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ABSTRACT

The flyback converter is one of the most attractive isolated convertersin small power applications because of its simple
structure. However, it suffers from high device stress, large transformer size, and high voltage stress across its switch and
diode. To solve these problems a new cost-effective PWM single-switch isolated converter is proposed. The proposed
converter has no output filter inductor, reduced voltage stress on the secondary devices, and reduced transformer size.
Moreover, the switch turn-off loss is reduced and no dissipative snubber across the secondary diode is required. Therefore,
it features a simple structure, alow cost, and high efficiency. The operational principle and characteristics of the proposed
converter are presented and compared with the flyback converter and then verified experimentally.
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1. Introduction

Until now, the various types of isolated switching mode
power converters have been proposed %, Among them,
the flyback converter shown in Fig. 1 is a favorite
topology for its simple circuit configuration and easy
isolation compared with other topologies in low power
applications . That is, with using only one switch, there
is no output filter inductor and no additional transformer
reset circuit, thereby making it very attractive. However,
the flyback converter suffers from the high voltage/current
stress of devices and the large magnetizing current of the
transformer increases the transformer size. Moreover, the
high primary peak current causes high switch turn-off loss
and the leakage inductance of the transformer causes high
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voltage spike and ringing across the switch and diode at
the switching transitions, which requires snubbers.

To improve the abovementioned drawbacks, a new
cost-effective PWM single-switch isolated converter is
proposed in this paper. As seen in Fig. 2, the proposed
converter simply consists of switch Q, transformer T,
capacitor Cs, diodes Dg; and Ds,, and an auxiliary snubber
network. In the proposed converter, the small transformer
leakage inductor L,y drives the powering current,
therefore no large filter inductor is required. The reset of
the transformer is automatically achieved by the secondary
capacitor Cs and the offset magnetizing current of the
transformer is less than that of the flyback converter,
resulting in the smaller transformer size. In addition, the
switch turn-off loss can be reduced by controlling the
resonance between L4 and Cs. Furthermore, the voltage
stresses of secondary diodes Dg; and Ds, are clamped to
Vo, therefore resulting in basically less voltage stress with
no snubber needed.
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Fig. 2 Proposed converter
2. Operational Principle

The key waveforms and topological states of proposed
converter are presented in Figs. 3 and 4, respectively. The
operation of one switching period is subdivided into two
modes as follows. Before t,, the transformer magnetizing
inductor current I, freewheels through the secondary
capacitor Cs.

Mode 1 [ to~ t; | : After Q is turned on at t,, the
powering path from the input to the output is formed
through Ly, Cs, Dg, and Q. Therefore, Ly, drives the
powering current and resonates with Cs. The primary
current I, (t) contains this powering current and I, (t) as
well. I, (1) and I, (t) are expressed as follows:
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Fig. 3 Key waveforms of proposed converter

Provided that the ripple of V,(t) is small enough I, (t)
can be approximated as (3), where V¢ o, means the
average value of Ve (t).
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The real powering current which transfers the power
from the input to the output is the difference between Iy,
(t) and I, (t). This current flows to the output through Cg
and Dg; and is expressed as follows:

Ipa(®=n, (VS +V, (1)) - nPVO) Zisin (0,(t-1)) 4)

R

Mode 2 [ t;~t; | : After Q is turned off at t;, Iy, (1) is
rapidly decreased to zero since the primary current path is
blocked. Therefore Ir,, (t), which used to flow in the
primary, now flows though Cs and Ds, of the secondary.
Hence, nVg (1) is applied to L, reversely and the reset of
the transformer is achieved.
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Iw(t) is expressed as (5). Provided that the ripple of
V() is small enough Ip,(t) can be approximated as (6).

ILm(t):ILm(tl)cos(a)m(t—tl))+@sin(wm(t—tl)) )

M

I, (00 [Lm(tl)—w. ©)

In this mode, the voltage spike of Vg (t) at the turn-off
instant by Ly, s energy is not considered.

At tp, one period is completed and the same operation is
repeated.
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Fig. 4 Topological states of operational mode. (a) Mode
1 (to~t1). (b) Mode 2 (ti~t2)

3. Characteristics

In this section the characteristics of the proposed
converter are presented and compared with the flyback
converter.

3.1 DC conversion ratio

The voltage—second balance across Ly, can be expressed
as (7) using Ve av, then the relationship between Vg aye
and Vo is expressed as (8).

D(nPVO —nPVchg) =(1-Dn Y, o, @)

v

Cs_avg =

Dy, ®)

In mode 1 the average current flows through Cs which
is the same as the load current Io. Therefore, the voltage
ripple of Vg, (1), AV can be expressed as (9).

AVC — IOTS — VOTS (9)
CS ROCS

Since the averaging current of Ipy is equal to Io, it can
be expressed as (10). Vii(to) is expressed as (11) from (8)
and (9).
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By substituting (11) to (10), the input-output voltage
conversion ratio is obtained as follows:

Vo_ 1 12)

Ve n[Ad+1-D]

a=Ls [1_ 1 (13)
R,Cs\ 2 1—cos(w,DTy)

If the value of ‘4’ is small enough, (12) can be
approximated as (14) like the boost conversion ratio and
Vs avg also can be approximated as (15). In other words,
provided that the voltage applied to Ly is small enough to
be ignored, the voltage applied to Ly, would be similar to
that of the flyback converter. Therefore, Vo, can be
expressed as (15). In a similar way, since Vs, Vg, and Vo
are connected in a series when in a switch conducting state,
Vo can be approximated as (14).
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Since the reset action of Ly is similar to the flyback
converter, it also can be operated in the discontinuous
conduction mode (DCM) at the light load as shown in Fig.
5, i.e, Ipe can be decreased to zero during the switch-off
gtate. In DCM, the DC-conversion ratio of the proposed
converter can be approximated as follows:

Vo I+ Ji+2n,D TR, /L, (16)
Vs 2n

P

As presented in (14) the DC-conversion ratio of the
proposed converter in continuous conduction mode
(CCM) is mainly dependent on the duty, not on the load.
Therefore, the duty is rarely changed under the load
variation. On the other hand, as shown in (16), the
DC-conversion ratio in DCM is strongly affected by the
load as well. Thus, the load variation in DCM changes the
operating duty as other converters.
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Fig. 6 Comparison between (a) flybcak converter and (b) proposed
converter

3.2 Transformer
In the proposed converter, the reset of the transformer is

automatically achieved by Vs without an auxiliary
circuitry like the flyback converter. However, this reset
operation causes additiona conduction loss in the
secondary since the reflected magnetizing current flows
through Ds,.

In general, atransformer size is considerably influenced
by the offset of the transformer magnetizing current. That
is, alarge offset current increases a transformer size 7.

Therefore, the transformer size of the flyback converter
isinevitably large and it is one of the main drawbacks of
the flyback converter that limits its rated power. Fig. 6
presents the transformer primary current Iy, and
magnetizing current 1, , of the proposed converter and
flyback converter, where li, aq, means the average of input
current. In the proposed converter, the average current of
magnetizing current |y agiS the same as I, ag. On the
other hand, | m ag is equal t0 lin ag/D in the flyback
converter. That is, the proposed converter has a lesser
offset of the magnetizing current, which can result in a
smaller transformer size. However, if both converters are
designed to be operated in DCM, the transformer size
would be similar.

3.3 Voltage stress of devices

Using (14) the voltage stress of the proposed converter
can be approximated as V¢/(1-D) and is the same as that of
the flyback converter. In both converters, a RCD-snubber
is required to prevent the voltage overshoot and ringing
caused by L as can be seenin Figs. 1 and 2.

Fig. 6 shows the voltage waveform of the secondary
diode. In the flyback converter, the voltage stress of the
secondary diode is Vo/D and a snubber is required to
damp the ringing caused by L 4. On the other hand, in the
proposed converter the voltage stress of secondary diodes
Ds; and Ds, are clamped to Vo since the two diodes are
connected in a series across the output V. Therefore, it
has basically less voltage stress than the flyback converter;
moreover no snubber is required.

3.4 Current stress of devices
The current stresses of the proposed converter are
basically higher than those of the flyback converter
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Tablel Comparison of Device Stresses between Flyback converter
and Proposed converter

Flyback converter Proposed converter
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because of the resonance between L4 and Cs. From (4)
and (11) the peak current of Ipg is obtained as follow.
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R
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By the current-second balance of Cs, the average of Ipg
is equal to the average of lpgy. Ipe is the reflected
magnetizing current, thus its peak current is dependent on
the magnetizing inductance. The peak current of Ipsp can
be approximated as (18) and is similar to that of the
flyback converter.

| _ lo . N,DVeTg (18)
Ds2_ peak 1_ D 2L

M

Provided that the ripple current of 1, is smdl, the peak
switch current I pex Can be approximated as (19) using (1).
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3.5 Switch turn-off loss and snubber loss

The switch turn-off loss is mainly determined by the
switch current at the instant of turn-off. As can be seenin
Fig. 6, the switch current of the proposed converter at the
instant of turn-off isless than that of the flyback converter

by the help of resonance between Ly and Cs. Therefore,
the proposed converter has less turn-off loss.

In the case of using a RCD-snubber in the primary as
shown in Figs. 1 and 2, the loss dissipated by the snubber
is dependent on the energy stored in Ly . That is, I at
the instant of turn-off mainly determines the loss.
Therefore, the proposed converter has also less dissipation
by the snubber compared with the flyback converter.

Table 1 shows the comparison of device stress between
the flyback converter and proposed converter, where
Ib_peak @Nd Vp mean the peak current and voltage stress of
secondary diode, respectively, and ‘' ¢ ' means the
additional voltage stress caused by the voltage spike and
ringing. Provided that the flyback converter and proposed
converter are operated in same duty, the relationship of
turn ratio is expressed as follows:

Dn, =n, (20)

To be brief, athough the proposed converter has more
components and additional conduction loss of the
secondary, its transformer size, switch turn-off loss, and
voltage stress of diodes are significantly reduced
compared with the conventional flyback converter.
Moreover, no additional snubber across the secondary
diodesis required.
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Fig. 7 Comparison of current waveform. (a) Tz/2 > DTs.
(b) Tr/2 <DTsg
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Fig. 8 Experimental waveforms. (a) Iig, Vo, and I¢ at full load. (b) Ins, Vs, Ins, and Vi, at full load. (¢) Iix,, Vo, and I¢s at 50% load. (d) Ing, Vo, Ine,
and Vpg, at 50% load. (e) Lie, Vo, and Iy at 20% load. (£) Ing, Vs, Ins, and Vi, at 20% load.

4. Design Consideration The primary device stress of the proposed converter is
similar to that of the flyback converter as shown in Table 1
4.1 Selecting duty and turn ratio since it also utilizes only one switch. Generally,
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single-switch type converters such as the flyback or forward
converters suffer from high voltage stress to reset the
transformer as its duty increases. On the other hands, a
snaler duty increases the current stress of the switch.
Therefore, the duty and transformer turn ratio of the proposed
converter are chosen to accommodate as low a voltage rating
for the switch as possible while having a reasonable current
stress of the switch using an adequate trade-off.

4.2 Selecting resonant capacitor Cg

Fig. 7 shows the current waveform of the proposed
converter, where Tg is the resonant period between Ly
and Cg, i.e., Tgr = 1/2my. The proper selection of Tk can
improve the converter performance. In the case of
Tr/2>DTs, the current stress of device can be reduced;
however, the switch turn-off loss is increased. On the
other hands, in the case of Tr/2<DTg the switch turn-off
loss is reduced and Dg; achieves zero-current-switching
(ZCYS) turn-off which minimize the reverse recovery of the
diode. However, the current stress and conduction loss of
the devices are rather increased. Therefore, Ty is selected
in the midpoint as (21) to achieve ZCS of the diode while
minimizing the switch turn-off loss as presented in the
solid line of Fig. 7.

-DT. (21)

S

N |

To minimize the switch turn-off snubber loss, the
smaller Lyg is desirable. Thus, once L is determined
from the fabricated transformer, Lq is set as it is and Cs
can be selected as follows:

.- 4(7mLp‘DTS)2 22)

The condition (21) can be maintained as long as the
converter is operated in CCM. However, at alight load where
the converter is operated in DCM, the duty is decreased and
the condition (21) cannot be guaranteed any more.

4.3 Selecting transformer magnetizing inductor Ly
In the proposed converter, the effect of Ly, is similar to
that of the flyback converter. The large inductance of Ly
resulting in a small current ripple of I_,, can reduce the

switch turn-off loss and the current stress of Dep.
Moreover, the large inductance enlarges a CCM range
which guarantees the condition (21). However it increases
the transformer size. Therefore, a reasonable trade-off
between these factors is required.

5. Experimental Results

The prototype of the proposed converter has been built
with the following specifications: input voltage Vs =
100V, output voltage Vo = 48V, output power Py = 100W,
switching frequency fs = 42kHz, switch Q: FQP17N40,
secondary diodes Dg; and Ds,: 30CTQO060, transformer T:
EER3435, turn ratio ng=56/15, transformer leskage
inductance Lug 20uH, transformer  magnetizing
inductance L,:950uH, and resonant capacitor Cs: 11uF,
where a RCD-snubber (Rc=10k<2) is employed across Q.

Figs. 8 (@ and (b) show the key experimental
waveforms of the proposed converter at full load condition.
It can be seen that |4 drives the powering current with the
resonance between Ly and Cs, and it decreases |yq &t the
instant of switch turn-off. Moreover, it turns-off the
secondary diode Ds; smoothly, which minimize the
reverse recovery. The voltage stresses of Dg; and Dg, are
effectively limited by Vo without additional RC-snubbers.

Figs. 8(c) and (d) show the experimental waveforms at
the 50% load condition, and Figs. 8(e) and (f) do at the
20% load condition. In the 50% load condition, it is still
operated in the CCM, therefore the duty is rarely changed
and ZCS turn-off of Dg is still achieved. On the other
hands, in the 20% load condition, it is operated under the
DCM. Thus, the duty is considerably reduced, which
increases lyq at the turn-off instant and loses ZCS turn-off
condition of Dg;. Instead, D, isturned off smoothly.
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Fig. 9 shows the measured efficiency of the proposed
converter and flyback converter. Since the proposed
converter has the reduced turn-off loss, the reduced
RCD-snubber loss and no dissipative snubber in the
secondary, it can achieve a higher efficiency than the
flyback converter along awide load range.

6. Conclusion

A new single switch isolated converter is proposed,
which utilizes the transformer leakage inductor to drive
the powering current instead of a large inductor. The
proposed converter has a reduced transformer size,
reduced switch turn-off loss, and reduced voltage stress on
the secondary diodes compared with the flyback converter.
Moreover, no dissipative snubber across the secondary
diodes and no additional transformer reset circuit are
required. Therefore, it features a simple structure, low cost,
and high efficiency promise for small power applications.
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