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““Universal”Universal” power supplypower supply

MotivationMotivation

Fed fromFed from
BatteriesBatteries (36V(36V--72V)72V)

ACAC mainsmains (119V(119V--373V)373V)

ApplicationsApplications

TelecomTelecom BatteriesBatteries

DatacomDatacom ACAC mainsmains
Stocks reductionStocks reduction

Portable equipmentPortable equipment Flexibility to plug itFlexibility to plug it
inin different sourcesdifferent sources
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SpecificationsSpecifications

Input voltage rangeInput voltage range 36V 36V ÷÷ 373V (1:10)373V (1:10)

Low powerLow power 10W10W

DC/DCDC/DC LoadLoad5V5V

2A2A
36V 36V ÷÷ 72V72V

BatteriesBatteries

~
ACAC

mainsmains

119V 119V -- 373V373V
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Critical issues to select the topologyCritical issues to select the topology

SimplicitySimplicity Size and costSize and cost

IsolationIsolation

Regulation capabilityRegulation capability

d1
dgain
−

=

24% < d < 76%
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FlybackFlyback type topologiestype topologies

1:10 V1:10 VININ rangerange

373V        5V373V        5V
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Flyback topology: DCMFlyback topology: DCM

VOUT

iDIODE

iPRIM

VIN

COUT

MMAIN

LPRIM LSEC

VDS

n:1

Discontinous Conduction ModeDiscontinous Conduction Mode

IMAG@full load

IMAG@low load

DCM

d1
dgain
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Regulation capability is constrained
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MinimumMinimum loadload

Increase transformer sizeIncrease transformer size
to avoidto avoid DCMDCM
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Flyback topology: Turn-on lossesFlyback topology: Turn-on losses

VOUT

iDIODE

iPRIM

VIN

COUT

MMAIN

LPRIM LSEC

VDS

n:1

ZVS should be regarded to select the topology

NO ZVSNO ZVS 3.3W @ V3.3W @ VININ = 373V= 373V

ZVSZVS 2.4W @ V2.4W @ VININ = 373V= 373V

TurnTurn--on losses are 30% of total losses at high Von losses are 30% of total losses at high VININ

ffSWSW = 150kHz= 150kHz
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Flyback topology: summaryFlyback topology: summary

VOUT

iDIODE

iPRIM

VIN

COUT

MMAIN

LPRIM LSEC

VDS

n:1

NO SELECTED: VIN range too wide

VeryVery simplesimple topologytopology

ZVSZVS isis NOTNOT feasiblefeasible

It goes into DCMIt goes into DCM
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iDIODE

Flyback with Synchronous RectificationFlyback with Synchronous Rectification

VOUT

iPRIM

VIN

COUT

MMAIN

LPRIM LSEC

VDS

n:1

NO DCM:NO DCM: good regulation capabilitygood regulation capability

SRsSRs shouldshould bebe extrernally drivenextrernally driven

ZVSZVS achievable by negativeachievable by negative IIMAGMAG

Synchronous rectificationSynchronous rectification

Higher Higher RMS RMS secondary currentsecondary current

More suitable at lower VOUT (1.5V, 3.3V)
Trade-off: ZVS - Conduction losses

ZVS

IMAG

IDIODE

ILOAD

High High RMS RMS currentcurrent
Resistive lossesResistive losses

Output filterOutput filter

SR

ZVS
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Flyback with Active ClampFlyback with Active Clamp

VOUT
VCLAMP

VIN

COUT

MMAIN

MAUX

LPRIM LSEC

VDS

NO DCM: good regulationNO DCM: good regulation

ActiveActive clampclamp
allows negative Iallows negative IMAGMAG

IMAG
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Flyback with AC: Series inductance for ZVSFlyback with AC: Series inductance for ZVS

VOUT

MMAIN
COSS

LLSS

COSS

ZVS with the leakage inductance + extra inductanceZVS with the leakage inductance + extra inductance

2
DSOSS

2
s VC

2
1

IL
2
1 >

LLK is not enough, extra LS should be added
in a low power (10W) high VIN (373V) application

[4][4]

II
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Flyback with AC: ZVS with LMAG
Flyback with AC: ZVS with LMAG

VOUT

MMAIN
COSS

LLmagmag

COSS

With the Magnetizing InductanceWith the Magnetizing Inductance

No extraNo extra inductance for ZVSinductance for ZVS

IMAG

Smaller transformer size sinceSmaller transformer size since ∆∆IIMAGMAG is higheris higher

Current ripple is not very highCurrent ripple is not very high in ain a low power applicationlow power application

ZVS

[5][5]
C.P. Hence, et alC.P. Hence, et al

APEC’88 APEC’88 
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Flyback with AC: Operation during reset timeFlyback with AC: Operation during reset time

IDIODE/n = IMAG - ICLAMP

t
++

++

--

++

--

ICLAMP

tResonance betweenResonance between
CCCLAMPCLAMP andand LLLKLK

NegativeNegative IIMAGMAG forfor ZVSZVS

SmallerSmaller RMSRMS current thancurrent than Flyback SRFlyback SR

Leakage energy is recycledLeakage energy is recycledIDIODE

t
++

--

Flyback with SRFlyback with SR

nVOUT
VCLAMP iMAGiCLAMP

iDIODE/n

CCLAMP
LMAG

LLK

Equivalent circuit during reset timeEquivalent circuit during reset time

IMAG

t

reset time
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CCCLAMPCLAMP 100nF100nF

LLLKLK 1.81.8µµHH

Soft turn-off of diode

iDIODE

VDS

VGS

tA tB

Flyback with AC: Analysis of diode turn-offFlyback with AC: Analysis of diode turn-off

ZVSZVS

iDIODE

VDS

VGS

tA tB

Soft turnSoft turn--offoff
CCCLAMPCLAMP 1000nF1000nF
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Flyback with Active Clamp, ZVS with LMAG
Flyback with Active Clamp, ZVS with LMAG

VOUT
VCLAMP

VIN

COUT

MMAIN

MAUX

LPRIM LSEC

VDS

ZVS achievableZVS achievable

Two MOSFETs to be driven: Cost

NO DCM: good regulationNO DCM: good regulation

Selected topology for this 5V, 10W application

Soft diode turnSoft diode turn--offoff

Leakage energy is recycledLeakage energy is recycled

Depending on LDepending on LLKLK -- CCclampclamp, smaller, smaller
RMS secondary currentRMS secondary current
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Power supply designPower supply design

LS

Design of fSW and LMAG: Trade-off between ZVS and
circulating energy (∆IMAG)

RM6  24:2RM6  24:2
LLMAGMAG=250=250µµH, LH, LLKLK=1.8 =1.8 µµHH

600V, 7A, 1.2600V, 7A, 1.2ΩΩ
SOT 404SOT 404

36V36V--373V373V
45V, 7A, 0.57V45V, 7A, 0.57V

SOT 404SOT 404

3X6803X680µµF, 6.3V, 17mF, 6.3V, 17mΩΩffSWSW = 150kHz= 150kHz

Dallas, APEC´02 (March 10-14, 2002)

DIE
UPM

MeasurementsMeasurements

CCCLAMPCLAMP 100nF100nF

VIN = 373V

iDIODE

VDS

VGS

CCLAMP value affects iDIODE waveform at high VIN

CCCLAMPCLAMP 1000nF1000nF

iDIODE

VDS

VGS

david
Pencil
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MeasurementsMeasurements

CCCLAMPCLAMP 1000nF1000nFCCCLAMPCLAMP 100nF100nF

CCLAMP does not affect iDIODE waveform at low VIN

iDIODE

VDS

VGS

iDIODE

VDS

VGS

VIN = 36V
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MeasurementsMeasurements

CCCLAMPCLAMP = 1000nF= 1000nF provides higher efficiency at highprovides higher efficiency at high VVININ sincesince
RMSRMS current is smallercurrent is smaller
The converter operates even withThe converter operates even with VVININ = 18V (1:20= 18V (1:20 rangerange))
For the sake of sizeFor the sake of size: C: CCLAMPCLAMP = 100nF= 100nF

60
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18V 36V 48V 176V 311V 373V

Input voltage (V)

E
ff

ic
ie

n
cy

 (
%

)

C = 1000nF C = 100nF

POUT = 10W

david
Pencil
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Waveform measurements for CCLAMP=100nFWaveform measurements for CCLAMP=100nF

iDIODE

VDS

iDIODE

VDS

iDIODE

VDS

18A18A

9A9A

5A5A
NO ZVSNO ZVS

NO ZVSNO ZVS

ZVSZVS

VVININ = 18V= 18V

VVININ = 36V= 36V

VVININ = 373V= 373V
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Losses with CCLAMP = 100nFLosses with CCLAMP = 100nF

LossesLosses atat VVININ = 311V are = 311V are 3W 3W withwith ZVSZVS..
If partialIf partial ZVS (ZVS (125V125V hard switchinghard switching),), measured lossesmeasured losses are are 5W5W
atat VVININ = 311V= 311V

0
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18V 36V 48V 176V 311V 373V

Input voltage (V)
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Full load

NO load
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Output current (A)

Efficiency (%)

Vin = 18V
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Vin = 311V

Vin = 373V
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ConclusionsConclusions

Higher complexity Higher complexity 
thanthan Flyback Flyback butbut
Flyback Flyback withwith ACAC

providesprovides::

Wide regulation capabilityWide regulation capability (NO DCM)(NO DCM)

ZVSZVS capabilitycapability

Smaller RMS secondary currentSmaller RMS secondary current

FlybackFlyback withwith Active Active ClampClamp
and Land LMAGMAG forfor ZVSZVS isis aa good solution forgood solution for

Low powerLow power (10W)(10W)

WideWide VVININ rangerange (1:10)(1:10) applicationapplication

Topology analizedTopology analized in in 
detaildetail::

ffSWSW -- LLMAGMAG

CCCLAMPCLAMP -- LLLKLK

Important design parametersImportant design parameters

Soft turnSoft turn--off of the rectifier diodeoff of the rectifier diode
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Flyback with AC: Operation during reset timeFlyback with AC: Operation during reset time

Time

0A

6A

0A

-0.8A

0.8A

0A

-0.8A

0.8A

iDIODE

iCLAMP

iMAG

Time

0A

6A

0A

-0.8A

0.8A

0A

-0.8A

0.8A

iDIODE

iCLAMP

iMAG

CCLAMP and LLK become important design parameters

CCCLAMPCLAMP = 100nF= 100nF CCCLAMPCLAMP = 1000nF= 1000nF

Turns ratioTurns ratio 12:112:1 LLMAGMAG 250250µµHH LLLKLK 1.81.8µµHH
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Power supply designPower supply design CCCLAMPCLAMP 100nF100nF

Time

7.9150ms 7.9160ms 7.9170ms 7.9180ms 7.9190ms 7.9200ms 7.9210ms

0A
2.5A
5.0A

0V
125V
250V
375V

65V

70V

75V

0A

0V

1.0V

SEL>>

iDIODE

VDS_MAIN

iPRIM

VGS_MAIN VGS_AUX

ZVS

VCLAMP

Diode current

VDS of main MOSFET

iPRIM

VGS of main and aux MOSFETs

VCLAMP

Soft turn-off

ZVS at VIN bigger than 80VTime delays for ZVS
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Power supply designPower supply design CCCLAMPCLAMP 1000nF1000nF

ZVS at VIN bigger than 80VTime delays for ZVS

Time

7.9150ms 7.9160ms 7.9170ms 7.9180ms 7.9190ms 7.9200ms 7.9210ms

0A

3A

0V

500V

0A

0V

10V

Diode current

iDIODE

VDS_MAIN

iPRIM

VGS_MAIN VGS_AUX

ZVS

VDS of main MOSFET

iPRIM

VGS of main and aux MOSFETs

65V

70V Vclamp

Vclamp

75V
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Flyback with AC: Analysis of diode turn-offFlyback with AC: Analysis of diode turn-off

CCCLAMPCLAMP 1000nF1000nF LLLKLK 1.81.8µµHH

iDIODE

VDS

VGS

tA tB

Soft turnSoft turn--offoff

Soft turn-off of diode
dt

di
dt
n

i
d

Ii
n

i

LK

DIODE

MAGLK
DIODE

=








−=

Time Time intervalinterval: : ttAA -- ttBB

VCLAMP

IMAG
LLK

nVOUT

Cequiv

VC

VL

ILK IDIODE


