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Motivation

——> Batteries (36V-72V)

“Universal” power supply Fed from )
=—> AC mains (119V-373V)

Telecom = Batteries

Stocks reduction
Datacom = AC mains ,/

Flexibility to plug it
in different sources

Applications

Portable equipment -T—>
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Specifications

| Input voltage range

1

36V + 373V (1:10)

| Low power -I—) 1ow
Batteries
,II 36V + 72V
\ 2A
o— >—0 O—
DC/DC sV
AC o /’;f o— —O0 O—
mains

*

119V - 373V

0

Load
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Critical issues to select the topology

| Simplicity

1

Size and cost

| Isolation

373V — 5V

1

| Regulation capability -|—>

1:10 V,y range

Flyback type topologies

gain =
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#ZDIE

Dallas, APEC"02 (March 10-14, 2002)




v

#ZDIE ~—
Flyback topology: DCM

ipriM n:1
| Iyac@full load
. Coul
Lo Lec lvou
. T
Vin| === :‘
v d iDIODE
i Iuac@low load
Muyam | . Vos
Discontinous Conduction Mode
| “—"DCM
Vv T Minimum load ~N
0 > to avoid DCM
V. 2L, (R, )— Load Increase transformer size -1
IN M
dependent

Regulation capability is constrained
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Flyback topology: Turn-on losses
ipriM n:1 . ; ;
| C J_ d&& dn:ﬁax
me; Leec o lvou E -“‘ No Z /S:
Vo | —— ® -|— E 2 3 ‘\‘“\-._ : o
IN| ¢ i a . 1ZNS T
Vbs 1 ) : :
EZE-COSS Vs % 0.25 0.5 0.75 1
" Dutycycle

fow = 150kHz

NO zVS -|—) 3.3W @ V,, = 373V

| AV -|—> 2.4W @ V,, = 373V

Turn-on losses are 30% of total losses at high V

ZVS should be regarded to select the topology
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Flyback topology: summary #ZDIE

TprIM

Ml Very simple topology |

| It goes into DCM |

| ZVS is NOT feasible |

NO SELECTED: V,, range too wide
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Flyback with Synchronous Rectification

IprIM n:1

.
Lermm Loec

Vin| ™=

M NO DCM: good regulation capability

% ZVS achievable by negative |y,
| Synchronous rectification

|M/—\G

@]l SRs should be extrernally driven

High RMS current

—> Resistive losses

—> Output filter

[®][ Higher RMS secondary current

More suitable at lower Vg1 (1.5V, 3.3V)

Trade-off: ZVS - Conduction losses
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Flyback with Active Clamp

T Lol
T T

” Muamn | I;Zlvns
Imac Active clamp
/\ /allows negative lyg

y A4

M| NO DCM: good regulation
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L,k is not enough, extra Lg should be added
in a low power (10W) high V, (373V) application
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Flyback with AC: ZVS with Lyag

IMAG

With the Magnetizing Inductance

[5]
C.P. Hence, et al
APEC'88

/

/\ / 1 -|—_/N I;nag

ZVS

(7

No extra inductance for ZVS

v

Smaller transformer size since Aly,g is higher

Current ripple is not very high in alow power application
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__ ,_________!p_IODE/“ lcLamp
' A=
..................................... ! ""'E"Riesonance between //

Flyback with SR —I—
_éﬁbage CIIZIU_Y 1> ITLyLITu

Cecrame @nd L«

IDIODE n= IMAG - ICLAMF‘
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Flyback with AC: Analysis of diode turn-off

L =+ 1.8uH
Coaup = 100nF Soft turn-off Coawp = 1000nF
N\
3 ta.:tg 1/ \\ . tA tB
\\ Vos [ . ‘-’Gs\\ ~
// ipropE // WA
Y
R L s
[ Vos [ v

J any | I 1)

= - N —F \\\\ = H,\r;yfﬁ/ﬂrj—

S zvs T

Soft turn-off of diode
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Flyback with Active Clamp, ZVS with Lyag
I
% COUJ_lVou

M| NO DCM: good regulation | Leakage energy is recycled

| o

M| ZVS achievable | M Depending on Ly = Cyjamp:
|
|

smaller

[ Soft diode turn-off RMS secondary current

| Two MOSFETS to be driven: Cost

Selected topology for this 5V, 10W application
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Power supply design

RM6 24:2
fw = 150kHz Luag=250pH, L«=1.8 uH 3y 68q,F, 6.3V, 17mQ

36V-373V|

600V, 7A, 1.2Q
SOT 404

Design of fg,, and Ly,g: Trade-off between ZVS and

circulating energy (Alyag)
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Measurements

<
=373V

Cciave = 100nF \ Ceiamp = 1000nF
Tek Run: 25.0MS & sample : Tok s e s
e ] L T
N/ N/ e N
iptope ; T A NN Pt
- 4
4 S\ /AL R VA
i Dot | f ™ o)
| Vos | \ | Vos |
I | .U |
2 L7 U 5
ChT ™ 10.0 12,0050 CHT '8 e cha 2004 T

N 00
Cha 2.00A

Cciampe Value affects ipope Waveform at high V
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Measurements

Ceiave —H> 100nF Celawe = 1000nF
Tek Run: 50.0MS/s  Sample
Tek Run: 50.0MS [ sample , 5 T

1 [ I8 =
\ 1 Ves l | . o .

B, il .

o~
7V ioone A /| iorone /7

I a i | fw
| U Vbs '
., % J -

Ch1 5.00

gl 0.0 MT.00us ChiJ ERl
Ch1 5.00 g 50.0 MT.00ps Chl 7
Cha 5.00A Cha 5.00 A

CcLave does not affect ipgpe Waveform at low Vy
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Measurements

—a— C =1000nF —a— C =100nF

85
__ 80 A\
g P
= 75 - |
2
8 70 |
£ Pour = 10W
T 65
60 T T T T

18v 36V 48V 176V 311V 373V

Input voltage (V)

» Ccamp = 1000nF provides higher efficiency at high Vy since
RMS current is smaller

» The converter operates even with V;, = 18V (1:20 range)
» For the sake of size: Co avp = 100nF
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Waveform measurements for Ce avp=100nF

Tek Rur: 50.0MS/s  Sample

W18
\ /
/ ’ DIODE Tek Run S0 0MS/ sample :
A " &) oa
ip1opE /
Vos // / e
NO Z\‘/S“” e i / fe— aNE DICDt/
o A U R e AN IY AR /
e
NG ZVS N\ [ e T\ =

- : || "pe 1] Il
Vi = 36V AT 1

P 00 0TS R T
Chd 2.00A

V,y = 373V
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Losses with C amp = 100NF
5 Losses (W)
P N
3 Full load I
2 A
] L Efficiency (%)
90
0 ","—7_‘/‘ : : 80- —— Vin=18V
18V 36V 48V 176V 311V 373V 70 —=— Vin =36V
—A— Vin = 48V
Input voltage (V) 60 //-//. —m Vin = 176V
507 —¥— Vin = 311V|
40 x// —e— Vin = 373V
30

025 05 075 1 125 15 175 2
Output current (A)

» Losses at V;, = 311V are 3W with ZVS.
If partial ZVS (125V hard switching), measured losses are 5W
at vV, = 311V
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Conclusions
Flyback with Active Clamp is a good solution for Low power (10W)
and Ly,g for ZvS Wide V, range (1:10) application

Wide regulation capability (NO DCM)
Higher complexity -

than Flyback but - ZVS capability

Flyback with AC

provides: Smaller RMS secondary current

Soft turn-off of the rectifier diode

Topology analized in Important design parameters

detail:
CCLAMP - I-LK
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Flyback with AC: Operation during reset time

Turns ratio == 12:1 Luvac —> 250uH Lok

—> 1.8uH

| Coonwe=100F | | ceoawe = 2000nF |

0.88 - 0.8” -
NAG NAG

CcLavwp @nd L, become important design parameters
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Power supply design Cevaup

O

VGS_MAI N VGs_Aux
1.0v
SEL>:
ov
© Vg Of main and aux MOSFETs
. lprIM
" ’\/ —
o
75V PRIM
V,
Ve— - CLAMP —
65V
v VCLAMP —~
375V vV, FA'S
250\ DS_MAIN
125V
ov A
9 Vpg of main MOSFET™ —
5.0A ]
2.5A1 'DIONSO& i
N
oA W T T T T
7.9150ms 7.9160ms 7.9170ms 7.9180ms 7.9190ms 7.9200ms  7.9210ms
© Diode current T
ime

Time delays for ZVS

ZVS at V|, bigger than 80V
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Power supply design Cor o 1000 [

VGS MAIN VGS AUX
10V
ov X
2 Vg of main and aux MOSFETs
—~— =
IpRIM ]
oA \l»/
-
75V - iF’RIM
70V Vclamp
65V
v Vclamp
500V
VDS_MAIN
rA'S
gx 4 Ve of main MOSFET N
Ip10DE S
oA \hv
7.9150ms 7.9160ms 7.9170ms 7.9180ms 7.9190ms 7.9200ms  7.9210ms
= Diode current Time

Time delays for ZVS

ZVS at V|, bigger than 80V
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Flyback with AC: Analysis of diode turn-off

Coap = 1000nF

Time interval: t, - tg

Vi

e

L
l C3 Imac J-
[__ :ILK 'orooe ——T“Vour
Veram C. .

| | =equiv

I

Ve

L

I-LK

—+—> 1.8uH

l

vn:

A
[
_J

-
J_/" /)

= [ I R N = —_—F 7 A \I

at  dt

Soft turn-off of diode

|
Soft turn-off
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