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ABSTRACT

This paper proposes a soft switching techniques by using the isolated DC-DC converter in a
single switch. To analysis and design of a new DC-DC converter applied for the applications,
such as photovoltaic module-integrated converter (MIC) systems, portable fuel cell systems
and vehicle inverters. The proposed topology, based on the soft switching technique, uses
only one switch to step up the mains voltage with high gain The proposed converter has able
to offer reduced cost and high power density in boost application due to the following
features because of the switch has turn on by Zero current switching and turn-off by Zero
voltage switching and Zero current switching turn-off and diodes regardless of voltage and
load variation and low rated lossless snubber and reduced volume of transformer comparing
flyback converter due to low magnetizing current.

. photovoltaic system is a system which uses
. Introduction one or more solar panels to convert solar

Isolated step-up dc-dc converters are used  energy into electricity. In order to smaller

in many application, such asphotovoltaic input current ripple, lower diode voltage
module-integrated converter (MIC) systems, rating and lower transformer turns ratio, the
portable fuel cell systems[1l] and hybrid current-fed isolated converter is better suited
vehicle inverters where high efficiency, high  for step-up applications. The current-fed
power density and low cost are required[4]. A jsolated converter has two types: passive-

e
73




A Single Switch Fully Soft- Switching Isolated DC-DC Convert,.. A.Ruby Meena,et al,..

clamped[5] and active-clamped[8] The
passive-clamped current-fed converter has
simple structure and small switch count, but
suffers from excessive power losses
dissipated in the RCD snubber and associated
with hard switching of main switch. Active-
clamped current-fed converters have actively
been developed based on three methods
:push-pull[5]  ,full-bridge[6] and half-
bridge[11]. They achieve not only lossless
clamping of voltage spikes caused by
transformer leakage inductance but also zero-
voltage switching (ZVS)turn on of the
switches. The effect of the reverse-recovery-
related problems become more significant
for high switching frequency at high power
level. However, they can’t be expected to
achieve high efficiency and low cost in
relatively low power application since they
need at least two or more switches and
corresponding gate driver circuits.

Isolated converters with reduced switch
count have been proposed for low power
application [8]. Isolated dc-dc converter
swith one main switch and one clamp switch
achieves ZVS turn on of switches, but
switches are turned off with hard
switching[11]. Isolated single switch dc-dc
converters are more attractive to achieve low
cost Z-source converter and flyback
converter[15] are hard switched at both turn-
on and turn-off instants. Frequency-
controlled flyback converter and series-
connected forward-flyback converter achieve
zero-current  switching (ZCS)turn-on of
switch, but the switch is hard switched at
turn-off instant. The above mentioned single
switch topologies have increased transformer
volume since magnetizing inductor is used
for energy transfer . An isolated single-switch
resonant converter achieves[17] both ZCS
turn-on and ZCS turn-off of switch, but need
high transformer turn ratio for step-up
application due to low voltage gain and hence
is not suited to boosted application.

This paper proposes a soft switching
techniques by using the isolated DC-DC
converter in a single switch.. The proposed
converter has the following features: 1) ZCS
turn-on and ZVS turn-off of switch regardless
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of voltage and load variation 2) ZCS turn-off
of all diodes leading to negligible voltage
surge associated with the diode reverse
recovery 3) small input current ripple due to
CCM operation 4) transformer volume are
reduced due to low magnetizing current 5)
low rated lossless snubber , which makes it
possible to achieve high efficiency and low
cost for step-up application.

Il. PROPOSED CONVERTER

Fig.1 shows the circuit of the proposed
converter. The proposed converter has the
components of input filter inductor Li,
switch S, a lossless snubber should include
capacitor Cs, inductor Ls, and diodes Dsl
and Ds2, and clamp capacitor Cc at the
primary side and Lr-Cr series resonant
circuit and diodes Dland D2at the secondary
side. The lossless snubber will possible to
achieve ZVS turn-off of switch as well as
clamp the voltage spikes of the switch by
leakage inductance.

e

Fig 1: Circuit diagram of proposed dc-
dc converter

Also, the Lr-Cr series resonant circuit
makes it possible to achieve ZCS turn-off of
diodes. Fig. 2 shows three resonance
operations according to the variations of
resonant frequency frlwhich is expressed as
in (1): the above-resonance operation (DTs<
0.5Trl), the resonance operation (DTs=
0.5Trl), and the below-resonance operation
(DTs>0.5Trl).
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Fig. 2. Comparison of switch and diode
current waveform according to variation
of switching frequency: (a) Above-
resonance operation (DTs < 0.5Trl), (b)
Resonance operation (DTs = 0.5Tr1), and
(c) Below-resonance operation (DTs >
0.5Tr1).

fr1=i= (l)
Trl

1
7~/ LrCr

2

It can be seen from Fig. 2 that the total
switching losses are smaller for the below-
resonance operation since both switch turn-
off current and diode di/dt of the below-
resonance operation are smaller than them of
the above-resonance operation. Therefore, the
below-resonance operation is chosen for the
proposed converter.
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Fig 3. schematic operating waveforms
to illustrate the operation of
ZVS&ZCS

A. OPERATING PRINCIPLE

Figs. 3 and 4 show the waveforms and
operationing states of the proposed converter
in the below-resonance operation(DTs >
0.5Trl), respectively. In order to design the
analysis of the steady-state operation, it is
assumed that the input filter and magnetizing
inductances are large enough so that they can
be treated as constant current sources during
a switching period. It is also assumed that
clamp and output capacitances are large
enough so that they can be treated as constant
voltage sources during a switching period.
The voltage VCc across the clamp capacitor
is the same as the input voltage Vi. In the
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below-resonance operation, nine modes exist
within Ts.
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Mode 7:(T6-T7)
Mode 1: (TO-T1)
This mode begins when switch S1 is turned
ON. Equivalent circuit of this mode is shown
in Fig. 5(a). Ls and Cs start resonating and
resonant current iLs flows through Ls, Ds1,
Cs, and S1. The voltage and current of
resonant components are determined,
respectively, as follows:

i(t) :Vcs(to)Esin(a)r(t —t0)),to <t <t2
(2)

i(t) =Vcs(to) cos(ar (t —to)),to <t <t2
©)

Where, or2 = 1

LsCS
VCr,min-nVCc-Vo across Lr makes time
interval from tO to t1 very short, current iLr
appears to decrease almost linearly. Current
through S1 increases with the slope of iLr,
resulting in ZCS turn-on of S1. The turn-on
loss of switch associated with energy stored
in MOSFET’s output capacitance is
negligible in this low input voltage
application [27]-[29]. This mode ends when
current iLr reaches OA. It is noted that diode
D1 is turned OFF under ZCS condition
Mode 2: (T1-T2)

This mode begins when current iLr changes
its direction. Equivalent circuit of this mode
is shown in Fig. 5(b). Lr and Cr start
resonating and resonant current iLr flows
through Lr, Cr, and D2. The voltage and
current of resonant components are
determined, respectively, as follows:

i(t) = (Vcs —nVcs), l% sin(or (t—t1)),tl<t <t4
(4)
V (t) = nVce — (nVee —Vemin) cos(ar (t —t1)),tl<t < t4

(®)

Mode 3: (T2 -T3)

This mode begins when diode Ds2 is
turned ON. From this time Current iLs is
determined by following equation, and this

mode stops when current iLs reaches OA.

1(t) = _\:_Lsc(tl—tz) +1s(t2),t5 <t < t6

(6)

Since induced voltage
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Mode 4: (T3 -T4)

The Lr-Cr resonance keeps on during this
mode and ends when current iLr reaches OA.
Under ZCS condition diode D2 is turned
OFF.

Mode 5: (T4 -T5)

During this mode a constant current flows
through S1 whose value is the sum of the
input current li and the magnetizing current
ILm.

Mode 6: (T5-T6)

The mode begins when S1 is turned OFF.
Then, li + ILm flows through Cs, Ds2, and
Cc. Voltage across snubber capacitor Cs
which is determined by the following
equation increases linearly with the slope of
(li+1Lm)/Cs, resulting in ZVS turn-off of S1.

1) =—H+H1M ey vee t6<t<t7 (7)

Mode 8:(T7-T8)

!t n
S— 2 5 [
1 v Ca f‘:“" {
T S O L
o LT "fj d : ﬂ
™

Mode 9:(T8-T9)

Mode 7:(T6-T7)

This mode begins when diode D1 is
turned ON. Lr and Cs starts conduction for
resonating and resonant current iLr flows
through Cs, Ds2, Lr, D1, and Cr. Assuming
that Cs << n2Cr, vCr can be considered
constant, and resonance frequency can be
determined by Cs and Lr. Therefore, the
voltage and current of resonant components
are determined, as follows:

1(t) =(li + lIM)[1—cos(ar (t —t6))],t6 <t <t7

(8)
v(p) = 1im W(t_t6)+Vo—ch t6<t<t7
9)

Mode 8:(T7-T8)

This mode begins when diode Dsl is turned
ON as shown in the fig Ls, Cs, Lr and Cr
start resonating and resonant current iLr
flows through Ls, Dsl, Cs, Cc, Lr, D1, and
Cr.

This mode ends when current iLs reaches
0A.

Mode 9:(T8-T9)

Switch S1 is to be turn-off condition, and
the sum of the input current and magnetizing
current is being transferred to the secondary.
Current iD1 is equal to (li+ILm)/n. This
mode ends when switch S1 is turned ON.
The average current of magnetizing inductor
Lm is equal to average current of snubber
inductor Ls since ILs,avg = IDs2,avg and
IDs2,avg = ILm,avg. Therefore, it should be
noted that transformer core volume of the
proposed converter is much smaller
compared to that of the flyback based
converter since ILs,avg (= ILm,avg) can be
designed to be small.

B. Voltage GainExpression

To obtain voltage gain of the proposed
soft switching
DC-DC converter, it is assumed that voltage

| across Ccis constant and magnetizing current
' is eliminated during the switching period Ts.

1) Below-resonance operation (DTs >
0.5Trl):

From the average current of diode D2 is
identical to the average load current in the
steady-state condition.

The maximum voltage of the resonance
capacitor VVcr,min can be obtained as,

Ver, min =nVce — Vo (10)
2CrfsRo
The maximum voltage of the resonant

capacitor VCr,max can be obtained by,

Ver, max = nVce + (11)

2CrfsRo
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The time interval from t6 to t7 in Fig. 3 is
quarter the Lr-Cs
resonant frequency and determined by

t7-t6=—" (12)
208

The voltage gain can be obtained by
Do B (13
Vi 1-D-A
Where,
A TS
2ws
_ Cs(2CsfsRo —1)

2nCr

B

C. Design Procedure

1) Choose average value of snubber
inductor current ILs,avg:1Ls,avg should be as
small as possible in order to minimize
conduction loss of the snubber components
and magnitude of the magnetizing current.
However, if Cs is chosen to be small to
reduce conduction loss of the snubber
components the voltage rating of the switch
increases, as shown in (9), resulting in high
conduction loss of the switch. Therefore,
considering tradeoff between conduction
losses of the switch and snubber
components, ILs,avg is chosen to be around
3% of average input current, which is
expressed as

lls,avg = 0.03 li,avg = 0.27A

2) Determine values of n, Lr, and Cr: In
order to simplify the design procedure, the
voltage gain can be approximated as

o__n (11)
Vi 1-D

From the equation ,the below resonance
operation is chosen for the proposed
converter due to smaller switch turn off
current and diode di/dt so that the minimum

duty cycle for the below resonance
operation can be obtained as
D min = 7fs+/LrCr (12)

In the transformer ratio n has been chosen
as 1:5 is considering to turn off condition
loss and switching loss of switch S.
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3) Determine value of Ls: Snubber
inductance Ls should be designed to
minimize reverse-recovery effects of snubber
diodes Dsl and Ds2.from that the reverse
recovery time of the diodes the snubber
inductance Ls is to be chosen.

111 SIMULATION RESULTS

The proposed converter has been built and
tested to verify the proposed concept.
Component ratings and selected devices of
the proposed converter are listed in Table 1.
that current ratings of the snubber
components are much lower than Leakage
inductance of the transformer is used as the
resonant inductance

Output Voltage: Vo =500Volts
Input Voltage: Vin =45 Volts
Output Power: Po =250W

Switching Frequency: fs =100 kHz
Duty cycle; D =0.65
Load Resistor: R =570 ohm
The following components were used to
implement the simulation of the proposed
boost converter:
Filter inductor Li =100mh
Snubber inductor Ls = 5mh
Snubber capacitor Cs = 16nF
Resonant capacitor Cr =560nF
Resonant capacitor Co = 1uF
Clamp capacitor Cc = 82uF
Snubber capacitor Cs =16nF
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Fig.5 Simulation circuit of proposed
converter in MATLAB

Fig.6 Output Voltage & current

waveform duty cycle of 0.65
The output voltage and current waveform is
above it has ben chosen as the input voltage
as 45volt with the solar panel. and has the
output voltage as the 500volts with the duty
cycle of 0.65 and with respective element of
the passive components has been mentioned
above. Thereby switching losses are greatly
reduced. zvs is achieved by resonant tank Ls
and C which are very small in values.

79

|'ll )-. o

Il HH [0 »_"

0 1R lw% lu.u.‘ 0 ’:! e s r ] N .nu |

ol e i
e Wl W

1«'2 LIIJ 01922

g1%@ 02 02 02 02
‘ mastet volty

wnder 2CS &2v3

19989 0

100} 11 Tilg) F:;;} :':', ’.:'ﬂ fls

bl |l 1O

01eEs 0t 2 109 0199 D19® D
|

Fig 7: the switching current &voltage
waveform for the condition of under ZVS
and ZCS

It show experimental waveforms at full
load condition when input voltage is 45V,
respectively. Fig. 8 show that switch S1 is
turned ON with ZCS at both full and half
load conditions. Fig. 8 show the
experimental waveforms of switch S1 at
turn-off. In theory, S1 is turned OFF with
ZVS.

IV CONCLUSION

In this paper, a single-switch soft switch
power converter with an energy-blocking
diode has been designed for use in a solar
energy generation system. The structure of
the proposed converter is simpler and
cheaper than other soft switch power
converters, which  require  numerous
components. The novel soft switch converter
is analyzed, and performance characteristics
are presented. A single switch soft-switched
isolated converter was proposed for step-up
application such as MIC, portable fuel cell
systems and vehicle inverters. Improved
features such as fully soft-switched
characteristics of switch and diode, low rated
lossless snubber and reduced transformer
volume make the proposed converter achieve
lower cost and higher power density
compared to the conventional flyback based
converter.
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