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Abstract—This article presents an auxiliary circuit for the
current-fed half-bridge (CFHB) converter, aiming to clamp the
high voltage spikes across the main switches caused by the energy
stored in the leakage inductance of the transformer. This circuit
also provides zero-current switching (ZCS) to the main switches at
turn-OFF. Moreover, the rectifier diodes and the auxiliary switch
operates under ZCS at turn-ON and turn-OFF. Another feature of
the proposed circuit is that it is composed of just one active switch,
reducing the number of auxiliary sources and drivers compared to
the conventional active-clamped CFHB converter. In addition, the
inclusion of the clamping circuit increases the voltage ratio of the
converter. A 300-W prototype was built to validate the analysis and
design proposed in this article. The converter was tested for various
load conditions at 100 kHz, and a peak efficiency of 96.2% was
obtained. Also, a comparison of efficiency for the CFHB employing
other conventional clamping circuits is presented.

Index Terms—Converters, dc—dc power conversion, photovoltaic
(PV) power systems.

I. INTRODUCTION

REEN energy systems applied in distributed generation
G have been a trend in academic and industrial research.
Alternative sources for low power applications, such as photo-
voltaic (PV) microinverters and portable fuel cells have grown
significantly. Aiming to interface these low-voltage energy
sources with the electrical grid, high step-up dc—dc converters
have been adopted in microinverters to provide a voltage level
in the dc-bus higher than the peak of line voltage [1]-[4]. To
establish a high-voltage ratio without galvanic isolation, some
nonisolated topologies have been proposed [5]-[9]. However,
a large duty cycle value near one is necessary when coupled
inductors or cascaded converters are not used. As a result, higher
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current and voltage stresses occur, as well as reverse recovery
problems in the semiconductors, increasing converter losses and
reducing efficiency [9]-[12].

In order to provide a high-voltage ratio with galvanic isolation,
dc—dc converters with high-frequency (HF) transformers have
been used. These converters can ensure safety as well as reduce
noise and electromagnetic interference (EMI) in power transfer,
which is significant for grid-tied applications [13]. Among iso-
lated topologies, current- and voltage-fed converters have been
widely applied in PV and fuel cell generation [14]-[17]. Com-
pared to voltage-fed, current-fed converters have smaller input
current ripple and higher transformer utilization factor, which
makes these converter suitable for microinverter applications.
Within these topologies, the current-fed half-bridge converter
(CFHB) has half the number of active switches compared to
the full-bridge topology, having lower implementation cost and
volume [1].

Just as other isolated topologies, the CFHB topology suffers
from high-voltage spikes and ringing across the switches at
turn-OFF, caused by energy stored in the leakage inductance
of the transformer. These problems lead to stress and losses
in semiconductors and increase EMI [18], [19]. Besides, due to
the overvoltages, active switches with higher breakdown voltage
levels must be used, which may reduce converter efficiency since
the on-resistance is proportional to the drain-source voltage [20].

Passive snubbers and active-clamp circuits have been adopted
to absorb the energy stored in the leakage inductance and
minimize its effects in isolated converters [21]. Despite re-
ducing overvoltages and generally being simpler to design,
passive snubbers usually dissipate energy, decreasing converter
efficiency.

To achieve high efficiency and limit voltage spikes, active
clamp circuits have been applied to isolated converters in high
step-up applications [22]-[24]. These auxiliary circuits may
improve converter efficiency by providing soft-switching, thus
lower switching losses can be achieved, and the overvoltages
across semiconductors are reduced. Therefore, it is possible to
increase switching frequency aiming to reduce the size of the
converters.

In the literature, some active-clamping circuits have been
proposed for the CFHB converter. An active-clamped CFHB
(ACCFHB) with a full-wave rectifier was proposed in [25].
The auxiliary circuit is composed of two switches and a ca-
pacitor to clamp the voltage across the main switches. One
of the advantages of this auxiliary circuit is that zero-voltage
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Fig. 1. Conventional ACCFHB converter presented in [28] with voltage
doubler rectifier.
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Fig. 2. Proposed ACCFHB converter.

switching (ZVS) is provided for all switches at turn-ON. Nev-
ertheless, it requires two extra drivers to control the clamping
circuit, increasing the cost and volume of the converter. The
ACCFHB was better analyzed in [26] and [27] for various
load and input voltage values to rate the ZVS range. The
ACCFHB with the auxiliary circuit connected to the bottom
was presented in [28]. This converter employing a voltage
doubler rectifier is presented in Fig. 1. In [29], an analysis of
two connection types of the clamp capacitor in the ACCFHB
was performed to compare the effects on the input current and
efficiency.

In this article, an active-clamped zero-current-switching
(ZCS) CFHB converter is proposed. The overall circuit diagram
is shown in Fig. 2. This clamping circuit was based on [30],
with some changes in the connection and design considerations.
One of the advantages of the proposed auxiliary circuit is that
it absorbs the leakage inductance energy to clamp the voltage
spikes and ringing across the main switches. Also, it provides
ZCS condition at turn-OFF to these semiconductors and ZCS
at turn-ON and turn-OFF for the rectifier diodes. The clamping
circuit design considers the internal leakage inductance value,
thus it is not necessary to add an external series inductor with
the transformer. Moreover, this clamping circuit increases the
voltage ratio of the conventional CFHB; therefore, a lower value
of duty cycle is needed for the main switches. The auxiliary
circuit operates under ZCS condition, thus the switching fre-
quency can be increased, reducing the size of the prototype.
With the clamping action in the main and auxiliary circuit,
semiconductors with lower breakdown voltage levels may be
used, which generally features lower on-resistance, contributing
to reduce conduction losses.
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This article is organized as follows. In Section II, the de-
tailed operation stages of the proposed converter are described.
Section III presents the design considerations of the proposed
clamping circuit, and also a basic comparison of the proposed
ACCFHB to others presented in the literature. Section IV
shows the experimental results of the implemented prototype. In
Section V, a power losses analysis is performed to compare the
performance of the proposed auxiliary circuit to other clamping
circuits. Finally, Section VI concludes this article.

II. OPERATION STAGES OF THE PROPOSED CONVERTER

The proposed converter is composed of two parts: the conven-
tional CFHB converter and the active-clamping circuit, which is
highlighted in Fig. 2. The standard CFHB converter with voltage
doubler rectifier is composed of input voltage V;,, inductors L
and Lo, the main switches S; and Ss, the rectifier diodes D and
D5, and capacitors C and Cs. The auxiliary circuit is composed
of switch S,, diodes D,; and D,5, clamping capacitor C'., and
resonant inductor L.

To simplify the analysis of the proposed converter, it is con-
sidered that L; = Ly = L and C; = Cy = C. Moreover, the
voltages across C and Cs, as well as the current through 14
and Lo, are considered constant during a switching period. The
current through these inductors is determined by

P,
2Vi

%

I, ey
where P, is the output power.

The steady-state analysis is described for the eight operation
stages that compose one half-cycle of the switching period, con-
sidering a complete commutation of .S;. The main waveforms of
the converter are shown in Fig. 3, the state planes are presented
in Fig. 4, and the operation stages are summarized in Fig. 5.

Stage 1 (to, t1): At tg, capacitor C,. is charged with a voltage
level equal to Vijamp. This stage begins when S, is turned ON. A
resonance is established between C. and L,, so S, is naturally
turned ON under ZCS condition. At the end of this stage, C'. is
clamped with a voltage level equal to zero. The voltage over the
clamping capacitor and the current through L, are determined
by the following equations:

ve, (t) = (Vetamp — Vin) cos(wi (t — to)) + Vi )

ip, (t) = 2 L sin(wi (t — tg)) 3)

where the angular resonance frequency wy = 1/+/L,.C,. and the
characteristic impedance Z; = \/L,./C,..

From the state plane shown in Fig. 4(a), the following equation
calculates the duration of this stage

1 | Vi
Aty = — | = +sin”! (1 ﬂ : “)
! w1 |:2 ‘/clamp Az
The current through L, at the end of the first stage is designed

to be equal to 21, thus ZCS condition is provided to the main
switches. This condition is established by

chlamp - V;

1

]L'r (t1> = SiD(WlAtl). (5)
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Fig. 3. Main waveforms of the proposed converter for half a switching cycle.

Stage 2 (t1, t2): The auxiliary diodes D,; and Do start
conducting a current value equals /.. The current through L,
decreases from 217y, to I, and it is defined by

Vi

i, () =2I — 7

(t—t1). (6)
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Fig. 4.  State plane for the proposed converter. (a) Vo, and Iy,,.. (b) Vo,. and
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At the end of this stage, the current through Do decreases
from Iy, to zero, and the voltage across this semiconductor re-
mains zero. Therefore, this diode turns OFF under ZCS condition.

The following equation determines the duration for the second
stage

L,
Aty = % Ir. @)

Stage 3 (to, t3): A resonance is established between L, and
C', and the current through this inductor decreases to zero.
Thus, S, is turned OFF under ZCS. The current through L, is
determined by

Vin .
iLr(t) :IL— ZSln(w1<t—t2)>. (8)

The voltage across the clamping capacitor is expressed by the
following equation:

ve, (t) = Vig [1 — cos(wy (t — t2))] . 9)

The time duration for stage 3 is determined by

1 ., [I.Z
Atgzu}lsml(%l).

(10)

Stage 4 (ts, t4): This stage begins when S, is turned OFF
under ZCS condition. C). is linearly charged by I}, through D,
as follows:

Iy,

ve, (t) = == (t — t3).

. (1)
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This step ends when the voltage across the clamping capacitor
reaches V, /(2n). The following equation expresses the duration
of the fourth stage

Vo C,
Aty = (Qn - VCr(t3)> i

(12)

Stage 5 (t4, t5): At the beginning of this stage, the current
through D,,; starts to decrease, and the transformer is energized.
A resonance is established between L, and C,., influenced
by the primary winding of the HF transformer. Therefore, the

Operation stages of the proposed converter. (a) Stage 1. (b) Stage 2. (c) Stage 3. (d) Stage 4. (e) Stage 5. (f) Stage 6. (g) Stage 7. (h) Stage 8.
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voltage across 57 is expressed as follows:
. Vo
vs, (t) = v, (t) = ZoIp sin (wa(t — t4)) + — (13)

2n

where angular resonance frequency wo = 1/4/L;;C;- and char-
acteristic impedance Zy = +/L;x/C,.. The following equation
determines the clamping voltage across S1

Vo
‘/clamp = Zolp + % (14)
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Owing to the resonance during this step, rectifier diode D1
turns ON under ZCS. The current through this diode is expressed
as follows:

_ LLy, (t) _ 17L

ip, (t) = - 1 — cos(wa(t — t4))]. (15)

From the state plane presented in Fig. 4(b), the duration time
of this stage is calculated by (16). At the end of this stage, D,
turns OFF under ZCS, and C). voltage reaches Vijamp. Therefore,
the voltage across S7 gets clamped in this value

Aty =

S (16)

Stage 6 (ts, tg): The converter operates as a conventional
CFHB converter. The voltage across L and Lo is equal to Vi,
and the output capacitors provide energy to the load.

Stage 7 (tg, t7): The seventh stage begins when S5 is turned
ON. The current through this switch increases up to I, while
the current through D, decreases to zero, both linearly. Thus,
ZCS condition is achieve for this diode. The following equation
determines the duration of the seventh operation stage

- leILQTL
= 7‘/0 .

Stage 8 (t7, tg): In this stage, the converter operates as a
conventional CFHB.

Aty a7

III. ANALYSIS AND DESIGN CONSIDERATIONS
A. Voltage Conversion Ratio

The voltage ratio of the proposed converter can be determined
by imposing the volt-second rule on L; or Ly. By analyzing
the operation stages, the voltage conversion ratio M can be
expressed as

M=A-+\A%2-B (18)
where
2nIL LTILfS 8n2IL
A= 1-D— B =
Cr‘/infs ( ‘/1 ) ' Cr‘/infs

where D is the duty cycle, and f, the switching frequency.

The connection of the auxiliary circuit slightly increases
the average current through L, and L., which consequently
increases the voltage ratio. However, this increase is not con-
sidered to design the clamping circuit. Fig. 6 shows the voltage
ratio curves of the proposed ACCFHB, the ACCFHB presented
in [28] and the conventional CFHB. Therefore, to reach the same
voltage ratio of these converters, a lower value of D is used in
the proposed ACCFHB.

B. Design Considerations for the Auxiliary Circuit

The resonance between L;; and C, in the fifth operation
mode controls the behavior of the overvoltage across the main
switches. Choosing a value for Vijump higher than V,/(2n),
through (14), the following equation is established for C,

19)

I 2
R S G —
=T (v;mp - vo/<2n>)
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the proposed ACCFHB.

In addition, to reduce the switching losses in the main
switches, the current needs to be reduced to zero at turn-OFF
to achieve ZCS condition. Therefore, the current through L,. at
the end of stage 1 is designed to be equal to the sum of the
currents through 11 and L. Through (3) and (4), the following
equation is defined

szlamp(vz:lamp - 2‘/; )

L, =C, J
Al

(20)

C. Analysis of Voltage and Current Stress Across the
Semiconductors

The main switches are chosen to withstand a maximum
voltage equal to Vijamp, Which is calculated by (14). When the
transformer is energized, one of the main switches conducts the
current of Ly and L. Therefore, the peak current through these
semiconductors is g, max = Ls,max = 2/

The rectifier diodes have to block a voltage level equal to V,
and a maximum current I p, max = I, /n.

Regarding the auxiliary circuit, the switch has to withstand a
peak current equal to

‘/clamp - ‘/;n
I Somax — (2 1 )
Al
and the maximum voltage across this semiconductoris Vs, max =

V;:lamp - Vin~

The peak voltage that the auxiliary diodes have to block
is equal t0 Vijamp, and the maximum current through these
semiconductors is equal to I7,.

D. Comparison of Conventional ACCFHB Converters and the
Proposed ACCFHB

Table I shows a comparison of four different ACCFHB in
terms of the number of components and driver circuits, voltage
stress, and soft-switching features. It is possible to notice that
compared to the ACCFHB proposed in [25], [28], and [31],
the proposed converter has less active semiconductors, which
simplify the driving circuit. Related to these clamping circuits,
the main switches of the proposed ACCFHB undergo a higher
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TABLE I
COMPARISON OF CONVENTIONAL ACCFHB CONVERTERS AND THE PROPOSED ACCFHB CONVERTER

[25] [28] [31] Proposed ACCFHB
Switches 4 4 4 3
Number of Diodes 4 4 2 4
components Capacitors 2 2 3 3
Inductors 2 2 2 3
Main switches ZVS turn-on ZVS turn-on - ZCS turn-off
Soft-switching Rectifier diodes - - ZCS turn-off ZCS turn-on
and turn-off
features 705 1
Auxiliary switches ZVS turn-on ZVS turn-on ZVS turn-on urn-on
and turn-off
. - Isolated 2 2 2 1
Driver circuits -
Non-isolated 2 2 2 2
Main Switches Vin 725 l‘frb Yo Yo, %IL
Voltage St L
oltage Stress Auxiliary switches vm% )] % %_wn+1 /%IL

TABLE II
EXPERIMENTAL PARAMETERS OF THE IMPLEMENTED CONVERTER

Parameter / Component Value / Details

Vin 37V
\A 400 V
P, 300 W
fs 100 kHz
fsa 200 kHz

Transformer ratio: 2.2
Prim: 8 turns, 13 wires #26 AWG

Transformer Sec: 18 turns, 6 wires #26 AWG
Core: EE30/15/14 Thornton
Ll r = 600 nH
Cq, Co 470 nF (Polyester 630 V)
135 uH
Ly, Lo 20 turns, 8 wires #26 AWG

Core: EE30/15/14 Thornton
Cr 33 nF (Polyester 250 V)
1.5 pH SMD inductor

Lr
Wiirth Elektronik pn:7443320150
S1, S2, Sa IPP110N20N3
D1, D2, Da1, Da2 APT10SCD65K

voltage peak, however, the voltage across the auxiliary switch
in comparison to [28] and [31] is lower. Unlike these two
ACCFHB, the proposed converter achieves ZCS soft-switching
not only for the main switches but also for the rectifier diodes.
Moreover, the auxiliary switch and diodes also operates under
ZCS condition.

IV. EXPERIMENTAL RESULTS

To verify the performance of the proposed converter for a
microinverter application, a 300-W prototype was built. The
parameters and detailed components of the proposed converter
are summarized in Table II, and the experimental prototype is
presented in Fig. 7.

Through the inclusion of the auxiliary circuits for voltage
clamping, active switches with lower breakdown voltage were
used to build the prototype. These semiconductors could not be
employed in the conventional CFHB without any clamping cir-
cuit, since the main switches undergo high voltage spikes caused

1j -]
‘ Auxiliary circuit

proposed in [28]

Proposed
auxiliary
circuit

RCD
Snubber

Fig. 7.

Experimental prototype (148 mm x 136 mm).

by the energy stored in the leakage inductance. The switches
selected for the prototype were IPP110N20N3 (200 V, 88 A)
from Infineon Technologies, which presents a low on-resistance
and gate charge, becoming a suitable semiconductor for HF ap-
plications. As diodes, Silicon carbide Schottky APT10SCD65 K
(650 V, 10 A) from Microsemi was used, which features low
forward voltage and ultralow reverse recovery time and charge.
A duty cycle equals 0.567 was used in the proposed ACCFHB
for the design operating point.

In Fig. 8, the delay time of half a switching cycle between
the commands of the main switches can be verified by the
waveforms of the currents through L; and Lo. This figure also
shows the output voltage at nominal power.

The waveforms of the voltage and current through main
switch S; and rectifier diode D; are presented in Fig. 9. From
this figure, it is possible to verify the voltage clamping in
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Fig. 8. Current through L; and Ly and output voltage.
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Fig.9. Current and voltages in S7 and Dy.

Tek Stop M 2.00ps

W W W e

Zoom Factor: 10 X
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Fig. 10. Detailed ZCS at turn-OFF for S7.

this switch. Due to the presence of the auxiliary circuit, ZCS
condition is achieved for Sy at turn-OFF, and D turns ON under
ZCS. Thus, switching losses and stress in these semiconductors
are reduced. An expanded view of these waveforms is shown
in Figs. 10 and 11. The oscillations observed in the wave-
forms are caused mainly by a resonance occurring between
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Fig. 11. Detailed ZCS at turn-ON for D.
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Fig. 12.

@

= LD
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Voltage and current in S, and voltage across C,..

the leakage capacitance of the rectifier diodes and the leak-
age inductance of the transformer when both diodes are not
conducting. To minimize the amplitude of these oscillations
and thereby reduce the losses from this effect, diodes that
feature low junction capacitance can be used in the rectifier
stage.

The waveforms of the auxiliary switch and clamping capacitor
are presented in Fig. 12. From this figure, it is possible to verify
that the voltage across 9, is also clamped. Besides, Fig. 13 shows
in more detail the ZCS condition at turn-OFF being achieved for
the auxiliary switch, as well as a commutation near ZCS ob-
tained at turn-ON, due to the resonance established in operation
mode 1.

The converter was also tested for an input voltage range from
34 to 40 V to check the performance at different operating
points. Fig. 14 presents the measured efficiency of the proposed
converter for various load conditions using the Yokogawaga
WT1800 high-performance power analyzer. The proposed con-
verter, reached a value equals 95.6% at full load. Peak efficiency
of 96.2% was obtained for 40 V input voltage, and a minimum
value of 89.2% was reached for 34 V input voltage.
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TABLE III
INDIVIDUAL POWER LOSS BREAKDOWN EMPLOYING EACH CLAMPING CIRCUIT

Zoom Factor: Z5 X Component Loss RCD (W) Proposed (W) [28] (W)
Conduction 0.336 0.324 0.372
S1=S2 Switching 3.595 2214 1.577
. Total 3.931 2.538 1.949
L Vs (20 V/div) Conduction 1072 1072 137
D1=D2 Switching 0.9 ZCS 0.9
- " Total 1.972 1.072 2.27
) Conduction - 0.089 -
Is, (2.5 A/div) Sa Switching - ZCS -
Total - 0.089 -
Conduction - 0.934 -
Time: 400 ns/div Da1=Da2  Switching - 0.204 -
Total - 1.138 -
. . N L, Total - 0.029 -
Fig. 13. Detailed ZCS for S,. C, Total - 0584 -
Li=Lo> Total 0.63 0.806 0.63
08 Transformer Total 1.971 1.983 2.203
' ' ' ' ' ' RCD Total 3.078 - -
Conduction - - 0.047
96 1 Sa1=Sa2 Switching - - 1.678
_ /e'/'o Total - - 1.725
&
s ol i Ls Total - - 0.144
& Cetamp Total - - 0.099
8
Q L .
= 92
i3
90k —B8—34V| | 5.08
—e—137V Main
40V Switches [ I 3.90 7.86
88O iIO I(I)O 15IO 2(I)0 25I0 3(I)0 350 214
- - Rectifier 3.94
Output Power (W) Diodes | 4.54
Fig. 14. Measurgq efficiency of the proposed converter for various load and 1125 @ Proposed ACCFHB
input voltage conditions. Transformer 2 "
’ @ CFHB with RCD snubbers
1.61
Main L6 OACCFHB presented in [28]
V. POWER LOSSES ANALYSIS Inductors 126
. . . 2.98
To obtain an efficiency improvement for the CFHB through Ausiliary — 616
the connection of the auxiliary circuit, the power losses in the Cireuit | J13.69
clamping circuit must be smaller than the energy savings from ) _
. . . A ) . 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
the soft-switching achievements. Since the main switches of the Losses (W)
CFHB undergo high overvoltages without any clamping circuit, ) L
Fig.15. Calculated total losses for the CFHB employing each clamping circuit

an RCD snubber was designed based on [32] and connected
to each switch of the conventional CFHB. The same printed
circuit board (PCB) of the CFHB without the proposed clamping
circuit was used, as can be observed in Fig. 7. The diodes
employed in the RCD snubbers were 15SETH06 (600 V, 15 A)
from International Rectifier. Snubber resistors R, = 82 {2 and
capacitors Cy = 10 nF were used. Considering the parameters
specified in Table II, a duty cycle equals 0.611 was applied to
each main switch.

Also, the clamping circuit presented in Fig. 1 was connected
to the same PCB of the CFHB presented in Fig. 7 to compare
the efficiency results. For the auxiliary switches S, and S,
IPP320N20N3 (200 V, 34 A) from Infineon Technologies were
used, since this model features lower gate charge and the current
through these semiconductors is lower compared to the main
switches. A clamping capacitor Ceamp = 1 uF and a series

considering an input voltage equals 37 V and an output voltage equal to 400 V
at full load.

inductor Ly = 4.7 uF were used. A duty cycle equal to 0.626 was
applied to each main switch for the ACCFHB with the clamping
circuit presented in Fig. 1, since it features a lower voltage ratio.

An individual power loss breakdown based on [33] for each
component is shown in Table III, while Fig. 15 gives the total
losses of the CFHB employing each clamping circuit, both at
full load. The losses in the auxiliary circuits include those in
the resonant and series inductors, and the clamping capacitor,
as well as the losses in the auxiliary switches and diodes. In
the same way, the losses in the RCD snubbers represent those
in the capacitors, in the resistors, and in the snubber diodes.
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Fig. 16. Measured efficiency of the CFHB with each clamping circuit for

various load conditions at Vi, = 37 V and V,, = 400 V.

Also, this figure presents the losses in the transformer, inductors,
main switches, and rectifier diodes for each case.

Through the power loss calculation, it is possible to verify
significant savings in the main switches for both ACCFHB com-
pared to the CFHB employing RCD snubbers. A loss reduction
of about 35% was obtained for the main switches of the proposed
ACCFHB. Also, through ZCS in the rectifier diodes, a power
loss saving equal to 45% was achieved through the proposed
auxiliary circuit. The ACCFHB proposed in [28] presented
more losses in the transformer, since the peak and rms current
through this element is higher. Moreover, its auxiliary circuit
presents slightly more power losses than the proposed clamping
circuit, which are mainly concentrated in conduction and reverse
recovery losses of the body diode of S,; and .S,5 at ZVS turn-ON.
The losses in the auxiliary diodes represented 76% of the total
losses in the proposed clamping circuit. Compared to the CFHB
with RCD snubbers, an efficiency increase of 2.2% was obtained
for the proposed ACCFHB at full load.

The efficiency of the three clamping circuits connected in-
dividually to the CFHB was measured using the Yokogawa
WT1800. Fig. 16 presents results for V;, = 37 Vand V,, = 400V
employing each clamping circuit for the CFHB converter. The
peak efficiency for the CFHB with RCD snubber was 93.4% at
full load, while the ACCFHB presented in [28] achieved 95.3%
at 50% load and the proposed converter reached 95.6% at full
load.

VI. CONCLUSION

In this article, an auxiliary circuit for the CFHB converter
was proposed to overcome the usual high-voltage spikes in this
topology. In addition to clamping the overvoltages across the
main switches, the auxiliary circuit provides ZCS condition to
the main switches at turn-OFF and to the rectifier diodes at both
turn-ON and turn-OFF, reducing significantly the switching losses
and stress in these components.

With the proposed clamping circuit, the voltage ratio of the
conventional CFHB increases, reducing the duty cycle value.
Moreover, the auxiliary switch operates under ZCS condition
and the voltage in this semiconductor is also clamped. Due to
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the clamping action, it is possible to select semiconductors with
lower breakdown voltage for the converter, which generally fea-
ture lower on-resistance and contribute to improving efficiency.

Also, in the same PCB of the proposed converter, connections
for RCD snubbers and the active clamping circuit presented
in [28] were included to perform a comparative analysis of
losses. Compared to the CFHB with RCD snubbers, the pro-
posed converter obtained an efficiency increase of 2.2% at full
load.

Compared to other clamping circuits presented in the liter-
ature for the CFHB, the proposed auxiliary circuit employs
only one active switch, reducing the number of drivers and
auxiliary sources. Unlike some designs of ACCFHB converters,
the proposed one does not demand a series inductor with the
transformer.
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