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ABSTRACT
In this thesis, analysis and design of a Zero-Voltage-Switched (ZVS) Quasi-Resonant
(QR) boost converter are presented. Equations resulted from the analysis are used in circuit

design. Experimental results are given to confirm validity of the design.
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2.2 Zero-Voltage-Switched Quasi-Resonant Boost Converter

fiannazaedt Tugufl 270 amnsaguumdstious s Iifdudam vt i
I, Willuundatonszua ldfinafilifuases wazdufvdszqIwih ¢, fulnaaldidu
ussdu Tthaaii Tasmsnauay duty-Cycle vosaing 1 uansguae9s 18dagud 2.7(1) il
diudufudseqinih ¢, sudamilendr L, wavadad S1gnitemuuuy Voltage - m-de
resonant switched ﬁwrﬂugﬂnmwm Voltage - mode quasi - resonant boost converter UL AN
Tuguii 2.7

b4 ¥
LY

1 ::' a & ) T Qs ] [ dy
afunszuaumIan q Afavuluieeseglamn L, waz C, 9ndauilsaegdeil

/L
1. Characteristic impedance Z = E&
R

1

2. Resonant angular frequency O=—F
VLCr
w
3. Resonant frequency Iz =2—
T
. , R,
4. Normalized load resistance r=Z—

(m (V)



I

i

(M)

a 7 o 7 & 7 7 7 o !
31.]71 2,7 NITYAANDUNIDIINDS (@) VITANUFIUVDIYTANDULIDINDT (V) WITNYUIM

(M) 2999 Voltage-mode quasi- resonant

2.2.1 ¥ANMININU
NWIT  Zero-Voltage-Switched Quasi-Resonant Boost Converter WUUINITHIU
' W Y [ =)
poniiiu 4 ¥2andn Ao fie
¥ 1 i 7, - T
VoA e e a Y = o
Turaatiadas St vzidla (s off) a1 T, nszua Il 7 ezlnadn 1y dsey ida
3 ° @ v a 1 o a P
wudszylii ¢, d 1 usedulad 7. Aew q iwnediadlwiFuduuaziinne T

b4
usasu T 7. szidu useduddh ¥, awnsaminnan 7, 1dnn aunisdail

Initial Condition: Vc(o) =0 (2.23)

State equation: Cq gt_ Ve=1 (2.24)
|4

STy =Ch —IQ (2.25)




A

\

\
-~

——
T

T

: e 4 > t
0

T T -

T, T,

~ 4

2

TI

[

319 2.8 (7) wWesEumshomiinm 7, - T, (v) jdyyaeiwan T, -7

¥ 2 ina T, -7,
finan 7, laTen D2 3zila (turns on) ¥rldnszua vl 7 annselna’liierdna1d
uazuseiu Wi V. szanawiifugudiina 7,911 lalea D1 vnszua T luganan

3
=) @

ol "W ' da £ ' 2 Y] o g
fozifianss Teuuusivdy ausanamdudsens o anaduluaeil idnaunsde 1

Initial Condition : I o) =0
Ve =Vo (2.26)
, d
State Equation : L, p [, =V. -V,
d
CR;,';chlz‘]L (2.27)

¥
asamauns luaatuzeie o 1daed

1,(t)=1(1-cosar)
Ve (t)=V,+Z,I sinowt (2.28)



\

]

— [ (GU)

Y

Y
T

1

o/

3UN 2.9 () 2esFmsinmine 7, -7, (@) jildy

t oA A J 3 1 = Y
AuNIOMMINMNAaTUGWA 7, 89 T, Tden

v

wzaviu nszua i 7, fne 7, fiawidy

Y
T

ugm 7, -7,

(2.29)



1,(T,)=1(1~cosa) (2.30)
! n
n T<a<—
2

12991 3 e T, - T,

{ 7 3 a Vo o
fina T, aszuelidh 1, swwannsedrudufudunazezmdugudina T,

Initial Condition : ]L(O) =1 (1 —~COS a) (231
State Equation : Ly, di]L ==V, (2.32)
¢
Ly D,
nN——g——e—
I : v,
i +
d D, +— c, C.p (™
.
=
Vcsh
—> |

Z’l [A

D
>

>
N
- < [
Y

T
A J

e, I
T, T, T

3N 2.10 (M) 2es3emsdemiinm T, -7, @) judyausnnm T, -7,



15

o
a

] ¥
Fulureszeznainedueson 1dan

r g {1=cosa)

23 71, v (2.33)

Tagialdadad s1evshaszuaidfndsoinfiuseduldih 7, annsfagud finan

T, wazroufinszua I narwlalea D, Gawifugud nienszua’ldih 7, fianasd

¥
~

awnsuaszualdfy 7 a1 7 dadad s1 ldshaszualiibiums  offhlugas

v

o a Y I a H ad a ) .é’ v
usaen Wi 7, szisundunuiudszylnidnase uazadd s1 szfnmsgapdednludonazd

by

nszua WA (turns on)

Y39 4 i T, -7,

{ i ¥ a ! a °
fnan T, aszua iy £ favuasy Inarwadad lesninaded S vhnszualiih

a o g { [V Q)I’ a
(tuns on) wazadad S, vz luivhnszualii(ums ofp a1 7, wdvindusziSudng

v ¥
%9019 11vyudnaTe

lugasan T, wunson ldnn

Ly =T, -1y ~T, - Ty (2.34)
Ly, D,
......... el P
. ’ e
]1 : ) + VO
S, *Dz + c, C.) ()
—so



16

Y

(V)

Vey .
VANV A NS
\__ /.
FEVANIYA ¢
\T.!
TN 7N
/o] [
I A% v
1.4 ;
NEERVE
R

3N 2.11 () 25 nmsiaunna T, - T, () 31

2.3 ANIZAISHNUAN

o

Y

a

TR NPT RN

= o a 5 . 1 Y o o
NANNITNTNINIUAINVDIINITAWITON AT State equations VY9I 4 “II’NL’JﬁWllﬂ TINTUY

F101013R19UR 2 dwseminwssdu Ilihigegafianasenuemue uazminszua il

{ i T o ! o V
qagai lnaruuemadIuuednsidInvo s IAY

ANvdEInNg f

con

INAUNTA 30

%o
4

o o Y] 4
aunsaldlunisnmdsuduye E uazwdsauoiann £, |

EI = VIIITV

n
Eq =V, [1,dt+Y,

T

7
JI Ldt
n

7 Tiy
.[ILdt = I], (1- cos wt )dt
T, 0

! v
MANuAIUNIYIvan R, uag

¥
Yo

AANIU

(2.35)

(2.36)

(2.37)



s 1 4
fHnMeEAND 1Y NizveNndImansey

—t

Co

>

 J
.

\j
.

C
I

T
S
v

Y o 7 7 a o
3‘1]‘?1 2.12 () gﬂ’N%i () gﬂﬁﬂj u'lill‘ll’e)ﬂt'ii“]fll‘llﬂﬁﬂ’é]ﬂl?’E'Jilﬂ’e]'iull‘ljﬁ’m‘lf

Ausedu Iituilugud

91nAUATTA 33

5 I (1-
jILdtz (1 cosoz)T23
T 2
I (M r M
= (1= 2.38
w( — r( cosa)) (2.38)

72870



18

V.1 ¥
E,=-2" a+—+—(1-cosa) (2.39)
W 2M r
NAAUMITN (36) tag (39)
wld
v 1
L=M= (2.40)
|14 f r M
i g+ ——+—(1-cosa)
2rf, 2M r
: 13 1
fin a=sin"|-——| , fi==—
M T,
e T <a<—
5 OC voltags conversion ratio of IVS-QR Boost
45k
b
364
3;..
§2.5—
2.—
160
V-
05}
0 i 1 i { I 1 H L {
0 D1 02 03 0.4 08 06 07 08 09 1

feonffr

j;on

A v o ' VO
31'7] 213 UAMNANUANAUTIZUIN — Uny ==
S R




19

2InauMIn 2.40 wwdanmave 15 lumsdsuns S osufisuaunasuuilas
L] d‘ = ‘3 d‘ L 73 L d'
A4 9 MAeTUon Rl sa1e 9 wasuuag

2.4 Nosanmsimnuluannzuswiuldihdunanazlnaaddeundas

A = v @ ] [ 1 Y w [] Y Y ti =
LW@ﬁﬂ‘H'Wi'1ﬂ'J']3JfﬁJ‘W‘uﬁ531W'J'Nlli\iﬂuhlﬂﬁ']ﬂ'lul‘lﬂﬂ‘Uﬂ']ﬂ'J']ﬂJW]‘N‘Vﬂ'Nﬂ']H@'ﬂﬂ oy

d' = 3 = = 3 a 9 9 '
ﬂ?ilﬂﬁﬁullﬂﬁ@lﬂﬂﬂluﬂlu')\3%5’)13JNﬁﬂ5$‘V]‘U’E)$V15lﬂﬂ‘UNﬂ‘lJ'J\ﬁ]i‘lJNLlﬁ%ﬂ'Ji%“Llﬂhl"ll’f)m\ihli

|||—

31]‘?1 2.14 1995 Zero-Voltage Switched Quasi-Resonant Boost Converter

1] 1 kY
FUUTANDITUIAT Minimum 8 Maximum Y849 Conversion ratio NiNA

= ¥
¥ulur9esneu
P=§
Ao
V
i = 2 (2.41)
V.
Smax
M e = (2.42)
VSmin

wa ¢ ¢ ¢ ' . . !

MINAUANTAVO995 Y AANOUIIB5178592931 1371 Minimum Conversion Ratio 1
a .3 3 e =

annsainadu 1dnuaees fle

uagfigaaa1i 2 vesresnnaumsauIsamams sy lihgegaianasenaing iden

Ve()=V,, +Z,1 sinot
VCpeak =Vt ZIrI/

oul



uagnuautRveadide lihdmdwiduias Wihdueen

v =V,I

out” out

e M, 21

LrLISM

' 2o ' R
in@ou luivhIdgn r="% . nZ,2k

Il

naunsi 2.40 Segd 1 eglugvesdnsidiusernienind

f;'(m — 27[
Jx M a+2—;4—+y—(l—cosa)}

r
A . 1| TF . - ¥
4o a =S81n — |=7+S8In -
M M

1ngUh 2.3 $ldd Ausedu Iihddwniga 7
AN lumsnugugege £,

onmax

Y
_wazlvam R, . 9214

Omax

R
o = (2.43)
. n
a,,, =7+sin ‘[ max J (2.44)
Mmln
f;()"max —_ 2”
Sr

(2.45)

min max

Mmm {amax + _-C%. + %ﬂﬂ- (1 - COS amax )}
2M r



21

[ t
=) i)

wazhusedu Infdudwlouiiqe 7, wozTnaadesiiqe R, 9zldnnwdlums

min

ﬂ’J‘UQNﬁTq@] »fcnnmin

R .
Vo = —%m—"— (2.46)
s =1 rmin
Ay =7 +5IN {Tj (2.47)
. 2
fc;;mln _ - (2.48)
V..
* Mmax {tamin +-—mL+—ﬂ(l—005amin )}
2‘Almax rmin

Y ! = ' 1A
Tnﬂﬁl)ﬂ']iﬁ 2.45 smzﬁwmsﬁ 2.48 ﬂﬁmﬁnmmmmﬁﬂ%hmﬁmmgmms

oo y ' = S A Yoa L.
LiT“ﬁLLuu‘ﬂﬂﬁ?lﬂﬁﬂ‘ﬂ'lllﬂEﬂ'lﬂﬂ'lﬂ'ﬂllﬂLﬁT‘]ﬂLuuVl‘VlLaﬂﬂi%ﬂUﬂW Characteristic

Impedance(Z, ) 18 e

ff

L L 2.49
K 27 fr (2.49)

C,=——— (2.50)
g 2ﬂfRZn



UNN 3

NISATHINUUAZNISODNUU

3.1 YN

dy a LY o K a4 o 4 J
Tuynilvginoidesdumsosnuuudiuinaidie q ifeatoduitesneuneiines

a da @ o ¢ 71 ¢ 4
wuyadagiusedu Ifudugud vazdoyalunisidenldglnsaidie q luaesneunedines

wuvadagnuseiu I uiugud

¢ ¢ ¢ a da o o dat
3.2 ﬂ1iﬂﬂﬂ!l‘U‘U'Nﬂiyﬁﬂﬂﬂunﬂi!ﬂﬂi!lUUﬁ?ﬂ‘UﬂlliQﬂHﬂWﬁ1!1."1—“:[1!?'31

De

1PN A

- usadu b una V,=10-12V
- usadu Iid e dne v, =15V

- aszua i uedya I,=1~34

- s Tad fr =1 MH:z

3.2.1 msesnuuuduiuszquazdamilsnivesisasslouuun

| |4
Vnawnsi (2.41) w18 M, =—2-=125
VSmax
< v VO
NNTuNN (2.42) 92 14 M, = =15
VSmin
a ‘”‘1 -4 ROmax
VINANNITN (2.43) B2 (A Froax = 7 s o S1
|4
Ry =——=15Q
IOmin
5 Z2,215Q

X dy o = o A o ~
nndeulviigmisodurummdunudszguazdunonirldnnaunisi (2.49)

HazannIIN (2.50)
Zﬂ
LR =
27 fy
1

g 2rfoZ,




23

P v = v o o ) o o @ ~ o =2 9
1H9391NAT Zn Nﬁa’mﬂ’]‘ﬂ‘U?{;u'lu']ﬂ']u?mﬁ']ﬂ']fﬂjlﬂu’ﬂigﬂllazﬁjlﬂuﬂju’]%\iﬂ@\i

AT Z, 419 9 szdawansenues 15AU99581e amisanesan 1deinaisis

k% [ dy
ATUDNNUY

M0 3.1 ueasA1ae 9 e Z, nldsuutlag

Zh | Le(®) | Coln) | S (KH2) | Foome (KE2)
15 2.387 10.61 338.781 777.034
30 4,775 5.305 197.093 588.285
50 7.958 3.183 126.136 429.05

75 11.937 2.122 86.929 318.1
100 15.915 1.591 66.304 252.231

d 1 A & A 0o q ¥ dda v
INA15NIAUIURRAY Z, uInTUTes q sz ldainnmdnldlunsaiuguns

0 a J ;Y Y P o o A 3 o Y ey vd?l
NINIUYDIFIRFISUBYAY AR UM UYIUINITUATNINYY %3%11ﬁ3ﬂﬂiuﬂlu1ﬂ1ﬁ€gﬂluﬂ1uVl‘ﬂ

@ o’z’ 1 ~ [ ] Y = o
daw daiusziienst Z, # 50Q lFlumsifenmidunuilszquazdumiieni
v Z, =50Q aeld L, =7.95uH waz C, =3.183nH

M99 3.2 uaaer1FIwaN A Auseeu i duna 7, =107

Vs | waam gash ldfuan I,=14 | I,=2A4 | 1,=34
M
S | @1)/ M(a+ r +_(1_Cosa)) 313.956k | 180.228k | 126.137k
2M r
ty; c Vo 31.83ns | 15.915ns | 10.61ns
R 1{
4 a 0.532us | 0516 us | 0911 us
10 w
y ; ; (1=cosa) 1576 s | 3.179 us | 4.769 s
R VO
ty 7, ~Ty-1,-T, 1.046 s | 1.841 us | 2.637 us
Lon 1 f 3.195us | 5.548 us | 7.928 us
ly, b 4, 0.564 pus ) 0.532 us | 0.521 us
. toy +[ =(LyI, cosa)/V,, | 1344 us | 2.115 us | 2.903 us




M990 3.3 1aaemyaraIaN q Auseau i euwa v, =127

24

Vs | g gasildmuon I,=14 | 1,=24 | 1,=34
Jor | (21f) M(a+—r—+-M—(l—cosa)) 429.051k | 252231k | 178.11k
g 2M  r
foy c Ve 38.196 ns | 19.098 ns | 12.732 ns
R 1’
t, a 0.538 us | 0.519 us | 0.513 us
[0
2] o, ; 7 (1=cosa) 1301 us | 2.643 us | 3.973 s
R VO
te T, T, ~T,-T, 0.447 us | 0.783 us | 1.116 us
T, 1/ £, 2.331 us | 3.965 us | 5.615 us
fo Loy 1, 0.577 us | 0.538 us | 0.525 us
boc o +[~(Ly 1, cosa)/V, | 1221 us | 1.855 us | 2.579 us
s DC voltage convarsion ratis of ZVS-OR Boost
by
ask ] u
b
b
A ]
\
35 N T
\
T |
3 254 \ ~
3 \ . i
2 N R ]
\ e
. R o e [N
i - . ]
? %
o5t ! } .
| |
| |
0 L I 1 ] L 1
0 o) 02 03 04 0% 06 07
feonffr
{ o/ o i V
51 3.1 uamsmuduRufssnie =2 uay Soo




25

LY o 4 ° d d d

3.2.2 myvenuuudufulssquaziimihuesIyaaneuIasines
J ] 1 v {
91NN1500NLUB9055 Tyuuuni 51ezdszunuldisesiinuegludiuansa
4 o o [y
Y3sue 100 kHz — 450 kHz (Woldnawd 100kHz lumseenuuudnnuilsequazay
a ° L4 d 4 £ ° 1 1 & =]
wiHlgiivesnesyaaneuneines lavazldisesmaueylunuanssuadeies lasl

=) % dy
Jluacioun Agud

V,=10=12V , ¥, =15V , I,=1-34 , f, =100kHz

Avssndt ¥, =10V uaz Lo =34
Lﬁa Dmax—_-1__.V5_m_fn_=1_19
v, 15
=0.333
ROmin = VO =—1—5_
IOmax 3
=5Q
. D(1-D)'R 0.333(1-0.333)'5
w2 2(100k)
=3.704 uH
fnsandi v, =12V uay I, =14
Lﬁﬂ Dmm=1—I—/§M—=1—.1_2_
v, 15
=02
%
ROmax = 2 =—12
IOmin l
=150
. D(1-D)’'R _02(1-0.2)'15
min 2f  2(100k)

=9.6 uH



26

o ¢ ¢ /o v . v A vlav
msrzaziy 2esyadneunesmesszhinueglulnvanszua lihdeiies]d

! ¥ 1] I
Amaunilonir L awdeslinminni 9.6 uH suiududen L =62 uH waliiulednees
o ' ' 4 aa LY = o A =3
Mooy luTnuanseua Ifhdeades waziisUilavesnszua Tdhdaumieaiviisadney

o [ - N a a dy

wosamnszug Wi 1 gegaunzigaiezifaiu

]
=y

nw V., =10V uay [

Smin Omax =3A

_v,D_ (10)(0.333)

Al =52 =
FLf (62u)(100k)
=0.5374
Ve 10
" (1-D)'R (1-0333)'5
=4.496 4
I=1+ 8449649537
2 2
=4.765 4
Io=1 -8 44069537
2 2
=4.228 4
i v, =12V wag I, =14

vD_ (12)(02)

Ai, = =
" Lf (624)(100k)
=0.387 4
v D
" (1-D)’R (1-02)’15
=1.254
[o=1+ 8105, 9387
2 2
=1.444 A4
Irmin =l/ _—ALL-:1’25_-O—L3—8Z
2 2
=1.057 4
dwmsusnnuy ihwesdadulsey i ¢, duldawaums CO=———AI-;———
o

R

v,



27

Taudvuald &% _ 0.5%
0O

iV, =10Vuzl, =34
C, = 0.333 =133.2 uF
(5)(0.005)(100%)
AV, =12V wax [, =14
0.2 =26.667 uF

©o = 15)(0.005)(100%)

mszaziiueyIdanugvesfufuseyith €, Sawiifu133.24F uazite
L5 Javewssuednafuaiidmua maawglnfheedesfismnnndifiduan 1l
Sudenld ¢, =500 uF Tavmsidafudszyvihidanaugds 100 4F wozdia
AMUEIUMLUAS (ESR) R, =0.56Q $19u 5 dandevumiduiteaasianudnminuds
ESR) vosdudutsy Iiwihldmanuduniuuds (ESR) 571 R, =0.112Q

Aussdu Ifluasu-rodaqegauaznszua i il naduesu-vesafiqeqaves

voamadids mldnngrenm [7,7,]

Ve()=V,+Z,I (sinar)
V=V, +Z1

Cpeak

TavsgAvaannszualldh 1 =4.7654 wag [, =1.0574 i lnarusommna

imax

Vepea =15+(50)(4.765)
=253.25V

d1m5ulaleamdssgnunssdu I deundumidy 15 v uaznszue 1dq T v
MAUNY 3 A
Ataussdu Wi waznszue Ifhwesgdnislifon1dfe siisrganiifidinin1ése

Aenueanidauved FQA24NS0v2  Anaussiulvduasu-vefagega soo v uay



28

[

- o @ A dy & aa
aseua i uasunge 24 A nazidon'laloafmderilasondniues STPS30LAOCT FINAARA
ussau lihdoundugega 40 v uaznszua i lunidunde 15 A

19T Zero — Voltage - Switched Quasi-Resonant Boost Converter NOBALUVLTAIA

JUN 3.2

L ffnz.l'“ﬁ L=8uH STPS30L40CT

I ahith P—e

Ve [+ FQA24N5012 Rc=0.11m§

’ (—> Iz _J£=3.3HF R
o =T 5-15Q

C =500 uF

—— o |

gﬂﬁ 3.2 7997 Zero-Voltage-Switched Quasi-Resonant Boost Converter

3.3 HOI8NMINNUUAZNITPBAUVLTINIVAY

1

7 ¢ ¢ a o v o ¢ &
’NiﬁﬂaunasmmtmmsTmmu‘ﬂﬁ’mwmzuimu"lvslﬂmluﬁuu A8 FIUINTUBINIT

Y

o a & o ! o & dy v P ° Y

MavesnssaIndezrhaulusisnaimsiem ¢, dennildesnuuu B3Reezimualy
~ ° 1 { A4 o [ [d A ~

ty AN lagiimaudasdinnudiiiesnuuseau iluedyaldnsnawd ldeonuuyias

A Yo 4 4 4 )

{Henl9AInIUAN UC3864N a14150A2URN99515 lsuuuvineuiesnes zvs 14 uaz

ausadimuarIaaamstinu £, laelassadienisiinuvesdaniuay UC3864N o

off
Ysznovldrudaueis q fegi 3.3

Error amplifier(E/A)
) A § o @ [
#anduveeEror Amplifier(B/A)7 1% lunsaiuauszumesan1seduus sdu Tt
v & ' . b ERN v dy vy d
PIARATUANAINNIININIUYRI IC PWM ¥ ldasefinantsvesus sdu T 18y

wnuivg Tddsuamnevesiadifefnuseduus sdu Ilfuerdyaudag ludSuaimdvea

LY 4

WATUNY

Voltage Controlled Oscillator(VCO)

Xy o A a o I=1
WGﬂ‘HuVoltage Controlled Oscillator (VCO)mmi’mwammmnmmé’f@dmﬂﬂu

]
o

Annudfinga ldezilfeunasssduidihndewswiniugy TasuseduIniilFluns
= ) =t ot @ o @ @ [ 7o
muguawdznnmalssuifisunudndesmssugudrdTaeduiusfufaiduves
& 4 !
Error Amplifier(E/A)Faeinaves (E/A) Tuninquussdu Iddhveoyrmunszua i 1

rang

@ Aa O o 3
Tagus 39U T (VCOMITUNANARMUATINIY 2§ Rypiy + Rugnge UAZANALYIEY Cppp



29

3 a « d o 0 ' d o
wenaInuaNdivesiadgega-Maaausafmuaiuileddy Rinees  Rpin Coco

1T MINNND LAMN AU

3.6
.fccmmm = (31)
C
Rmin veo
3.6
Soonmax = (3.2)
(Rmm // Rmnge ) CVC()
Blas and
"""""""" ") 5V Gen sV
[ (5] slg Gnd
o UvLO M Vee
v
One Steering FET m A out
Shot Loglc Drivers 4B out

d' kY 9 o
3U7 3.3 Tassadramsvhnudaniugu

One shot timing generator and Zero wave crossing detection comparator
7 o o 4y o v d
#en¥u One shot gnihwlddes muanuninvesiadgegalasyt RC Tay
[ v d o o/ v o 3 = [
doyguiadeIn One shot  vzgnibwidSunnunisvesiadonaselauSououdy
[ 7o o LY | o
mynunmmﬂ‘ﬂqﬂﬁvu Zero detection comparator ( ’cTiy'Eme%Wﬂﬂiztlﬁqﬂﬁﬂlﬂdﬂ?mﬁEJ’J‘LH L,
[ v o & ¢ o $ o a o4
wazus ey biihdunudsyy €, ) Fellasdumuisonagildnsaiadinszua vy
J N o o ¢ A 1 ! . e
fj'uUHSBLLSWN“M%N‘IJHQMU%N 9 YVUANDAYIY line load UAY temperature NUNIT
P 9 o o L4 I a 3 3 v o
wavnwlasls wezdaumnzaudugdnsalis Tsuuuinimsudsdnlduey anundevesiad
awsom ldenaunis
T =RC (33)
T =03T (3.4)

max



30

Under voltage lockout(UVLO) and 5 V bias generator
#ef5u (UVLO) Msmugumsiauvedled iotlostunilasadenisiinu
M g

vodleFumzisulganled TunodussuinidouldidrledTa1mnnd1 UVLO threshold

Y ) \ A Y A @ o v
u& M eA%Y 5 V bias generator 939N Enable 1 1¥29950u 9 muluwesds ledihan]d

Steering logic to output driver

o o Y] o
Aurevsrudyaaimldlumsduvuamvosmnesuamva

One Shot
Frult Latch

514 3.4 msselFnuveunidya

swaziBuadm 7 VOWADZUNVBIAINILAN
15V Pin 72370 Bypass 11/l Signal Ground #2efufutszq 0.1uF Tnedufulszy
23581 ESR uaz ESL &

Solf-Ref Pin 92U5N15 3 ‘Wﬂf{“gu‘lﬁ}uﬁ System Reference, Restart Delay Soft-Start Tag
Solf-Ref pin ‘lﬂﬁyﬂ"]'ﬁﬁl%rﬂu Input Reference 19y E/A az%i11¥an Overshoot 1@lun1s
Control ZVS dw¥uv1 214 Bypass Capacitor 88191188 0.1 uF G99z lfifedan1snninidia
Fault 31 1u5z00 Taodaenarlumsande weifusns1aan 19:1 (Restart Time:Soft Start

qasiilddie

Tyoft start = Csr¥10kQ (3.5)

T =Csrx190kQ (36)

restart
'y o 4 M y VoA oy 4
UANIN93INIT4I01N Restart Delay aummmm% R=20k mmwmm”lﬂwm Soft Ref

23n5130 uaaz ldaumsiaouly

(0.48mAXR,,) - 0.2
= Ry xCgpxin (3.7
(0.48mA + R_,) - 5

r restart



31

3.3.1 M3LONUUUINDIAIVAN

ATEBALYLIEYLAIAN Y105 IsuuTussAnA 1991298 sRB D SIS 0
wuuilee ¥ nuiaeilunsaiuquaiadusiisess Tsuuiiuioiaaniizues
szvniAsundasmianudnes feuuasmulu&ae

TudnorfinusiEuiidne s Zero- Voltage Switched Fevzanlousadulrihi
veeimifeadas liiinszua s sdu I five e uguidousedaldaiog
Winszua Wi 18

nandnmsdiedu SudenldSvadreiadmvnuaiadives Uc3ssaN Fudufyil
TWNTAAIUAUNTIIVEINa WA AR IN5131 zero ¥amsunsrvaonusafu Wi

1o o o o o o @ A
voalainfluguinieds duiluguindrnzdalivemmiariausiui

From N
Feedback

and
Retference

Error Amp 5V

P

Rmi T Imin 1Irange
min
““WV——\}FKC kg K-SV # <F
Ve, Imin —t . Ei Clock One Shot Pulse
5V —lwn RGIJL L 3V/2y - ﬁ———r}D—(Tsonant Time)
] g :

r«n

Vth2 -

15K3
Vtmijb mmmmmmm

12Kz 0.5V~
N zere | ¢ C@>W
L 1

-k

(M)



32

vVCO

Clock
(Internal)

One Shot
Minimum Maximum Zero Controlled
Pulse Pulse Pulse
(v)

309 3.5 (M) uaaresmeluvesdyludivvesanud

@) anudnlFlumsmugumsiauvesadad

{ 0 ! 0 o 4 4 a d
5)']ﬂﬁhlﬁﬂ?u')‘EN‘15')\3!')@'1ﬂ']TWN']‘LIm@ﬂ?ﬂ%ﬁ!ﬁi“ﬁuuuﬂﬂ@unﬂiW]@'J'LLUUET'W\‘U

L4

vauzusanu Iidudugudrz Idnnufiniuquéiga £, =126.137kHzanudinauqy

y

IR fpmax = 429.051kHz uaz 1, =0.6 S Veldvenuvulidladennuaniuguld

onmax
]

Wiuiianudasuquaiga £, = 72kHz anwdrluqugeqa £, =450kHz
4 [~ ¥ o ¥ ! o (% dy
wagt ;. = 0.3 uS woldifludrdmualumsmeigunsalaie q fimdedsil

dauvoInisadanud lumsaruguuema

36
RminC

veo

3.6
Ry !/ Ry )Coo

min

f;‘(m min

ua j;'onmax = (

Tavagdmuald R =100£Q weldtwdonswimiou 9

0.036
B Cvco (ﬂ) =

—_——————=500pF
Form (kHZ)



wag R,.(

k)=

100

( f;()nmax - 1}
f;zznmln

=19kQ

drvoansadrana Wuoawa liinszue Tuidh

AN vo vy oy 9
mﬂw%mwuﬂ%mmu% !

Ta// max RC
T:)jfmln = O'37-'max

off mmn =03#S la@ﬂ C =18pF

0.3

w14 R=—2E __56kQ
(182)(0.3)

mawasiu T, = RC=1.008 1S

62 uH 8uH  STPSI0LAOCT
w n g
[—— 100 uF x5
1kQ
FQA24NS50V2
Vo (+
§ - — _L:i.JnF
10-12/ . T
500kQ
I
0.1uF
—/{1 1 5V U Soft-Ref 16 p——]-
0.1uF
1kQ —d 2N Fault 15 3_1-_
500k S [: 3 INV UC3864 Bout 14 3__04/5,/{,)_
+20V
10042 4 E/Aout Vee 13 :I-—i
—
= ¢—L] 5 SigGnd PwrGnd 12 J—-{?'l/‘}
1949 K
[ 6 Range Aout 1 J—()A;/VQ—‘
100£Q
1 7 Rmin Zero 10 F——
500 pF 56k
J*—“———C 8 Cvco RC 9
= 118 pF

3U% 3.6 UAN9299T5IVVOINITADUUL Opened-Loop

5-15Q

33



34

62 uH 8uH  STPS30L40CT

11 ‘211 i ]
I———- 100 uF x3
1£Q
FQA24N50V2
Vs +5 @ — 33nF
10-127V \g __]'4. —_
o]
500kQ | l ' I l 5-151Q
——

TR0 sein ‘
L‘"‘J220pF
0.1uF
—{] 1 5v | Soft-Ref 16
0.1uF
1£Q =~ — 2N UC3864 Fault 15 3—-—}_:
3 =
5004Q 24— l——-C 3INV Bout 14 3—53%\9—
10040 % 4 E/A out Vee 13 :"—i

—
0.1 eF]
= 3.3MQ ———Iﬁ s Sig Gnd Pwr Gnd 12 D——I “

1940 N
b--—-9/&——E 6 Range Aout 11 p—(ml—J

100£Q )
4——9/%(——-E 7 Rmin Zero 10 F——"""

500 pF 564
—_”"—‘q 8 Cvco RC ¢

U9 3.7 1R339953WVBINSABLVY Closed-Loop

3.4 NI NUULITHIUIBUNMTWUA KNI

Tumseenuuuadieduniioni L, Gsdidgyidesdiiedefio fFunfloninzdosl

1

A o = ) ad a0 9N ad ° vy
sud luvazinszue Idhiimgegaitnseenuuunldie 3Fn1sfmusvuiavesunuday

9 1 9 [
mwaamﬁuﬁ (area product, Ap ) TEUINNUNAAVIIIVD AU (core cross section area, 4 ) AU
} 4 ’

A Adgy . 4 : o T L 4 Py
wumw%ussa}wmﬂ (window area, 4 )mmwa@,mwuﬂmﬂamLam"lﬂmamms‘ﬂ (3.8)

A =44 =—— (3.8)

k4
A

4 Ao AwaguRunsznIiufidaueveunuiuiuinldussguaain



35

[V

3 1
9 NuNAAYIUBINY

RN
3

o

b.

& ddaw
Hunnlgussyuaaia
W

LN
o}
@

.
7 ~

fo watnunazauluauniisni

tzy

Y
1 =)

o Avdalsznoums 14 se Temiiufiildussquaaia

o1

@ i ' Y J o LY
ﬁ’a aﬂ5’\@1”3“551’7'J’Nﬂﬁ:uﬁhl‘v\lﬂ']ﬁQﬁﬂﬂllﬂﬁ%llﬁqwﬁ'ﬁnﬁlaul@ﬁﬂl@\wn

Y 9

N

o

WHeh (crest factor)
J ao anunundunseua I ludualseansauas

A v v
Ae AnunuHuldndgeaa

max

wuisnuRazanludurieihd il lMnnaumsnG.9)

E=—LI (3.9)

L,max

I =] +— (3.10)

L max L.ay

Tauh

fo nszualvhgagavesdaumilymi

L,max

&

. o nszud i uRfsvesdumieni

Ar, e sdillaveanszua i dumiienh

$1uUTUYBIAIANDILAIR UM I NI (3.11)  TagnsuizRinsA v

o o S v A N Ly A yy
mu’;uﬁ8U1u01ﬁwua3ﬂﬂaﬂlxﬂduu ﬁ@\uﬁ@ﬂ‘l)u']ﬂq}a\ulﬂl‘llwﬂﬁblﬁﬂﬂau luﬂvlﬂﬂlu']ﬂﬂlaq

s ¥ &R o a a1
LmuMaﬂsmua'Jmmmwwimmasmd 9 NTLLWUiNﬁMﬂWi

L]L\max

N=—— G.11)
AB

¢ max

Taen

N 9 $117UT0UUDIAIANDILAIVDIAUNTEII



36

MSOONUUUMIWU L, = § uH

Tasluniseonuuyssdiviuaniaie q aetl K, =06 K, =1 J=3x10° 4/m’

B, =02T
e q Admua lunuluauns
2F
A =44, ="
kwkcJBmax
1oy
1 A
E=5le,max 5 IL,max:'IL+_—2L
1 2 = 3+-1—
= 5(8/,1H)(3.5) 2
= 49x107°J =3.54

"1 E 1 ldunuluaunish 3.8 0214

Y 2x(49x107)
71 (0.6)(1)(3x10%)(0.2)

=272  mm'

= a 9 A a A o o
Lgﬂﬂ'ﬁ%ﬁ')Uﬂ%l@ﬂﬂﬁuﬂ'lﬂﬁ'f)'f)'l\i@ﬂil'lﬂﬂ']ﬂﬂ‘l«l')ﬂ f. mammutﬂm"lmwm EE
a0 = e @ dy

25/19Z UATHITIURD TR ] AU
Ap =3264.3 mm*
A, =81 mm?
A =403 mm*
Vo 3 ) o 4 ~ A o o 14 @
Lmum‘n"1ﬂmﬂmsmammmwas'lmm“luzmms*w JTHADYIDIUIUTOUNICADINUY

aanoLInuAUes 156

N = LIL,max
BmaxAc
v (8uH)(3:5)
(40.31)(0.2)
=430y

] o d' g @ Y = A 9 43
msmmmmmu‘a"rm'nmawumﬂﬂmummuLﬁymaa"’IHﬂmﬁwu



37

AMSORNUUUMIWU L = 62 uH

Tasluniseonuuuvzdivuanidg q aefl K, =06 K, =1 J=3x10° 4/m’

B =02T
viaena « Aisvua lunuuauns
2F
A =44 =——
k‘VkCJBmﬂX
Tae
1 Al
=_2_LIz,max ;IL,max —1L+-?L—
1
_ -;—(62;111)(5)2 =4.5+7
= 775x107°J =54

a1 E N idunuluaunish 3.8 agla

. 2x(775x10™)
71 (0.6)(1)(3%10°)(0.2)

= 4305 mm®

Dan13195100zBsaFudmiodesaninmanuan n. idenunwmes lsdauia EER
49/49 S Tine e q daf
4,=78703  mm"*
A, =373 mm’®
A =211 mm?

" Ay Y = « d' A o a 9y @
!.l,'ﬂuﬂ'l‘ﬂhlﬂ‘ﬂ'lﬂﬂ'l'imﬂﬂLLﬂULWﬂ{‘liﬂaﬂﬁluﬂNﬂ'ﬁﬂ AU IIUIUTDUNICADINY

{ 4
aanouenunumes 15a
— LIL,max
B4

max

_ (2010)(5)

(2111)(0.2)
=8 70U

9 3 o v Y 3 A 9y tg
msmmmmmusaummwumﬂmmummmﬁymaahﬂmﬁwu



4.1 YN

MINANUATHANIINADD

YN 4

2995 ZVS  Quasi-Resonant Boost Converter 7 1aoonuuyluuninium 1dgn

° & (Y @ [ (4 & =t = o
dwmansuienageuanua s lumsiawsgaunssiu e dun enfSouisuduy

- Y o ] - 9 gy o A A v é ad <
wanldsinnissiaseiwainldaeandestunguiniold H33Tn1snansesiudanants

v v
naaodn ldevinaveds 1 luuni

4.2 MI9188979955 IBUHUTIABUIBSIABIUUY ZVS

lums910099995 ZVS Quasi-Resonant Boost Converter 1ugiil 4.1 9gWa138N

Y { o = o i a { ] a J
ussiuviihiduaiag (V) ussdulvthanadouaded (7,) nssualii lvaduadag

(i,) fAnsdianudaavqudige £, =126.137kHz Aadwiile 1,

|14

Smin

vV

S max

=12V wanaasgui 4.1

=10V uagnnIfinudnluaNgeqe f,

oOnmax

max

=34,
= 429.051kHz \Anduidie 1., =14,

20V &

—
]

B

SEL>>J

T
1
'
'
'
|
]
i
'
’

'
1
‘
l
'
'
|

)

i
1
T
'
'
'
'
[
'
'
2.

IR T

boemeeaag--

SRS I,

PRI

T

- eem e - -

L

o

o Y{Vys:+,Vgs:~)

300V
200V
100V

I
'
'
1
'
‘
'
1
'
'
L

-

]
i
1
'
b
'
'
|
'
A

O

e memmee
| ]

P —

R —

o]

R

oy

o V{fr:2,Cz:1)

104

54

0k

T
'
'
'
'
'
'
1
1
'

'
1
)
1
|
'
'
i
)

¥
i
'
1
)
)
1
'
t

[

/

-

B I{lr)

104

=104

¥

3

i
'
‘
'
1

oAT®,

i
'
'
1
'
i
L

L.

|

R &

| .

|

9.976ms

o I(51:3)

9.980ns

9.984ns

(M

9.996us

10.0001s



39

20y

ay

lo0v

ov

3.0

Z.OAW

1.04+4

)
-
'
!
h
'
'
'
'
'
'

OA+

o I{Lr}
2.0A
v ¢ v | ¢ v )
Vo S ralivaival
0A ; : ! ) ' t /
1 ' 1
sun| 1 4 RN L
-2.04 M . . H — i R e L N N
9.976us 5.380us 9.984us 9.988ns 9.992ns $.996ns 10.000ms
o I{81i:3)

()

o

/ 0 a '3
5 4.1 wasnmisSassmsiiadygons Tauuuivesiees

]
o/ ! o =t

] ° a 4
POIAYYIUN 1 AVDITYYIUNUBNRIUANTINY (Vgx)

9

b,

Fosdyanadi 2 Ausedulifhiianasoudafiud sze v
3 Tyt (7,,)

Foadayaodi 3 mnszualihi Tnardugamilvnd lwdh
15 T (1)

Foadaud 4 mnszua i i Tnasuwesia (i)

M NN £omn > Loms 408 Vi

(GU) A3t fconmax ’ IOmin Haw 14

S'max

- ° v o P ' o o
nnnai 1dsnnsdrasseziinldiussiu i fanasoudufullsey C, anasis
o A a 1 o ' a do v d 1 a
gudluvasiaiag livhnszua ldf wagnouadadiinssua i duAfedsseeliifa

a

nmsgydoluvasaing

4.3 MINAABIINDIS BUUUNRBUIIDIINBIUVY ZVS

a 4
4.3.1 m‘mﬂtmumnﬂmﬂmmumanwmuu Open-Loop



40

sﬁmﬂ%‘umﬁuummﬁmuquﬁsﬁﬂi‘fuﬁmwsTﬂuﬁmsmumﬁu"lwﬁﬁua?m‘f V)
useiuIfhanadenadnd (7,)  nszualifhil Inakuaied () nszualvihi nas
=10V
=14 uog ¥V, =12V uaasnsgl

e 4 L] 4 4 D' = 3 q
auniiend (1) Nnstimawdaruguiige £, Welwille I, =34 uazV

onmin min

4 a &4
wagnsdianudalrugugega £, (Aedudle I,

aolui

min

Tek Run: 100MS/s Sample
L.

1 C1Fraq
] 87.206kHz
Low signal
amplitude

C2 Max
392V

C4 Mean
245 A

Ch3 10.0A (€ 10.0A

Tek Run: ZSOMS/sr Sample

L
T

L S DA N L B A0t N S R B A DA R O

C1 Freq
1 393.029kHz
Low signal
amplitude

C2 Max
106 v

.:;i.:!;::::;:::5;:::.:;:!!:!2-1:;!::1;1‘:1:;!.:!: C3 Mean
; ; ' A : : : ] 920mA

: . : y . . . . { €4 Mean
PSP (O e ool 00 440mA

5.00A Ch4 5.00A



41

é o =) e/ A 4
U1 4.2 wananisdraesmsiiadeygens Tsuuurivedaeesfinsdl Open-loop
] Qs o J d' o o o
Foedgygud 1 Awvesdygnuithuniuguaing (7,)
Fosdnygad 2 Aussiu WfihinanseududussIndus Tsuuwd (7,)
yosdygradn 3 snseua i lvadudumiioni Iwfus Teuuudicr,, )
Fosdgygran 4 Anszua i lvaruvemia (i)
(ﬂ) LY f;onmin ® IOmax iae VSmin
@) N3l £ I, wag V.

onmax Smax

min

4.3.2 mmﬂaaunmﬁmﬂmuuuﬁmm‘nmnmu Closed-Loop

Tek Run: 100MS/sIr Sample

T. 3
L v k)

| AT SR R AL AL B

C1 Freq

1 86.964kHz
Low signal
amplitude

C2 Max
392V

C4 Mean
242 A

P U ST an

o0V M Z500s CRT 138V
10.0A

Ch3

()



42

TeKk Run: 250MS/s Sample
T.
L

C1 Freq
¥ 392.742kHz
Low signal
amplitude

C2 Max
104V

C3 Mean
870mA

C4 Mean
410mA

: 0.0V Ch2
Ch3 5.00 A 5.00 A

4 -] = g A
U7 4.3 waninms$aseniaiindgygieus Tsuuuyives19959nsdl Closed-loop
] Qs P J Qs A o a o
Foedyanuil | Mvesdyganinnaiuguaing (7))
1 @ ~ ' o o 1 v o '4
Foedygun 2 Awsiulihianaseudadudsey s Tauwd (7,)
1 a 4 1 e o/ { o I'd
goadygy i 3 Anszud Wi lnarudamieai Idfus Tauwud (1,,)
Fosdgygiui 4 fnszua Wi lnakuueaa (i)
.
(ﬂ) I f;:onmin ’ IOmax iae VSmin
@) nsdl f I

o
conmax * “Omin Hag VSmax

4 { { = J e/ = o/ L o=y
wenfSsuifsunrudniuguitiiauiuases TaeAnsaussduiwihdvadad (7))
o ' a d { H a R d i
usaiu dhanasouadad (V,) aszualiidi Ivaduaiad (i) nszualvfiiInadu
=10V
- d a 4 4 o
LaENTAANNAMIUANGIGA £, NAUUWD [, . =14 uaz V=12V aAwaadiugy

o { -] 4 { ; =y 3 4
duniunh (I,,) insfianudalvgudgae £ wedwilel, =34 uazV

onmin min

4 oy 2
71 4.3 aallil



43

4 =4 A { { = J ) o ] = o
M3 4.1 uanamsSsuiivuanudaruguinfsiulureseseduifanansiines

Vs 1, mmﬁmuqu(fm )(kHz)
(V) (A) 1NN591009 | Closed-loop | Open-loop
1 313.956 274.008 274.68
10 2 180.188 142,363 147.77
3 126.137 86.964 87.2
1 429.051 392.742 393.03
12 2 252.231 213,332 212.99
3 178.11 137.813 137.39

o 1t 4 a a ¥ - v Ao
1INA1S WA UIIAIRINARILRUR IaninmInaasseeiimanuddesniidiuin
k4 & =} 9 o d? (=Y EaR] ° Y
18 WesvinlursssiidianudunuuduietuuazaAanaineinglnsalaie q ¥alda

Wy Ay S v d' A A y o J g oy
Vlllulﬂﬂ'm‘ﬂﬁ@\iﬂ'l'i mmaaﬂmmaauwaw%ﬂﬁusmmmmm%mmmmmi

4.4 MINATPLMISNTLAVUTINHDIANA

4.41 mInageumsSnuisyiunsadiuluve v Open-loop

Digttal Oscilloscope DL1520

Current Probe Digital Multimeter
= CH1 CH2 1

TR

- &

——— | —O
_ Vi SMPS _ Vo load
9,
DC Power Supply
PAD35-10L

DC Power Supply APS-1

{ @ o [y @ o @ (4
31."?] 4.4 N1IAYANANITIUIUNAAOINITTINRITTAUUIIAULD 1WA
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IFMINADDY

1.
2.
3.
4.
5.

TAANARDIRIFLN 4.4

$1ous9du Inl#h 20 v 910 DC Power Supply Ju APS-1 T¥Au99sAIURN
91ouseiu Trlfh 10 v 910 DC Power Supply Ju PAD35-10L Idfua9e5nnf1as
YR | 1 o d = L4 o W

uninams sy duedyannszuaeina 1A-3A awddy

11eussau 11 12 v 910 DC Power Supply {4 PAD35-10L 1#Au99smanias

Y o Y o
HAININTNADDININUDN 4

HANTINAAD

A5 4.2 HAMTTAATTIAUBIANAVDIIITHVY Open-loop

I, Vy (V)
(A) v, =10V v, =12V
1 15 15

2 15 15

3 15 15

4.42 manareumsnuiszauussduliiuerdyaf Closed-loop

En1snaaog

1.
2.
3.
4
5.

SaygAnanpaRegUi 4.4

$1ou396u #1720 V 910 DC Power Supply Ju APS-1 THfiua99sAIURY
91045964 19#1 10 V 910 DC Power Supply Ju PAD35-10L 1111299501818
Sufinsus i Wi uefuaiinssumordng 1434 mudidy

97005994 TM#7 12 V 910 DC Power Supply 54 PAD35-10L 1iui9sninfds

Y o Y
HAININTNADDINUUDN 4

Nan1Ivaaoy

Y [V (Y 4
ﬂ131~7ﬁ 4.3 AONTIANUIIALDTIANAVDINITUUY Open-loop

1, v, (V)
N v, =10V v, =12V
1 14.99 14.97
2 14.97 14.99
3 14.95 15.00
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4.5 Msnageumsnevaussvensuliihiednn

BMINADDY

1. faganaaesdagIldi 4.5

2. 91905904 1 20 V 390 DC Power Supply {4 APS-1 1#u1995AILAN

3. 919u59au W#1 10 V 910 DC Power Supply U PAD35-10L IHfius90snIafae

4. fudindymrausedu A uerdyadonszua ldfuodnanl Gountasens
sundunn 1A 1idu 34 nazein 3a Tidu 14

5. 910us9au 1 12 V 910 DC Power Supply §1 PAD35-10L 1#f119950108718 9

13IN1INARRIMINToN 4

Digital Oscilloscope DL1520

Current Probe
CH! CH2

o] I ®  ©

Y ¥ T

i SMPS e U toad 1] | toad 2
™
p

DC Power Supply
PAD35-10L

.

DC Power Supply APS-1

JU7 4.5 msdaganaacsd miunadeunisneuauesvesiy i ue Y



WANITNARAD
Stopped | 2007/02/08 18:39:58
: i CH2=V : : 1 Smsydiv
ac 11 : : ! (Smsydiv)
: : : : NORM:2U0kS /8

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

oFilter= =0ffgets =Record Length= =Trigger=
Smoothing : ON CH1 | weewwe= Main : 10K Mode : SINGLE
BW ! FULL CH2 | ww=mwmew Zoom ¢ 10K Type : EDGE CH2 £
Delay : 0.0ns

Hold OFf ' MINIMUM

4 S LY A L4 '
77 4.6 JUdygausdulRuerdyavessiusediu 10v denszuea i uerdyn

wasuulasesesunduain 1A 1y 34 uazon 34 Tduia

Stopped | 2007/02/06 18:38:46
: i CHzZmiv : : : Smsydiv
Ac n1 : : i (Sms/div)
: : : NORM:200kS /8

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

=Fiiters =Offset= =Record Lengtha =Triggers

Smoothing : ON CH1 ! =e=we=e  Main: 10K Mode : SINGLE

BW : FULL (017 SR — Zoom : 10K Type : EDGE CH2 &
Delay : 0.0ns

Hold O.ff ' MINIMUM
U 4.7 gldgygnamssdu Idfuerdnavesasesiiusedu 12v dienszua Ivifuerdunn

nlavuntasedenunduain 1A Ty 3A uazen 34 Thdluia
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4.6 dszanimwuarddlavesnssdulvfuerdnnvesases

4.6.1 Usz@NTNNYB319951 Open-loop

13197 4.4 1A 5L ANTAINUD 29957 Open-loop (N) taAIlszdNTNIMYDI905h

usadu i Buna 7, =10V () uasalszdninmvesasasfiusedinni

=

aunm Vo =12V

Ve (V) | 1(A) v, (V) I, | Ry(Q) | dssdniam %
1.67 15 0.99 15 88
10 3.6 15 1.98 7.5 82.5
5.75 15 3.05 5 79.6
(M)
Ve (V) | 1(A) V, (V) I,(A) | R, (Q) | dszdiniam %
1.37 15 0.98 15 89
12 2.87 15 1.98 7.5 86
4.47 15 3.02 5 84.4
()

4.6.2 J32anBn1nv8329931 Closed-loop

M5197 4.5 uansdseanTMnUe929939 Closed-loop () wamdsednEnmuesdeesh

usedu lihduna 7, =10V () uaastszdAntninvesisasiiuseduluih

duWa V, =12V

Ve (V) | L(A) v, V) LA | R(Q) | dszdnSmws
1.74 14.99 1.04 15 89.6
10 3.61 14.97 2.0 7.5 82.9
5.75 14.95 3.05 5 79.6

(M)
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Ve (W) | L(A) V, (V) I,(A) | R(Q) | Ysz@ninn %
1.4 15.00 1.05 15 93.75
12 2.87 14.99 2.05 7.5 89.2
4.47 14.97 3.03 5 84.6
@)

4.6.3 JuFlavesusaiulsiviuerivn

Stopped g 2007 /02/06_18:53:08
CHI=200mV. : T y ; 5us/div
ac 1 : L (Susydiv)
: AN A S NORM:200MS /8
; N
!
I

i
....... b RSP
4
T
I
+
=Fijter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CHl | ==mwe== Main © 10K Mode : AUTO
BW | FULL CHZ ;| ===we== Zoom : 10K Type : EDGE CH1 &

Delay : 0.0ns
Hold Off !  MINIMUM

U1 4.8 SdWavewssiulWfuerdynvessiusadulwfhdune v, =107

wagnszue Mo inagega
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wof YUIAFUHIY yinaduruguinans P
p 4 Hunnhdain
AWG # Audnang Wosamanau
mm2
mm mm

44 0.0503 0.06604

0.00199
43 0.0564 0.07366

0.00250
42 0.0633 0.08128

0.00314
41 0.0711 0.09144

0.00397
40 0.0798 0.1041

0.00500
39 0.0897 0.1143

0.00631
38 0.1008 0.1295

0.00799
37 0.1130 0.1448

0.01003
36 0.1270 0.1626

0.0127
35 0.1422 0.1778

0.0159
34 0.1600 0.1981

0.0201
33 0.1803 0.2235

0.0255
32 0.2032 0.2489

0.0324
31 0.2261 0.2743

0.0401
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o 3/ 1 9 ] I'd
W97 YIAITURIY VIATURIUAUINAN P
; 4 wunnihnalna
AWG # AuinaN WosauauIu

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
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wof TR AVIARLY yAdurRgUdnans Y4 v -
., 4 wunnihaalng
AWG # gudnma Weswauiu

n«l.n'l2

mm mm

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

13 1.829 1.943
2.627

12 2,052 2172
3.308

11 2.304 2.431
4.168

10 2.588 2.720

5.261
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ﬂ_‘ : Unitrode Products UC1861-1868
= | from Texas Instruments UC2861-2868
UC3861-3868
Resonant-Mode Power Supply Controllers
FEATURES DESCRIPTION
* Controls Zero Current Switched (ZCS) The UC1861-1868 family of ICs is optimized for the control of Zero Current
or Zero Voltage Switched (ZVS) Switched and Zero Voltage Switched quasi-resonant converters, Differ-
Quasi-Resonant Converters ences betwesen members of this device family result from the various com-
« Zero-Crossing Terminated One-Shot binations of UVLO. thresljolc}s anq output options. Additional.ly, the
Timer one-shot pulse steering logic is configured to program either on-time for
ZCS systems (UC1865-1868), or off-time for ZVS applications (UC1861-
¢ Precision 1%, Soft-Started 5V 1864).
Reference i
The primary control biocks impiemented inciude an error amplifier to com-
* Programmable Restart Delay pensate the overall system loop and to drive a voltage controlled oscillator
Following Fault (VCO), featuring programmable minimum and maximum frequencies. Trig-
+ Voltage-Controlled Oscillator (VCO) gered by the VCO, the one-shot generates pulses of a programmed maxi-
with Programmable Minimum and mum width, which can be modulated by the Zero Detection comparator.
Maximum Frequencies from 10kHz to  This circuit facilitates “true” zero current or voltage switching over various
1MHz line, load, and temperature changes, and is also able to accommodate the

resonant components' initial tolerances.

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

» Dual 1 Amp Peak FET Drivers power-up. The supply current during the under-voltage lockout period is
« UVLO Option for Off-Line or DC/DC typically less than 150pA, and the outputs are actively forced to the low
Applications state. (continued)
Device 1861 1862 1863 1864 1865 1866 1867 1868
UVLO 16.5/10.5 16.5/10.5 36014 36014 16.5/10.5 16.5/10.5 36014 36014
Outputs Alternating Parallel Alternating Parallel Alternating Parallel Alternating Parallel
“Fixed" Off Time Off Time Off Time Off Time On Time OnTime | OnTime On Time
BLOCK DIAGRAM
Fault )15 T Fault 1
and Bias and
3V Logle 5V Gen 5v
Soft-Ref(1s Precision
Reference
NI [2 >__ [ [5] sig Gnd
INV| 3 > uvVLO
L
v 13} Vee
E/A ould | L ==
Range| &
. I"‘J One Steering FET A Out
Rmin{7 vCco
Shot Loglc Drivers 0
Cvco |8 m B Out
Zoro [10 {12] Pwr Gnd
0.5V
RC| 9
UDG-92)18

|_Pin numbers refer to the J and N packages.
SLUS289 - 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). After V¢ exceeds
the UVLO threshold, a 5V generator is enabled which
provides bias for the internal circuits and up to 10mA for
external usage.

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

ABSOLUTE MAXIMUM RATINGS

VG vt et e e ey 22V
Qutput Current

Source or Sink (Pins 11 & 14) ..........c.cviivnn.. 0.5A

DO PUISE (0.51S) . vt v vt e e i 1.5A
Power GroundVoltage . .. ..........ovvv v ina e, 10.2V
Inputs (Pins 2, 3,10, &15) ........... .o -04t07V
Error Amp QutputCurrent ................... ... .. 12mA
Power Dissipation ........... . o i s 1w
Junction Temperature (Operating). . ................ 150°C
Lead Temperature (Soldering, 10 seconds) .......... 300°C

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

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

./
5v[ 1 ESOH-RM
Nl 2 @Fault
inv[a @B out
E/a out| 4 EVcc
sig and[ 5 EPwr Gnd

11]A Out

E]Zero
o

62

UC1861-1868
UC2861-2868
UC3861-3868

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 to alternate in the
UC1861/63/65/67 devices, The UC1862/64/66/68 out-
puts operate in unison alllowing a 2 Amp peak current.

CONNNECTION DIAGRAMS

PLCC-20 & LCC-20 (Top View)
Q & L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
Soft Ref 1
5V 2
NI 3
INV 4
3 2 12019 E/A Qut 5
. S wﬁ Sig Gnd__ 5
n
5 7 RMIN 8
6 16 cvco 9
7 15E ;C }? 1
ero
8 14 NC 12
9 10 11 12 13 NG 13
A Qut 14
Pwr Gnd 15,
Pwr Gnd 16
vee 17
B Qut 18
NC_ 19
Fault 20 |
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UcC1861-1868
UC2861-2168
UC3861-3468

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for ~55°C<TAs125°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=0.1uF. Ta=TJ.

PARAMETER TEST CONDITIONS T min [rve [max Junits
5V Generator
Output Voltage 12V < Vec £ 20V, -10mA siosOmA 4.8 5.0 5.2 \
Short Circuit Current _[Vo=0V -150 -15 DA
Soft-Reference
Restart Delay Current V=2V 10 20 35 A
Soft Start Current V=2V -650 | ~500 | 350 | upA
Reference Voltage TJ=25°C,lo=0A 495 | 500 | 505 \
12V < Vec s 20V, —200pA <10 < 200pA 4.85 5.15 v
Line Regulation 12V <Vee s 20V 2 20 mV
Load Regulation —200uA < 10 S 200pA 10 30 mv
Error Amplifier (Note 3)
Input Otfset Voltage [vem = 5V, Vo = 2v, 10 = 0A -10 10 | mv
Input Bias Current Jvem=ov 2.0 | 03 pA |
Voltage Gain chm =5V,0.5V< Vo<3.7V,lo=0A 70 100 dB
Power Supply Rejection Ratio Jch =5V, Vo =2V, 12V < Vcec £ 20V 70 100 dB
Error Amplitier (Note 3) (cont.)
Common Mode Rejection Ratio oV < VemseV, Vo =2V 65 100 dB
Vout Low ViD = —100mV, lo = 200pA 0.17 | 0.25 \
Vout High VID = 100mV, lo = ~200pA 3.9 4.2 \
Unity Gain Bandwidth (Note 4) 0.5 0.8 MHz
Voitage Controiled Osciilator
Maximum Frequency VID (Error Amp) = 100mV, Ty = 25°C 450 | 500 | 550 | kHz
VIo (Error Amp) = 100mV 425 575 | kHz
Minimum Frequency VIo (Error Amp) = -100mV, Ty = 25°C 45 50 55 kHz
ViD (Error Amp) = ~100mV 42 58 kHz
One Shot
Zero Comparator Vih 0.45 | 0.50 | 0.55 \
Propagation Delay {Note 4) 120 | 200 ns
Maximum Pulse Width VZERO = 1V 850 | 1000 | 1150 ns
Maximum to Minimum Pulse VZERO = 0V UCx861 — UCx864 2.5 4 5.5
Width Ratio VZERO = 0V UCx865 — UCx868. —55°C to +85°C 4 55
VZERO = 0V UCx865 — UCx868, +125°C 3.8 5.5 7
Output Stage
Rise and Fall Time CLoaD = 1nF (Note 4) 25 45 ns
Output Low Saturation 10 = 20mA 0.2 0.5 )
10 = 200mA 0.5 2.2 \
Output High Saturation 10 = —200mA, down from Vcc 1.7 2,5 \
UVLO Low Saturation 10 = 20mA 0.8 1.6 \
Fault Comparator
Fault Comparator Vth 2.85 | 3.00 | 3.15 \
Delay to Qutput (Note 4) (Note 5) 100 | 200 ns
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UC1861-1868
UC2861-2868
UC3861-3868

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for ~55°C<TA<125°C for the
UC186x, —25°CsTas85°C for the UC286x, and 0°C<TAs70°C for the UC386x, Vcc=12V, Cvco=1nF, Range=7.15k, RMIN=86.6k,

C=200pF, R=4.02k, and Csr=0.1yF. Ta=T..

PARAMETER TEST CONDITIONS ~ |'min ] Tve [ max [units
UvVLO

Vee Tum-on Threshoid UCx861, UCx862, UCx865, UCxB866 15 16.5 18 \
UCx863, UCx864, UCx867, UCx868 7 8.0 9 \

Vee Turn-off Threshold UCx861, UCx862, UCx865, UCX866 9.5 10,5 11.5 \
UCxB863, UCx864, UCx867, UCx868 6 7.0 8 \

Icc Stant Vee = Vee(on) — 0.3V 150 300 uA

lcc Run ViD = 100mV 25 32 mA

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

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

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

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

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

APPLICATION INFORMATION

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

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

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

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

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

tpd: f(VO =6V)— f(Vi: 3V)

The fault pin is input to a high speed comparator with a
threshold of 3V. In the event of a detected fault, the fault
latch is set and the outputs are driven low. If Soft-Ref is
above 4V, the delay latch is set. Restart delay is timed as
Soft-Ref is discharged by 20pA. 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 outputs are driven low. The delay latch will re-
main reset until Soft-Ref charges to 4V. This sets the de-
lay latch, and restart delay is timed. Note that restart
delay for a single fault event is longer than for recurring
faults since Soft-Ref must be discharged from 5V instead
of 4V.

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

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



65

UC1861-1868
UC2861-2868
UC3861-3868

APPLICATION INFORMATION

Pwr Gnd

FauItH

Soft-Ref

Vee — ’
On/Ottlsv Generatod 5V Al
Vi (iC Blas) 4

4.9V . Inhlbit Output(s) (UVLO) =
Slg Gnd
Inhibit OQutput(s) (Fault)
S S
3.o0v Fault Delay
Latch 4V Latch
0.2v Soft-Start
H> R R O_)GEO or 0.5RA
}ggn.é Precision
5V Zener
= Restart
= Delay 20uA
*UCx861/62/65/66 thresholds are 16.5V and 10.5V.
UCx863/64/67/68 thresholds are 8V and 7V. UDG-92020

5V

50V -

Restart .. . ... OV eeee
Start Detay

Soft-Ref

.......................... Tevorviioreriine vvvivreimnemsloci e 0.2V

BV ol L

Fault

Output(s) Low /jﬁ/// /] %

UDG-92021-1

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

From
Feedback
and
Reference
One Shot Pulse
(Rescnant Time}
J
A
LJ
- UDG-92022-1
VvCO

One Shot l l , | | —

Minimum Maximum Zero Controlled
Pulse Pulse Pulse

UDG-92023-1

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



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

43

Fun &8 5——=—
MN = Ry * Cuco
Maximum oscillator frequency is set by Rmin, Range &
Cvco. The maximum frequency is approximately given by
the equation:

33

(Ruiv / / Range ) s Cyco

Fuax =

67

UC1861-1868
UC2861-2868
UC3861-3868

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

Tow(min) 0.3 R C.
The maximum pulse width is approximately given by:

Tpw(max) 12 R C.
STEERING LOGIC
UCx861, 63 UCx862, 64
vce
One Shot
out A Fault Latch
UvLo 0.5Q
OQutput
0.5Q
Fault Lafch “”'Eﬁ out B
uvLo Pwr Gnd
UDG-92013 UDG-82014

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

ucxsses, 67
n_ vee
One sm:t._..1 aT __—_g out A
o,
Fault Latch ——1-q Out B
o —=a Pwr Gnd
UDG-92015

The sleering logic is configured on the UC1865,67 to result in
alternating puise trains at outputs A & B. This is suited to drive
dual switch ZCS systems.

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

UCx866, 88

UDG-92016

The steering logic is configured on the UC1866,68 to rest. in
non-inverted pulse trains occurring identically at both ouout
pins. This is suited to drive single switch ZCS systems. Both
outputs are available to drive the same MOSFET gate. It is ad-
visable to join the pins with 0.5 ohm resistors.
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UC1861-1868

UC2861-2868

UC3861-3868
APPLICATION INFORMATION (cont.)

Internal One Shot _ﬂ l_-l H [—1_

Out A

I e B e

UCx862,64 —U U U

iy
s [T I
Iy i

.

UCx866,68

Figure 3. Current waveforms.

UCx861,63

UCx865,67

upG-e 7

UNITRODE CORPORATION
7 CONTINENTAL BLVD ¢« MERRIMACK, NH 03054
TEL (803) 424-2410 * FAX (603) 424-3460
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Electrical Characteristics = 25 uniess ctherwise noted

Symbol | Parameter | Test Conditions [ Min| Typ | Max | units
Off Characteristics
BVpgs | Drain-Source Breakdown Voltage Vgs =0V, Ip =250 pA 500 - - \'/
ABVpgs | Breakdown Voitage Temperature , o
/AT, | Coefficient Ip = 250 wA, Referenced to 25°C - 0.53 - vrc
lDSS VDS =500V, Vcs sQV - - 50 HA
Zero Gate Voltage Drain Gurrent Vps =400V, To = 125°C — — 00 A
lassF Gate-Body Leakage Current, Forward | Vgg =30V, Vpg=0V - - 100 nA
lassr Gate-Body Leakage Current, Reverse | Vgg=-30V,Vpg =0V - - -100 nA
On Characteristics
Vosan) | Gate Threshold Voltage Vps = Vgs. Ip = 250 pA 30| - 5.0 v
Rps(on) | Static Drain-Source
On-Resistance Veg=10V,lp=12A -~ |0156 | 0.2
Ors Forward Transconductance Vps=80V,ip=12A (Note 4) - 22 - S
Dynamic Characteristics
Ciss Input Capacitance Vps =25V, Vgg =0 V., —~ | 3500 | 4500 | pF
Coss Output Capacitance f=1.0MHz - 520 670 pF
Cres Reverse Transfer Capacitance - 55 70 pF

Switching Characteristics
ta(on) Turn-On Delay Time

Vop = 250V, Ip = 24 A, - | 80 | 170 | ns

t Tum-On Rise Time Rg =250 - | 250 | 500 ns
ta(om Tum-Off Delay Time - 200 400 ns
Y Tum-Off Fall Time (Nets 4,8) [ "T7156 | 320 | ns
Qq Total Gate Charge Vpg =400V, Ip =24 A, - 80 120 nG
Qgs Gate-Source Charge Vgg= 10V - 23 - nC
Qgd Gate-Drain Charge (Note 4, 8) | .. 52 - nC

Drain-Source Diode Characteristics and Maximum Ratings

Is Maximum Continuous Drain-Source Diode Forward Current - - 24 A
Ism Maximum Pulsed Drain-Source Diode Forward Current - - 96 A
Vsp Drain-Source Diode Forward Voltage | Vgs=0V,lg=24 A - - 1.4 v
t Reverse Recovery Time Vgs= 0V, ig= 24 A, - - 250 ns
Q. Reverse Recovery Charge diz / dt = 100 Alus (Noted) T T71.1 - uC
Repetitive Rating : Pulse width imRed by maximum junction temperature

2.L =3.4mH, Iog = 24A, Vpp = 80V, Rq @ 28 Q, Starting T, = 26°C
3.1gp S 24A, difdt % 350AHs, Vpp < BVpgg Sterting T, = 25°C
4, Pulse Test ; Pulse width < 300,15, Duty cycle S 2%

8. of

Notss:
1,

©200% Falrchld Semiconductor Corporation Rev, A2, Seplember 2001
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Typical Characteristics
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Figure 1. On-Reglon Characteristics
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Figure 3. On-Resistance Variation vs
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Figure 5. Capacitance Characteristics

Flgure 4, Body Diode Forward Volitage
Variation with Source Current
and Temperature

Figure 6, Gate Charge Characteristics

©2001 Palrchild Semiconductor Carporation

Rev. A2, September 2001

40SN¥ZVvDd

72



73

FQA24N50F

¥ { i 4 !

€
T | s e
[T T T mw.m.vyl 8 Mua IR SOV AU S—— W
NG 1 s T Y Ce
5 2 vy F BS
GRS WSS NSNS SV O S - s [4 B B g
i o £ 8 SRR NS " A5y T — Qg
g = EE #
i o B85 Y D §E i
I Rttt St N nas st L s & 1 ] ] i g ER :
[ T o 1 N AU WU DI S w R E L
L R 5 ] ] ] i 1 °a )
fr—r e e e e J 0 ) (] W L . O S el
I Lol oo € i oo <%
Py b N g A e e L g ]
L M b E i R .
i H t i } W i i § H '8 (2 S50 e 2
R R U L " et Ve
UBSERHO M wawo uex HHH
]
e
— R g Hi .
IR - :
- k3 i . =4
3 e VAR LU LI~ 5
H (0 bx $ £
h . o
3 L\ e - J2 8 B = 2 b= ®
: : =3 E o =2
2 : ; SE 2 ¢ o=
= R e e et LI - -4 « -
i m m 25 - .
= : ; : m 2e £
S R N L se B %
o ; i i = &8 > 5
m H ! H ~ o
© o e e e ki Py >
% H : : 5 5
: ; : G
— i i H 8 n Hg
s b - e 3 3
rosueq
= i e
=
[t

Rev. A2, September 2001

t,. Square Wave Pulse Duration [se¢)
Figure 11. Transient Thermal Response Curve

©2001 Peirchild Semiconductor Gorporation




Gate Charge Test Circuit & Waveform

VGS
N Same Type |
as DUT Q
v 10v 9 V
F oo
re— Qg Qgq
)
i_ﬂ_ F DUT
ImA
¥
° Charge

Resistive Switching Test Circuit & Waveforms

R, V
Vos )——AMA—o0 os

90%

10%

Ve

s I |
o . R R i

Unclamped Inductive Switching Test Circuit & Waveforms

L BVpss
Vo SO T VA
lo 0"% BVpss
O las

o
:
4“,

5
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Peak Diode Recovery dv/dt Test Circuit & Waveforms

put =<+

o F
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Driver
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Same Type

E9 as DUT ?’ Voo

m Ves + dv/dt controlted by Rg
* Isp controlled by pulse penod
(o,
l Gate Pulse Width
Vas D = s ee
! Gate Puise Period 1oV
( Driver) !

lew » Body Diode Forward Current

( DIGDT ) / \ dy/ait
|RM_1_ V

Body Diode Reverse Current

Vos

{DUT) Body Diode Rewﬁ\/\’__r
Vsp Voo
N 4 4
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Body Diode
Forward Voltage Drop
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Package Dimensions

TO-3P

15.60 2020
13.60 +0.20 g
23.20 +0.10 9.60 40 20 g
o«
)
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__-:/—%>¥§AJ~—L
& 8 8
g gl sl ¢
® Rl 8
g Sl 2 g
(322
i ¢
Y
200020 || 7]
[ &
| g
3.00 £0.20 M 3 g
\ @l 9
1.00 +0.20 i 9’.
[{e]
i A aud
S m—
5.45TYP 5.45TYP
[5.45 +0.30] [5.45 10.30)

4.80 1020

+0.15
1.50 _005
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i
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{ 1.40 +0.20

+0.15

U
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are soid
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of fiability.

Tl warrants performance of its products to the specifications applicable at the time of sale in accordance with
TI's standard warranty. Testing and other quality control techniques are utilized to the extent Tl deems necessary
to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except
those mandated by government requirements.

Customers are responsible for their applications using T1 components,

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property nght of Ti covering or relating to any combination, machine, or process in which such
products or services might be or are used. TI's publication of information regarding any third party's products
or services does not constitute TI's approval, license, warranty or endorsement thereof.

Reproduction of information in T! data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations and notices. Representation
or reproduction of this information with alteration voids all warranties provided for an associated T1 product or
sarvice, is an unfair and deceptive business practice, and T! is not responsible nor liable for any such use.

Resale of TI's products or services with statements different from or beyo arameters stated by Tl for
that product or service vaids all express and any implied warranties for the associated Tl product or service,
is an unfair and deceptive business practice, and T) is not responsible nor liable for any such use,

Also see: Standard Terms and Conditions of Sale for Semiconductor Products. wwwi.ti.com/sc/docs/stdterms.htm

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2001, Texas Instruments Incorporated
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KYL STTH3003CW

HIGH FREQUENCY SECONDARY RECTIFIER

MAJOR PRODUCT CHARACTERISTICS

IF(av) 2x15A

VRRM 300V
T} (max) 175°C
VE (max) 1V
trr (max) 40 ns

FEATURES AND BENEFITS
s COMBINES HIGHEST RECOVERY AND
REVERSE VOLTAGE PERFORMANCE

s ULTRA-FAST, SOFT AND NOISE-FREE
RECOVERY

TO-247

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 rectification.

ABSOLUTE RATINGS (limiting values, per diode)

Symbol Parameter Value Unit

VRRM | Repetitive peak reverse voltage 300 \%

IFRMS) | RMS forward current 30 A

Irav) | Average forward current Tc=135°C | Perdiode 15 A
§=0.5 Per device 30

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

IRsM | Non repetitive peak reverse current tp =20 pus square 7 A

Tstg | Storage temperature range 65+175 { °C

Tj Maximum operating junction temperature +175 °C

October 1999 - Ed: 5A 1/5
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STTH3003CW
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rin ) | Junction to case Per diode 2.0 °CIwW
Total 1.05
Rih (c) 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 Tj= 125°C 40 400
VE™ | Forward voltage drop | Ir= 15A Tj=25°C 1.25 v
Tj=125°C 085 | 1
Pulsetest: *tp=5ms,§<2%
**tp=380ps, §<2%
To evaluate the maximum conduction losses use the following equation :
P =0.75 x IFav) + 0.017 IF*Rus)
RECOVERY CHARACTERISTICS
Symbol Tests conditions Min. | Typ. { Max. Unit
trr F=05A (r=025A lR=1A[ Tj=25°C 30 ns
lF=1A dlg/dt=-50Aus Vr=30V 40
tr lF= 15A dlg/dt = 100 Alus Tj=25°C 300 ns
VEp VER = 1.1 x VF max. 35 \"
Stactor | Vec =200V  IF=15A Tj=125°C 0.3 -
IRM diF/dt = 200A/us 85 A

2/5
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STTH3003CW

Fig. 1: Conduction losses versus average current
(per diode).

P1(W)
20 6507, 82024— 50
18 3=005 Yt v 7 8205 7 2
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14 AR S~ 31 ]
12 7 II - 7'
10 [I 7 r’
8 Vi 4/
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2 IF(av) (A - —]
07 I 1( ‘)(.) ISJQILI 1“’1

0 2 4 6 8 10 112 14 16 18 20

Fig. 3: Relative variation of thermal impedance
junction to case versus pulse duration.

Fig. 2. Forward voltage drop versus forward
current (maximum values, per diode).

IFM(A)
200
<z
100
TE125°C o
X 2P o
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"u’ ;ry/ \T’J=250
10 T=75°C
l‘ Z II
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: /|
J VFM(V}

1
050 075 100 125 150 175 200 225 250

Fig. 4: Peak reverse recovery current versus
dIr/dt (90% confidence, per diode).
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Fig. 5: Reverse recovery time versus dif/dt (90%
confidence, per diode).
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Fig. 6: Softness factor versus dIr/dt (typical
values, per diode).
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Fig. 7: Relative variation of dynamic parameters
versus junction temperature (reference: Tj = 125°C).

Fig. 8: Transient peak forward voltage versus
dir/dt (90% confidence, per diode).
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Fig. 9: Forward recovery time versus dif/dt (90%
confidence, per diode).
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STTH3003CW

PACKAGE MECHANICAL DATA
TO-247

; DIMENSIONS §
REF, ; Milllmeters 3 Inches
: : Mm ‘Typ Max : Mln 'TyP Max

"""""""" BE; '1'5'"6'1'5'1"ffﬁﬁﬁi<§,§é§5§§
i 260100867 10,102}
; 110,80 o 015}

= Coolmg method by conduction (C)

n Recommended torque value: 0.8 N.m.
u Maximum torque value: 1.0 N.m,

» Epoxy meets UL 94,VO

Information furnished is believed to be accurate and reliable. However, STMicroslectronics assumes no responsibility 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 all information previously supplied.

STMicroelectronics products are not authorized for use as cntical components in life support devices or systems without express written ap-
proval of STMicroelectronics.

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

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

http:/lwww.st.com
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STPS30L40CG/CT/CW

LOW DROP POWER SCHOTTKY RECTIFIER

MAIN PRODUCTS CHARACTERISTICS

Ir(av) 2x15A
VRRM 40V
Tj (max) 150 °C
Ve (max) 0.50 V

FEATURES AND BENEFITS

u VERY SMALL CONDUCTION LOSSES
u NEGLIGIBLESWITCHING LOSSES

s« LOWFORWARD VOLTAGE DROP

s LOWTHERMAL RESISTANCE

uw AVALANCHERATED

DESCRIPTION

Dual center tap schottky rectifiers suited for
Switched Mode Power Supplies and high
frequencyDC to DC converters.

Packagedin TO-247, TO-220ABand D?PAKthese

Ate P

D?’PAK

STPS30L40CG

devices are intended for use in low voltage, high TO-220AB TO-247
frequency inverters, free-wheeling and polarity STPS30L40CT STPS30L40CW
protection applications.

ABSOLUTE RATINGS (limiting values, per diode)

Symbol Parameter Value Unit
VRRM | Repetitive peak reverse voltage 40 \
IF(RMs) | RMS forward current 30 A
IFav) | Average forward current Tc=135°C | Per diode 15 A

6=0.5 Per device 30
IFsM | Surge non repetitive forward current | to = 10 ms Sinusoidal 220 A
IRRM | Repetitive peak reverse current tp=2 us square F=1kHz 1 A
IRsM | Non repetitive peak reverse current | tp = 100 us square 3 A
Tstg | Storagetemperaturerange -65t+150 | °C
Tj Maximum operating junction temperature * 150 °C
dVidt | Critical rate of rise of reverse voltage 10000 Vius

. gt
a1] ~ Rinj-a)

July 1999 - Ed: 3A

thermal runaway condition for a diode on its own heatsink

1/6
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STPS30L40CG/CT/CW

THERMAL RESISTANCES

Symbol Parameter Value Unit
Ring) | Junctionto case Per diode 1.60 °CIw
Total 0.85
Rtn (c) Coupling 0.10 °C/W
When the diodes 1 and 2 are used simuitaneously :
A Tj(diode 1) = P(diode1)x Ru(-c)(Perdiode) + P(diode 2) X Rin(c)
STATIC ELECTRICAL CHARACTERISTICS (per diode)
Symbol Parameter Tests Conditions Min. | Typ. | Max. Unit
IR* Reverse leakage Tj=25°C VR = VRRM 360 HA
current Tj=100°C 20 50 mA
VE* | Forward voltagedrop | Tj=25°C k= 15A 0.55 v
Tj=125°C IF= 15A 0.42 | 0.50
Tj=25C lF= 30A 0.74
Tj=125°C lr= 30A 0.58 | 0.67
Pulsetest: * tp=380us,8<2%
To evaluate the conductionlosses use the following equation ;
P =0.330xIFav) + 0.011 |F2(RMS)
Fig. 1: Average forward power dissipation versus Fig. 2: Average current versus ambient
average forward current (per diode). temperature (3=0.5) (perdiode).
12 PF(av)(W) IF(av)(A)
J LT 1 T =02 U 8 I I I
T {4=01 =T §=08 16 Rm(lfa);RW‘-c)
10 §=0.05 4 g
.Y R/ A 14 - +
8 awa P4 31 1211011 [ 11
4 T I 101 1 | FAGa=T5C |
6 g ! -
'/ 8 T
4 4 o] 6 1 -
Zi 1 et — .
qur~Zan ] 2r “d:E" B b(C) -
=) h — - &= am
. i IF(av)A T T o o587 T Rhalivaidl
0 2 4 6 8 10 12 14 16 18 20 0 25 50 75 100 125 150
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STPS30L40CG/CT/CW

Fig. 3: Non repetitive surge peak torward current
versus overload duration (maximum values) (per
diode).

Fig. 4: Relative variation of thermal transient
impedance junction to case versus pulse duration.
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160 - —
! - f
140 = - t 520 4 ﬂ L
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Fig. 5: Reverse leakage current versus reverse
voltage applied (typical values) (per diode).
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Fig. 7: Forward voltage drop versus forward
current (maximum values) (per diode).
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Fig. 6: Junction capacitance versus reverse
voltage applied (typical values) {per diode).
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Fig. 8: Thermal resistance junction to ambient
versus copper surface under tab (Epoxy printed
circuit board FR4, copper thickness: 35um)
(STPS30L40CGonty).
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STPS30L40CG/CT/ICW

PACKAGE MECHANICAL DATA

TO-220AB
DIMENSIONS

REF. Millimeters Inches
. H2 A, Min, Max. Min, Max.
ora c A 440 | 460 [ 0173 | 0.181
= |y s C 173 | 132 | 0.048 | 0.051
ra» T D 240 | 2.72 | 0.094 | 0.107
| 3 N || E_1049 1 070 170019710.027
; F 0.61 0.88 | 0.024 | 0.034
: L6 F1 114 | 1.70 | 0044 | 0.066
" E F2 1.14 1.70_| 0.044 | 0.066
£2 & g G 495 | 515 | 0.194 | 0.202
: G1 240 | 2.70 | 0.094 | 0.106
F1 ! | L9 3 H2 10 10.40 | 0.393 | 0.409

' iy L2 16.4 typ. 0.645 typ,
‘ L4 4 13 14 0.511 | 0.551
F L5 2656 | 295 | 0.104 | 0.116
M ] L6 | 1525 | 1575 | 0.600 | 0,620
o4 "t e L7 5.20 | 6.60 | 0.244 | 0.259
> - ) 350 | 393 | 0137 | 0.154

Dir M 7. 6typ. 0.102 typ.
Diam. | 375 | 3.85 [ 0.147 ] 0.151

» Cooling method: C

» Recommendedtorque value : 0.55m.N
s Maximum torque value : 0.70 m.N

4/6

%




STPS30L40CG/CT/CW
PACKAGE MECHANICAL DATA
D°PAK
DIMENSIONS

E@ REF. Millimeters Inches
"’"AT' Min. Max. | Min. [ Max,
£ R I A 440 | 460 | 0174 | 0.181
s W g ; At 249 | 269 | 0.098 | 0.106
—~ A2_| 003 | 0.23 [ 0.001 | 0.009
1 B 0.70 | 003 | 0.027 | 0.037
. HT- ? B2 114 | 1.70 | 0.045 | 0.067
Lo l C 045 | 060 | 0.017 | 0.024
BT C2 123 | 1.36_| 0.048 | 0.054
il I At D 895 | ©9.35 | 0.352 | 0.368
6o E 10.00 | 10.40 | 0.393 | 0.409
- e, R G 488 | 528 | 0.192 | 0.208
L 1500 | 15.85 | 0.590 | 0.624
— 2 127 | 1.40 | 0.050 | 0.055
03 140 | 1.75 | 0.055 | 0.069
A2, I M 240 | 320 | 0094 | 0.126

R 040 typ. 0.016 typ.

V2 0°_ e 0°_[ 8

M V2
ol

* FLAT ZONE NO LESSTHAN 2mm

u Cooling method : by conduction (method C)

FOOT PRINT {in millimeters)
D?PAK

. 18.90

B I s B I
10.30] < di e e SO SR g _Jioa

8.90
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STPS30L40CG/CT/CW
PACKAGE MECHANICAL DATA
TO-247
DIMENSIONS
v REF Millimeters Inches
) Min. | Typ. { Max. | Min. | Typ. { Max,
st A | 485 5.15 [0.191 0.203
KN oy O% 1 7D [ 2.20 2.60 [0.086 0.102
o~ E |0.40 0.80 [0.015 0.031
A F 1.00 1.40 10.039 0.055
—h - F1 3.00 0.118
F2 2.00 0.078
LSI F3 200 2.40 {0.078 0.094
. F4 |3.00 3.40{0.118 0.133
L G 10.90 0.429
H [15.45 15.75(0.608 0.620
L [19.85 20.15[0.781 0.793
3 L1 [3.70 4.30 |0.145 0.169
L2 18.50 0.728
L3 |14.20 14.8010.559 0.582
L4 34.60 1.362
L5 5.50 0.216
- M | 200 3.00 |0.078 0.118
\Y% 5°¢ 5°
V2 60° 60°
Dia. | 3.55 3.6510.139 0.143
u Coolingmethod: C
w Recommendedtorque value : 0.8m.N
» Maximum torque value : 1.0m.N
Ordering type Marking Package Weight Base qty Delivery mode
STPS30L40CT STPS30L40CT | TO-220AB 29 50 Tube
STPS30L40CG STPS30L40CG D2PAK 1.89 50 Tube
STPS30L40CG-TR| STPS30L40CG D2PAK 1.8g 500 Tape & reel
STPS30L40CW STPS30L40CW TO-247 4.4g 30 Tube

u Epoxy meets UL94 VO

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences of
use of such information nor for any infringement of patents or otherrights of third parties which may result fromitsuse No license ts 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 all Information previously supplied.

STMicroelectronics products are not autharized for use as critical components in life support devices or systems without express written ap-

proval of STMicroelectronics
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Initial condition : VC(O) =0

State equation : C, iVC =1
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AN
]
=X =
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~
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o= ol o= ol g

AN
0
=

i [1-1,]

Initial condition : IL(O) =

State equation : LREIL =V. -V,
t
Co—V.=1-1,

L
d? I -1
Ly—1 =-—L

Ra™t C,
d? I, I

dr’ 1L+LC L,C
R™R R™R
]L(s) _ ],

7

LS* =TS =1+

L(.\')

L,Cp, L,C,S
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1o

1““(52+af)=

I 1o’
49 = 5[5 v )
Iy =1,(1-cosar)

vin I, =1 ~1 coswt

d
CR‘J,’VC =1¢ —‘[L

d
C_
R dr

iVC = —Lcos wt
dt 2

Ve=1 -1 +1 coswt

I 2
Ve =—+ Icos wtdt
R 1
I sin
= —C—;—;a)t+VC(o)
L,C
=2 Asinar+V,
R
VC(I) =17 sinot+V,

f,=V.=0
IZ sinwT, +V, =0
sinwT), = s
1z,
oT,, =sin™ o
]IZn
sin™ (;Z" j
i“n a
Iy= =
@ )
i[l,-T] :

Initial condition : 7, =7 (1~cosa)

State equation : LRg-IL ==V,
4

o
4, %
at L,
{
2
I, = |-—*%dt
. JL

R

VO
= _zt+11‘(0)
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A[L-T] :

T =7:)1+T12+T23+T34
S, =T, -T,-T,, - T,

01 12

psRgodaumsi B unauazionyn

EI = V;]I

T

E,=V, l]‘IL dt+V, ]]Ldt

L]

h

’]‘ILdt = ’]‘1,, (1-cosot)dt

r

=1 1t-

L

sin ot

-]

0

_ LI (1-cosa)

1l

e |~ 8|~

sin™' (-— ]Vg j sin

= ]’ H n
+_.__
[IZ"]

g~ 8 |~
L
R
+
|_l____|

Al Y £
1z,

LRV,

-1 _[OROI/I +
Z,Volo

j'I dt—l]‘—————+1 1-cosa)dt

Vt

R

+1,(1-cosa)t

AN
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Y T}
2L,
Vy Lol (1=cosa) Lyl (1=cosa)

—8 4+ [ (1-cosa)T,,

2L,

[(l—cosa)LI 1- cosa)

+1 (1-cosa)
v, Vo o

Lyl (1-cosa)

=[,,(1—-COSa)T23(1——2'j

1 R
2 Y i (1eosa) Vo

1

I, (1-cosa)T,,

2

I (1-cosa) LI, (1-cosa)

Lyl

2

2 Vo

Lol [(1-cosa)(1-cosa)]

2V,

L12

17

2V

o

_ Ly

=Lt

[1 2cosa+cos’ a]

[1 ~2I cosa+1 cos a:]

27,

I

-

r ¥

VoloZ, _ 2V0[OZ" cosa+ VoloZ, cos’ a
Vv, 4%

M 2M M 2 :I
— ———cCosa+—cos“ a

M M(1+cos2a) 2M }
2.2 5 - cosa
,

2M }
—+—c0s2a—~-——-cosa

L7 2r r

E_Aff_.;.i/f_(l 2sin’ a)—%cosa}
2r  2r g

3M ML ol nsin (-2 )| |24
1-2|sinsin™ | —— ——cCosa
2r 27‘ L M 4
M

Ly, (1-cosa)
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v, r) VOI,(M roM J
2t g — |+ ——————co0sa
@ M w \r 2M r
Vo, a+—r—(1—l)+y—(l—cosa)
o | M 2 ¥
I
Yol a+——r——+M-(l—cosa)
@ 2M r
T

l:a+—r—+ﬂ(l—-cosa)

2M oy

Js

¥ M
[a+ +——(1—cosa)}
2 fy 2Mr
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