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Abstract 
A low-cost technique for improving the efficiency of a single-
stage Flyback micro inverter is proposed in the paper. The 
proposed low cost technique for improving the efficiency is based 
on a simple nondissipative snubber, consisting of just a few 
passive elements. A turn-off snubber is needed to limit the peak 
voltage stress that can damage the main switch when the transistor 
is turned OFF. In this paper, Simulation and experimental 
evaluation of the energy regenerative snubber dedicated to the 
flyback micro-inverter in comparison with other common 
snubbers is presented, the modes of operation of the converter are 
discussed and analyzed and the design of the converter with the 
passive snubber is reviewed. Experimental results obtained from a 
lab prototype are presented as well. 
 
Keywords: Flyback micro inverter, LCDD snubber, RCD snubber, 

CCM, DCM, CCM  
 

1.  Introduction 
 
Solar energy systems based on photovoltaic cells are 
becoming more popular during the last few decades, due to 
environmental concerns, the increase of fossil fuel prices, 
and the need for more energy.  
Many different converter topologies [1-2] have been 
proposed for the solar energy systems, in order to supply the 
power to the ac grid. The most recent technology of those 
solar energy systems are the ac-PV modules [7], among 
those, the single Flyback Current Source Inverter [7] 
provides many advantages due to its simplicity, such as 
increased reliability, low cost, galvanic isolation and simple 
control. 
This dc-ac flyback inverter based on the dc-dc single 
flyback makes use of only one magnetic component to 
attain both the energy transfer and isolation [1-2].  
The challenge in the design of the single flyback micro-
inverter is handling the leakage inductance energy of the 
flyback transformer. However, when the main transistor is 
turned OFF the high leakage inductance of the transformer 
develops high voltage  
spikes across the main switch and can cause its destruction.  
Many different varieties of turn-off simple snubbers were 
reported in order to limit the rate of rise voltage across the 
switch, such as the dissipative RCD snubbers and the 
nondissipative LCDD snubbers. The conventional RCD 

snubber is simple, but the power stored in snubber capacitor 
dissipates on the resistor, therefore the efficiency suffers. 
Conventional RCD Snubber is a popular and simple circuit 
to limit the peak voltage stress [3-8]. However, the use of 
the RCD snubber dissipates all of the energy absorbed, as a 
result of this; the RCD snubber power loss is not 
insignificant. Consequently, the conventional RCD 
Snubber cannot meet the requirements of the high 
efficiency objective. 
In order to improve the converter efficiency, various 
different methods have been proposed, including the use of 
the zero-voltage switching techniques (ZVS) with active 
snubbers [8-9], and zero-current switching techniques (ZCS) 
with active snubbers [10-11], and the use of the 
nondissipative LCDD snubbers [5-7].  
The nondissipative passive LCDD snubber can improve the 
converter efficiency; nevertheless, as compared to the 
passive RCD snubber, regenerative LCDD snubber requires 
an additional inductor that increases the component count 
and cost. Compared to RCD snubber that dissipates leakage 
energy in the resistance, regenerative LCDD snubber 
recovers leakage energy to the primary side of the single 
Flyback micro inverter improving the efficiency.  
In this paper, design and optimization of regenerative 
LCDD snubber is presented. An experimental prototype is 
built to verify the theoretical findings. Experimental 
evaluation of the energy regenerative LCDD snubber in 
comparison with the Conventional RCD Snubber is 
presented in order to verify the theoretical and simulated 
findings. 
 
 
2.  Flyback micro inverter  
 
2.1 Proposed micro inverter  
 
The flyback microinverter, as shown in Fig. 1, performs 
energy flow from the DC side to the AC grid side. Flyback 
microinverter includes: a high frequency transformer with 
three windings, one primary and two inversed secondary 
windings, A primary switch Sp, and two secondary switches 
placed in each secondary winding S1 and S2. While the 
main semiconductor Sp is modulated in high frequency, the 
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secondary switches are modulated in grid frequency (50 Hz), 
and each of them transfers energy to AC grid side during a 
half switching cycle. The LC filter is used to filter the 
current of the secondary grid side. The control bloc of the 
Flyback microinverter is based on a grid voltage sensor and 
the phase locked loop generates grid reference signal. The 
control algorithm bloc generates gates signals of Sp, S1 and 
S2 switches. A maximum power point extractor MPPT bloc 
calculates the reference duty cycle Dpk to extract the 
maximum power from the PV.  
 

 
Fig. 1 Proposed Flyback microinverter 

 
 
2.2 Operation modes of flyback micro inverter   
 
The switching cycle begins with the turning on of the 
primary switch Sp (fig.2a). When the primary current in the 
primary winding ip of transformer increases, energy coming 
from the solar PV panel is stored in the magnetizing 
inductance Lm of the transformer. When the primary switch 
Sp is turned off, the stored energy in the transformer is 
transferred to the grid through the output rectifier D1 and the 
controlled secondary switch S1 (fig.2b) if the grid voltage 
Vgrid is positive else stored energy is transferred to the grid, 
through the output rectifier D2 and secondary switch S2 

(fig.2c) when grid voltage Vgrid is negative. typical 
waveforms for a switching cycle and controls signals are 
shown in Fig.3 
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Fig. 3 Typical operating waveforms 

 
 
3.  Main converter design   
 
In this section, the design of the proposed flyback 
microinverter is discussed in the DCM conduction mode. 
The design of the flyback microinverter can be split into two 
parts. For the first part, the design of the main converter is 
studied without considering the effect of leakage 
inductances Lk of the transformer and the snubber circuit.  
The magnetizing inductance Lm of the transformer is the 
most important component. The value of the magnetizing 
inductance Lm specifies the primary peak current ippk. If the 
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magnetizing inductance Lm is chosen too low, the pic 
primary current ippk will increase the stress on the primary 
switch Sp else if Lm is chosen too high the current may 
move toward to the CCM conduction mode. 
For each switching cycle Ts (fig.3), a sufficient time toff 
must be allowed to the magnetizing current in the 
transformer to fall to zero from its peak value, after the 
primary switch Sp has been turned off.The worst case to be 
studied is when the converter operates at its maximum duty 
cycle Dpk and the primary current reaches its maximum   
ippk-max value as shown in Fig.3  
Operating in the DCM conduction mode, toff-pk can be 
expressed as 

 
𝑡𝑜𝑓𝑓  𝑇𝑠 െ 𝑡𝑜𝑛  (1) 

 
The maximum on time tonpk can be expressed as: 

 

𝑡𝑜𝑛 ൌ 𝐷𝑝𝑘.𝑇𝑠 ൌ
𝐷𝑝𝑘
𝑓𝑠

 
 (2) 

 
When the primary switch Sp is turned off, stored energy in 
the transformer is transferred to output throw the secondary 
winding. During this mode the output voltage across the 
secondary winding is reflected to the primary. it can be 
expressed as   

 
𝑉𝑔𝑟𝑖𝑑ሺ𝑡ሻ ൌ 𝑉𝑔𝑟𝑖𝑑 . sin ሺ𝑤𝑔. 𝑡ሻ   

(3) 
 

The fall of the current in Lm can be expressed by  
 

𝑁𝑉𝑔𝑟𝑖𝑑ሺ𝑡ሻ ൌ 𝐿𝑚
𝑑𝑖𝑝ሺ𝑡ሻ
𝑑𝑡

 
 (4) 

 
So, toffpk can be deducted and can be expressed as: 

 

𝑡𝑜𝑓𝑓 ൌ 𝐿𝑚
𝐼𝑝_௫

𝑁.𝑉𝑔𝑟𝑖𝑑
 

(5) 

 
the primary current Ippk_max can be expressed as: 

 

𝐼𝑝_௫ ൌ
𝑉𝑝𝑣.𝐷𝑝𝑘
𝐿𝑚. 𝑓𝑠

 

 

(7) 

Substituting (7) equation into equation (4 ) gives, 
  

𝑡𝑜𝑓𝑓 ൌ
𝑉𝑝𝑣.𝐷𝑝𝑘

𝑉𝑔𝑟𝑖𝑑 .𝑓𝑠.𝑁
 

 (8) 

 
From equation (8) it can be seen that toff_pk is dependent on 
various parameters. The switching frequency fs is fixed 
however the peak duty cycle Dpk and the turns ratio N need 
to be chosen.  Considering the expression for DCM 

operation given in equation (1) and substituting equation (8) 
to get, 

 
𝑉𝑝𝑣 𝐷

𝑉𝑔𝑟𝑖𝑑 .𝑓𝑠.𝑁
 𝑇𝑠 െ 𝑡𝑜𝑛 

(9) 

 
Dividing the both sides of equation (9) by ton_pk, to get, 

 
𝑉𝑝𝑣

𝑉𝑔𝑟𝑖𝑑.𝑁
 ሺ

1
𝐷𝑝𝑘

െ 1ሻ 
(10) 

 
From equation (10) the turns ration N can be expressed as:  

 

𝑁 
𝑉𝑝𝑣

𝑉𝑔𝑟𝑖𝑑
ሺ

1
𝐷𝑝𝑘

െ 1ሻିଵ 
(11) 

  
And the peak duty cycle Dpk can be expressed as:  

 

𝐷𝑝𝑘 
1

𝑉𝑝𝑣
𝑁𝑉𝑔𝑟𝑖𝑑

 1
 

(12) 

 
The next study is focused to determinate the value of 
magnetizing inductance Lm that can store sufficient energy 
to be fed to the grid, for a rated output power Pgrid 

Assuming that the converter is ideal and lossless so that 
input and output power are equal, the required magnetizing 
inductance Lm for a given required output power Po can be 
determined from the following equation: [3] 

 

𝐿𝑚 ൌ
1
2
ቆ

𝑉𝑝𝑣
𝑉𝑔𝑟𝑖𝑑

ቇ
ଶ 𝐷𝑝𝑘ଶ.𝑉𝑔𝑟𝑖𝑑௦

ଶ

𝑓𝑠.𝑃𝑜
 

(13) 

 
 

4.  Snubber design    
 
When the primary switch Sp is turned off, a high-voltage 
spike occurs between drain and source pins of the primary 
switch Sp because of a resonance between the leakage 
inductor Lk of the transformer and the output capacitor CDS 
of the primary switch Sp. The excessive voltage may lead 
to an eventual damage to the primary switch. Therefore, it 
is necessary to add an additional circuit to clamp the drain 
source voltage and protect the switch. In these parts two 
snubbers’ circuits are discussed: RCD snubber and LCDD 
snubber. 

 
4.1 RCD snubber design   

 
The flyback microinverter with RCD snubber is shown in 
Fig. 4. The microinverter goes through several modes of 
operation during a switching cycle. Equivalent circuit 
diagrams of this converter that show the flow of the current 
during any specific mode are shown in Fig. 5. Typical 
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waveforms for a switching cycle are shown in Fig.6.The 
inverter’s modes of operation are as follows: 
Mode 1 [t0, t1]  
At t = t0, the primary switch Sp is turned on (fig.5a), the 
source voltage is impressed across the main transformer 
primary winding and energy starts to be stored in the 
transformer. At t=t1 the primary current reaches his peak 
value Ippk  
Mode 2 [t1, t2]  
At t = t1, the primary switch Sp is turned off. The leakage 
energy flows through the output capacitance CDS and the 
snubber circuit (fig.5b). RCD snubber uses a capacitor Csn 
to limit the spike voltage in the primary switch Vsp and the 
resistor Rsn to dissipate the leakage transformer energy.     
Mode 3 [t2, t3]  
At t = t2, the transformer begins to be demagnetized. The 
diode that conducts depends on the polarity of the AC grid 
voltage Vgrid. If this voltage is positive, then S1 is on and 
current flows through D1 (fig.5c), if this voltage is negative, 
then S2 is on and current flows through D2 (fig.5c’) . This 
mode ends when the secondary current goes to zero at t3. 
Mode 4 [t3, t4]  
At t=t4 the secondary current goes to zero (fig5.d), there is 
no reflected voltage across the primary of the transformer. 
Then, the magnetizing inductance Lm begins to resonate 
with the primary switch Capacitor CDS. The voltage across 
the switch swings between Vpv±NVgrid . This mode ends 
when the primary switch Sp is turned on. 
The slope of the current isn is as follows: 

 
𝑑𝑖௦
𝑑𝑡

ൌ െ൬
𝑉௦ െ 𝑁𝑉ௗ

𝐿
൰ 

(14) 

 
The time ts is: 

 

𝑡௦ ൌ
𝐿

𝑉௦ െ 𝑁𝑉ௗ
 𝐼𝑝 

(15) 

 
The snubber capacitor voltage Vcsn should be determined at 
the minimum input voltage and full-load condition. This 
voltage Vcsn should be approximately 2 to 2.5 times of 
NVgrid. Very small voltage Vcsn results in a severe loss in 
the snubber circuit.  
The resistance Rsn is obtained by [13]: 

 

𝑅௦ ൌ
𝑉௦ଶ

1
2 𝐿𝐼

ଶ 𝑉௦
𝑉௦ െ 𝑁𝑉ௗ

 𝑓௦
 

 

(16) 

The maximum ripple voltage of the snubber capacitor ∆Vୡୱ୬ 
is obtained as follows [13]: 

 

∆𝑉௦ ൌ
𝑉௦

𝐶௦𝑅௦𝑓௦
 

(17) 

Generally, 5~10% ripple is reasonable [13]. Therefore, the 
snubber capacitance is calculated using equation (17). 

 

 
Fig.4 Flyback micro inverter with RCD snubber 
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(d) 

Fig. 5 Modes of operation 
 

 
Fig.6 operating waveforms 

 

 
 
4.2 Regenerative LCDD snubber design   
 
The design method of the energy regenerative LCDD 
snubber has two goals, one is protecting the main switch Sp 
from the overvoltage stresses produced by the leakage 
inductor Lk and the other is improving the efficiency of this 
converter. Compared to RCD snubber that dissipates 
leakage energy, regenerative LCDD snubber recovers 
leakage energy to the primary side of the microinverter  

The schematic diagram of the flyback microinverter with 
regenerative LCDD snubber is shown in Fig.7. This snubber 
is made of snubber diodes D3 and D4, snubber inductor Ls 
and snubber capacitor Cs. 
The flyback microinverter goes through several modes of 
operation during a switching cycle. Equivalent circuit 
diagram for each mode of operation is shown Fig. 8 and 
typical waveforms are shown in Fig. 9. The modes of 
operation are as follows: 
Mode 1 [t0,t1]  
The switching cycle begins with the turning on of the main 
switch Sp at t = t0 (fig.7a), the source voltage is impressed 
across the primary winding of transformer and energy starts 
to be stored in the transformer. At the same time the charged 
snubber capacitor Cs discharges through the main switch Sp 
and inductance Ls. The discharge mode concludes as the 
diode D4 is turned off 
Mode 2 [t1,t2]  
When the capacitor Cclamp has been discharged (fig.7b) the 
transformer continues to be magnetizing due to the voltage 
impressed across the main transformer winding. 
Mode 3 [t2, t3]  
At t=t2 the main switch Sp is turned off (fig.7c). The leakage 
energy stored in the transformer flows through two paths, 
one is through the output capacitance of Sp, CDS and the 
other is through the snubber capacitor Cs and diode D3. 
At t=t3, the voltage across the main switch Vsp  is limited by 
the input voltage Vpv, the clamp capacitor voltage Vcs and 
the reflected instantaneous secondary AC voltage NVgrid  
The voltage Vsp is given by 

 
𝑉௦ ൌ 𝑉௩  𝑉௦  𝑁𝑉ௗ (18) 

 
Mode 4 [t3, t4] 
At t = t3, the transformer begins to be demagnetized. The 
diode that conducts depends on the polarity of the AC grid 
voltage Vgrid. If this voltage is positive, then S1 is on and 
current flows through D1(fig.7d); if this voltage is negative, 
then S2 is on and current flows through D2 (Figure). This 
mode ends when the secondary current goes to zero at t4. 
As a result, stored energy in the snubber capacitor Cs 
discharges throw snubber inductor Ls, magnetizing 
inductance Lm and leakage Lk and returns to the primary 
capacitor Cpv. The discharge mode concludes when the 
diode D4 is turned off. 
Mode 5 [t4, t5] 
During this mode the transformer continues to discharge 
through the secondary windings  
Mode 6 [t5,t6] 
This mode begins when the secondary current falls to zero 
at t=t6, there is no reflected voltage across the primary of 
the transformer (fig.7f). As a result, the magnetizing 
inductance Lm begins to resonate with the capacitance of the 
primary switch CDS. The voltage across the switch to swing 
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between Vpv ± NVgrid. This mode ends when switch Sp is 
turned on to start the next switching cycle. 
The maximum value of VSp, reached during the off state of 
primary switch Sp, depends on the clamping voltage Vcs 
and on the input voltage Vpv: 

 
𝑉ௌ ൌ 𝑉௦  𝑉௩ 

 
(19) 

Le snubber capacitor voltage is expressed by [14]: 
 

𝑉௦ ൌ 𝑁𝑉ௗ  ඨ
𝐿𝐼

ଶ

𝐶௦
 

 

(20) 

the snubber capacitor Cs is obtained by [14]: 
 

𝐶௦ ൌ
𝐿𝐼

ଶ

൫𝑉ௌ െ 𝑉௩ െ 𝑁𝑉ௗ൯
ଶ 

(21) 

 
The snubber inductor helps returning to primary the energy 
stored in Cs and also limits the peak current of the main 
switch during the polarity inversion of the voltage across Cs. 
This sets the limits of possible values for the inductance. 
During the on time of the primary switch (Mode 1), energy 
stored in the capacitor snubber Cs is transferred to Ls throw 
primary switch Sp. therefore, this half period must be 
shorter than the minimum on time. 
The upper limit for the inductance Ls can be calculated as 
[14]: 

 

𝐿௦ ൌ ൬
𝐷
𝑓௦𝜋

൰
ଶ 1
𝐶௦

 
(22) 

 

Fig.7 Flyback micro inverter with LCDD snubber 
 

(a) 
 

 
(b) 

 

(c) 
 

 
(d) 

 

 
(e) 

 

 
(f) 

Fig.7 operating waveforms with LCDD snubber 
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Fig .8: typical operating waveforms 

 
4. Experimental results  

 
To evaluate the proposed flyback microinverter, a 100W 
flyback micro inverter prototype was developed and tested 
as presented in Fig.9. The converter was supplied using a 
DC voltage source and STM32F407 DSP was used to 
generate the gating signals for the switches. The prototype 
was built using the two snubbers:  RCD and regenerative 
LCDD snubber. The designed parameters of RCD and 
energy regenerative LCDD snubber are given in Table 1. 
Figure 10 presents the output voltage and current injected 
to the grid  for Dpk=0.3 using RCD snubber circuit (fig.10a) 
and LCDD snubber (fig.10b). From this figure it is clear that 
for the pic duty cycle Dpk, grid injected current grow using 
LCDD snubber. 
Figure 11 presents voltage and current stress in the primary 
switch using RCD snubber when Dpk=0.3. The voltage 
stress in the primary switch Sp is limited to 76V and the 
current pic in the transformer reaches 10A when the primary 
switch turns off   
Figure 12 presents voltage and current stress in the primary 
switch using LCDD snubber Dpk=0.3. The voltage stress in 
the primary switch Sp is limited to 68V and the current pic 
in the transformer reaches 5A. 
For efficiency study, a comparison is made with the 
traditional RCD and the LCDD snubbers. The power 
efficiencies were measured on the same flyback 
microinverter prototype with different snubbers. The curves 

of the experimental efficiency of the two different snubbers 
under the same voltage stress are shown in Fig.13. It can be 
observed that the overall efficiency of energy regenerative 
LCDD snubber is about 10% higher than that of RCD 
snubbers 

 

 

Figure 9. Prototype of a proposed flyback micro inverter 

 
Table 1: The specifications and parameters of 

prototype with proposed topology. 
Parameter Value 

Output power (Pout ) 100W 

DC voltage source  30V 

Grid voltage (Vgrid) 230V-50Hz 

Switching frequency (fs) 20Khz 

Input capacitance (Cpv) 4mF 

Primary switch (Sp) FB4227 

Secondaries switches (S1,S2)  IRFP460 

Secondaries diodes (D1,D2) BY229 

Transformer  

Core type  ETD39 

Turns ratio N 0.11 

Magnetizing inductance Lm 36µH 

Maximum flux density (Bm) 0.2T 

RDC snubber  

Rsn 100Ω 

Csn 330nF 

LCDD snubber  

Ls 11µH 

Cs 330nF 
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(a) 

 

 
(b) 

Figure 10. Grid voltage and current using different 
snubber Dpk=0.3 

 
 

 
Figure 11. voltage and current stress in the primary 

switch using RCD snubber Dpk=0.3 
 

Figure 12. voltage and current stress in the primary 
switch using LCDD snubber Dpk=0.3 
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Figure 13. efficiency comparison 
 

CONCLUSION 
This paper examined the energy regenerating LCDD 
snubber suited for the flyback microinverter. Comparative 
experimental performance evaluation of this energy 
regenerative LCDD snubber was performed. From the 
experimental results, it is confirmed that this snubber 
has a better performance in total efficiency than those 
with the conventional RCD snubber. The experimental 
efficiency shows that under the same voltage stress the 
efficiency of energy regenerative snubber has 10% 
improvement in average over RCD snubber. A prototype 
was developed to show the correct operation of the 
proposed flyback microinverter. The experimental 
results demonstrate the effectiveness of the developed 
converter. 
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