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Abstract—Based on the hybrid operation of interleaved flyback
micro-inverter in discontinuous and boundary conduction modes
(DCM and BCM), a novel adaptive snubber is proposed in this
paper. The proposed snubber limits the drain-to-source voltage
overshoot of the flyback’s main switch during the turn-off process,
enabling the use of lower voltage MOSFETs. It also recovers the
stored energy in the leakage inductance of the flyback transformer
and provides soft switching for the main flyback switch by limiting
the rising slope of the MOSFET voltage during the turn-off pro-
cess resulting in higher efficiency. Exploiting the natural resonant
of the flyback converter in BCM, the adopted controller provides
ZVS and ZCS for the main switch during the BCM operation.
The operation of the flyback micro-inverter with associated con-
trollers is analytically studied, and considerations for an optimum
design aiming to higher efficiency are presented. Performance of
the flyback micro-inverter with the proposed adaptive snubber and
the corresponding controllers is experimentally verified based on
a 250W interleaved flyback micro-inverter hardware setup.

Index Terms—Flyback, high efficiency, micro-inverter, snubber.

I. INTRODUCTION

PHOTOVOLTAIC (PV) micro-inverters have gained a sig-
nificant attention for grid-connected PV system applica-

tions during the past few years because of improved energy
harvest, friendly “Plug-N-Play” operation, and enhanced mod-
ularity and flexibility [1]–[3]. Various inverter topologies for PV
micro-inverters applications have been introduced in the litera-
ture that perform the maximum power point tracking (MPPT)
of PV module, high step-up voltage amplification, output cur-
rent shaping, and galvanic isolation [1], [3]. Among them, the
flyback-based micro-inverter is one of the most attractive solu-
tions due to its simple structure and control and also inherent
galvanic isolation.

Fig. 1 illustrates the conventional flyback micro-inverter,
which consists of decoupling capacitor(s), interleaved flyback
converter, unfolding bridge, and CL filter. The unfolding bridge
is switched at line frequency by a simple square-wave control,
generating a rectified sinusoidal waveform at the dc link between
the interleaved flyback converter and unfolding bridge. The de-
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Fig. 1. Flyback micro-inverter for the PV application.

coupling capacitor, which consists of several parallel connected
electrolytic capacitors, maintains the power balance between
the constant input power and variable output power oscillating
at double-line frequency. All the other functionalities required
in PV micro-inverter are performed by the flyback converter.
Therefore, the flyback converter has been widely scrutinized to
improve its performance in terms of efficiency, reliability, and
cost.

In order to improve efficiency and power density, the DCM
and BCM operations of the flyback micro-inverter have been
comprehensively analyzed and a hybrid switching strategy has
been adopted [4], [5]. To further improve the weighted efficiency
of the micro-inverter system, synchronous rectification at the
high-voltage side of the flyback inverter is employed in [6],
which leads to slight improvement in the overall efficiency.

A non-complementary active clamp control method is pro-
posed to achieve high efficiency both for full-load and light-load
conditions by reducing a circulating energy [7]. Furthermore,
appropriate design parameters under the DCM operation have
been specified to obtain maximum weighted efficiency through
analytical loss calculation [8], and adaptive active clamping and
phase control method [9] and hybrid control strategy combining
two-phase and one-phase DCM control [10] have been proposed
to improve weighted efficiency according to the output power
of a PV module. Using a center-tapped transformer and bidi-
rectional switches on the grid side, a turn-on ZVS approach is
proposed in [11], which utilizes snubber to maintain the voltage
spike within limits.

In [12], an open-loop controller based on the primary current
feedback in the continuous conduction mode (CCM) operation
has been proposed to accommodate a right-half-plane zero in
the control to output current transfer function; thus, it showed
an efficiency improvement compared to the DCM scheme. A
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through dynamic modeling and control of an interleaved flyback
micro-inverter along with a two-step controller design based on
realistic fourth-order system modeling including the dynamics
of the output CL filter is presented in [13], which aims to com-
pensate the instability issue of the converter working in CCM.
Also, in order to reduce the cost and complexity of the flyback
micro-inverter system, the idea of multiple-integrated converter
modules sharing a single unfolding bridge is presented in [14]
based on the flyback micro-inverter operating in CCM.

A procedure for selecting the decoupling capacitors in the
flyback micro-inverter working in DCM considering the PV
power utilization and the total harmonic distortion (THD) of the
output current in presented in [15]. Although the electrolytic
capacitors are suitable candidate as power decoupling storage
elements due to their large capacitance and low cost, they are
the major limiting factor of the inverter lifetime. Therefore, a
three-port flyback converter, with one port is dedicated to power
decoupling [16], and its advanced version with reduced com-
ponents [17] have been proposed to enable a small film capac-
itor to be used instead of the bulky and unreliable electrolytic
capacitor.

The phase synchronization control strategies of an interleaved
flyback inverter operating in BCM are analyzed in [18], and in
order to reduce the switching loss associated with the current
mismatch in two phases on the inverter, a closed-loop phase
synchronization control method is proposed.

Following these efforts, this paper presents a novel adap-
tive snubber to enhance the performance of the flyback
micro-inverter operating in the hybrid mode. The proposed
adaptive snubber combines the simplicity of RCD snubber and
efficiency of active clamp circuits to achieve a high efficiency
at lowest possible cost.

The proposed snubber consists of an auxiliary switch and a
snubber capacitor, which is similar to the conventional active
clamping circuit, but with different control scheme and design
procedure. The lower snubber capacitance and simple gate driv-
ing signal for the auxiliary switch makes it possible to achieve
high efficiency at low implementation cost.

Effectiveness of the proposed snubber is experimentally val-
idated through experimentation on a 250-W flyback micro-
inverter prototype.

II. CONVENTIONAL FLYBACK MICRO-INVERTER WITH

ACTIVE CLAMPING

Fig. 2(a) illustrates the conventional flyback micro-inverter
with the active clamping circuit to improve the weighted ef-
ficiency [9]. It should be noted that output unfolding stage is
replaced with the equivalent rectified sinusoidal voltage source
in order to simplify the analysis of the operational modes.

This flyback converter is normally operated in CCM or DCM
and uses the active clamping circuit to clamp the voltage across
the main switch, and prevent voltage overshoot at turn-off and
achieve ZVS turn-on of the main switch. This enables the
operation of the converter with higher efficiency through soft
switching and also the use of MOSFET with lower Rds(on) .
Furthermore, the non-complementary gate driving signal for

Fig. 2. Conventional active clamping circuit in flyback micro-inverter. (a)
Circuit configuration. (b) Main operation waveforms.

the active clamp switch presented in [9] can reduce the cir-
culating energy compared to the conventional complementary
control signal [7], and the hybrid control method that disables
the active clamp circuit at the low grid voltage improves the
weighted efficiency by reducing the switching, conduction, and
gate driving loss of the active clamp switch. However, as it is
shown in Fig. 2(b), the noncomplementary gate signal still uses
a high-frequency switching, which increases the driving loss.
Also, the active clamping circuit requires relatively a large ca-
pacitance in a range of hundreds of nanofarads, which is costly
and bulky. Although a PMOS-based active clamp circuit can be
used to simplify the clamp switch gate drive, its performance
and cost are not comparable with NMOS; thus, the additional
isolated power supply required for driving the active clamp
switch adds to the cost and complexity of the micro-inverter
system.

III. PROPOSED FLYBACK MICRO-INVERTER WITH

ADAPTIVE SNUBBER

Fig. 3(a) shows the proposed flyback micro-inverter with the
novel adaptive snubber, which is suitable for use in converter op-
erating with hybrid conduction mode as it is shown in Fig. 3(b).
The configuration of the adaptive snubber is similar to the
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Fig. 3. Proposed adaptive snubber scheme in flyback micro-inverter. (a) Cir-
cuit configuration. (b) Main operation waveforms.

previous active clamping circuit. However, the control scheme
and the design procedure of the proposed adaptive snubber are
entirely different.

The BCM operation of the flyback converter has several ad-
vantages compared to the DCM operation in terms of power
density and conversion efficiency. Since the BCM operation
provides a natural ZVS turn-on for the main switch, the reduced
switching loss allows higher switching frequency and compact
design. However, it still has the turn-off switching loss that limits
the maximum allowable switching frequency. Also, during the
BCM operation of the converter and near the peak grid voltage
where the instantaneous transferred power is high, the leakage
inductance in flyback converter causes voltage overshoot across
the main switch at turn-off and the turn-off switching loss be-
comes more severe.

The proposed snubber solves these problems by adding a
capacitor in parallel with the main switch. This capacitor reduces
the voltage overshoot and also lowers the rising slope of the turn-
off voltage. These effects allow low conduction loss from the

Fig. 4. Theoretical operation waveforms under BCM.

usage of lower voltage rating device and also reduce the turn-
off switching loss of the main switch. This additional capacitor
does not affect the soft switching of the main switch at turn-
on if enough time delay is applied between zero crossing of
magnetizing current and the next turn-on switching signal.

Since natural turn-on ZVS is not guaranteed during the DCM
operation, the turn-on switching loss associated with the addi-
tional capacitor becomes dominant and the reduction of turn-off
switching loss becomes marginal. Therefore, to improve the
overall efficiency of the flyback micro-inverter, as shown in
Fig. 3(b), an auxiliary switch is employed to disconnect the
snubber capacitor from the circuit when the converter works in
the DCM mode. As a result, during the DCM operation of the
converter, the auxiliary switch (Sa ) is OFF and during the BCM
operation, when the natural turn-on ZVS is achievable, the aux-
iliary switch is always ON, effectively adding the capacitor Cs

across the drain-source terminals of the main switch.
The proposed adaptive snubber provides the same advantages

as the conventional active clamping method in terms of zero-
voltage switching and also limiting the voltage across the main
switch at turn-off at a much lower cost. Furthermore, the aux-
iliary switch is operated at only double-line frequency and the
required snubber capacitance is very small, in range of tens
of nanofarad, which is more than ten times smaller than the
required capacitance value in the conventional active clamp-
ing. Also, the additional isolated power supply for driving the
auxiliary switch is not required any more since an N-channel
MOSFET can be used that shares the same source terminal with
the main MOSFET. All these advantages reduce the cost and
complexity and also increase the overall efficiency of the PV
micro-inverter system.

A. Operation Principle

Fig. 4 shows the theoretical operation waveforms of the pro-
posed flyback micro-inverter under BCM during one switching
period TS , and Fig. 5 shows the equivalent circuits for each
operation mode.
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Fig. 5. Equivalent circuits for each operational mode: (a) Mode 1 [t0 –t1 ]. (b) Mode 2 [t1 –t2 ]. (c) Mode 3 [t2 –t3 ]. (d) Mode 4 [t3 –t4 ]. (e) Mode 5 [t4 –t5 ].

To simplify the circuit analysis, only one flyback converter is
considered due to the fact that converters operate in the same
manner in interleaved mode. Also, the voltages Vin and Vo and
the reference current iref are assumed to be constant during TS .
Furthermore, the auxiliary switch Sa is always in the ON state,
since the converter operates under BCM. Each operation mode
is described next.

1) Mode 1 (t0–t1): Just before t0 , the switch S has turned
ON. The magnetizing inductor current iLm increases linearly
from zero until it reaches iref . At this moment, the switch S
turns OFF and Mode 1 ends. The required time in this mode is

t01 =
Ltot

Vin
. iref

Ltot = Lm + Llk ≈ Lm . (1)

Although the iref is assumed to be constant during TS , the
actual value of the iref is continuously changing across the grid
period [10], [19], as

iref =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

√
2TDCMPo

Lm
· sinωt, in DCM

(√
2Vo sin ωt

Vin
+ N

)

·
√

2
Po

Vo
sin ωt, in BCM

(2)

where TDCM is the switching period in DCM, Po is the output
power of the interleaved converter, ω is the angular frequency
of the grid voltage, and N is the transformer turns ratio.

2) Mode 2 (t1–t2): At t1 , switch S turns OFF and the reso-
nance between inductors (Lm , Llk ) and capacitors (Cs , Coss)
begins where Coss is the parasitic capacitance of the switch S.
The resonant frequency is given by

fres =
1

2π
√

LtotCtot (3)
Ctot = Cs + Coss ≈ Cs.

The duration of this mode is relatively short as compared to
the whole resonant period due to the large value of the magne-
tizing inductor current at turn-off; thus, the voltage vds increases
almost linearly. This mode ends when the voltage vds reaches
Vin + Vo/N . Duration of this, mode can be approximated by

t12 =
Ctot

iref
·
(

Vin +
Vo

N

)

. (4)

As it is shown in (4), addition of the snubber capacitor Cs

causes t12 to increase, which effectively reduces the rising slope
of the voltage vds1 and allows the turn-off process to be soft and
almost lossless.

3) Mode 3 (t2–t3): The energy stored in the magnetizing in-
ductor Lm is transferred to the output side. The output diode
current iD linearly decreases to zero, thus the reverse-recovery



322 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 31, NO. 1, JANUARY 2016

effect of D is minimized. If the leakage inductance is assumed
to be zero as ideal condition to simplify the operational analy-
sis, the voltage vds maintains the constant value of Vin + Vo/N
during this mode. However, in the real case, the leakage induc-
tance causes a high-frequency oscillation at the beginning of
this mode, as it is shown in the dotted waveforms of Fig. 4.
The conduction path of the oscillating current is also shown in
Fig. 5(c) with dotted lines. Without a snubber or clamping cir-
cuit to protect the main switch, this voltage spike enforces the
use of a high-voltage rated switching device. The duration of
this mode can be calculated as

t23 =
Lm

Vo/N
· iref . (5)

4) Mode 4 (t3–t4): This is a resonant mode similar to
Mode 2. If the steady-state value vds at during Mode 3 satisfies
the following equation:

Vin + Vo/N > 2Vin → Vo > NVin (6)

the voltage vds decreases to zero with a resonant manner within
the maximum of half resonant period as shown in (7) regardless
of the amount energy stored in the magnetizing inductance

t34 ≤ π
√

LtotCtot . (7)

5) Mode 5 (t4–t5): While the current iLm flows negatively
through the antiparallel diode of the switch S, the gating signal
of the switch S is applied, thus satisfying the ZVS turn-on. The
time delay Td between the zero magnetizing current and the
turn-on of switch S is given by the half the resonant period,
which is the maximum value of (7).

B. Improved Reference Current

In the flyback micro-inverter, the reference current is very
important because it directly affects the output current THD.
The reference current in (2) is obtained by assuming the ideal
conditions without considering the resonant modes in Modes 2
and 4. However, in the proposed flyback micro-inverter, these
resonant modes cannot be ignored during the BCM operation
due to the added snubber capacitor. In particular, since the reso-
nant period t34 of (7) is dominant compared to the t12 of (4), the
reference current is modified only considering t34 in this paper.

Fig. 6 shows the average output current during BCM op-
eration with quasi-resonant mode. The average output current
proportional to the shaded triangle area. Therefore, it can be
obtained as

ig avg =
toff iref

2TN
, T = ton + toff + tQR . (8)

From (8), the improved reference current can be obtained as

iref =
2TN

toff
ig avg

=
A +

√
A2 + 4B

2

A = 2

(√
2Vg sinωt

Vin
+ N

)(√
2
Po

Vo
sin ωt

)

Fig. 6. Average output current during BCM operation.

B = 2π

√
Ctot

Lm

√
2Vg sinωt ·

(√
2
Po

Vo
sin ωt

)

. (9)

Fig. 7(a) shows the original reference current of (2) in each
operational mode and the improved one of (9) in the BCM
operation. Furthermore, Fig. 7(b) shows the amplitude ratio
of the improved to the original reference in BCM. It can be
noticed that the ratio is almost constant for the middle range of
grid period corresponding to the actual BCM operation. There-
fore, for simple implementation, a constant value of around 1.1
can be multiplied to the original reference in BCM instead of
directly using the complex equation of (9).

C. Design Considerations

1) Magnetizing Inductance Lm : The value of magnetizing
inductance Lm is an important parameter in the BCM due to
its direct relationship to the switching frequency. In PV micro-
inverter application, the switching frequency becomes lowest
near the peak grid voltage. Therefore, the lowest switching fre-
quency can be determined in that point. From the previous mode
analysis, the switching frequency can be approximately obtained
as

fs =
1
Ts

≈ 1
t01 + t12 + t23 + Td

. (10)

Fig. 8 shows the lowest switching frequency according to the
snubber capacitance by using (10), where the leakage inductance
is assumed to be 1% of the magnetizing inductance. Compared
to the ideal case of Ctot = 0 nF, the actual switching frequency
decreases due to the additional resonant period of Mode 2 and
Mode 4. In this paper, the magnetizing inductance is selected as
6 μH considering some margins based on the lowest switching
frequency of 100 kHz since the actual power conversion loss
requires a little higher reference current compared to the ideal
case.

2) Snubber Capacitor Cs: The value of snubber capacitor
Cs is selected to minimize the spike voltage across the main
switch during Mode 3. Although a relatively large snubber
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Fig. 7. Reference current considering FDCM = 100 kHz, N = 6, Po =
250 W, Vo = 240 V, Ltot = 6 μH, and Ctot = 10nF. (a) Comparison be-
tween DCM, ideal BCM, and BCM considering tQ R in Mode 4. (b) Amplitude
ratio of improved to original reference in BCM.

capacitor can effectively reduce the spike voltage, it increases
the duration of oscillations during the turn-off process, which
results in low overall efficiency. Large snubber capacitor also
increases the resonant time of Mode 4 (tQR ), which can result
in lower switching frequency and higher output current THD.
Furthermore, it leads to high cost and volume so, it should be
appropriately restricted to the lowest possible value. The peak
voltage across the main switch S is calculated as [9]

vds peak = vin +
vo

N
+ vspike

vspike = iLm peak

√
Llk

Ctot
(11)

where vspike is the spike voltage caused by the resonance of
Llk and Ctot , and iLm peak is the peak magnetizing inductance
current.

Fig. 9 shows the peak voltage across the main switch accord-
ing to the leakage inductance by using (11) with Po(=250W),
vin(=30.6V), vo(=240Vrms), N(=6), and Lm (=6μH).
Fig. 9(a) shows the relationship between vds peak and Ctot
with the fixed grid angle (=π/2 rad), and Fig. 9(b) shows the

Fig. 8. Minimum value of switching frequency in BCM versus magnetizing
inductance for maximum power of 250 W in a 240-V system.

Fig. 9. Peak voltage across the main switch according to the leakage induc-
tance. (a) Grid angle = π/2 (rad). (b) Ctot = 10 (nF).

relationship between vds peak and grid angle with the fixed
Ctot(=10 nF). The solid blue line in Fig. 9 shows the ideal
case corresponding to the zero leakage inductance. However,
as shown in Fig. 9(a), the peak voltage is not only proportional
to the leakage inductance but also extremely increased with
only a few percent leakage inductances in case of small snubber
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Fig. 10. Photograph of the experimental prototype.

capacitance. Therefore, based on the leakage inductance of the
designed transformer, the relevant snubber capacitance can be
selected by Fig. 9(a). For example, if the leakage inductance is
assumed to be 0.06 μH corresponding to the 1% magnetizing
inductance, it requires at least 10 nF of Ctot to maintain vds peak
below 150 V.

In order to select the proper value for the snubber capacitor, it
is important to calculate the required Ctot based on (11). How-
ever, it should be considered that since the required capacitance
is usually in order of nanofarads, the stray capacitances of a
real hardware can be exploited to further reduce the value of
the snubber capacitor. Specifically, as it is mentioned in [9] and
[20], the capacitance of the primary winding of transformer and
also the reflected anode–cathode capacitance of the secondary
rectifier are effectively in parallel with Coss during the switch-
ing transients, so, the most suitable equation for calculating the
required snubber capacitance can be deduced as

vspike = iLm peak

√
LLk

Coss ‖Cs ‖Cpw ‖N 2CD
(12)

where Cpw is the primary winding capacitance of the flyback
transformer and CD is the anode–cathode capacitance of the
secondary rectifier.

Another important property of a real hardware that can be
exploited to reduce the required snubber capacitance is the non-
linearity of a MOSFET’s Coss . The value of Coss at low voltages
can be more than 10× higher than its value in higher voltages,
which further helps to damp the voltage overshoot and reduce
the value of required snubber capacitor.

3) Auxiliary switch Sa : The current rating of the auxiliary
switch Sa is small since it only carries current during Modes 2,
3 and 4. Furthermore, the switching frequency is quite low so
that the switching loss can be ignored. Therefore, a very slow
MOSFET with low Rds(on) can be used. The operation of the
auxiliary switch is determined by the operational mode.

TABLE I
SYSTEM SPECIFICATIONS

TABLE II

IV. EXPERIMENTAL RESULTS

To verify the effectiveness of the proposed adaptive snubber, a
250 W flyback micro-inverter prototype has been built as shown
in Fig. 10.

Tables I and II show the system specifications and the ma-
jor component list used in the hardware, respectively. Based on
(12) and the measured values of Cpw = 1.88 nF, CD = 35pF,
Coss−20V = 3.8 nF (accumulative Coss of two parallel MOS-
FETs at 20 V), and the maximum overshoot of 130 V on
the MOSFETs, the final snubber capacitance was selected as
1.68 nF.

The overall control schemes is implemented on a dsPIC mi-
crocontroller dsPIC33FJ16GS504 as shown in Fig. 11. Dur-
ing the DCM and BCM operations, the turn-off timings of the
main switches are determined by comparing the reference cur-
rent with the instantaneous current of the primary side of each
transformer. The constant frequency operation determines the
turn-on timings of the switches in the DCM. However, in BCM,
the turn-on timing of the main switch S1 is determined by de-
tecting zero voltage across vds1 , instead of sensing the output
diode current, and the turn-on timing of the main switch S2 is
synchronized to the turn-off timing of S1 for simple interleaved
operation.

The experimental results of the micro-inverter with the pro-
posed adaptive snubber and without considering the MPPT [21],
[22] operation are presented in Figs. 12–15 for the output power
of 210 W, which corresponds to the maximum efficiency of the
converter.
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Fig. 11. Control block diagram of the flyback micro-inverter.

Fig. 12. Experimental waveforms. (a) Grid voltage vg , grid current ig , gate-to-
source voltage of the main switch S1 , and gate-to-source voltage of the auxiliary
switch Sa 1 . (b) Grid voltage vg , grid current ig , drain-to-source voltage of S1
vds1 , and primary side current of the transformer ip1 .

Fig. 12 shows the overall operational waveforms across the
grid cycle. The grid current is synchronized with the grid voltage
by phase-locked loop (PLL). The auxiliary switch Sa1 gating
signal in Fig 12(a) illustrates the 120-Hz operation of this switch
and also the DCM-BCM mode transition during the operation
of the converter.

Fig. 13 illustrates the interleaved operation of the converter
in the BCM. It is shown in this figure that the turn-on timing of
the main switch S2 is synchronized with the turn-off timing of
the main switch S1 .

Fig. 13. Interleaved operation waveforms: Gate-to-source voltage of the main
switch (S1 , S2 ), drain-to-source voltage of the main switch (vds1 , vds2 ).

Fig. 14. Gate-to-source voltage of the main switch S1 , Gate-to-source voltage
of the auxiliary switch Sa1 , drain-to-source voltage of S1 vds1 , and primary
side current of the transformer ip1 . (a) DCM operation. (b) BCM operation.
(c) Mode transition between DCM and BCM.
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Fig. 15. Efficiency curve.

Fig. 14 shows the detailed waveforms in each operation mode.
Fig. 14(a) and (b) shows the DCM and the BCM operations,
respectively. In DCM, the auxiliary switch Sa1 is turned OFF,
and switch S1 is hard switched. However, in BCM, the auxiliary
switch Sa1 is turned ON so that the snubber capacitor helps to
decrease the overshoot of the voltage vds1 as well as the turn-off
switching loss by slow rising slope of the voltage vds1 . Also,
the capacitance energy is fully transferred to the input source
by resonance with the magnetizing inductance before the next
turn-on of the main switch S1 , so it does not cause any additional
loss. Fig. 14(c) shows the mode transition waveform from DCM
to BCM.

The efficiency of the prototype from the input port to the
output port (including the micro-processor and driving power)
was measured as shown in Fig. 15. The maximum efficiency is
95.8% and the CEC weighted efficiency is 94.6%.

The efficiency of the converter is also measured using a con-
ventional RCD snubber (Csnub = 1.68 nF and Rsnub = 4.3 kΩ)
and it is shown in Fig. 15. The maximum achieved efficiency in
this case is 94.4% with the CEC efficiency of 92.6%.

The operation of the flyback micro-inverter without any type
of snubber or clamp circuit is evaluated and the resulted effi-
ciency is demonstrated in Fig. 15. It should be mentioned that
without snubber, the operation of the inverter was only possible
up to 65% of the nominal power (160 W) as the maximum volt-
age overshoot reached the breakdown voltage of the MOSFETs.

V. CONCLUSION

This study presented a new adaptive snubber for the hy-
brid (DCM–BCM) operation of the flyback micro-inverter. The
proposed adaptive snubber consists of the minimum number
of components, namely, a small auxiliary switch and a small
capacitor. It also exploits the parasitic capacitors of the fly-
back circuit (the main switch Coss , transformer winding capac-
itor, and secondary rectifier capacitor) to further reduce the re-
quired value of the snubber capacitor. Furthermore, the auxiliary
MOSFET switches at only double-line frequency and shares the
same source terminal with the main switch of the flyback, which
reduces the cost and complexity controller and the gate drive
circuit.

Based on the detailed operation principal of the snubber cir-
cuit and the presented mathematical formulas, the criterial for

selecting the proper snubber capacitor along with the consider-
ation for the optimum design aiming to higher efficiency was
presented.

The experimental results on a 250 W hardware prototype
demonstrate that the proposed adaptive snubber is able to limit
the voltage overshoot across the main switch and achieves high
system efficiency through enabling the use of lower voltage
MOSFET and also providing soft switching. The overall system
with the proposed snubber achieved the maximum efficiency of
95.8% and the CEC weighted efficiency of 94.6%.
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