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ABSTRACT

This thesis is studied Soft Commutation of Switches in DC-DC Converter,show that
almost powerlosses happen are many the cause, the cause is important be born from not
ideal characteristic of switches .Resonant Converter were developed to solve this problem by
resonant tank circuit theorem, compose of inductor and capacitor,make the turn on switching
occur under Zero-Voltage condition,converter can decrease losing in switch. the experiment
Resonant Zero-Voltage Switching Converter have efficiency more than 81%.
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I 5.03
F =62.826kH,
niawes L uaz C,
Z
L = 2 37
" 2rxF. G
.- 25
" 27x(62.826x10°)
- L, =63.284uH
1
S — 3.8
" 2axF xZ, G8
C = !
" 27(62.826x10° J25)
- C. =0.10125uF
Manud gagavesnsaing
o = 20 Maa), . 69
’ 3z +1)
p, =d1-02) (62.826x10°)

s,max —-3—(7[+—1)
fF =50.872kH,

§,max



wimnszud Ivhgage uaz aszualwiilaenge

V
]O max = .
’ RL,min
]() max = E
: 1
e =54
_ Vo
o,min RL‘max
_3
o, min 5
o =14
mfiwiwf]ﬁﬁnﬂu“luﬂﬁmmm
1
a, =
LC
1
a, =

w, =395.040x10’rad / s

HIAIFIIDIAE

5,min x Cr
I’1 min R
, ‘[o,min
20{0.1x10°°)
1,min = 1
Sl i = 04518
5,max X Cr
Il max =
’ ‘[n,max
25(0.1x10°°)
I, max = 5
oty e = 253145

V163.284x107 0.1x107¢)
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(3.10)

(3.11)

(3.12)

(3.13)

(3.14)



=1 Vs min
fz,mm = —— x| sIn - 7 +T +t1,min
’ (Io min .
» Cr
13 min =;3>< sin™ 20 +|+2.0251x10™°
’ 395.04x10 (1 63.284 %10
V 0.1x10°
vty = 8.7643 s
| V: max
Iz,max = x| Sln - +7 i+ tl’max
’ (10 max{ Lr ]
E} Cr
] sin™ 25 +7 |+0.5026x10°°

t LD —X
2™ 395 04x10°

(s f63.284><10'6
0.1x10°

oty = 144605

0,max

L xI
e

5, min

][1 —Cos ZD.0 (tZ,min - tl,min ) + tZ,min

20

29

(3.15)

(3.16)

(3.17)

i = [(63'284’( 10°)s )}[l —c0s(395.04x10* J(8.7643 107 )~ (0.45x 10 ))

+(8.7643x107°)
by = 402035

14

§,max

Lr x Io min
IS,max = [ ; [1 — €05 Z’T'ro (IZ,max - t],max) + t2,max

(3.18)

o = ((63 284x10 7 Xl)][1 - c0s(395.04 x10° J(14.460 x 107 ) (2.5341x 107 )

25
+(14.460x10°)
Sy max = 1718
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(Crest Factor)
J deanumunuunszua v luduataneauns 4/ m’

= ] o &
B, feanunuuiundndgga
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[ o o { o o o - - o @ A
wasnunazeutudaniionivmna ldanaunis (3.20(HUDNINYTUN U FUDINUAY
AANIWA M1 20)
1

2
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A 9 el 3/ y o ° 3 o
!Uﬂllﬂﬂlu'lﬂlmulﬂﬂﬁﬂliGl‘nﬂﬂﬂﬂ"I'illﬁ')ﬂilﬁ‘l!']ll”lﬂ”lﬂ’]ﬂﬁﬂUiuﬂTﬁwuﬂJﬂﬁﬁﬂ'ﬂﬂQ!lﬂQIﬂﬂ
o A o @ o = P o ) oS
N1THINTUIUIDUUDIVADIANUWINUNNAUNT(3.22) (W11 ININTTUNUTUDI NUAT NF

fiswa v 21)

L]l max

max [4
Taeh
N ADTIUIUTDUUDILHUNDIUAIVDIA AN HEIN
dio ladmuseulumiRualane AN 9N IMINIUMISZTYZFDI0 1IN (Air Gap) 9
117 1Aa 19 UM e I NARINM SRS 202 ¥D901N A INANNG(3.23) (annn

= = o v a aa
ANUTUNUTVBI NUAH ﬂmﬁs‘wa 'H‘I-T”I 21)

drx107 N? A4,
I, = T (3.23)

laeh

Ig ﬁ@ﬂ'J"IMEJTJ"UEN‘];EN@']ﬂ']ﬁ

3.2.2.1 MIBBNUVUMINU L = 63 ul]
laslumsoonuuuazimuasaegdill K, =06 K =1 J=3x10° A/m’
B =02T

[ 1] L 5" [-3
wmagnsimua ldunuluaums

4, =44 =—at
KchJBmax

Tan

1
E = EL]f,max s IL,max — ]L + A]L
l =
— —(63ur)5.5288)’ I, o =5.0288+0.5
X I, ... =5.52884.

/., max

=0.963x107°V,



[ 2x(0.963x107)
- {(0.6)(1)(3 x 106)(0.2)}

= 5350 mm’*

o

2 = Ld ~ ;
L’flﬂmiN'swa:maﬂﬂu?ﬁ%zgﬁammusﬂaﬂammﬂ EER 34/35 Uyaadu

A, =17220 mm'*
A, =188 mm’
A4, =916 mm’

R VDINUIUIDUNIZADIRUAIADIN

_ LIL,max
" B4

max [

(63uH )(5.5288)
(91.6mm’ {0.2)

=19581U

N=

AUIUNIAIYO9I14

_4rx107N4,
i L
(47 107 }19)*(91.6mm?)
(63uH)
=0.65mm

1
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3.2.22 MILBNUUUMINUY L =115uH
Taslumseenuuuezimuamidngeell K, =06 K, =1 J=3x10° 4/m’
B, =02T

e Tdunuluauns

a4 =—2E
g Kch‘]Bma.x

R
Il

Tay
1 Al
E= ELIE'"’“ s IL,max = IL +___2_L
_Lusui)ssose)  Teme=50288+03
° I} o =5.52884.
=1.757 %107V
sela

2x(1.757x10°°
A= {(0.6)((1)(3>< 106)(0.)2)}

=9761 mm*
A = 3 =] o ST o ay
!ﬂﬂﬂﬁ%‘i':ﬂUﬁ:!’ﬂflﬂ'ﬁuﬂﬁ]ﬁm'ﬂﬂllﬂutﬂﬂﬂiﬂmu'lﬂ EER 39/45 41994

A, =35733 mm*
A, =277 mm’*
A, =129 mm’

mfiwmfﬁmamauﬁwé’fmﬁummm

_ LIL,max
B, A

max C

N (115.H (5.5288)
~ (129mm? J0.2)

=D§ 09U
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AUIUNINIFOIN

_4rx107 N4,
* L
(47 x107 }25)(129mm? )
(6302H)
= 0.88mm

I

= o £ <
3.3 myeeauuvadInesidULgusY
ar o s s S o da w
MIALNUUT IR NATE IR S MBS IULS Tauuui e IndFanzusadu i
faed o c:’ a ) o o = =
fhugud 1¥38muguuunnssiulaeaesiildarmdlumsadng 20kH, ledRavuaudy
naenld An UC3864
o 4
33.1 mIfimvedlediues UC3864 (Resonant — Mode Power Supply Controller)
aa o o o ¢ o da o L'
A ledRmanz iy Aounes AR S TruuunaindFavazusaiu If uilugud
4 a o e o &9 3o . 5 o o o
Hieennifangu JuFenOne-Shot) Al¥Hvuaiatla (Off-Time) @145V AIUIDSIAGS
¢ o da o o o . -
uoois Tanuuiaingsaunzussau Wi uilugud nanda (Off-Time)  Asn 1aula (On-
Time ) ifaounyas
@ ) o a =
ansoadusadu Il redavnna shad indalod 14
wamulugduuvves ussaulWihaluauanud(Voltage Control Oscillator) A WAMEA
pewsoadeldogh 10kH, uazadennudldqege 1 MH,
o o J = a =
Hanguaaahilua lom
a2 le% meduneean IMsMULUY Unison (119000 A, B ldganaumijoud)
LY LY @ /A =] 3 =
WEAD MITY voawe dufed uazseinszualifhmaedumaesenssnuniiy 2 weud #in
annsenuussiu i V.. 1dgege 22 Tiad
Pumeeenause onszud 1WA msasunszualiii(Source or Sink) (11 11 uazan

14) 18 0.5 el

332 MannuYeIvIRgueslediues UC3s64

3.3.2.1 Y1 Error Amplifier (E/A)

9N UL09793TVOANUAANAIA ( Error Amplifier (E/A)) ﬁﬂl%ﬁlum‘sﬂmﬂmzuu
Wainmszauuses I imeeen Far1a9n ( Error Amplifier (E/A)) ¥01 0% Wadiaue

' [ [ ¥ ]
qaaes (PWM) W ldasshnasava s T Iddu se hlSuanudvesdygia
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3.3.2.2 W Voltage Control Oscillator (VCO)
o 3 d’ o d' n:iy U 4‘ =;=; = 9 ni
NIHUTINHAAANTUDATUNADINIT IﬂUﬂWﬂﬁNﬂ’ﬂNﬂ'ﬂWﬂﬁqﬂ i]:zﬂauuuﬂmmw

usadu i fidunaingy  TeousedudhildluasaauguanudszuanmanSeumoy

]
=)

4 @ @ = a w o . o v
ANudNAsamIfug s en T8989 awduoadad Max, Min munsnfmuaniu
Hanagu HSIAUAIUANAD (Voltage Control Oscillator) Taold Rone > Rains Creo

R_ lgfmuannuddiga

R,,.. wlddmuannudgege

rang

3.3.2.3 Y1 One-Shot timing generator fiY) Zero Detection Comparator
[ ° y o v & = 4 o
Hadu One-Shot garimnliiedmua anunhavesiadgiga 111 RC Fafoyanmves

@ d

o 4 o 1 a : 4 o a
Wadan  One-Shot sxgminnlfiwesdmuaminnunhaveswaddnasmils lasidoe

v
@ ar o

n 1S sudsusudygrunn 2993a5299uF MU (Zero Detection Comparator) (11

¥ s

o = P ¢ o o ar =y
Zero) [ dyanadldnn v, ] Feflsnduilezdldinlasunmsaing

o

fngaduIrlthin qud
& - » Iy ra [} a ] =
Thadas e geldian 1@ hifaware lidwelidadadusuni wu gumgid Tnaa fudu
[ @ P ar
uazduringauiugdnssis lauuunniimsulsiu1d
33.24 N\Fault
o ar ¥ = = ’ o W 4
gy Fault ldmsavdeuaniziallnaluissimanieiae dezasnaeulugiluuy
A L o s d' . u’.: Ia)
voanszua Wi Fadwsteny fezdedaanaliildddunnisesn (Output Driver) 1ud
HAAIA
d
33.2.5 v s Invhs Taan
LY o ] o a o .
1u3eau Wi 5 Taad Adsae UIeWIa(By Pass) 1Hash v1 n3174 (Signal Ground) A
v o o ; ] o
Aunuilszy 0.1 uF Tasaufvilseyiinasiim ESR A1
3.3.2.6 V1 Soft-Ref
Y a 7o 3 ] a T
11 Soft-Ref 92 1HUTM3 3 HandulAun milwauTudu(Soft Start ) ,MUILIAINTTHYA
N1971(Restart Delay) , ff‘?nu‘iaﬁ’u"lﬂﬁ‘lé’waﬂﬁ’adi)i(Internal System Reference U1 Soft-
>
Ref ) Harsiudadradamain ity 2sasvesanuiana1n (Eror Amplifier (E/A) Wnld
[} =y . o 3
AIU395VBANURANAA (Error Amplifier (E/A) )¥hldan Tenas¥n(Overshooty 1alu
¢ o ¢ o od o ¢ o w Lo ¥
MINANIABUNIDI WD T Tanuuvaindrsazusau I uilugud Smsunidly
v o ' ] A o Y ]
dunvilszgeenalon 0.1 4F @eweWIE(By Pass) ez lvldnalumafia wiawam
SuAUR 1 ms
o o as = 4 v 1
Hanau us16ud1389( Soft-Ref ) sgfinthineg 3 ninde

1. MU NS UAN(Soft Start)



36

2. HUIIAINSHIANNU (Restart Delay)

3.a3ausa9u IA1919891%3995 (Internal System Reference )

‘ ’
3.3.2.7 HaN¥uUnder Voltage Lockout (UVLO)
Hardu Fuuseduifhndininaami(Under Voltage Lockout (UVLOY lnled
v ¥ v v
mauessasasunndvy  lasluvazSuinusedesiing s IWihideuldiudalodd
Annnn 819aa (A1 UVLO threshold) udattadsu fufiausaiulndh sThad dezgnilald
o A w o m ar d o [l ] o o
Manadie draduiiausedu i s Tad o dadieg lulesnaziau
4 [v] J
33.3 mymmangni¥ec1lumsndeny Tedes UCIses
WA RC veanvsiefmuannunwessiadila Tawdon T, =15 max = 1 TS

MMuam C,. =470x107"

t3 max
R= C (3.29)
_ 17x107°
470x107"?
R =36.152kQ

L

My dyyiu

0318

ON . 3.25
min Fr ( )
3 0.318
™ 62.826x10°
ON_. =5.105us
0.909
OFF_ = (3.26)
Fr
OFF. = 0.909
62.826x10°
- OFF_ =14.458 us
1.227
TCONV,min = Tr (3.26)
7 1227
CONV min 62826 % 1 03

- T('ONV,mjn = 195 1 SILLS.
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1

P (3.27)
CONYmin TCONV.min
P B 1
CONV . min — 19.515x1 0'6
“. Frony mn = 51.28kH,
mmaudulsey C,,
Cv ‘0 = ——3‘6 (3.28)
“ Rmin X Fmin
o .36
Vo (1 i20x103 '
S Cvca = 1 ’SnF
T y
WMANUAUNY R,
FCoNV max = 36 (329)
» len X Rrangf.’ (C )
Ron + Rose )

H(F CONY max XCW:O XRmm )IRrange ) -3 '6(Rrange )J = 3'6(Rmin )
[(51.241x10°\1.8x10 Y100x10° )| R,,.... )- 3.6(R...,.. )| = 3.6{100x10°)
(9.2233)R,,,,. }-3.6(R.,,,. )= 360000

5.62338(R ,,,. )= 360000

_ 360000
5" 5.62338
R, =64.018k0

range

range range

range

3.4 madenlioinvuazmIsenuuuMINIURLMITINHYBIEINY
341 mafienafidnsasvesrindieninn¥nuinsioindinla
34.11 panivessindiideamsl¥lunewneiined
- fisussiu thanaseuaindinniigalusraonzdaaing
- Pz I Inaruednsinniiga lusrsaamedaaing
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34.1.2 mm«iumai':wn'a‘luimu’ (Bipolar Junction Transistor:BJT)

X o a s : s
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&
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- grsunaudeileanndl ¥, = 0.6 Fuilumideo
P} e .. . 2 o = o
- finaeuiAnudumunuIn  (Position Resistance) H9NAe AIMSIUTAADSL

=

J 1 13 d’. 1 = | 1 “y LI § ‘ﬂ'
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Fountufanisidenie’ly
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Aswa w1 27)
V D

Np — pri,pk = max (330)
ACBmﬂxf.;
Tagh
N, Aedusevvesvanlatlgugivesnifentlasvih
Vouw  foussauIfhqeganiednlgugi
A v
weo V,, ., =8 D, =02 wag B, =027  a2ld N, =15500 uae

HendwusevveseaandegivesndoutasIvd (V)  Tdmhidudwusevvessa

oM - o 4
anlgugiine N, =N, =15 90U Tavadanoauasildvune aanewnues AWG30

2
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ananudlumsaindethafivane  Wodonanudis lawniidiy 01 thvesnwams
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aafutlssy i medunaogd €, laleaSvenszuaiih D, Adwmu R, uag
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ar - ) ¥ =]
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MINAHANI “ NafiAI¥In91a1938 (Dead Time) Wudagdairwves maniuqu
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LE = = =
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LE Al a
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3.5.3 EUNAYLINTIVIAITOBIMNVEIIZUY
1. WoundszuunuguiIuRnIniedy 9
2. @93 (Disturbance)
3. 5 aw'luihuFady (Nonlinear Element) Tuszunes iy anuamamdouyes
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s . 4 @ . =y a
4. IR UDITZUL (Process Gain) #30 INIMNYDIAITOUNTD (Loop Gain) Dmgaiin 11l
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hvane, ne1 fludu
oy of
3.5.4 ¥iavearInuY
A A Y o 4 1w - & Ao
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y,(0) + F\e(t) =y )=y, () drmugu | (Conmolsignad) ¢ :?:a o e
— (Controller) c(r) fygudidnnsetind
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d’ L o ‘1' L%
]1]113.10 ﬁﬂHﬂ!z%mﬂmnpﬂ&ﬂ%z!i’fﬁjm’;ﬂ’mﬂu(Cmtroller)

samunui g lugamunssulszuin 80 % sveglu 3 1szian fis
f3A3URUIUL W (Proportional Controller ( P))
ﬁamuﬂ_mmu le (Proportional - Integral Controller ( PI ))
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3.5.4.1 AIIURUUUY A ( Proportional Controller ( P))
¥ ]
fnuaurialllanymzaudoson Aodanumunuaniiudasidiusuanuuandia

W3es Aawana(Error) 13ald Tavanunsaeuaunsiaasanuduniug ey
clt)= K E(t)+c, (3.33)

Tasnn
T - w 3 L] . . :
K, Wusinshuesdaniuguiendn s (Proportional Gain) K, 119059 azuanaslu

s1)upa wuA (Proportional Band (PB)) Tastmuald

pe=19 e 1{PB (500 %30 K, . 100
K PB

[

s s o

' o P 33 3 PR T VA
¢, Wumvesdyanm Fasldmdyapady dmvqugamslunsiiilull mdawaia
o 4
(Error) NAUYU

Frauauuuy A sunsodoulugives nsnumesHandu Taidu
G.(S)=K, (3.34)

TaomsapuaupvaeszuUila (Closed Loop Response) 1o 14msaauguuuy A uagil
Y T c; . % é ' . -
M5 IimMvea MAdeIns (Set Point) 11U Foyy10inIuganilaniae (Unit Step Function) 92

nanalanans v

; Yo lt)

__-_/é_____

»(1) / f )

Offset = —+. .

1+ K,K,
0 -

A o

{
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E 4
Y [

Ciy QD A ~ 1
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o o
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¥

1M () $hdeiideents1d Tasnnuuandaiizond a1 sevliam (Offset
3.5.42 #IAURUUVY W18 (Proportional Integral (PI))

td v ) ]

Fnuguriaisziimsiumen dudinda i ld iNedosmasannt eoWiam (Offset)

o 3 i o/ ar
findu TumsaauguuLL Proportional Tasaansadvuaumsuaaannuduiug 1dith

c(t)=K et

j (1)t +c, (3.35)

T
¥ o a ' @ & oa w . 4 =
7, ApMALiiBuNI AUNAINAIVBINSOUNNGA (Integral Time Constant) ¥4 lavina
seiifoglugae 0.1¢r {50 u

diedwouogluzives nsnulesAsddu ozldiily

T.

1
Ge(S)=K | 1+— (3.36)
S
Taumsnouaussunsszuugilila (Closed Loop Response) tiioldmsaiuguuuy #le

. = M . @ 4 ' .
(Proportional Integral) uazimsiautlmine (Set Point) 1ilu HasFunilamiao (Unit Step

. Y] v P [~} r ¥ 3 < d: ddy
Function) 32uaad 1830519 - 919879 Feezimiu 1a1 Tuiia Offset thavu lunsdiil
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¥r) |
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U313 msaevauesvesszuiis ldMIaIuguILL PI
3.5.43 fIANRUIVY W1eA (Proportional Integral Derivative (PID ))

o a dy re a v o 9 d‘ a a a
Fraunuriiailssimaiiumeveyiusitn ) ainlszdnsnmwluminiugu Tay

annselouaumsuaanNuduRu s 1ty

c(t)= KCe(t)+& Ie(t)dt +K.7, dz(tt) +c, (3.37)
T

o

Tawi
' o a ' Y @ o .. . o
T, dlusnsiisond A1IN1AIAIUBINTOYWHE (Derivative Time Constant) ey
W1 (min.)

L - ' for  da
waziaiouaglugilves nsnumesAsidu ez 1A

G.(8)= KC[1+—-1—9—+1'0,SJ (3.38)
T

a aa = a o 1 = = a
dnuuzmsaouausavesszuuninsmuquuuy Wled smnulanilsz@niaménh
2 nuuusn daramsaeuaueanaluni ielimsuldountlasvesautlmue ( Set Point)

o a & )
Wunuy Fyanwfaddunilaniae (Unit Step Function)
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-E55/55A

70

+

56

517 n.1 Yoynvewmudes lsduuy EESS/SSA

EE CORES
|
H Magnetic Parameter
! Core constant C, 0.34389 mm™'
32 5mmi Eftective magnetic pass length £, 124 mm
e =TT Effective cross sectional area A, 353 mm?
Effective core volume v, 43700 mm?
Center leg area A 352 mm?
55211 Minimum cross sectional area A, 362 mm?
! {Center leg)
i k_’l-(!"‘__t Winding area of core A, 400 mm?
: |
i | Bt
' i 3 1 ? Approx. Weight 218 g/pair
| : 9{ S )
: N i R Unit: mm
i | v
T
! Product code alue Effective permeability Air gap Core loss (Max.)
| ‘ nH/N? i s i approx. 100kHz, 200mT (wWatt)
RS W S —— e = e U P VY |
{ §H20 EE55/55A , 6,700 +25% (5,025~8,375} 1,880 H 0 219
AL value vs. gap length NI vs. AL value
i ! T
7 A S it 4
AN f y 1l
\‘ 2 I T
\\
w 1w
A R ,
LN o x7100°C
1. ! . AN
— 23C §
z N\ : N
£ N\ - N\
R A N L orer
S z , t =
) —
2 b -
! a
i
| l 2
o - T
B 10 R
S o
7 M R 7
i a
107° z a 7 2 4 70 2 4 7 10 2
Total gap length {mm} Al value (nH/N%
23C AL - 439-3XGT?:9:;:8](nH/N2) NI shows the point where the exciting current is
G — 2449.5%AL ™ {mm), 20% away from its extended linear part.
100°C AL = 507.1XxG ¥ (nH/NY)
G — 1852.3%xAL %™ tmm)
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EE CORES
e
i Center le Minimum cross | Window
rope coo - Magneu:. param:ler - 3;25 ) secﬂ:;?rl“area !za A“?:;?: _Z:f; m;‘
mm) | (med) | (mm) | (mm?) {mm?) {mm?) mm | (9/er) | ipage)
(E12.6/13 2.4057 124 | 17 367 126 123 L 263 1.90 - —
££13/138 1.1934 251 | 00 | 752 249 238 B 266 370 47 -
EE16/14K 1.8662 189 | 352 663 182 182 ¢ | as 320 | 48 59
196K | 17168 231 | 196 915 228 28 c 55.7 458 43 -
gonez | 1ns | 27 | 409 909 227 227  LBC 559 456 — —
EE22/20 1.9594 260 | 512 | 1340 244 244 C 02 | 138 — —
EE25/19A 12387 398 | 492 | 1960 a1 371 B8 85.6 9.96 - -
EE25/192 1.1970 02 | 481 | 1340 40.3 400 B 810 | 103°| 50 —
.FE25/20 11561 | 426 | 483 | 100 41.0 41.0 c 805 103 - —
é@olzsx 0.52756 110 | 579 | 6360 114 107 L 758 322 51 59
§EE30/30 1.1538 573 | 661 | 3790 476 476 C 134 20.7 52 —
ﬂ@_‘ ;_0.85153“ 821 69.9 5750 859 797 B 164 295 u— -
M 0.54389 142 | 775 | 11000 137 137 c 167 52.0 53 -
%‘EE40/34K | oso7m2 127 | 774 | 9860 114 Mna c 178 52.0 54 60
L - i 0.52569 149 | 781 | 11600 155 145 L 178 58.8 - | =
0.66917 145 | 972 | 14100 137 137 c 248 nz - —
, -542/42-1 5w  0.54243 180 97.8 | 17600 180 180 BC 716 86.9 55 —
l B42/42:20W]  0.41512 236 | 978 | 23000 235 235 BC. 276 18 56 -
i 0.47780 165 | 787 | 13000 159 159 - C m 65.0 - —
0.38524 232 | 895 | 20800 243 223 B 206 106 - —
3 0.42677 226 | 963 | 21700 213 213 c 261 13 {57 60
Ess/ssa ©1 0.34980 353 | 124 | 43700 2 352 C 400 218 58 -
EE 1 031507 339 | 107 | 36400 352 329 B 292 186 - -
{EE80/76 0.49137 a7rz .| 185 | 69700 392 352 L. 1480 | 354 - —

'—f'k",e: Minimum cross sectional area  B; Back area C; Center leg area  L; Side leg area

- 9 r o
AN 1.1 VOYDINNG ﬂlﬂﬂllﬂulﬂﬂﬂﬁﬂuﬂﬂ EE
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EER CORE!

TYPE 1

( .

N
-
:]ﬁ,,u__t.“ T
F -
B B
o T Dimensions mm)  General
il TS S S R 1= R U 2
EER09/05 | 1 | 93:020 . 2304010  505:015 | 335:015 77  16:010 _ 070
EERII/O5 | 1 | 108020 | 245:010 . 590£010 | 410:015 87  16+000 100
EERI9/24 | 2 | 192:040 | 121015 © 560:030 | 560030 & 136  89:020 260
EERZ6/33 | 2 | 2624040 | 163020 | 7204030 | 7.20:030 | 196 | 1284020 . 310 |
EER28/20 | 3 | 2801040 | 1011025 | 1191030 | B850:0.20 | 204 | 66:020 | 360 |
EERZ8/24 | 1 | 2861050 | 169:025 | 1141030 | 990:020 | 21.2 | 1261030 | 340 |
EER29/30 | 3 | 293:040  146:030  119:0.30 | B30:020 | 216 | 11.0:020 380
| EER29/32 | 1 | 2984080 | 158+020  950:0.30  9.50:030 | 220 1103030 355  ETD29
CEER30726 | 1 | 301:060 | 1321035 1204025 |, 1204025 ' 200 831030 476
| EER33/33 | 3 | 3303030 | 1672035  130:020 | 105020 | 234 | 1205020 465 |
1/EER34/36 | 1 | 3425080 | 17.3:020 | 108:030 | 108:030 | 256 | 1213030 | 395 , ETO3
EER3S/M41 | 1 | 3505050 | 2075030 | 113:025 | 1131025 | 266 | 1471030 | 443 | S
- EER38/44 | 1 | 375:050 | 2204020 1526025 | 152:0.25 265  155:020 . 525 &
EER39/40 | 1 | 3314090 | 1981020 - 125:030 | 125¢0.30 | 293 1462040 450 = ETD3e
EER39/45 | 1 | 39.0:040 | 227:020 & 1284025 | 128+025 1715020 | 500 . IS
 EER40/a5 | 1 | 400:070 | 2243030 | 1331030 | 133:0.30 1545030 | 525 | JiS
EER42/42 | 1 | 4204050 | 2121020 | 152:025 | 15240.25 153030 | 550 | JS
EER243 | 1 | 42254080 | 21.6:020 | 147:030 | 1471030 1604040 | 558
EER42/45 | 1 | 4201060 | 224+020 1554025 | 1555025 1543030 615
EER42/49 | 1 | 4204050 = 247:020 196040 | 1731025 | 1881030 485
EERA4/45 | 1 | 4404100 | 2231020 149030 | 1494030 165:040 | 535 ETDA
EER45/38 | 2 | 44.0:0.50 | 1933020 | 1524025 | 15240.25 1331020 | 600 |
EERGS/41 | 1 | 4BO+1.00 | 2061060 | 209:040 | 1802030 1504030 | 610
EER49/49 | 1 | 4874110 | 2471020 | 1642030 | 1642030 1811040 | 585 | ETD4
EER49/62 | 1 | 49.0:050 | 312:030 | 1724025  17.240.25 2271020 . 600 JIS
EERS/37 | 1 | 5356100 & 183:020 | 1794040  17.9¢040 | 398 | 1113030 643
EERSS/5] | 4 | 550:050 | 284:0.40 | 247:040 | 206:030 | 417 . 190:030 640
EERBO/65 | 2 | 80.0:080 | 325:0.40 2404050 592 | 2204030 100

A1519% n.2 doyadien vesunumes 1sduuy ETD
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EER CORES
TYPE 4
{1 | g i
ST - __q S A
= 3
\ < F C
B
B e S s m Il e g i SR T
: ) | o) [ i | o) | oy | oy | Word | tpawer | o0
"EERO9/05 | 17278 | 796 [ 138 | 110, 881 707 B | 728 Joen | — | —-
H EER11/05 | 12353 | 118 | 147 | 175 132 03 B . 748 | 100 - —~ ]
EER19/24 | 18784 | 2B | 528 | 1480 2.6 246 C 748 | 820 - ~
CEER26/33 | 16995 | 441 | 749 | 3300 407 47 . C
CEER26/20 | 058524 | 863 | 505 | 4380 87.7 857 LB
_EER?8/34 | 086800 | 856 | 743 | 6360 | 770 707 ¢
EER29/30 | 0580887 | 858 | 695 | 5970 | 863 857 LB
| EER29/32 | 082727 | 763 | 707 | 5400 709 709 c
 EER30/26 | 047976 | 120 | 574 | ess0 i 113 13 c
| EER3/1 < a2yl 763 ; 120, . }o1207 C
| EER34/35 916 = c
| EER35/41 100 S Cof
| EER38/44 181 181 (of
L £ER39/40 123, c
| EER3ams Y c
{ EER40/45 139 c
L EERS
| EER42/42 181
| EER42/43 170 B
| EER42/45 189 c
_ EER42/49 235 B
_EER44/a5 | 059208 C17a B
. EERas;33 | ostaza s 1.2, 62 181 . bl —
{ EERdS/41 | 039196 - 5. | 25300 254 B -
i EER49/49 | 053674 | 231114 24300 21 c -
"' EER49/62 055627 | 242 | 134 [ 32500 232 L -
__EERS/37 | 035469 | 256 | 904 | 23100 . 252 c | 22 [ | — | -
_EERS5/57 | 038089 | 334 | 127 | 42400 | 3% B | 410 | 20 - | -]
_EERBO/6S | 039587 | 403 | 160 | 64300 394 | 304 c | 792 | 35 - -
Nate© Minimum cross sectional area B: Back area C; Center leq area L. Side leg area

4 v 1 o
A1319R n2(A0) Yoyarian veaunumes 1sdn ETD
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MmN A1 A1 NVUIAIAAIN

SIGH vnadui | sneduiugudnan |5 Lo, L
. 2 Huhmnaalng
AWG # gudnans e wauIu
mm2
mm mim

44 0.0503 0.06604

0.00199
43 0.0564 0.07366

0.00250
42 0.0633 0.08128

0.00314
41 0.0711 0.09144

0.00397
40 0.0798 0.1041

0.00500
39 0.0897 0.1143

0.00631
38 0.1008 0.1295

0.00799
37 0.1130 0.1448

0.01003
36 0.1270 0.1626

0.0127
35 0.1422 0.1778

0.0159
34 0.1600 0.1981

0.0201
33 0.1803 0.2235

0.0255
32 0.2032 0.2489

0.0324
31 0.2261 0.2743

0.0401
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wes vwaduiy | waduiugudnans | g Lo
. B wuhmindaalng
AWG # AuaNaNg B3 MAUIY

mm2

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




AMTHN A1 (519) A1519UUIAAAAI

oS VUIALAURTU mumf’f’umuqut‘fﬂmq PR
. B AunHaalna
AWG # AuiNaN WOIINNUIU

I'l'l.rl’l2

mm min

19 0.9119 1.003
0.653

18 1.024 1.118
0.823

17 1.151 1.247
1.040

16 1.290 1.389
1.308

15 1.450 1.557
1.652

14 1.628 1.737
2.082

i3 1.829 1.943
2.627

12 2.052 2.172
3.308

11 2.304 2.431
4.168

10 2.588 2.720
5261
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UC1861-1868
UC2861-2868
UC3861-3868

© Unitrode Products fappilcaticn
== from Texas Instruments INFO

available

Resonant-Mode Power Supply Controllers

FEATURES

» Controls Zero Curtent Switched (ZCS)
or Zero Voltage Switched (ZVS)
Quasi-Resonant Converters

s Zero-Crossing Terminated One-Shot
Timer

» Precision 1%, Soft-Started 5V
Reference

s Programmable Restart Delay
Following Fauit

» Voitage-Controlled Oscillator (VCO)
with Programmable Minimum and
Maximum Frequencies from 10kHz to
1MHz

s Low Start-Up Current {1501A typical)
s Dual 1 Amp Peak FET Drivers
s UVLO Option for Off-Line or DC/DC

DESCRIPTION

The UC1861-1868 family ot ICs is optimized for the control of Zero Current
Switched and Zero Vollage Switched quasi-resonant converlers. Differ-
ences beiween members of this device family resuit from the vanous com-
binations of UVLO thresholds and oulput options. Additionally, the
one-shot pulse steering logic is configured to program either on-time for
ZC8 systems (UC1865-1868). or off-ime for ZVS applications {UC1861-
1864).

The primary control blocks implemented inctude an error amplifier 1o comn-
pensate the overall system loop and to drive a voltage controfied oscillator
{VCO), featuring programmable minirum 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”™ zere current or voltage switching over various
line. load. and temperature changes, and is alsc able to accommodate the
resonant components' initial tolerances.

Under-Voltage Lockout is incorporaled to facilitale safe starls upon
power-up. The supply curfent during the under-voltage lockout period is
typically less than 150pA, and the outputs are actively forced 1o the low

Applications state. {continued}
Device 1861 1862 1863 1864 1865 1866 1867 1868
UvVLO 16.5/10.5 16.5/10.5 36014 36014 16.5/10.5 16.5/10.6 36014 36014

Outpuls Altarnating Parallel Altemating Parattel Altermnating Parallel Alternating Parallg|
“Fixed” Oft Time Off Time Off Tims Oft Time On Time On Time On Time On Time

BLOCK DIAGRAM
Fau [is} . gy
. and Bias and
L Logle : 5V Gen (1] sv
Soft-Raf[1a] Precislon .
‘Reference :
NI [ 2] M : ; (5] Slg Gnd
NV | 3] / :
: uvLO
+ = 13} Vee
E/A Out[4] '
n .
Hﬂ-nge ’ IR i B
Rl > oOne: |Steering FET (1] A out
Shot : Loglc Drivers
Cveo[8] » : o {14]8 out
Zero [10] [12] Pwr Gnd
RC
UDG-92018

Pin numbers refer 1o the J and N packages.

SiLUS289 - OCTOBER 1998



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). Afler V¢ exceeds
the UVLO threshold. a 5V generalor 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 Sofi-
Ret pin serves three funclions: providing soft start, re-

ABSOLUTE MAXIMUM RATINGS

o o SO 22V
Qutput Current

Sourceor Sink (Pins 11 & 14) .. .. ......... .. ... ... 0.5A

DCPulse (O.5p8) ................ ... 1.5A
Power Ground Voltage . ... .................. ..... 0.2V
Inputs (Pins 2,3,10,&15) ................. ... 04107V
Error Amp OQutpul Current ... .. ... ... ... ..., +2mA
Power Disslpation .. ............ ... cccoiiiiiiian, 1w
Junction Temperature (Operating). ... .............. 150°C
Lead Temperature {Soldering, 10 seconds) ... ....... 300°C

All voltages are with respect to signal ground and afi currents
are positive into the specified terminal. Pin numbers refer {o
the J and N packages. Consult Unitrode Integrated Circuils da-
tabook for Information regarding thermal specifications and
fimitations of packages.

ucC1861-1868
UC2861-2868
Uc3s61-3868

start 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 fo allernate in the
UC1861/63/65/67 devices. The UC1862/64/66/68 out-
puts operate in unison allfowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

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

sv[1]
ni[ 2]

INV E

Era ou[4]
sig GndE
Range[ ¢ |
Amin[7
Cveof 8 ]

./
16 | Soft-Ret

[15] Fautt
[14]B out
18] vee

12 Pwr Gna
il o
[10]zero
8] Re

PLCC-20 & LCC-20 (Top View)
Q & L Package .
PACKAGE PIN FUNCTION]
FUNCTION PIN
1
sv 2
NI 3
e e INV 4
/3 2 12019 E/A Oyt 5
4 N 181 Sig Gnd G
: |__Range 7
-] 171 RMIA 8
'8 18l Cveo 9
: 7 153 RC 10
: Zero 11
8 141 e
: NC 12
B 10111213 Ne 5
ACQut 14
Pwr Gnd 15
Pwr Gnd 16
Yoo 17
B Out 18
NC 19
Fault 20

80



81

ucC186t1-1868
uUc286t-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Uniess otherwise stated, all specifications apply for -55°C<Ta<125°C for the
UC186x, 25°C<Ta857C for the UC286X, and 0°C<TA-70°C for the UC3B6x. Vec=12V, Cvoo=1nF, Range=7.15K, RMIN=86.6k.
C=200pF. R=4.02k, and Csr=0.1jiF. Ta=TJ.

[ min ] rve [max Junits

PARAMETER TEST CONDITIONS
S5V Generator
Qutput Voltage 12V < Vee € 20V, —10mA <10 0mA 4.8 5.0 5.2 v
Short Circuit Current VO =0V ~150 -15 mA
Soft-Reference
Restart Delay Current V=2V 10 20 35 A
Soft Start Current V=2V —650 | 500 [ =350 | pA

Reference Voitage

Ty=25"C, 10 =0A

495 | 500 | 505 v

12V < Voo = 20V, —200uA < |0 £ 200uA

4.B5 5.15 Vv

Line Reguiation

12V < Vee < 20V

2 20 mv

Load Regulation

—200pA < ID < 200pA

10 30 myv

Error Amplifiar (Note 3}

Input Offset Voitage VCM =5V, Vo =2V, 0 = 0A -10 10 my
Input Bias Current Ve =0V 20| 03 pA
Voltage Gain Vem =5V, 0.5V < Vo< 3.7V . Io=0A 70 100 dB
Power Supply Rejection Ratio Vem =5V, VO =2V, 12V 5 Vee = 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 0.17 | 025 Vv
VOUT High VID = 100mV, 10 = —200uA 3.9 4.2 \4
Unity Gain Bandwidth {Nota 4) 0.5 0.8 MHz

Voltage Controlled Oscillator

Maximum Fraguency

VID (Error Amp) = 100mV, T1=25"C

450 [ 500 550 | kHz

VID (Error Amp) = 100mV 425 575 | kHz
Minimum Frequency VID (Error Amp) = -100mV, TJ = 25°C 45 50 55 kHz
VID (Error Amp) = —100mv 42 58 kHz

One Shot

Zero Comparator Vih

045 ; 050 | 0.55 v

Propagation Delay

{Note 4)

120 | 200 ns

Maximum Pulse Width

VZERO = 1V

850 | 1000 | 1150 | ns

Maximum to Minimum Pulse
Width Ratio

VZERO = 0V UCxB61 — UCxB64

2.5 4 55

YZERO = OV UCxB65 — UCxB68. ~55°C 1o 485°C

VZERQ = 0V UCX865 — UCxB6S, +125°C

3.8 5.5 7

Output Stage
Rise and Fall Time CLOAD = 1nF {Note 4) 25 45 ns
Output Low Saturalion 1o = 20mA 0.2 0.5 v
10 = 200mA 0.5 2.2 v
Quiput High Saturation 10 = —-200mA., down from Vce 1.7 2.5 N
UVLQ Low Salturation o = 20mA 0.8 1.5 v
Fault Comparator
Fault Comparator Vth 285 | 3.00 1 3.45 \
Delay to Cutput {Note 4) {(Note 5) 100 | 200 ns
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uc1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all spacifications apply for -55°C<Tas125°C for the
UC186x, —25°C<TA85°C for the UC286x, and 0°C<Ta<70°C for the UC386x, Vee=12V, Cvco=1nF, Ranga=7.15k, RMIN=86.6k,

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

PARAMETER TEST CONDITIONS | min | TYP | max Junits
UvVLO

Vcee Tum-on Threshold UCx861. UCx862. UCx865, UCXBEE 15 18.5 18 v
UCx863. UCx864. UCx867. UCX868 7 8.0 9 \'

V¢e Tum-off Thrashold UCxB61, UCxB62, UCx865. UCXBGE 9.5 10.5 11.5 \
UCx863, UCx864, UCx867. UCxB68 6 7.0 8 v

lcc Start VCC = Vec(on) - 0.3V 150 | 300 pA

Ice Run VIp = 100mvV 25 32 mA

Nole 1: Currents are defined as positive fnlo the pin.

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

Note 3: VID = V(NI} = V(INV).

Notg 4: This parameter is not 100% tasted in production but guaraniged by design.

Note 5: Vi=0to 4v (Vi) 1ons

APPLICATION INFCRMATION

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

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

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

FAULT AND SOFT-REFERENCE (See Figure 1}: The
Sofi-Ref pin serves three functions: system reference, re-
start delay. and soft-start. Designed {o source or sink
200u A, this pin shoutd be used as the input reference for
the error amplitier circuit. This pin reqguires a bypass ca-
pacitor of at least 0.1uF. This yields a minimum soft-start
time of tms.

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 Solt-Ref pin. The reset fault latch re-
sets the delay latch and Soft-Ret charges via the 0.5mA
curren! source.

tpd = 1Vl = 6Y) — (Vi = 3V)

The fauit 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. li Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20nA. When Soft-Ref is fully
discharged, the fault faich is reset if the fault input signat
is low. The Fault pin can be used as a system shutdown
pin.

It a fault is detected during soft-start, the fault jatch is set
and the outputs are driven low. The delay fatch 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 faull event is longer than for recurring
faults since Soft-Ref must be discharged trom 5V instead
of av.

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

A 100k42 resistor from Soft-Ref to 5V wilf have the eftect
of permanent shut down after a fault since the internal
20pA current source can't pull Soft-Ref tow. This feature
can be used o require recycling Vec after a faull. Care
must be taken to insure Soft-Ref is indeed low at start up.

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

APPLICATION INFORMATION

Ve —
i-m ——— =\\ Qn/Qti|sv Genarator, 5V
ViR -G _~7 (IC Bias) |
T g | er\ Inhibit Out uvL
- ! 4.9v—o)7!3h — Inhibit Qutpul{s) (UVLO) =
Pwr Gnd 1 I Sig QGnd
1 Inhibit Output(s) (Fault)
; —— - .
Fautt( } N g S P S B o S
3.0v-g |Fault 4-_IV >J""‘/ |Delay.
]!Latch < ;Lalch
0.2v ! . ! - /7\Soft-Start
—J\ R B )5 0r 0.5pA
Soft-Ref 1, |
—pe—| et
i 2000 X Precision :
= 7 5V Zener
i - ﬁ)He tart
= \V/Delay 20pA
“UCx861/82/65/66 thresholds are 18.5V and 10.5V.
UCx883/84/87/88 thresholds are 8V and 7V. UDQ- 42020

5V
Restart ... ...... OV s
Dslay
so"—ne' ........................................................
BV e A
Fault
Outpul(s) Low | % o /

UOG-92021-1

Figure 1. UVLO, 5V, fault and soft-ref,
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UC1861-1868
uC2861-2868
UC3861-3868

-t Zero

vCcO

l 1
i
i
{

Ona Shot I E

From N Error Amp lSV
T | v
and ¢ INV, =L .\i
Referencs = | i
1A Out |
¢ v
HAange = |‘
A Imin irange
: T ——i— Y 1
tet Cvco!l)_l_mb . ,,,\/ Clogck One Shot Pulse
ac, [ (Resonant Time)
5v "‘i””:j_ b—— e L vrav-GT Lm0
i_‘\ I’A

Minimum
Puise

Maximum
Pulse

Zero Controlied
Pulse

UVOGG 2221

UDA-H2023 ¢

Figure 2. Error Amp, Voltage Controlled Oscillator, and One Shot



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

43

F, z—_—
Min Ruin » Cvco

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

33

Faax (Raw £/ Range ) o Cyp

STEERING LOGIC

UC1861-1868
UC2861-2868
UC3861-3868

The Error Amplifier directly controls the oscillator fre-
quency. E/A output low comesponds to minimum fre-
quency and oulput high corresponds o 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 Vihi
and so the output of the zero detect comparator is ig-
nored. After V{RC) exceeds Vih1. the one shot pulse will
be tarminated as soon as the zero pin falls below 0.5V or
V(RC) exceeds Vth2. The minimum one shot pulse width
is approximalely givan by the squalion:

Tow(min) 03 R C.
The maximum pulse width is approximately given by:

Tow(max) 12 R C.

UCx881, 83 |
——1;_1 vce
One snol->o- -T ] v—{:[ Qut A
]
Faudt Latch -o--cj ":lj oul B
UvLo = Pwr Ond
UDO-52013

ucxsez, ea |
One Shot J\ "1| ;S'GA
Fault Latchﬂ —— ik .
uvLo fosn
}*Outpul
_i ~yQuil 8 go‘sn
—-'-Ll_ Pwi Qnag
LI UDG-e2014

The steering logic is configured on the UC1861.63 to rasult in
dual non-oweriapping square waves al oulpuls A & B. This is
suited 10 drive dual switch ZVS sysiems.

ucx8es, 67 |
n — I voe
One Shot - out A
Fadt Latch —— _:lj Out 8
uvio — " Pwr Qnd
T
! upaeois

The steering togic Is configured on the UC1865,67 to result In
allgrnating pulse trains al oulputs A & B. This Is suited lo drive
dual swilch ZCS sysiems.

The steering logic is configured on the UC1862,64 to result in
Inverled pulse irains occurring identicaily at both output pins.
This Is suited io drive singla switch ZVS systems. Both outputs
are available to drive the same MOSFET gate. It is advisablg to
Join the pins with 0.5 ohm resistors,

ucxaas, aa ]

One Shot— [
Fault Lalch— )-'—-|>
uw.o~—c $0.50

:"’ Output

>

l ,‘? Pwr Qnd

UDG-92016

The steering logic s configurad on the UC1866.68 to resull in
non-inverted pulse trains occurring idenlically at both output
pins. This is sulted 1o dnive single switch ZCS systems. Both
oulputs are avaflabie to dnve the same MOSFET gate. it Is ad-
visable (o foin the pins with 0.5 ohim resistors.



APPLICATION INFORMATION (cont.)

UC1861-186€
UC2861-2868
UC3861-3868

Internal One Shot

UCx861,83

UCxB62,64

uUCx8865,87

UGCx866,66

i 1 [ L

Out B [ l

out A ﬂ |—|
1 a8

1 [ 1 =

UDG-92017

Figure 3. Current waveforms.

86



MANUHIN D

Yeyavesusmnn FQP1SN50V2



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



Package Marking and Ordering information

Davice Marking Davica Package Resl Size Tape Width Quantity
PV218N50 FQP18NSQV2 TO-220 - - 50
PFV218N50 FQPF18N50V2 TQ-220F - - 50
Electrical Characteristics . - s uuess omenwise notes
Symbol ! Parameter Test Conditions i Min. l Typ | Max. l Units

Off Characteristics

BVgss Drain-Source Breakdown Voltage Vips =0V ip = 250 pA 500 - - \4
ABVpgs! Breakdown Voltage Temperature Ip = 250 nA, Referenced to 25°C - 05 - Virc
AT, Coefficient

Inss Zero Gate Voltage Drain Current Vpe =500V Ve =0V - - 1 A

Vs =400V T = 125°C - - 10 uA

laser Gate-Body Leakage Cusrent, Forward Ve =30V Vpg=0V - - 100 nA
leissr Gate-Body Leakage Current, Reverse Ve =-30V Vpg 20V - - -100 nA
On Characteristics

Vasuhr Gate Threshold Voltage Vs = Viss. 15 =250 0A 30 - 5.0 v
Roson Static Orain-Source Vas=10Vln=9A - 0.225 0.265 o]

Orn-Resistance

gre Forward Transconductance Ve =40V, Ip=8A Nite 33 - 16 - S
Dynamic Characteristics

Ciss input Capacitance Vee =25V, Ve =0V, . 2530 | 3200 oF
Cone Output Capacilance f=10MHz - 300 390 pF
Cres Reverse Transfer Capacitance - 11t 14.3 pF
Cose Qutput Capacitance Ve =400V, Vg = 0V, - 76 - pF

f=1.0MHz

Cogs eff. Effective Output Capacitance Vpg =0V1io 400V, Vg3 =0V - 150 - oF
Switching Characteristics

tion) Turn-On Qelay Time Vpp =250V 15 =18 A, - 40 90 ns
) Tum-Qn Rise Time Ro= 254 - 150 | 310 ns
ot Turn-Off Delay Time - 95 200 ns
b Tum-Off Fall Time iNoted. 53 110 230 ns
Qy Total Gate Charge Vpe =400 V. Ip = 18 A - 42 95 nC
Qg Gate-Source Charge Visg = 10¥ - 12 - nC
Qi Gate-Drain Charge Note d. 5 - 14 - nC
Drain-Source Diode Characteristics and Maximum Ratings

15 Maximum Continuous Drain-Source Dioge Forward Current - - 18 A
fsn Maximum Puised Drain-Source Diode Forwvard Current - - 72 A
Vsp Crain-Source Ciode Forvard ‘ollage Vise=0V lg=18A - - 14 Vv
t Reverse Recovery Time Vs =0V lg=18 A, - 420 - ns
Qq Reverse Recovery Charge oli/ d=100 Ay Mol o4 - uc
Notea:

|. Repetiive Rating . Putse vk imaed &y Mautmum pnshon emperanre

2 L= 1E3mMH 145 = 19A Vpg = 500 Rz 2 2w Naning T

3 Igp s IBA. Gt s

20044 ¥ < BYpgs Stameg Ty

4. FPulse Test Pulse widh © 300us, Dury ryclz © 2%

4 Essenngily independant ¢° oparaling Tamperature

<0

LIJISOW IPuURYDH-N A00S ZAOSN8LAJDIZACSNELLDS

9



Typical Performance Characteristics

Rpson [ 1 Ip Drain Current &)

Draln-Source On-Rasisiance

Capacitance [pF)

Figure 1. On-Region Characteristics
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Typical Performance Characteristics «connum

BV, (Normalized)
Drain-Source Breakdown Voliage
>

Figure 7. Breakdown Voltage Variation
vs. Temperature
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Figure 9-1. Maximum Safe Operating Area
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Typical Performance CharacteristiCs connues

Figure 11-1. ransient Thermal Response Curve for FQP{8N50V2
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Gate Charge Test Circult & Wavsform

V
E Same Type s
i as DUT L. Q
1zv A 9
1 A= 300nF 10v
I Vos
Vg e Q- +* Qgy
'—-
mt
n DuT
e T
© Charge
Reslistive Swltching Test Circuit & Waveforms
R
Vus>———ML~—o Vis ™% r
v, Voo :
R ;
L3 :
v 10% - H
GS !
10V J_L DUT v i Vo \
pan= s
o 0 (Rl 8 1

Unclamped Inductive Switching Test Circuil & Waveforms

L Eram Uiyt o
Vus>——‘ T A5 2 AS BVpss - Voo
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b o3 las

Rs !—> >V / \
x [1s] lhil) 4

/ \
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Peoak Dicde Recovery dv/dt Test Clrcult & Waveforms
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Bedy Diode Reverse Current
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Body Diode Recovery dv/dt
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Mechanical Dimensions

TO-220
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STTH3003CW

HIGH FREQUENCY SECONDARY RECTIFIER

MAJOR PRODUCT CHARACTERISTICS

Iriav) 2x15A

VRRM 300V
Tj (max) 175°C
VF (max} 1V
trr {max) 40 ns

FEATURES AND BENEFITS

= COMBINES HIGHEST RECOVERY AND
REVERSE VOLTAGE PERFORMANCE

s ULTRA-FAST, SOFT AND NOISE-FREE
RECOVERY

DESCRIPTION

Dual center tap Fast Recovery Epitaxial Diodes
suited for Switch Mode Power Supply and high
frequency DC to DC converters.

Packaged in TO-247 this device is intended for
secondary rectificaticn.

ABSOLUTE RATINGS {limiting values, per diode)

97

Symbol Parameter Value Unit
VRRM | Repetitive peak reverse voltage 300 v
IFRMS) | RMS forward current 30 A

IFiav) | Average forward cument Tc=135'C | Perdiode 15 A
§=05 Per device 30

IFsM | Surge non repetitive forward current tp = 10 ms sinusoidal 140 A

Irsm Non repetitive peak reverse current tp = 20 us square 7 A

Tsg | Storage temperature range 65 +175 °C

Tj Maximum aperating junction temperature +175 C

October 1999 - Ed: 5A

115
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STTH3003CW
THERMAL RESISTANCES
Symbol Parameter Value Unit
Ringc) | Junction to case Per diode 2.0 “CIW
Total 1.05
Rin(e) Coupling 0.1
STATIC ELECTRICAL CHARACTERISTICS (per diode)
Symbol Parameter Tests conditions Min. | Typ. | Max. | Unit
R* Reverse leakage VR =300V Tj=25°C 40 HA
current Ti=125°C 40 400
VE™ | Forward voltage drop | IF= 15 A Tj=25°C 1.25 v
Tj=125C 085 1
Pulsetest: *tp=5ms, 8<2%
“tp=380us, 6<2%
To evaluate the maximum conduction losses use the following equation :
P=0.75xIravy+ 0.017 |F2(RMS)
RECOVERY CHARACTERISTICS
Symbol Tests conditions Min. | Typ. | Max. | Unit
trr F=05A  Iir=025A lR=1A| Tj=25C 30 ns
F=1A diF/dt=-50 Alus Vr=30V 40
| k= 15A dir/dt= 100 Alus Tj=25C 300 | ns
Vrp VFR = 1.1 x VF max. 35 \
Stactor_| Voc =200V lF=15A Ti=125C 0.3 -
tRM dls/dt = 200A/us 8.5 A

2/5
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STTH3003CW

Fig. 1: Conduction losses versus average current
(per diode).
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Fig. 3: Relative variation of thermal impedance
junction to case versus pulse duration.
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Fig. 5: Reverse recovery time versus die/dt (90%
confidence, per diode).
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Fig. 2. Forward voltage drop versus forward
current {maximum values. per diode).
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Fig. 4: Peak reverse recovery current versus
dIr/dt (80% confidence, per dicde).
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Fig. 6: Softness factor versus dlg/dt (typical
values, per diode).
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STTH3003CW

100

Fig. 7: Relative variation of dynamic parameters
versus junction temperature {reference: Tj = 125°C).

Fig. 8: Transient peak forward voltage versus
dlIr/dt (90% confidence, per diode).

Fig. 9: Forward recovery time versus dle/dt (90%
confidence, per diode).
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STTH3003CW
PACKAGE MECHANICAL DATA
TO-247
DIMENSIONS
REF. Millimeters inches
- Min. | Typ. | Max. | Min. | Typ. | Max.
oia. 1 | A 485 5.15 10.191 0.203
2 D 220 2.60 10.086 0.102
H E |0.40 0.80 [0.015 0.031
A F |1.00 1.40 |0.039 0.055
i — F1 3.00 0.118
: F2 2.00 0.078
F3 [200 2.4010.078 0.094
F4 13.00 3.40 [0.118 0.133
. G 10.90 0.429
H 1545 15.75(0.608 0.620
L |19.85 20.1510.781 0.793
L1 |[3.70 4.30 10.145 0.169
L2 18.50 0.728
L3 {14.20 14.80(0.559 0.582
L4 34.60 1.362
L5 5.50 0.216
M |200 3.00 [0.078 0.118
Vv 5° 5°
V2 60° 60°
Dia. | 3.55 3.6510.139 0.143
Ordering code Marking Package Weight Base qty Detivery mode
STTH3003CW | STTH3003CW TO-247 4.36¢g 30 Tube

= Cooling method: by conduction (C)

= Recommended torque value: 0.8 N.m.

= Maximum torque value: 1.0 N.m.

w Epoxy meets UL 94 VO

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibiity for the consequences of
use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject to
change without notice. This publication supersedes and replaces al! information previously supplied.
STMicroelectronics products are not authorized for use as criticat components in life support devices or systems without express written ap-
proval of STMicroelectronics.

3

The ST logo is a registered trademark of STMicroelectronics
© 1999 STMicroelecironics - Printed in lialy - All rights reserved.

STMicroelecironics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - italy - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerdand - United Kingdom - U.S.A.

http:iwww.st.com
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30CTQ... Series International
Bulletin PD-20300 rev.C 01/04 IUR Rechfler
Voltage Ratings
Part number 30CTQO50 30CTQO60
V. Max. DC Reverse Voltage (V) 50 60
\/RWM Max. Working Peak Reverse Voltage (V)
Absolute Maximum Ratings
Parameters Vaiues |Units Conditions
IH ) Max. Average Forward (Per Leg) 15 A 150%duty cycle @T,.=105°C, reclangular wave form
Current *SeeFig.5 (Per Device) 30
N iti i Following any rated
ley Max. Peak One Cycle Non-Repetitive 1000 A 5us Sine or 3us Rect. pulse oo comikion gnd with
SurgeCurrent {Per Leg) *Seefig.7 260 10ms Sineor6ms Rect. pulse |rated Vggy applied
E,s Non-Repetitive Avalanche Energy 13 md |T,=25°C 1, =150Amps,L=1 1.5mH
(Per Leg)
lix  Repetitive Avalanche Current 1.50 A | Curmrent decaying linearly to zero in 1psec
(Per Leg) Freguency limited by T max.V, =1.5xV, typical
Electrical Specifications
Parameters Values | Units Conditions
Ve Max. Forward Voltage Drop 0.62 V_ 1@ 15A T = 25°C
(Per Leg) * See Fig. 1 (1) 0.82 v |@30a !
0.56 vV |@15A T = 125°C
0.71 v [@30a g
| Max. Reverse Leakage Current 0.80 mA |T = 25°C
RM J V_ =rated V
{Per Leg) * See Fig. 2 (1) 45 mA |T =125°C R R
me Threshold Voltage 0.38 V[T, =T, max.
I, Forward Slope Resistance 8.47 mQ
C; Max. Junction Capacitance {Per Leg) 720 pF | Vg = 5V {test signal range 100Khz to 1Mhz} 25°C
L,  Typical Series Inductance (Per Leg) 8.0 nH |Measured lead to lead 5mm from package body
dv/dt Max. Voltage Rate of Change 10000 | Vips
(Rated Vg)
{1) Pulse Width < 300ps, Duty Cycle <2%
Thermal-Mechanical Specifications
Parameters Values |[Units Conditions
T,  Max Junction Temperature Range -55t0150 | °C
Tstg Max. Storage Temperature Range -550150 | °C
Ri,c Max. Themal Resistance Junction 3.25 *C/W | DC operation
to Case (Per Leg)
Rye Max. Thermal Resistance Junction 1.63 *C/W | DC operation
toCase (Per Package)
Rics Typical Thermai Resistance, Case 0.50 *C/W [Mounting surface , smooth and greased
to Heatsink {only for TO-220}
wt  Approximate Weight 2{0.07) |g(oz.)
T Mounting Torque Min. 6(5) Kg-cm
Max. 12(10) |(bf-in}
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(2) Formulaused: T =T -(Pd+ P xR, et

Pd =Forward Power Loss = L“Mx Ve @ ('mm” Dj (seeFig.6i:

deE'\f= Inverse PowerLoss =V x lpi1-D}: IQ @ VR! =10V
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Cutline Table
10.54 (041} 192 ©05)
— MAX = 3730015 ‘T " 220
22(0.05)
————=-"DiA.
4 354(014) 1
5 6_‘ p 6.48 (0.25)
O 1R 673 (0.24)
15.24 (0.60) 254(0.10) 2
14.84 0.58) |Mrermz .
123) 4y A
e T
14.09 (D.55) 1396 (016) Coren
13.47 (0.53) 355 (0.14) 1 0-10(0.004) G
2.04 (0.060) MAX.
140005) || ‘_‘ 2.89(0.11)
1.15(0.04} 084 004) 264 (0.10)
0.69{003) 1 comen 03
Anode: Calhode  Anode
123 0.81 (0.02) MAX
457 (0.18) = f%
432(0.17;T
|~ 508020 REF. Conform to JEDEC outline TO-220AB

Dimensions in millimeters and (inches)

10.18 (040) 4,69 (0.18)
REF. |=-— 420 (0.16)
1.32 (0.05)
¥ 3 6.47 (0.25) 1.22(0.05)
15.49 (0.61) 93'/{' '\ 6.18 (0.24}
HI05 g = Q 264 (0.10) 5.28(021)
]——‘ r 2.32 {0.09) 4.78(0,18)
L_“, 8.69 {0.35) Lﬂa;m
o 1400055 REF. 0.4E (0.09)
1,14 (0,045,
Base 004 ax 082 (0037) MINIMUM RECOMMENDED FOOTPRINT
Comnan 0.69 (0.027) 1143 {0.45)
?
123 |
e 4,57 (0.18) sas:o.as i I
! ]:l,=_ I 4,32 (0,17) : ; ) .
. 2 5 4 i 17.78{0.70)
o S O3 L 0.51(0.02) MAX. .
—— ~e— 5.08 (020) REF. 381 {0.15} [fi] ! [;:'
{ |
2,08 {0.08) l ' i
Conform to JEDEC outiine D*Pak (SMD-220) = L1 2500040)
Dimensions in millimeters and (inches) ey
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Qutline Table
rcs:s (0037}
Rt

SECTION x-X

132 (0.052
— _(_g
16.54 (0.415) 1.22 (0.048
129 30*"05% : TERM 2 )47 10055 LA
105 0es) | 1016 (0400) . 875 (0343
: L] T0.CC (03943 T T 861 (5 339);
24.25 {0.955) = } r_
23.47 {Q.924) [ T
CERCE N (1 S A
747 (5530} 395 (€156,
: £ 55 (616
1.40 (0.099) e
115 {QC4s L 2.89 (0.114)
764 {0104
TLRM 2-CATHODL cm
TERW 1- ANOOE Catode
AN TERM 3~ ANODE 2
o 061 (.UZ4) WAK
157 1678 ' A:T{
£327(e7D) i
7.79 (0.10)
729 (0.090) 2
533 {0.20) 1 Comemon 3
¢85 (o 1aa; Agge  Cabode  Anoe

Modified JEDEC outline TO-262
Dimensions in millimeters and (inches)

Marking Information

PART NUMBER
EXAMPLE  THIS IS A 30CTQO6GS WITH INTERNATIONAL ~ ——

LOT CODE 58 07 RECTIFIER Erm—

ASSEMBLED ON WW 21. 2000 1060 “N7oR oz .

IN THE ASSEMBLY LINE *L* P " DATE CODE
ASSEMBLY -~ | YEAR O = 2000
LOT CODE WEEK 21

LINE L

6 www_irf.com
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Tape & Reel Information

TRR

© B DO O

T
[

LW

FEED DIRECTION

360 (14.173)
DIA. MAX

1.65 (0.065) i 1140 (0.449)
\ ° 15.42 (0.609) 24.30 (0.957)
. 1522(060n| | 0L
; LT T AT 006y [} ;L
SN 10 90 (0.429) i 1.25 {0 049) __l 472 p.186)
10.70 (0.421) 1610 063) 52 1T
15 90 (0.626)
FEED DRECTION
[
13 50 (0.532) 26.40 {1.039)
72,80 (0 504) PA —'l 24,40 (0.961)
D R il
T SMD-220 Tape & Reel
7 When orering, indicale he part

1.60(0.063)

1.60 (0.063)

150 (0.059)
410(0.167) oA
390 {0.153) r /m)
' v

R A
18507t [ 11,60 (0457} )

0.368 (0.0145)
4'] 0.342 (0.0135)

.

mumber, part orentation, and the
quantity. Quantiles are in multiples
of 800 pieces per real for both
TRL and TRR.

NN |

(\ T 60@22362)
A DIA. MIN

£ O e

Dimensions in millimeters and (inches)

Ordering Information Table

Device Code

]
2]
3]
n -
6]

- C = Common Cathode
- T = T0-220
Q = Schottky Q Series
) 050 = 50V
- Voltage Rating
060 = 680V
- 1 = T0-262
S = D?Pak

- Essential Part Number

www irf.com
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