Analysis and design of asymmetrical half bridge

flyback converter

T.-M. Chen and C.-L. Chen

Abstract: The detailed circuit behaviour of the asymmetrical half bridge flyback converter is
analysed. The specific relationships between the duty cycle and the different types of energy in the
energy storage clements are thoroughly investigated. From the analytical results, the maximum
duty cycle is not bounded by 50%, which means that the converter can now be optimally used for
the different applications. The zero voltage switching (ZVS) conditions of the power switches are
derived. Mathematical equations and design considerations are also given. According to the
presented design guidelines, the ZVS operations of the power switches can be maintained from no-
load to full-load conditions. A 5V/20 A prototype has been built to verify the analytical results

under real life conditions.

List of symbols

A, effective cross-sectional area of the core of
transformer Tx

D duty cycle of switch Sl

fs switching frequency of pulsewidth mod-
ulation (PWM) controller

iD1 instantaneous current of output rectifier
Dl

In_rums root mean square current of output
rectifier D1

iry instantaneous current of resonant induc-
tor L,

Iy average magnetising current of transfor-
mer

ir instantaneous magnetising current of
transformer

Alpg py peak to peak magnetising current of
transformer

Isi rus root mean square current of S1

Is rms root-mean-square current of S2

L magnetising inductance of transformer

Ly leakage inductance of transformer

L, resonant inductor

Np number of turns of primary winding

n turns ratio of transformer

P, b1 conduction loss of D1

Pos st conduction loss of S1

P, s - conduction loss of S2

Py turn off switching loss of Sl

Py sz turn off switching loss of S2

R, st drain-to-source on-resistance of S1

R,y s2 drain-to-source on-resistance of S2

Ts switching period of pulsewidth modula-
tion (PWM) controller

Tx transformer of studied converter

V diode forward voltage drop on DI
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Ve average voltage across blocking capacitor
Co

ve instantaneous voltage across blocking
capacitor Cp

ZVS zero voltage switching, or more specifi-

cally, zero voltage turns on

1 Introduction

The conventional flyback converter is attractive
where multiple-output or cost-sensitive applications are
concerned, thanks to its simple capacitive output
filter. Nevertheless, hard switching operation of the power
switch results in high switching loss, high EMI noises, and
high switch voltage stress. Various kinds of soft switching
techniques have been proposed for flyback converters [1--8].
Among them, the resonant converter [1, 2], the active-
clamp circuit [3-5], and the asymmetrical half bridge
converter are probably the most well known converters. A
resonant converter can reduce switching losses and
EMI noises. However, the voltage and/or current stresses
increase and result in high conduction losses. The active
clamp flyback converter [3-5] utilises an active clamp
network to achieve ZVS operation of the power switches.
However, the drawback is the high voltage stresses on the
power switches.

The asymmetrical half bridge flyback converter,
which can achieve ZVS operation of the power switches,
is gaining popularity. The switch voltage stresses are no
more than the input voltage that can be achieved.
In previous works [6-8], the role of the blocking capacitor
in the process of energy storage has been overlooked. When
only the magnetic components are considered as the energy
storage elements in the studied converter, a 50% duty cycle
constraint has been derived [8]. However, in the present
paper, it has been proved that the 50% duty cycle constraint
does not occur. This is because the blocking capacitor also
stores energy when the output rectifier is off. The specific
relationships between the duty cycle and the various types
of energy in the energy storage elements have been
investigated in depth.
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Fig. 1 shows the simplified circuit diagram of the
asymmetrical half bridge flyback converter. The ZVS
conditions for the power switches, SI and S2, have not
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Fig. 1 Simplified schematic of the asymmetrical half bridge
fyback converter

v

been discussed before. In fact, the ZVS mechanisms
for them are quite different. One of them is just a
linear charging process. The ZVS operation of this power
switch, 82, can be maintained simply when there
is a sufficiently long dead time between S1 and S2.
However, the ZVS operation of the other switch, SI, is
achieved only when the energy stored in the resonant
inductor is greater than that of the output capacitors of
these power switches.

Design considerations of the studied converter have also
been investigated, according to its operational principles.
Based on the presented design guidelines, the power
switches can maintain ZVS from no-load to full-load
situations.

2  Operational principles

Fig. 1 shows the simplified circuit diagram of the asymme-
trical half bridge flyback converter. The inductor L, denotes
the combination of the leakage inductance of Tx and the
external inductor. To describe the basic operational
principles, several assumptions are made.

® The converter has reached steady-state operation.
® [, is much less than L,,.

® The resonant period of Cj, and L, is much greater than the
off time of S1.

To facilitate the analysis of the asymmetrical half bridge
flyback converter, Fig.2 and Fig.3 show the seven
topological stages of the converter during a switching cycle
and its key waveforms, respectively. The operations of this
converter can be explained as follows.

Stage 1 (fo—*): At fo, Sl is on and S2 is off. D1 is
reversed biased in this stage. The DC input power source
charges Cj, Ly and L,. The charge time is brief compared
with the time constant of this resonant tank, leading to an
approximately linear charging characteristic. The following
equations can be obtained:

diLr

(LM-FLr)—dT:V} -~ vc (l)

dvc . .
Cthc =i, =iym (2)
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Fig. 3 Steady state waveforms of asymmetrical half bridge flyback
converter
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After solving (1) and (2), we have:

i) = 2= o 1 1)
+i(to) cos[w(t — 1)) (3)
ve(t) =V — [Vin — ve(to)] cosfon (£ — 1o)]
+ i,(20)Z) sin[w,1 (t — 1)) (4)
where Z; = 4 /2 and o,y = This stage ends

Cp (LM+L )
when S1 turns off.

Stage 2 (t;~1): Cp, Ly, L,, and C, form a new resonant
network after S1 turns off at r=1¢,. Cg, which is the
equivalent capacitance at point M, is charged by the current
of L,. In this stage, the state equations can be written as
follows:

(Ly +L,)%’: Vin — UC — Vas (5)
B~ i, = iy (6)
Solving (5)~(7) gives:
i (1) = %’—’Z’;C—("—)sin[w,z(t —1)]
+ i (1) cosfwn(t — 11)] (8)
ve(t) = [Vin — vc(h)]gb/cibcé{l — coslwp(t — n)]}

T iwi:%sin{w,z(t — 1))+ ve(t) ©

w0 =1V = 0c() L1 — cosforals — )]}
’L:Z(C) sin[w,a(t — 11)] (10)

_ ML _ 1 :
where Z, = rovsion and @, = AT This
stage ends when the antiparallel diode of S2 starts to

conduct.

Stage 3 (t,~13): After the antiparallel diode of S2 starts to
conduct at f,, C, resonates with L, and L), The voltage
across L,, decrcases. Before the current of L, changes
direction, S2 can be turned on under ZVS.

In this stage, the current of L, charges C;. The voltage
across C, increases due to the transfer of the energy from L,
and L. The state equations can be written as follows:

di,
Ly + L) — 7= v (11)
dv,
CthC: irr (12)

Solving (11) and (12), we have:
i (f) = DCZ(f 2) sin[w, (z — £)]
+ iLr(tZ) COS[CU,«] (l - tz)] (13)
Uc(t) zvc(lz) COS[CO,[ (t — 12)]
+ i, (£)Z; sinfw, (t — 17)] . (14)
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Stage 4 (13—14): After the output rectifier starts to conduct
at t3, ip; is the difference between iy, and iz, multiplying by
the turns ratio of Tx. The state equations can be written as
follows:

dlM
Ly—2——
M nb, (15)
dlb— _
L W = ~vc + an (16)
d
Cb% =i (17)
Solving (15)«17) yields:
nV,
in(t) = iy (t3) — T(f —13) (18)
M
vV, —
i () = n—oZU—C(thin[wﬂ(t — 1))
3
-+ l'Ly(t3) cos[a),3(t - t3)] (19)
Uc(l) =nV, — [I’IV;, — Uc(tg)] COS[(D,:/,([ — I3)J

+ i, (13)Z5 sinfw,3(t — 13)]

where Z3 = \/—L;—b and w,3 = ﬁ

Stage 5 (14—ts): S2 turns off at #,. The current of L,
discharges Cg, and V,, decreases. This stage ends when the
antiparallel diode of S1 starts to conduct at ¢s. The output
rectifier still conducts at fs, because the resonant inductor
limits the discharging rate of iz,. The state equations can be
written as follows:

di
Ly~ =~n¥, (21)
dir,
L,—— =V —vc +nV, — vg (22)
dt
due
Ly 23
b =i (23)
dvge .
Cds?j’ =1 (24>
Solving (21)-(24) yields:
. . n¥,
i (6) = i (08) = 2 (1 — 1) (25)
M

~ve(ts) +n¥,
Z4

+ iLr(t4) COS[(D,4(t - 14)] (26)

Cs//Cas
Cp {1

iLr(Z) = sin[am(t — t4)]

ve(t) =[—vc(ty) + nV,) — cos[w,a(t — t4)]}

ALY ir(ta) sinfw4 (¢ — 14)] + vc(ta) 27)

CUr4cwb
Co//Cus
Cus

Udy(l) =[*Uc(l4) + }’lVo] {1 — COS[wr4(t — t4)}}

lLr( t4)

+ 22 sinfa(t — )] + T (28)

where Z4 = , /—Cb e and @y = __(Cb/l/c¢)L,.

Stage 6 (ts—1¢): At ts, Vy has dropped to zero and the
antiparallel diode of Sl is conducted. Before i;, changes
direction, S1 can be turned on under ZVS. The equations
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describing the circuit operation during this stage are as
follows:

diy
Ly ™M~ oy, 29
M n (29)
i
Lr'g?‘: Vin —UC+”I/;; (30)
dv .
Cb ——dtc =1 (31)

Solving (29)+31), we can obtain:
n¥,

in(t) = im(ts) —fg(t —ts) (32)
M

Vin — UC(tS) + nb,
Z3 )

+ig(ts) cosfw,s (¢ — t5)) (33)

iLr(t) = sin[cu,3(t - t5>]

vc(t) =[Vin — velts) + n¥V,]{1 — coslw,s(t — t5)]}

+ i (t5)Zs sinfw,3(t — t5)] + ve(ts) (34)

Stage 7 (ts—1ty): At tg, S1 turns on under ZVS. The
resonant inductor current iy, increases rapidly. This stage
ends when this current increases to the point where the
output rectifier cuts off. The DC input power source begins
to charge C,, L, and Lj, again. Another switching cycle
starts.

3 Analysis

According to the above analysis, this Section will quantita-
tively analyse the key characteristics of this converter.

(i) Voltage transfer ratio. The voltage transfer ratio of the
studied converter is proportional to the duty cycle. It can be
easily derived .from the flux balance in L, and L,,. By
neglecting the dead time between the conduction intervals
of S1 and S2, the voltage transfer ratio can be obtained:

Vo 1 Ly 1
o D~
Vin nly+L, n b (35)

Equation (35) indicates that the linear relationship between
the input voltage and the output voltage is the same as
buck-derived converters with transformer isolation.

(ii) V. The average voltage across the blocking capacitor
depends on the duty cycle. It can be obtained when solving
the voltage transfer ratio.

Ve = VyD (36)

(i) I5s. The average magnetising current of Ty is affected
by the load current and the turns ratio of Tx. Owing to the
series connection of the blocking capacitor and T, the
average magnetising current can be solved from the charge
balance in the blocking capacitor:

Ts

/ i (t)dt =0 (37)

0

It follows that

<
il
xS~
w
Ko
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(iv) Energy-storage elements. The energy-storage elements
in this converter consist of the blocking capacitor, the
magnetising inductor of Ty, and the resonant inductor.
Fig. 4 shows the simplified waveforms of the voltage
across the blocking capacitor and the current of
the resonant inductor. During the interval DTg, the DC
input power source charges C,, Ly, and L, causing

Cp discharging :

—

Cy, charging

"ar

Ve ©)

irk

I (DT [T \ :
Iir ©

v

‘——»

0Ty (1-D)Ts -

A
4

Fig. 4 Simplified waveforms of voltage across blocking capacitor
and current of resonant inductor

increments in the voltage across C, as well as the current of
Ly, and L,. The energy stored in these elements can be
expressed as:

I

Ewt + Ei = 5 (L + L) [I5(DTs) = I, ()] (39)
Ee, = 3G [R2(0T9) ~ 12,0)] (40)

The incremental voltage across C, for this duration can be
expressed as:

DTs
1 11
VC;,(DTS) _ VC,,(()) = —C;/ I.Lr(t)dt = a;DTS (41)
0

The incremental current of Ly, and L, for this duration can
be written as: :

DTy
1

g RO
0

1 <2Vm — Ve, (DTs) — Ve, (0)
Ly +L, 2

]Lr(DTS) -1y, (0)

x DT, Ky (42)
Inserting (42) into (39) yields:

11,
B+ Eir = 52 DIs2V = (Vo (DT) + Vo, 0] (43)

Combining (40) and (41), we can obtain:
17,
Ec, = 5~ -DIs[Vc,(DTs) + Ve, (0)] (44)

From (43) and (44), the total energy stored during the
interval DTy is

1,
Emm +En+Ec, = ;DTS Vip = P,Ts (45)
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When the voltage ripple across the blocking capacitor is
neglected, (43) and (44) can be further condensed into

17
Ep +Ep =~ E71‘11)Ts[2V,-,, ~ 2VyuD] = P,Ts(1 — D) (46)

Ec, = %I—DTS(ZV,,,D)
Equations (46) and (47) clearly describe the relationships
between the amount of stored energy and the duty cycle.
During another interval (1—D)Ts, part of the energy
stored in L, and L, transfers to the secondary side of Ty
and the rest of the energy charges Cj,. After the resonant
inductor current changes direction, the energy stored in C,
transfers to the output capacitor via Tx.

P,TsD (47)

(v) Current of L,. The simplified current waveforms of ir,,
ipr and ip; are shown in Fig. 5. The positive peak current of
the resonant inductor (which is equal to the peak
magnetising current and peak current of S1) can be
expressed as:

L+l m

M I+ 1L,
o 1V(1=D)

n 2 LM

I pph = DTS

DIy (48)

In the same way, the minimum of magnetising current
isg valley Can be expressed as:

I, 1Vu(l- D)DT

Lnf_vattey = = — = 49)
YT 2 Ly (
iM,iLr A
I ppks WM_pk [~ NI p» -
] R
~. . - /
"~ T~
’M_valley i e N e ittt -
' >
/Lr
SN )
I
:'
. 1]
/D1 4 ! '
: ]
Ip1_pk
i
g »
- ';‘ Latt
DTg+ (1-D)7g

Fig.5 Simplified current waveforms of resonant inductor, magne-
tising inductor and output rectifier

From Fig. 5, the peak value of ip; can be solved by

1
§1D1_pk(1 -D)=1, (50)

Solving (50), the peak current of the output rectifier is
Ipy_g = . (51)
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According to the circuit operational principles described in
Section 2, ip, is equal to the difference of iy, and i,
multiplied by the turns ratio of Tx when S2 is on. The
negative peak current of the resonant inductor can be
derived from

i
[Lr_npk = IM_valley - ;IDl_pk

. L1+D 1 V(1 — D)
N wi-p 2 I, Pk (9

The current of L, is the key determinant of ZVS operation
of the switches, which will be discussed in the following
Section.

(vi) ZVS condition. The ZVS mechanism of S2 is like a
linear charging process. According to (10) in Section 2, the
ZVS condition of S2 can be obtained as

00 =(¥in ~ octa) 2L

i (t1)

(D,zC

— cosfwn(t — 1))

sinfwya(t — 11)] = Vi (53)

For Cp>» Cyi and wp(t—1¢) small, such that
sinfw,2(t — 11)] = w,2(t — 1) and cosfw,a(t — )] =~ 1, we
get an approximate solution:

t—t > Coy—7— (54)

lLr(tl)

where ir(t;) is the I7, py in (48). From (54), the ZVS
operation of S2 can always be maintained when a
sufficiently long dead time between the two power switches
is used. The required dead time to achieve ZVS operation of
S2 can be obtained from (48) and (54).

The ZVS condition of S1 depends on the energy stored in
L,, which is quite different from S2. It can be obtained from
(28) in Section 2:

vas(t) =(—vc(ts) + n%)gi’—é—/;ygﬁ(l — cos|wa(t — 15)])

+ -l;L—’—(%)—sin[aJm(t ~tg)] + Vi <0 (53)

Wr4C gy
Owing to the angular frequency w,4 being much bigger than
wyz, We cannot assume that 1 — cos[w,4(t — #4)] ~ 0 and
omit this term, as in the previous case. However, this term
can still be omitted because its coefficient is negligible when
compared with that of the other terms. Therefore, (55) can
be further simplified to

lLr( 4)

0aCo sm[am(t - f4)] +Vy <0 (56)

We can rearrange (56) to give

sin[wm (t 1‘4)] W4 Cus (57)

( 4)
Solving (57), the ZVS condition of S1 can be obtained:

1

5L ()22 = Cd,V2 (58)

where ir{ty) is the I, .z in (52). From (58), the ZVS
condition of SI depends on the energy stored in L,.

(vii) Loss analysis. The major contributions to losses of
the studied converter are classified into two categories: the
losses in the semiconductor devices, and the losses in

437



the transformer. The former includes the turn off switching
losses of S1 and S2, and the conduction losses of S1, S2, and
DI1. The turn off switching losses of S1 and S2 can be

calculated as:
I

Pofrs1 = / v (8)in,(t)dt (59)

4l

[ = waloic (60)

123

Poyrs2 =

The conduction losses of S1, S2, and D1 are:

Pon_Sl = Run_Sllél_RMS (61)
Pon_S2 = Ron_52]§2JMS (62)
Pono1 = Vaodel, (63)

where R, s1 and R,,_s» are the drain-to-source on-
resistance of S1 and S2 respectively, and Vo4 1s the
forward voltage drop on DI1. The losses in the transformer
include the core loss and the copper loss, which are no
different to those for a traditional flyback converter. With
careful design, these losses can be controlled within an
acceptable level.

4 Design considerations

This Section presents the design considerations and
important design parameters of the studied converter
according to its operational principles and characteristics.

(1) Duty cycle. From (35) in Section 3, the linear relationship
between the input voltage and the output voltage means
that the maximum duty cycle can exceed 50% when voltage
mode control is applied. The drawback of wider duty cycle
operation is that larger input capacitance would be required
to satisfy the hold-up time requirement in some applica-
tions. On the other hand, increasing the duty cycle will
lower the voltage stress on the output rectifier. This can be
derived from the maximum reverse voltage seen by the
output rectifier:

V;‘n - VC

Vo
Vbi ks = th~g (64)

Fig. 6 illustrates this phenomenon distinctly. In real life
conditions, the hold-up time is required to be greater than
one line period, or about 16ms for a 60Hz AC line
frequency. Usually, a 17~20ms hold-up time is the
common specification in most commercial products. In
Fig. 6, the value of the input capacitance to satisfy the 20 ms
hold-up time requirement when operating under current
mode control and voltage mode control are given,
respectively. Owing to the upper constraint on the duty
cycle, the input capacitance should be greater when current
mode control is applied. A compromise between the input
capacitor size and the output rectifier voltage stress should
be made. )

(i) Transformer magnetising inductor. The magnetising
inductor design is similar to the energy storage choke in the
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Fig. 6 Required input capacitance and output rectifier voltage
stress as function of duty cycle (this ‘input capacitance’ is referred to
bulk electrolytic capacitor connected in parallel with input source;
simulated at holdup time=20ms, Vyu=400V, V,=5V, and
I,=204)

conventional flyback converter operating in continuous
current mode. It can be determined by

V;nD(l _ D)TS
N4,

Ly < |Bu x 1078 prAeIﬁ (65)

(i) Resonant inductor. The resonant inductor design
can be determined by the selected ZVS operation range
of S1. From (52) and (58), the required resonant inductance
for achieving ZVS of S1 can be obtained. How-
ever, using a larger resonant inductance to ensure
the ZVS operation of S1 at light load condition is not
preferred. Fig. 7 shows the required resonant inductance
to achieve ZVS of S1 under the full load range at different
duty cycle operation. The steep slope curve of the resonant
inductance of ‘D = 30%" shows that the necessary resonant
inductance for ZVS of SI in light load is much greater

L, pH
140

120
100
80
60 |
40 k

20k

o

Fig. 7  Required resonant inductance for ZVS operation of SI as
Sunction of load, for several value of duty cycle (simulated at
V=400V, V,=5V and I,=204)
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than that in heavy load. When the output rectifier starts to
cut off, the energy stored in the resonant inductor
will cause resonance between the resonant inductor and
the parasitical capacitors of the output rectifier and the
transformer. Choosing an even curve in Fig. 7, which means
choosing a lower duty cycle, or narrowing the ZVS
operation range to alleviate the excessive ringing effect at
heavy load is recommended.

In real life conditions, using the sandwich winding
construction for the winding arrangement of the transfor-
mer, Ty, to reduce the leakage inductance is recommended.
After measuring the leakage inductance from the finished
transformer, one can determine the necessary external
inductance to satisfy (58). This method will increase the
controllability and also remove the heat inside the
transformer to the external inductor.

(iv) Blocking capacitor. The greater the value of Cj, the
more energy is stored in C, when S1 is on. After S1 is off,
the energy stored in L, and L, is transferred to the output
and charges C,, at the same time. The energy of C, does not
release to the output via Ty until the current of L, changes
direction. Using a larger size of C, will increase the energy
stored in C, when Sl is on, but will slow down the circuit
dynamic response.

(v) Power switches. According to the circuit opera-
tional principles, the current of the resonant inductor
is equal to ig; when SI is on, and is equal to is, when
S2 is on. Therefore, the peak current of Sl is the same
as the positive peak current of the resonant inductor,
which is

L, 1V,(l1—-D
Isi_pk = lir_ppi = ;+§————‘”(LM )DTS (66)

The RMS current of S1 can be derived from
DT i 5 —
/ ilk(l‘)dtr@ n"%D"i_iAzIM_pp (67)

Is)_rus = B

Ty

where A1y _,, is the peak-to-peak value of the magnetising
current of Tx.

S2 and the resonant inductor have the same current
when S2 is conducted. Owing to the arrangement of S2
and L,, Is; , is equal to the negative value of Iz, .
which is

. L14+D 1V,(1-D
Isz_pszlu_npk%-nzl_D-’rE m(LM )DTS (68)

The RMS current of S2 can be obtained from

1
Isz_RMSZFS/*izk(t)df

DT

2[3D-17 1 1-D
S|+ 3 — A%
\/n2 [3(1—13)%3"”-”’““ 12 oM

(69)

The voltage stresses of S1 and S2 are no greater than the
DC input voltage.

(vi) Output rectifier. The RMS current and the
voltage stress of the output rectifier depend on the
duty cycle. When the peak output rectifier current has
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been obtained in (51), the RMS value of this current can be
derived from

1

sa—n)

Ts
1
Ip) _rps = FS/ [iM(t) — l'lk(l)Jdt ~ 21,
0

The output rectifier should be chosen to handle the voltage
stress of 7% and RMS current calculated in (70).

5 Experimental results

According to the design considerations presented in the
preceding Section, a prototype is implemented with the
following specifications: input voltage V,;,,=400V DC,
output voltage V,=5V DC, maximum load current=
20A, switching frequency fs=60kHz, and ZVS
range =0% to 100% load.

The power stage consists of the following parameters.
Switches SI and S2: Toshiba 2SK2842, diode DI:
2 x Toshiba 30GWJ2C42C, blocking capacitor C: 3.3 uF/
250V, input capacitor: 68 uF/450V, transformer: A, of
core=1cm?, primary is 36 turns of litz wire 20 x 0.1 mm,
secondary is 3 turns of litz wire 100 x 0.1 mm,
L=280pH, Ly =8 uH, resonant inductance, L, =18 pH
(includes L, and an external inductance), and dead
time = 100 ps-(between the turn-off of S1 and turn-on of
S2).

Some key experimental waveforms are shown in Fig. 8.
These waveforms resemble closely those shown in Fig. 3.
The ZVS operations of S1 and S2 can be noted from the
waveforms shown in Fig. 9. From Fig. 92 and 9c, the
converter retains ZVS operations of S1 and S2 even under
the no load condition. The efficiency of the converter is
plotted in Fig. 10.

vg 51 (20 v/div)

Vis 1(500 v/div)

N

i (5 A/div)

0] b rsmraned iy (20A/V)

F

(=)

Fig. 8 Experimental waveforms (time scale is 2 psldiv)

6 Conclusion

From the analytical and experimental results, several circuit
features have been observed.

Not only the magnetising inductor of the trans-
former and the resonant inductor, but also the blocking
capacitor store energy when the output rectifier is off.
When the duty cycle increases, the energy stored in
the blocking capacitor will also increase accordingly.
However, the energy stored in the magnetising inductor
and the resonant inductor will decrease. Most of the energy
is stored in the blocking capacitor when the duty cycle
exceeds 50%.
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Fig.9 Experimental ZVS waveforms (Time scale is 1 usldiv)
a Sl at no load
b S1 at full load
¢ S2 at no load
d S2 at full load

The ZVS conditions of the two power switches are
quite different. The ZVS operation of S2 can always
be maintained when a sufficiently long dead time be-
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Fig. 10 Measured efficiency of prototype (Vi =400V, V,=5V)

tween S1 and S2 is used. However, S1 achieves ZVS
only when the energy stored in L, is larger than that
of Cdg

Larger L, ensures the ZVS operation of S1, but increases
the noise in the output rectifier. Lowering the duty cycle can
extend the ZVS operation range of S1 and can also suppress
ringing on the output rectifier. However, this will increase
the voltage stress on the output rectifier. A compromise
between ZVS range and the level of noise in the output
rectifier should be made.

This paper has described the circuit behavior of the
asymmetrical half bridge flyback converter. Design con-
siderations and trade-offs have also been suggested. A 5V/
20 A prototype has been built to verify the analytical results.
The experimental results show that the power switches can
maintain ZVS operations from no-load to full-load, and
that the efficiency can reach an optimum value of 80%.
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