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An Isolated Single-Switch ZCS Resonant Converter
With High Step-Up Ratio

Jaeyeon Lee ”, Minjae Kim

Abstract—This article proposes an isolated high step-up reso-
nant converter which is suitable for low power application. The
proposed converter is simple in structure since it employs only one
switch while not necessitating a clamp circuit. Also, the proposed
converter is able to achieve ZCS turn-ON and turn-OFF of the
switch and ZCS turn-OFF of diodes using a parallel resonant circuit,
resulting in high efficiency. Furthermore, the proposed converter
has reduced transformer volume due to zero dc-offset current in
transformer. Experimental results on 450-W prototype are pro-
vided to validate the proposed concept.

Index Terms—High step-up, resonant converter, single switch,
soft switching.

1. INTRODUCTION

N THE renewable energy systems, such as photovoltaic

module-integrated converter systems, fuel cell systems, hy-
brid electric vehicles, and uninterruptible power systems, high
power density, high efficiency, and low cost dc—dc converters
have been required [1]-[4]. Generally, these systems are com-
posed of a dc—dc converter usually with low and wide input volt-
age and a dc—ac inverter. In order to boost the low input voltage
to a high output voltage of the dc link terminal, a high step-up
converter is required at the dc—dc stage. In the applications that
require high step-up output voltage, the isolated topologies are
preferable because they can achieve higher efficiency than the
nonisolated converters by properly designing the transformer’s
turn ratio. Moreover, the transformer provides galvanic isolation
between the input and output, which is desired from the safety
perspective [S]-[8].

A number of isolated dc—dc converters have been proposed
for high step-up applications [9]-[27]. The isolated high step-up
dc—dc converter has two kinds of topologies: passive clamp
converters [9], [10] and active clamp converters [11]-[19]. The
passive clamp converters have simple structure and low switch
count, but suffers from considerable power losses associated
with hard switching of main switch. Besides, the RCD snubber

Manuscript received January 14, 2021; revised March 20, 2021; accepted
April 3, 2021. Date of publication April 13, 2021; date of current version June
30, 2021. This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea Government (MSIT) under Grant
2020R1A2C2006301. Recommended for publication by Associate Editor J.
Lam. (Corresponding author: Sewan Choi.)

The authors are with the Department of Electrical and Information Engi-
neering, Seoul National University of Science and Technology, Seoul 01811,
South Korea (e-mail: wodus847 @seoultech.ac.kr; tostood @seoultech.ac.kr;
rlatjswn83 1 @seoultech.ac kr; schoi @seoultech.ac.kr).

Color versions of one or more figures in this article are available at https:
//doi.org/10.1109/TPEL.2021.3072647.

Digital Object Identifier 10.1109/TPEL.2021.3072647

, Sunju Kim

, and Sewan Choi”, Fellow, IEEE

circuit of the passive clamp converter causes large amount of
losses. The active clamp converters have actively been devel-
oped based on three basic topologies: push—pull [11]-[13],
half-bridge [14]-[16], and full-bridge [17]-[19]. These active
clamp converters not only achieve zero-voltage switching (ZVS)
turn-ON of switches but eliminate the voltage spike that is
induced by the trapped energy in the leakage inductor of the
transformer with the help of the active clamp, thereby being able
to further increase switching frequency. However, it seems not
to obtain high efficiency and low cost in low power application
due to many switches and their driving circuits.

In response to this concern, single switch isolated dc—dc
converters have been proposed for low power applications [20]-
[27]. Single switch isolated dc—dc converters could be PWM
converters [20]-[23] such as Z-source converter and flyback
converter or resonant converters [24]-[26] such as CL, LCL,
and CLL resonant converter. The Z-source [20] and flyback
converters [21] have only one switch and one clamp circuit,
but the switch is hard switched at both turn-ON and turn-OFF
instants. Frequency-controlled flyback converter [22] and series-
connected forward-flyback converter [23] achieve zero-current
switching (ZCS) turn-ON of switch, but the switch is hard
switched at turn-OFF instant. In contrast, resonant converters
[24]-[26] have many advantages such as the followings: 1)
soft switching turn-ON and turn-OFF of switch; 2) utilization of
parasitic elements such as leakage and/or magnetizing inductor
of transformer as resonant elements; and 3) simple structure
due to absence of clamp circuits. However, the aforementioned
single switch topologies have large dc-offset current in the
transformer leading to increase transformer volume. The elec-
trolytic capacitor-less converter [27] can reduce the transformer
volume due to low magnetizing current. Besides, the converter
achieves not only ZVS turn-ON of switch, but also ZCS turn-OFF
of switch. But, in order to achieve the high step-up ratio, the
operation switching frequency range should be wide enough to
accommodate variations in input.

In this article, a single switch ZCS resonant converter is
proposed for isolated high step-up application. The proposed
converter was previously presented in the conference [28], [29]
with the discussion of simulation results. The proposed converter
has the following features:

1) reduced transformer volume due to zero dc-offset current
in transformer;
simple structure due to absence of clamp circuits;

ZCS turn-ON and turn-OFF of switch regardless of voltage
and load variation.

2)
3)
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Fig. 1.

Circuit diagram of the proposed converter.

4) ZCS turn-OFF of all diodes leading to negligible voltage

surge associated with the diode reverse recovery;

5) high-voltage gain within narrow operation switching fre-

quency range.

These features make it possible to achieve high efficiency
and low cost in the low power, high step-up application. Exper-
imental results on 450-W prototype are provided to validate the
proposed concept.

II. PROPOSED SINGLE SWITCH CONVERTER

Fig. 1 shows the circuit diagram of the proposed converter;
it consists of input filter L;, switch Sy, clamp capacitor C¢ at
the transformer primary side, and L,—C, parallel resonant tank
and voltage doubler rectifier at the transformer secondary side.
The output voltage of the proposed converter is regulated by
switching frequency variation.

A. Operating Principle

Figs. 2 and 3 show key waveforms and operation states of
the proposed converter, respectively. In order to simplify the
analysis of the steady-state operation, it is assumed that the
input filter inductance is large enough so that it can be treated
as a constant current source during a switching period. It is also
assumed that C¢, Cy4, and C,, are large enough so that they can
be treated as constant voltage sources during a switching period.
The average voltage across C is the same as the input voltage
V. The operation states of the proposed converter are described
as follows.

Mode 1 (tp ~ t;): This mode begins when switch §; is
turned ON at f#y. Then, current iz, decreases linearly and can
be expressed by

I, Vi+V, =V,
inn(t) = - _nVi+ cd

n L,

to <t <t.

()

This leads to ZCS turn OFF of diode D;. The switch current
also increases linearly, making switch S; to be turned ON with
ZCS. This mode ends when current iy, reaches 0 A.

Mode 2 (t; ~ t2): This mode begins when current i, changes
its directions. Since diode D> is reverse biased, L,. and C,. start
resonating with the equivalent circuit shown in Fig. 4 (a). The
voltage and current of resonant components are determined,
respectively, as follows:

(t —to),

inr(t) = (—nV; = Vo + VCd)\/?:sin(wr(t —t1)),

t <t<ty ()
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Fig. 2. Key waveforms of the proposed single switch converter.
ver(t) = (nV; + Vi, — Vo) cos(wy(t — t1)) — nV;,
t <t <ty 3)

where w, = 1/+/L,C,.. The resonant operation continues until
voltage v - becomes equal to —V .

Mode 3 (t5 ~ t3): Diode D5 is turned ON at t, when v ¢- reaches
—V 4. Then, current i 7, decreases linearly and can be expressed
by

nV; — Veog
L,

This leads to ZCS turn-OFF of diode D5. This mode ends when
current iy, reaches 0 A.

Mode 4 (t3 ~ t4): This mode begins when current i, changes
its directions at f3. Since diode D is reverse biased, L, and
C, start resonating with equivalent circuit shown in Fig. 4(b).
The voltage and current of resonant components are determined,
respectively, as follows:

Z‘Lr(t) :Z.Lr(tg)f (t*tg), to <t <ts. (4)

iLr(t) = (—nVZ + VCd)\/ % sin(wr(t - tg)), t3 <t <ts
(5)

t3 <t <ts.
(6)

ver(t) = (nV; — Vig) cos(wy(t — t3)) — nV;,

This mode ends when current iy, reaches I,;/n.
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Fig. 3. Operation states of the proposed converter.

Mode 5 (t4 ~ t5): At time 1,4, the current through switch §;
changes its direction, flowing through main channel of switch §;
since the gating signal for switch S; is still applied. The current
flows through the body diode of switch S; when switch S is
turned OFF. It is noted that switch S is turned OFF with ZCS due
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velt) = Vo-Vea velt3) = -Veu
i(t)=0 i(t3) =0
(a) (®)

Fig. 4. Equivalent resonant circuits. (a) Mode 2. (b) Modes 4 and 5.

to the L,—C,. resonance. The resonant operation continues until
current iy, becomes again equal to I1,;/n.

Mode 6 (t5 ~ tg): During this mode, switch Sy is in the turn-OFF
state and the constant current flows through the primary winding
of the transformer. Voltage v, increases linearly and can be
expressed by

7
" nC,

This mode continues until voltage v ¢, reaches V,—V ¢q.

Mode 7 (tg ~ t7): At time tg, diode D1 is turned ON and the
input power is transferred to the output side. This mode ends
when switch S is turned ON at time #7.

UC?"(t) (t — t5) + Uc,»(t5), t5 <t < tﬁ. (7)

B. Voltage Gain Expression

To obtain voltage gain of the proposed converter, voltages
across C¢ and Cy are assumed to be constant.
From Fig. 2, we have

tr —tog =Tk. ®)

The time interval from 7 to #; in Fig. 2 can be obtained from
(1) by
Ip;L,
n(nVi+V, —Vea)'

t1—to = )
The time interval from #; to 5 in Fig. 2 can be obtained from
(3) by

1
to —t1 = — arccos
Wy

nV; — Vea
_ . 1
(n‘/i—f—Vo—VCd) (10)

Since the average current of diode D- is identical to the
average load current in the steady state, the following equation
is obtained:

Vs, 1
Ip2ave = — = —Ipapeax(ts — t2)/Ts. 11
D2,avg R, 2 D2,peak(ts — t2)/ (11)
From (4), we have
VCd - n‘/T ID2 peak

= J . 12
L, t3 — 1o (12)

From (11) and (12), current I ps peak can be obtained by

2Vo,(Vea — nV;

Lo pense = 1| YelVea = Vi) (13)

Roers
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Applying trigonometric function to (2), (3), and (13), voltage
V4 can be obtained by

Vea

(1+ RofsCr)’

The time interval from 75 to 3 in Fig. 2 can be obtained from
(12) and (13) by

o WL,
s Rofs(Voa —nV;)’

The time interval from 73 to #5 in Fig. 2 can be obtained from

(5) by
T 1 . Ir; L,
e — — — /= 1].
ts — i3 o o arcsin (n(VCd v C’r) (16)

15

Since the average current of diode D is identical to the
average load current in the steady state, the following equation
is obtained:

C,
I (Vo = Vea +nV;
Ir;

s Ly (I\?
(¥ -y - L (12)

Since the average current of diode D; is identical to the
average load current in the steady state, the following equation
is obtained:

to — t5 =

a7

Vo I
R, 2n

The time interval from 7 to #7 in Fig. 2 can be obtained from
(9) and (18) by

((t1 —to) +2(tr —t6)) /Ts.  (18)

IDLavg =

- ’/ZVOTS . ILiL,,.
 Rolni  2n(nVi+V,—Vea)'

From (8)—(10), (14)—(17), and (19), the voltage gain can be
obtained by (20), as shown at the bottom of next page.

tr —tg (19)

III. DESIGN GUIDELINE

A design example of the proposed converter is presented in
this section. The following converter specifications are consid-
ered in the design: output voltage V, = 380 V, input voltage
V; = 38~56 V, output power P, = 45~450 W, and minimum
switching frequency fs min = 60 kHz.

From Fig. 5, converter voltage gain is plotted for different
load conditions. The graph has the identical tendency regardless
of a turn ratio n. The minimum frequency fs min leads to the
minimum voltage gain M,;,, as defined by (21). The resistance
at the minimum load is calculated in (22):

Vo
Myin = 21
Vi @D

V. 2
Ro,max = Poyomin . (22)
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Fig. 5. Voltage gain curves of the proposed converter at different loads
(n=2).

Likewise, at fs max, the maximum voltage gain M, and the
resistance at the maximum load are given as follows:

Vo

Mrnax - ‘/;',min (23)
V,?

o,min — . 24

Homin =B e

Step 1) Determine turn ratio n: Based on the operating prin-
ciples, the rms current and voltage rating of switch §; are
calculated, respectively, as follows:

1 ts .
L1 pmme = \/ = / (I —n-ig ()2t (25)
s to
Vs, 1
Vo1 =5, (1 * 1+k)

where k = R,C,. fs.

Fig. 6 shows rms currents and voltage ratings of switch Sy
based on (25) and (26) for different values of turn ratio n.
Regardless of the turn ratio, the resonant inductance L, range
(0~5uH) is not considered as a category since the switch current
rating is very high.

The characteristics of Si MOSFET are very good below voltage
rating 150 V. However, a turn ratio equal to 1 is excluded from
the selection since the voltage rating is relatively high within
the given range. On the other hand, within the design of L,
(18~23uH), a turn ratio n equal to 2 leads to low switch rms
current and voltage rating. A turn ratio n equal to 3 is not con-
sidered in the design due to the limited range of L,. (5~11.5uH).
Referring to Fig. 7, a section in the negative direction of the
switch current must exist to achieve the soft switching. In other
ranges (11.5u4H~), the resonance section is not guaranteed, so

(26)
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Therefore, the turn ratio n is chosen to be 2 considering the
voltage and current rating of switch.

D

Vi t Step 2) Determine L, and C,.: Fig. 7 shows the concept of switch

38V, 100% Load i current waveforms for different load conditions. It is worthy
38V, 10% Load —l | to mention that ZCS turn-OFF is guaranteed for all duty cycles

i within D i, and Dy ax, where Dy iy 1s the minimum fixed duty
i ratio and Dy, is the maximum fixed duty ratio, respectively.
i The Dy,in and Dy, .« can be obtained from (9), (10), (15), (16)
t and (21)—(24) by (27) and (28) as shown at bottom of this
page, respectively. From (27) and (28), Fig. 8 shows the three-
dimensional-plot of D, and Dy« between the resonant
value L, and input voltage V;. The figure illuminates that the
switch is able to achieve the soft switching if the duty value
is between the Dy, and Dy, planes for a given resonant
inductance and input voltage value under all load conditions.
In this design example, resonant value L, is chosen to be

ZCS Turn-off

—}-rreeeee -k aad

P e e

56V, 100% Load
56V, 10% Load _/ ! oo

Fig.7. Gate signal and switch current waveforms for different load conditions
at each input voltage.

the switch is hard switched at turn-OFF instant. In addition, the 22 pH, considering ZCS turn-OFF within entire input voltage
current rating (n = 3) is relatively high compared to the resonant range at all load conditions and switch current rating that
inductance selection section (in Fig. 6) at turn ratio equal to 2. mentioned in Step 1 (L, :18~23 pH). Using (20)—(22), the

24k k2 z2Mm?2
”<k<2(1+k) T1+8)2 ,,L2R02>+1>

Ve _
M= = , —
where M =V, /V;, k= R,C.fs, Ts=1/fs and Z =+/L,/C,
L 2L, My (Ikmin) | 1 i AL, (k) 4 4 oo (2Munan (ki) /L
Dimin = fsmax ( Tl min @ Fhmin) 1w, ATCCOS (2+kmm) TV T o Fo im0y &SI R\ ©
where kmin = Ro,mincrfs,max and Wr = VL.C,
(27)

(2L M Otbae) | 1 s AL, (k) 4 o 2 o 2Mouin(thme) Ly
Dimax = fsmin ( "R max (3 hmax) | w, ALCCOS <2+kmax) T Fracfomin Romax. T wr o OIS Romax \ Cr

where kmax = Ro,maxC'r‘fs,min
(28)
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resonant frequency f,. can be calculated that almost equal to
137 kHz, and thus the relationship between resonant value L,
and C, to meet design specifications can be plotted in Fig. 9.
The resonance value C,. corresponding to L, is 62 nF, which
can be selected from Fig. 9.

Step 3) Determine turn-OFF duty D : Fig. 10 is an enlarged
the ZCS turn-OFF region in Fig. 8. Likewise, Fig. 10 shows
the region that achieves the ZCS turn-OFF under all input
voltage ranges and load conditions. To easily find the duty
corresponding to the input voltage, a linear function is created
by connecting duty point A at the minimum voltage and duty
B at the maximum voltage within the region to achieve ZCS
turn-OFF. Then, turn-OFF duty D can be expressed by

(Da — Dp)

D =
(‘/i,min - ‘/i,max)

(Vi = Vimin) + Da. (29)

IV. COMPARATIVE RESULTS

The proposed converter is compared to the recent existing
isolated high step-up converters, and the comparison results are
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Fig. 11. Prototype of proposed single switch converter.

summarized in Table I. The Z source converter in [20] has the
highest boost ratio and switch utilization, but the switch is turned
ON and OFF with hard switching. It is not a major problem that
the switch utilization is relatively low since the characteristics
of Si MOSFET (voltage rating<150 V) are very good. Also,
the proposed converter is able to achieve ZCS turn-ON and
OFF regardless of input voltage and load variation. Note that
the soft switching of the proposed converter is achieved by
utilizing the resonant elements while not necessitating additional
circuit. The isolated converter in [31] is able to achieve not
only ZCS turn-ON of switch, but also ZVS turn-OFF of switch.
However, it must include a lossless snubber that increases the
circuit complexity. Also, in low-power applications, the increase
of devices due to additional circuit will be a big issue since
adding one or two devices accounts for a large proportion of the
total cost. The electrolytic capacitor-less converter in [27] uses
one switch and achieves ZVS turn-ON and OFF. However, the
efficiency of the converter is relatively low while operating at
wide frequency range. The fixed-frequency converter in [32]
has the highest efficiency and switching frequency, but uses
many switches including four switches at the primary side and
two GaN switches at the secondary side. Comparing with the
mentioned topologies, the proposed converter is simple since a
single switching device is used while operating within narrow
frequency range. Moreover, high efficiency is achieved due
to maintained soft switching (ZCS turn-ON/OFF) with reduced
component count. Therefore, the aforementioned advantages
make the proposed isolated single switch converter superior over
other counterparts in [20], [27], [31], [32].

V. EXPERIMENTAL RESULTS

In order to verify the performance of the proposed single
switch converter, a 450-W prototype is built as shown in Fig. 11.
The system specification used in the experiment is as follows:
P,=450W, V, =38~56V, Vyipp =45V V, =380V, n =2,
L, =22 pH, and C, = 63 nF. Component ratings and selected
devices of the proposed converter are listed in Table II. The con-
trol algorithm is implemented in a floating-point DSP platform
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TABLE I
COMPARISON WITH OTHER RECENT EXISTING ISOLATED HIGH STEP-UP CONVERTERS
Converter [20] [31] [27] [32] Proposed
Gain [Vi/V,] 16 [25V/400V] 13.5 [28V/380V] 9.5 [40V/380V] 13 [29V/380V] 10 [38V/380V]
Number of Switches 1[Si] 1[Si] 1[Si] 64 Si, 2 GaN] 1[Si]
Voltage/Current rating of main switch 100V ,/9.5Arms 80V /12.5A1ms 320V /4 Arms 55Vi/9.5Amms 130Vp/ 18 A
/Switch utilization /0.315 /0.25 /0.156 /0.143 /0.192
Number of snubber components 6 [Passive] 4 [Passive] 3 [Passive] None None
/ Cost of snubber circuit (excluding inductor) /$8.9 /$4.23 /$3.3
Switching characteristic (ON/OFF) Hard switching ZCS/ZNS ZVS/ZCS ZVS/ZCS ZCS/ZCS
Operation frequency range 50kHz 100kHz 80~150kHz 200kHz 60~86kHz
Efficiency @Rated power 93.5% 96.9% 94% 97.15% 96.98%
Maximum power level 300W 250W 200W 300W 450W
TABLE 11 Proposed single-switch
PARAMETER’S RATING AND COMPONENTS PV converter
T nc I
Parameters Rating Components ﬁ Ik 1 pcl T Load
Inductance 300uH
Input filter inductor High flux CH400125 Dl: Duty o D
L; Vpeak 90V (Changsung) Vow 5~ claculation | 7{ —~ Dﬂ Gate
Lo 11.85A - AN
Switch v, 135V IRF150P220 i C"‘"‘" o
peak pv L 50 > . s
S, Loms 18.2A (Infineon) 72 ; S 4
Capacitance 164uF N MPPT Vev '
Clamp capacitor FFB44D0826K —
C. Veak 56V 2EA, (AVX)
Loms 11.8A Fig. 12.  Control block diagram of the proposed converter.
Transformer L,, Inductance 68uH Ferrite core PQ40/40
T, Turn ratio 1:2 (TDK)
Induciance 2o A. MPPT Implementation
Reso"anzmducmr y Ss1v Ferrite (C})S“Ig@ 2130 Fig. 12 shows the control block diagram for the proposed con-
r eak . . . . . .
1” 7 4A verter. The linear function shown in Fig. 10 is applied as the duty
Capacitance 63nF ratio to achieve ZCS turn-OFF under all input voltage ranges and
Reso”amccapamor y 20V C4C2/EXVUE§13\22?AOJ load conditions. The PI controller integrates the error between
" ]’””‘ 6.1A - € ) the sensed PV voltage and reference PV voltage to generate the
Capacitance 1uF frequency of the proposed converter, and this value is applied
Doubler capacitor ECQ-E2W105KH as the frequency of the comparator carrier. The P&O MPPT
Cu I;P“”‘ 232§X (Panasonic) algorithm is applied in the proposed converter and vital for PV
: = : applications. To verify the maximum power point tracking, the
Outgut %Odes I;’””‘ S]BSX l])(lﬁllf?rgiigjé converter input is connected to the PV power source. When the
1, 2 av; B . . . . .
G : — open circuit voltage is set to 56 V and the maximum power is
apacitance u . . .
Output capacitor ECQ-E2W105KH 450 W, the PV'curve is automatically drawn. Meanwhile, the
C, V peak 380V (Panasonic) voltage source is connected to the output to clamp the output
Lrns 2.1A voltage at 380 V. Fig. 13 shows the experimental voltage and

TMS320F28335. REGATRON AG-Rorschach 9400 is used as
a PV simulator device, and ITECH6036C-500-180 is used as a
voltage source device that maintains a fixed voltage at the output
stage. Also, digital power meter YOKOGAWA WT3000 is used
to measure the efficiency. The proposed converter is tested to
verify the operating principle, and the experimental results are
provided.

current waveforms of PV source at MPPT. The input voltage at
the maximum power point is around 45 V, then the switch is
shown to achieve ZCS turn-OFF.

B. Experimental Results

Figs. 14 and 15 show the experimental waveforms of the
switch and diodes at full-load and half-load conditions when
input voltage is 38 V, respectively. Figs. 14(a) and 15(a) show
that switch S; is turned ON with ZCS at full-load and half-load
conditions. Figs. 14(b) and 15(b) show the voltage and current
of switch Sy that is turned OFF with ZCS at both full-load and
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Fig. 14. Experimental waveforms at V; = 38 V and P, = 450 W operation
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turn-OFF. (d) Diode Do at turn-OFF. (e) Current iz, and voltage v ¢y (f) Voltage
v, and voltage v cg.
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turn-OFF. (d) Diode Do at turn-OFF. (e) Current iz, and voltage v ¢y (f) Voltage
v, and voltage v cq.

half-load conditions. Unlike the ideal operating situation, the
voltage across the switch has a ringing in Figs. 14(b) and 15(b).
The voltage ringing is caused by the parasitic inductance of the
PCB board, resonant inductance L,, and switch output capaci-
tance C,ss. This phenomenon is varied widely according to the
quality of PCB routing. However, no matter how much the PCB
parasitic inductance is reduced, the voltage ringing inevitably
occurs due to the resonant inductance L, and switch output
capacitance Cogs. Figs. 14(c) and 15(c) show that diode D; is
turned OFF with ZCS at both conditions. Figs. 14(d) and 15(d)
show that diode D> is turned OFF with ZCS at both conditions.
It is seen from experimental results that switch Sy is turned ON
and OFF with ZCS and diodes Dy and D- are turned OFF with
ZCS, respectively, due to the resonant components. Figs. 14(e)
and 15(e) show the experimental waveforms of current i, and
voltage v ¢, which are also determined by resonant components.
Figs. 14(f) and 15(f) show the experimental waveforms of output
voltage v, and doubler capacitor voltage v cg.

Fig. 16(a) shows the calculated, simulated, and experimental
voltage gain curves of the proposed single switch converter. The
calculated and simulated voltage gains are in close agreement
with the experimental voltage gain. Fig. 16(b) shows the switch-
ing frequency fluctuation according to the output resistance
value. The higher the voltage gain, the narrower the switching
frequency fluctuation. Fig. 17 shows the efficiency curves of
the proposed converter. The measured peak efficiencies of the
proposed converter according to different input voltage 38 and
48 V are 96.55% and 96.98%, respectively. It should be noted
that the efficiencies are greater than 95% at power levels above
half-load at V; =48 V.
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Fig. 18.  Loss analysis of proposed topology when V; =48 Vand P, =450 W
operation condition.

Fig. 18 shows loss analysis of the proposed converter at full
load when V; = 48 V. The total loss of the proposed converter is
14.03 W. The large portion of the losses comes from transformer
loss and diodes loss, which are 56.6% and 21.38% of the total
loss, respectively.

VI. CONCLUSION

In this article, a single switch resonant converter is proposed
for isolated high step-up application such as microconverter,
portable fuel cell, uninterruptible power systems, and portable
power station. The proposed converter has simple structure
due to absence of clamp circuits. Zero dc-offset current of
the transformer makes the transformer volume relatively small
compared to the conventional flyback based single switch con-
verter. Further, the proposed converter achieves ZCS turn-ON and
turn-OFF of the switch and ZCS turn-OFF of all diodes regardless
of input voltage and load variation. Experimental results from a
450-W prototype are provided to validate the proposed concept.
The prototype converter achieved peak efficiency of 96.98% at
450-W full-load condition.
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