866,68 1o result in

non-inverted pulse trains occuring identically at both output
pins, This is suited to drive single switch ZCS systems. Both
oufputs are available to drive the same MOSFET gate. it is ad-
visable to join the pins with 0.5 ohm resistors.
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UC1861-1868
UC2861-2868
UC3861-3868

Internal One Shot _’_I I—L

[ L

Out A I l

UCx861,63

s ]

UCx862,64 —lJ l I

UCx865,67

i

} Out A I l
1

: Out B | l

‘ UCx866,68 l | H
!

[ ] ] I

Fi?ure 3. Current waveforms.
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TexAs PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.ti.com 18-Jut-2006
IPACKAGING INFORMATION
!
|  Orderable Device Status ) Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp @ |
Type Drawing Qty
5962-9203101M2A OBSOLETE LCCC FK 20 TBD Callll  CallTl
5962-0203101MEA OBSOLETE  CDIP J 16 TBD Caim CalTl
|| 5962-9203102MEA OBSOLETE CDIP J 16 TBD Callm CaliTl
5962-9203103Q2A ACTIVE LcCcC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
5062-9203103QEA ACTIVE coP J 16 1 TBD A42SNPB N/ A for Pkg Type
5962-9203103V2A ACTIVE LCCC FK 20 1 TBD CaiTl N/ AforPkg Type
5962-9203103VEA ACTIVE cDiP J 16 1 TBD CallTl  N/AforPkg Type
UC1861J OBSOLETE  CDIP J 16 TBD Calll  CallTl
UC1861J8838 OBSOLETE  CODIP J 16 TBD Calm CallTl
UC1863) ACTIVE CDIP J 16 1 TBD A42SNPB N/ A for Pkg Type
UC1863J3838 ACTIVE corP J 16 1 TBD A42SNPB N/ A for Pkg Type
UC1863JQMLV ACTIVE CDIP J 16 TBD Calm CallTi
UC1863L ACTIVE Lcce FK 20 1 TBD POST-PLATE N/ A for Pkg Type
UC1863L8838 ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
UC1863LQMLV ACTIVE  LCCC FK 20 . TBD Calll CallT
UC1864J OBSOLETE  CDIP J 16 TBD Calm CallTl
UC1864J8838 OBSOLETE CDIP J 16 TBD Calm CalTi
UC1864L OBSOLETE LCCC FK 20 TBD Callm  CallTl
UC1864L8838 OBSOLETE  LCCC FK 20 TBD Calim CaliT
UC1865) OBSOLETE  CDIP J 16 TBD Callm CaliTl
UC1865J833B8 OBSOLETE CDIP J 18 TBD Catm  CallTi
UC1867J OBSOLETE  CDIP J 16 TBD CallTl CallTl
UC1867L OBSOLETE LCCC FK 20 TBD CalT  CaliTl
UC28610W ACTIVE soIc Dw 16 40 Green(RoHS8& CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2861DWG4 ACTIVE soic DW 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
no SbiBr)
UC2861DWTR ACTIVE SoIC Dw 16 2000 Green S(l;t/%H)S & CUNIPDAU Level-2-260C-1 YEAR
no ¥
UC2861DWTRG4 ACTIVE soic oW 16 2000 Green (RoHS& CUNIPDAU Level-2-260C-1 YEAR
no Sh/Br)
UC2861N ACTIVE FDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
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  Level2-260C-1 YEAR
no Sb/Br)
UC2861QG3 ACTIVE PLCC FN 20 46 Green (RoHS & CUSN  Levet-2-260C-1 YEAR
no Sb/Br)
UC2863DW ACTIVE SOIC ow 16 40 Green(RoHS& CUNIPDAU Level-2-260C-1 YEAR
‘ no Sb/Br)
UC2863DWG4 ACTIVE S0IC DW 16 40 Green(RoHS& CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
UC2863DWTR ACTIVE soc oW 16 2000 Green s(RoHs & CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
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TEXAS
INSTRUMENTS
www.ti.com 18-Jul-2006
| Orderable Device Status ™  Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp
Type _ Drawing Qy
UC2863DWTRG4 ACTIVE SOIC DwW 16 2000 Green(RoOHS & CUNIPDAU Level-2-260C-1 YEAR
. no Sb/Br)
: UC2863N ACTIVE  PDIP N 18 25 Green(ROHS& CUNIPDAU N/Afor Pkg Type
! no Sb/Br)
. ©  UC2863NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2864DW ACTIVE SOIC DwW 16 40 Green(ROHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2864DWG4 ACTIVE SOIC Dw 16 40 Green(RoOHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2864N ACTIVE PDIP N 16 25 Green{(RoHS& CUNIPDAU N/AforPkg Type
no Sb/Br)
UC2864NG4 ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2865N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2865NG4 ACTIVE PDIP N 16 25 Green(RoOHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2866N ACTIVE PDIP N 16 25 Green(RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC2866NG4 ACTIVE PDIP N 16 25 Green(ROHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC3861DW ACTIVE SOIC Dw 16 40 Green(ROHS & CUNIPDAU  Level2-260C-1 YEAR
no Sb/Br)
UC3861DWTR ACTIVE SOIC DwW 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861DWTRG4 ACTIVE SOiC Dw 16 2000 Green (RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3861N ACTIVE PDIP N 16 25 Green(ROHS & CUNIPDAU N/ Afor Pkg Type
no Sb/Br)
UC3861NG4 ACTIVE PDIP N 16 25 Green(ROHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC3862DW ACTIVE SOIC DwW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3862DWG4 ACTIVE soic oW 16 40 Green(RoHS& CUNIPDAU Level2-260C-1 YEAR
no Sb/Br)
UC3862DWTR ACTIVE SOIC ow 16 2000 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 Sb/Br)
UC3862N ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/Afor Pkg Type
no Sb/Br)
UC3862NG4 ACTIVE PDIP N 18 25 Green(RoHS& CUNIPDAU N/Afor Pkg Type
no ShiBr)
UC3863DW ACTIVE SoIC DW 16 40 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3863DWG4 ACTIVE S0OIC DW 16 40 Green{RoHS & CUNIPDAU Level2-260C-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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Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
www._ti.com 18-Jul-2006
" Orderable Device Statrs ) Package Package Pins Packags EcoPlan® Lead/Ball Finish MSL Poak Temp © |
Type Drawing Qty
UC3863N ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC3863NG4 ACTIVE PDIP N 16 25 Green (RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3864DW ACTIVE SOIC DW 16 40 Green (ROHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3864DWG4 ACTIVE SOIC DW 16 40 Green (ROHS& CU NIPDAU 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 & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
| UC3864N ACTIVE PDIP N 16 25 Green(RoOHS& CUNIPDAU N/A for Pkg Type
no Sb/Br)
UC3864NG4 ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pkg Type
no Sb/Br)
UC3865DW ACTIVE SOIC DW 16 40 Green (ROHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865DWG4 ACTIVE SoIC DW 16 40 Green(RoOHS& CUNIPDAU Level-2-260C-1 YEAR
no ShiBr)
UC3865DWTR ACTIVE SOiC DwW 16 2000 Green (RoOHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3865DWTRG4 ACTIVE SoIC DW 16 2000 Green (ROHS& CUNIPDAU Level2-260C-1 YEAR
no Sh/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
no Sb/Br)
UC3865Q ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR
j no SbiBr)
UC3865QTR ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
UC3865QTRG3 ACTIVE PLCC FN 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
UC3866N ACTIVE PDIP N 16 25 Green({RoHS& CU NIPDAU 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)
UC3867DW ACTIVE SOIC DW 16 40 Green (RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWG4 ACTIVE SOIC Dw 16 40 Green (ROHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3867DWTR ACTIVE SOIC DW 16 2000 Green (RoHS& CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)
UC3867DWTRG4 ACTIVE SOoIC DW 16 2000 Green (ROHS& CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3887N ACTIVE PDIP N 16 25 Green (RoHS& CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3867NG4 ACTIVE PDIP N 16 25 Green(RoHS& CU NIPDAU N/ A for Pkg Type
no Sb/Br)
UC3868N ACTIVE PDIP N 16 25 Green (ROHS& CU NIPDAU N/ A for Pkg Type
no Sb/Br)
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3 PACKAGE OPTION ADDENDUM
TEXAS
INSTRUMENTS
www.ti.com 18-Jul-2006
Orderable Device Status W Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp © |
Type Drawing Qty
UC3868NG4 ACTIVE PDIP N 16 25 Green(RoHS& CUNIPDAU N/ A for Pxg Type
no Sb/Br)

-

} The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: T1 has announced that the device will be discontinued, and a lifetime-buy period is in effect.

RND: Not recommended for new designs. Device is in production to support existing customers, but T1 does not recommend using this part in
new design.

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

BSOLETE: 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
J-“;ttp://www.ti.comlproductcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): T's terms "Lead-Free” or "Pb-Free™ mean semiconductor products that are compatible with the current RoHS requirements
or ali 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed o be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
b-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
ckage, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
mpatible) as defined above.
Green (RoHS & no Sh/Br): T1 defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
ralardants {Br or Sb do not exceed 0.1% by weight in homogeneous materiat)

3 MSL, Peak Temp. — The Moisture Sensitivity Level rating according o the JEDEC industry standard classifications, and peak solder
‘tempelature.

1|mponant Information and Disclaimer:The information provided on this page represents Ti's knowledge and belief as of the date that it is
‘provided. Ti bases its knowledge and belief on information provided by third parties, and makes no representation or wamanty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. T1 has taken and continues to take
‘reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemica! analysis on
.incoming materials and chemicals. T and Tt suppliers consider certain information to be propristary, and thus CAS numbers and other fimited
information may not be available for release.

In no event shall T's liability arising out of such information exceed the totat purchase price of the T1 part(s) at issue in this document sold by T1
to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

T warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tr's standard warranty. Testing and other quality control techniques are used to the extent T
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 kability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

T1 does not warrant or represent that any ficense, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl inteflectual property right relating to any combination, machine, or process
in which T1 products or services are used. information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof,
Use of such information may require a license from a third party under the patents or other intellectual properly
of the third party, or a license from Tl under the patents or other intellectuat property of T1.

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

Resale of Tl products or services with statements different from or beyond the parameters stated by T1 for that

product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsibie 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.i.com Audio www ti.com/audio

Data Converters dataconverter.ti.com Automotive www_fi.con/automotive

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

Intesface interface. ti.com Digital Control www_ti.com/digitalcontrol

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

Power Mgmt power.i.com Optical Networking www._ti.com/opticainetwork

Microcontroliers microcontroller.ticom  Security www._ti.com/security

Low Power Wireless www.li.com/lpw Telephony www.fi.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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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

FEATURES

1 'Trench’ technology

¢ Low on-state resistance
¢ Fast switching

Low thermal resistance

|
GENERAL DESCRIPTION

SYMBOL

IRF640, IRF640S

QUICK REFERENCE DATA

Vpss = 200 V
I, =16 A

N-channel, enhancement mode field-effect power transistor using Trench technology, intended for use in offdine
switched mode power supplies, T.V. and computer monitor power supplies, d.c. to d.c. converters, motor control circuits
and general purpose switching applications.

The IRF640 is supplied in the SOT78 (TO220AB) conventional leaded package.
The IRF640S is supplied in the SOT404 (D?PAK) surface mounting package.

PINNING SOT78 (TO220AB) SOT404 (D*PAK)
PIN DESCRIPTION b
tabF O ¢
1 gate )
2 drain’
3 source
2
tab |drain iy 1 3
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL | PARAMETER CONDITIONS MIN. | MAX. | UNIT
Viss Drain-source voltage T,=25°Cto 175°C - 200 Vv
Voer Drain-gate voltage 'IJ, =25°C 10 175°C; Rg5 = 20 kQ2 - 200 Vv
Vas Gate-source voltage - +20 Vv
Ip Continuous drain current To= 25°C; Vgs=10V - 16 A
T =100 "C; Vgs =10V - 11 A
low Pulsed drain current Tw=25°C - 64 A
Py Total power dissipation Tw=25°C - 136 w
T Tag Operating junction and - 55 175 C
storage temperature
1 Itis not possible to make connection to pin:2 of the SOT404 package
August 1999 1 Rev 1.100
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Product specification

N-channel TrenchMOS™ transistor

|

IRF640, IRF640S

VALANCHE ENERGY LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL |PARAMETER CONDITIONS MIN. MAX. { UNIT
Exs Non-repetitive avalanche Unclamped inductive load, l,s = 6.2 A; - 580 mJ
energy t, =720 ps; T, prior to avalanche = 25°C;
Vo £ 25 V; Rgs = 50 Q; Vs = 10 V; refer
tofig;14
las Peak non-repetitive - 16 A
avalanche current
|
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
R o Thermal resistance junction - - 1.1 | KW
to mounting base -
Rinta Thermal resistance junction |SOT78 package, in free air - 60 - Knw
to ambient S0T404 package, pcb mounted, minimum |} - 50 - Kw
footprint
ELECTRICAL CHARACTERISTICS
T=25°C unless otherwise specified e
SYMBOL{PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Verpss | Drain-source breakdown Ves =0 V; Ip=0.25 mA; 200 - - \
voltage T,=-55°C | 178 - - A
Vesaoy Gate threshold voltage Vs = Vgs: b =1mA 2 3 4 Vv
T,=175°C 1 - - A
T,=-56"C - 6 )
Rpsony | Drain-source on-state Ves=10V; =8 A - 130 | 180 | mQ
resistance T,=175°C } - - 1522 | mQ
lass Gate source leakage current [Ves =+20V;Vps =0V - 10 | 100 | nA
loss Zero gate voltage drain Vps =200V; Vgs =0 V; - 0.05}) 10 BA
current Vos = 160 V; Vg =0V, T,=175°C - - 250 | pA
Qo Total gate charge b=18 A; Vpp=160 V; Vgs =10V - - 63 nC
Qg Gate-source charge - - 12 | nC
Qg Gate-drain (Miller) charge - - 35 | nC
taon Turn-on delay time Voo =100 V; R, =5.6 Q; - 12 - ns
t Tum-on rise time Ves =10 V; R;=5.6 Q - 45 - ns
o Tum-off delay time Resistive load - 54 - ns
.7 Turn-off fall time - 38 - ns
L, Internal drain inductance Measured tab to centre of die - 3.5 - nH
Ly Intemal drain inductance Measured from drain lead to centre of die - 45 - nH
(SOT78 package only)
L Internal source inductance |Measured from source lead to source - 7.5 - nH
bond pad
Cis Input capacitance Ves=0V;Vps=25V;f=1MHz - 1850 - pF
Coss Output capacitance - 170 - pF
Cres Feedback capacitance - 91 - pF
|
August 1999 2 Rev 1.100
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hilips Semiconductors : Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T; = 25°C unless otherwise specified

SYMBOL | PARAMETER CONDITIONS MIN. | TYP. ] MAX. | UNIT
ls Continuous source current ‘ - - | 16

{body diode)
lsu Pulsed source current (body - - 64

diode)
Vg Diode forward voltage F=18A;Vg=0V - 10| 1.5
t, Reverse recovery time I = 18 A; dl/dt = 100 AJus; - 130 - ns
Q, Reverse recovery charge Ves =0V, Vy=25V - 0.8 - 1]

i

|
|
j August 1999 3 Rev 1.100
|



Philips Semiconductors

89

Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

Normalised Power Derating, PD (%) 10 _Transient thermal nce, Zth
100
%0 T
80 \\\ 11 0=05 -
70 N E 0.2 H .
60 04 Fo.0 LI
50 - 0.05
- fo.02 D=tpT
30 Y 0.01 {Zlsingle —H'plo-
\ pulse
20 l l l ]
10 D T e
0.001 .
0 o 25 50 75 00 125 150 175 1E08 1E-05 1E04 1E03 1E02 1ED1  1Ewe
Mounting Base temperature, Tmb (C) Pulse width, tp (s)
Fig.1. Normalised power dissipation. Fig.4. Transient thermal impedance.
Drain Current, 1D (A)
- Normalised Current Derating, 1D (%) 2 T jessc fes=hov | ¢y
T~ 18 T -
%0 . 3y A A
~ 16 Z
:: 14 Z 5\
50 N 10 /I
40 8 74 1
30 Py 5V
20 N\ 4 g
10 2 45V
0 -
[} 2 50 75 100 125 150 175 0 y L
Mounting Base temperature, Tmb (C) 0 02 o4 05 08 1 h':'zmwn 15 18 2
Fig.2. Normalised continuous drain current. Fig.5. Typical output characteristics, ;=25 C.
ID% = 100-1/lp 25 ¢ = {Top); Ves= 10 V Ip = f(Vs)
100 é'ﬂ%'gﬂﬁm DM (A) == .3 Drain-Source On Resistance, RDS{on) (Ohms)
—— ROS{on) = VDS/ D=5 =5 asv| |5V T=25¢
573 S te =10 us ] 025
11 ~:\\ t\\ S ‘ ‘
1 = 100 us 0.2
D.C. TRE ~<1 Lns 0.15 e /5'5 Y
I
! “\i\ ::o":. ! 01 - ] Wav
VGS = 10V
0.05
01 o
1 oral® v i 1000 ° 2 4 6 8 10 ol " % 18 20
Fig.3. Safe operating area Fig.6. Typical on-state resistance, T;= 25 °C.
Ip & Ipy = {(Vios); Iou Single pulse; parameter t, Rosiony = (In)

August 1999
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

i
!

IRF640, IRF640S

» Drain current, ID (A) .5 T_hmhold Voltage, VGS(TO) (V)
13 | VDS > ID X RDS{ON) /] 4 B il . Laxlllnum
16 ,I/ 3.5 4] "‘% -+
14 £ 3 B typical kN
7 B =
2 ; // 2 L ~.
- — \
10 B e eninimum —
s 175¢C / / 2 ~=F=__ ~
sy 15 e
6 L} — ~
;/ Jh=3s¢ 1 =~
4 77
2 = 05
° == °
0 1 2 3 4 5 6 60 40 20 0 20 40 60 80 100 120 140 160 180
Gate-source voltage, VGS (V) Junction Temperature, T} (C)
i Fig.7. Typical transfer characteristics. Fig.10. Gate threshold voltage.
| Ip = f{Vgs) Veasro) = {(T); conditions: I = 1 mA; Vs = Vs
2 Transconductance, gfs (S)
VDS > ID X RDS(ON) Ii= 25/
"] |
2 e !
Lo T
1 175
15 —— 1.0£-03 minimum
/—"“— T — -
/ | — — W_I_'_i__,l_'_j_q
10 +— 1.0E-04 -
// /1 maximum
5 ,/ 1.0E-05
—7 7T 7z t —
° 1.0E08 R /A . ! {
0 2 4 & 8 10 12 14 16 18 20 0 05 1 15 2 25 3 35 4 45 5
Drain current, ID (A) Gate-source voitage, VGS (V)
Fig.8. Typical transconductance, T,= 25 "C. Fig.11. Sub-threshold drain current.
gs =f(lp) ) Ip = Vs, conditions: T; = 25 °C
Normalised On-state Resistance 10000 Capacitances, Ciss, Coss, Crss {pF)
29 FHH
27 7 H
25 e L Ciss 1
23 4 r———
24 7 1000 I~
19 A =N
17 4 Ji— N— Coss ||
15 /l ST o 1
13 — 100 =
14 —
09 S Crss ]
07 -
i il
60 40 20 0 20 40 60 80 100 120 140 160 180 04 1 10 100
Junction temperature, T} (C) Drain-Source Voltage, VDS (V)
Fig.9. Normalised drain-source on-state resistance. Fig.12. Typical capacitances, Cig Coess Crss
RosionyRosionzs - = HT)) C = f(V,s); conditions: Vs = 0 V;: f= 1 MHz
|
|
i
' August 1999 Rev 1.100
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Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

pp S0Ure-Drain Diodo Curront,IF ()
" ve=of ',l
6
L 1]
17dc / /
12 7
1 ] [ =25C
; /
8 -
X
6 7 /
4 ’,' /
2
: - J
¢ 01 02 03 04 05 06 07 08 09 1 11 12
Source-Drain Voftage, VSDS (V)
Fig.13. Typical reverse diode current.
I = f(Vsps); conditions: Vs = 0'V; parameter T,

Maxirnum Avalanche Curvent, las (A)

100
10 o Sl s
-

NN Nl
1 Tj prior to he=150C ===ris
wi

01

0.001 0.01 0.1 1 10
Avalanche time, tay {ms)

Fig. 14. Maximum permissible non-repetlitive
avalanche current (l,5) versus avalanche time (t,,);
unclamped inductive load
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Product specification

N-channel TrenchMOS™ transistor

L

IRF640, IRF640S

ILECHANICAL DATA
i
' Plastic single-ended package; heatsink mounted; 1 mounting hole; 3-lead TO-220 SOT78
E p— A —]
P — Aq
T _.l } r ¥ r
Dy 4@» -L- —:
l _ — i
N \
2] | [ I I
- L1 |
I
¥ ——r— ] e~
Lzﬁ) l Lq
r— - - _i'_ ~ _—‘ - Q :r-
. by .y
|
0|
H1hj2p]3 1
v ]: —and xL—b — L—c
AmlEk -
0 10 mm
[INTTIEESWS SURSRR TN |
scale
DIMENSIONS {mm are the original dimensions)
! UNT | A At b by c D |{Di| E ® L L ;2:: P q Q
mm | 33 {17 | o7 | o oalimz|sslor |2l ne|om| 2|3 | |2
Note
1. Terminals in this zone are not tinned.
m — Jmnmces —= EUROPEAN ISSUE DATE
so1s TO-220 =19 97-06-11
Fig.15. SOT78 (TO220AB); pin 2 connected fo mounting base (Nel mass:2g)
Notes
1. This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport or handling.
2. Refer to mounting instructions for SOT78 (TO220AB) package.
3. Epoxy meets UL94 VO at 1/8".

|
' August 1999

Rev 1.100
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Philips Semiconductors Product specification
N-channel TrenchMOS™ transistor IRF640, IRF640S
MECHANICAL DATA
Plastic single-ended surface mounted package (Philips version of D2-PAK); 3 leads
\‘ {one Jead cropped) SOT404
po—— A e
' | T
o : e L
T = : ‘ N
I : \ 1
! | ] i
i H 1 1
3 ' I \ 1
1 ! i
i s \ 1
Ho e l____ ) 1
T
' 2 '
! l v L’,—
I 1 i Lis |
| L, 1.
| EOeS O o
4] 25 5mm
scale
DIMENSIONS (nws are the original i
war] A M fb e |l B |y M| a
mn 450 | 140 | 0.85 | 084 " 180 | 10.30 254 200 | 1540 260
410 | 127 { 060 | 048 120 | .70 210 | 14.80) 220
VERSION o eec =) PROJECTION ISSUE DATE
soTaot =30 | =es

Fig.16. SOT404 surface mounting package. Centre pin connected to mounting base.

Notes ’

1. This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport or handling.

2. Refer to SMD Footprint Design and Soldering Guidelines, Data Handbook SC18.

3. Epoxy meets UL94 VO at 1/8".

August 1999 8 Rev 1.100
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Schotty Barrier Rectifier
(continued)
Typical Characteristics
Forward Current Derating Curve Non-Repetitive Surge Current
20 <150
; R
- Wz
<16 & N
£ 8 N
] v 100 T
Z12 o M\
3 | smoLePHAsE K 3 75 d
a | HAFWavE o \\
Z Blemz g N
z RESISTIVE OR X 50 N
x INDUCTIVE LOAD 3
€ 4} 315 (9.00mm)LOAD S 5
L1 3,
0 25 50 715 100 125 150 175 & Ty 2 5 10 20 50 100
AMBIENT TEMPERATURE (°C) NUMBER OF CYCLES AT 60Hz
Forward Characteristics Reverse Characteristics
m — . T — w
11 —
1 = 150°C Tp=25°C - 10
< 10 H
[ 7 ——F——+ =
& /= MBR16S0 MERI150 o
5 4 4 &
(8] ¥ =2
2 A= w 01
é MBR1635-MBR1645 E
01 s
= == g oo
1 T ;;aumanaaoms
0.01 | e e il W 0001
0 02 04 06 08 1 12 70 20 4 60 80 100 120 140
FORWARD VOLTAGE (V) PERCENT OF RATED PEAK REVERSE VOLTAGE (%)
Typical Junction Capacitance Transient Thermal impedance
5000 T §1oo
Iy il -
w I g
Q 2000 E
Z = U] a
= ] ML WMBR1635.MBR164S @ 10
E 1000 - 1 -
2 ) 2 :
3 500 [ MER1650 MBRI 660 ~ §
; :
S 200 N B
: | —
100 i 4 2 03
0.1 1 10 100 E oo 01 1 10 100

REVERSE VOLTAGE (V)

T. PULSE DURATION (sec.)

MBR1635 - MBR1660 Rev A
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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™ ISOPLANAR™
CoolFET™ MICROWIRE ™
CROSSVOLT™ POP™
E2CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FAST® SuperSOT™-3
FASTr™ SuperSOT™-6
GTO™ SuperSOT™-8
HiSeC™ TinyLogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGE S WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, 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 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
systems which, (a) are intended for surgical impiant 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 resutt in significant injury to the
user.

2. A critical component is any component of a life
support device or system whose failure to 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 preliminary data, and
supplementary gata 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 spedifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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