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A Study on the Power Supply using Soft-switching Dual TTFC Pre-regulator

Dong-Hyun Lee", Yong Kim™ ,Tae-Min Eom" ,Kyu-Hoon Lee™
TMS INC", Dongguk University™

Abstract - This paper presents a power supply system with
pre-regulator using zero voltage switching (ZVS) interleaving
two-transistor forward converter for high input voltage and
high power application. A SMPS has a advantage that a good
efficiency, small size and light weight but has a noise
problem. A linear power supply system has a advantage that
a good stability, low ripple and noise but has a disadvantage
that a big size, low efficiency and heat problem. To alleviate
these problems, we propose an power supply system using
dual ZVS interleaving two-transistor forward pre-regulator.

The proposed converter is verified on a 1KV , 50kHz

experimental prototype.
1.M B2

H AR A 2bd el A A "L Aol ek vheksh

I Bl e Ea 9tk SMPSS AS 1WUE 1F &

AGAZ AAA Hte] AAH WE Abgo] o]Fo]Aa glon}

B3} coj2e] Rz A% A 4§ SHol WRW A N

AAGH gk o] °°351J~ Ark 2y AFHAEA

|

EAZE A 9’4 ek AdPHLGA H SMPSPJ
L ZhAa gl % ?J’\]i@"ﬂ o a4 =
Dual TTFCE 125 32 F 79 TTFCE
E ’E BelA AWEAE sAet7] wiel fdd Oﬂoﬂ e
strh. w3, 7 29 Ao A7bE = S-S 128 a7, Zi]'
= X*w-ﬂ} interleaving ¥ o2X 2 Zo] 122 ARHE 54

Z] YaL $eH1-5]

o, o ot
2

wolz ol va) we

o W 1o 1o T N
ofN ox 2

2l
tlo

[\1
<
w

A B =RoAe 8 540 =1, AFAe] oy, 7
FEo Ut E Ay 2EdH~ 2 wolz2 AR EAS e
ZVS Dual TTFCZE pre-regulatorZ A}&3F HAd#=29o] 524
g 2 5 g3t io}"ﬂo"ﬁl MOSFETE Alg3ste] 1+
Al ZHES Al =E 50Kz A A g sk d

2.2 B

2.1 7|&9| sl=E 29% TTFC

a¥ 1 TTFC4 3|25 YeT V£ = 2=9% WA
& 3|27 dek wbde], = 29X | S XA Ay A
71-41’\]1‘39} Wty A o]Hquﬂ oa] Aztst 7AxE I A
(Surge) H &o] “L‘go}ﬂl Hol e 29% £485 LAY
1 AR TTFCO =93 &4& A7 A% g &AZE
2=9A JleEo] TdHxHI JrH6-7

m—lEI =
.|E| sz

| Two-Transistor Forward
Converter

D2 X

<8 1> 7|ESL

,S00-Hyun Baek™
, Smartvision Tech™

2.2 20| YAE XZ$t ZVS Dual TTFC

Sy 2% AHE el E YA

o 1

243t ZVS Dual TTFC9

0z

3= 9 ZR9dgS et TTFCY 3 %(Stage)% 2913
S1, S2, 3/ wol2E Dy, Do, AF Tholot D1i T4 5o

desl, = de @ g

4R Tl Dy
go]aaio]r/}. ;__3_
Lot Co& ol 83 Al

[1-2].
'E‘E" " Lo L AT ——

¥

na sy {lu]]:u

sihfedo fm dm
Nl

e u-{";] lm]]:n

(a) AWH 3=

29 %] S3, S4, 3HF T/]'o 2E Des, Dc4y
”/]' 01/]/‘1 lelv‘Jr L= bﬂmﬂ/‘ F
T/]—O] rly rr} 131 Ea

0T
i]— = |
a) A (center taD) AR FAS AFESTh

u

(b) AME 7177

<8 2> 2IA0|S WAlE =St ZVS Dual
TTFC

2.3 ZVS Dual TTFC Pre-regulatorS Al% HIZHx|

a9 32 Aet"d  ZVS Dual TTFC £ Pre-regulator2 A}-&

@ A9gA) Axdel ged BErolth vholdg ol 3ol
Linear Regulator®l = HAdS A A3kl Pre-Regulatorel =

%j‘%’ﬂ Oﬂ Linear Regulator«] Drop A& 9t gh& XA|g

Hztol Regulatore] Drop Voltage %3 dWald <
e o7 o}/] ] 5o Linear RegulatorolA @A s = d&48
H22 8, ZVS Dual TTFCelA 243 g "er

o]=
Linear RegulatorolA] AAETH w3+ 7]&2] AP AYUAX 9]

o
jﬁg
O

olgd o

e w

- 1009 -



7] 2 FEe] 2 ¥FE AAFT e AC HAUE FC9Jr
Pre-regulator’} talstAl go=2n A Al2=gl A7]e} FA7}
A7+

ZVS Dual TTFC Linear

i AL
- Regulator

PFC Pre—Regulator

Quitput +
Regulator Drop

. Output
micom

1

<! 3> ZVS Dual TTFC Pre-regulatorE Al28t
AR EEE

PFC ON/OFF

Agtel A9 S dsar] A IWE A AES A=, S0k
o

oA AWt E1e =gl Azl AEH £xs H2 Sy

ey
H
_l
ﬂ
In
o
[=)
_
2
2
=2
Z‘.

gl AXet 3|2 mi2io|E
DC 3380 - 400 [V]

ae e

H T

=9 d ¢ DC 0 - 50 [V]
=9 A5 20 [A]

=% 7%41*151 100 (uF]

28K1522 HITACHI
1235 f&% DM 2=(D1,D3)|SF20L60U. SHINDENGEN
13& 85 te] 2=(D3, D4) KSF30A40B NI
225 B F - S H
tho] 2 =(Dy1, Di2, Dp)

DSEI 2x60-06A. IXYS

2242 %9 A9E (Lan) 94 (uH]
ZEd A 6000 (uF)
293 Fupe 50 (Kf))

a9 4= %lo]%ﬂ.wg o] ZVS Dual TTFC®| MM Akt
A5 zw: M ARE AnEel g 264 1k st A 2
SHVe 548 o0 B

Tek Ju iho'd M Pos: 00005 MEASURE
+
518
»
b o s e — [ S
\ |
! % +
PURS s amened (=
~
LB RS
14 Of
=3
M 1008

26-4%-03 13:45 24
<A™ 4> 290X S12] Fxgh A1F(ZVS) WE

9 5% Pre-regulatordt A3 A v wolz 4 PE H¥&
Yehdth (a)9 (o) 71¥£9 st= 293 TTFCS Linear Regulator
FETY wolz 2 FE IS YeUY b9 (de Atd ZVS
Dual TTFC ¢} Linear Regulator 3¢9 wol= 4 & 33 &
EbWIt} Linear RegulatorZ £3atdA 2 Z3 LO]—E B #A3 A
7 AE ¢ 5 gey, 2859 (he (oM & F kol Alstd
ZVS Dual TTFC Pre-regulator’} 7]1&¢] TTFC Pre- regulatoroﬂ 1] 3
nop g4E fE 92 A Fe 5 UEES & ¢ e

MPos:2000us  DISPLAY Tk JL e M P 0000y
Type H
[Vetors]

HENNY 80
Parsst bt e
b sec|

DC/DC*HE{ £y
g Fuman

DC/DC Heie el

4
i

| {
B
T

Brightness
50%
CH 200VBy M 100s CH2 7 S M F b0V

CHE 200v 15-Mar-08 1004 149920z CHI 200VBy 284509 1615 TSI
(a) 71£¢ TTFC xo]= (b) ZVS Dual TTFC o]z
Tek Jo @ Stop M Pos; 4000ns . CH3 Tek . T M Pos: 00005 MEATRE

L 1” ‘ Coupiing ¥ b

=5 [0} | DETE Pt e

ol .M.L«.f'r»',-'h*m'fhahi*mmﬁr-v* aori
20MHz | ’ L=
- ots/Diy

Coas
3 o= =
el e HpHE &
Helw — " EE ‘rr !
N 08 | | il
E Vaage 1 } e b
Invert
‘
el i s M50 CHI 7 62V o i
CH3 100mvay 18-Mar-08 13:09 <10H [HI 100miviy 26-4§-03 1613 61T

71&9] TTFC & (d) ZVS Dual TTFC 2=

<38l 5> &8t &

3. 4

rhu

FFI

=% AME ZVS Dual TTFC & Pre-regulator2 AF&3F 7
LA A 2=ES ALEAT Xﬂ?l!ﬂ ZVS Dual TTFCE 7]&9
TTRCel ¥lef o] Aol %gd 47L54°4° ek olye} 22k A
v-/] JE Yo Qgte] &Y ¥F & 122 ARHNSS ¢ F

Atk =3 ZVS Dual TTFC £ Pre-regulator2 AF&3to 24
oA g&E 4 “O]ZE A or AzFstAaL, [dA
Alz=dle] a7 & '?“o% Hastk 3 o5 AU AtE A2

[¢]

OPN

)

nag A A& A94A7 "ad 0pd Tgxo oY, EUV
- 2 AARE HAE 59 &40

[# 32 2 8]

[1] Ivo Barbi, R. Gules, R. Redl, N. O. Sokal, " DC/DC Converter For
High Input Voltage: Four Switch With Peak Voltage of Vin/2
Capacitive Turn-Off Snubbing, and Zero-Voltage Turn-on ", IEEE
PESC Conference, pp.1~7, 1998.

[2] Eduardo Deschamps and Ivo Barbi, ” A New DC-DC ZVS PWM
Converter for High Input Voltage Application ", IEEE PESC
Confernce, pp.967~972, 1998.

] Jung-Won Kim, Jung-sik You and B. H. Cho, ” Modeling,
Control, and Design of Input-Series-Output -Parallel-Connected
Converter for High-Speed-Train Power System ", IEEE Transactions
on industrial electronics, VOL. 48 No.3, pp.536~544, 2001.

[4] Kenneth Dierberger, Richard Redl and Leo Saro, " High Voltage
MOSFET Behavior in Soft-Switching Converters Analysis and
Reliability Improvements ”, Advanced Power Technology, Application
Note No.~APT9804, Web:-http:// www.advancedpower.com.

[5] Alexander Fiel and Thomas Wu, " MOSFET Failure Modes in
the Zero-Voltage Switched Full Bridge Switching Mode Power
Supply Applications ”, International Rectifier, Tedhnical Paper
No.-PCIM2000, Web:-http://www.irf.com.

[6] C. H. G. Treviso, A. A. Pereira, V. J. Farias and L. C. de Freitas,
" A 15kW Operation with 90% Efficiency of a Two Transistor
Forward Converter with Non-dissipative Snubber ”, IEEE PESC
Conference, pp.696~700, 1998.

[7] Basile Margaritas Et al, " turn-off Relief Network for a Direct
Voltage Converter ", U.S. Patent, Patent No-5,438501.

- 1010 -



