
Abstract: The Flyback inverter is a single-stage power inverter which represent an attractive solution 
for photovoltaic (PV) grid-tied inverter application. The main advantages of a current-source flyback 
inverter are high power density and high efficiency due to its small, as well as low total harmonic 
distortion (THD) operation. However, a flyback topology works with Discontinuous Conduction 
Mode (DCM) control strategy has lower efficiency and poor THD values. In this paper, an efficient 
current-source flyback inverter topology works with Boundary Conduction Mode (BCM) control 
strategy is presented. Besides, an efficient incremental conductance (IC) maximum power point 
tracking (MPPT) is used to extract the maximum power from the PV module. To verify the proposed 
control a power simulator (PSIM) software is used. As a result, the simulation results indicates that 
the BCM control is more efficient than the DCM method for various weather conditions. Finally, the 
proposed BCM strategy is compared with DCM control in terms of THD and thus it is achieved 
lower THD contain in the injection current of grid. 
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1. Introduction

In last decades, the interest in photovoltaic power
systems has grown in response to more and more 
concerns for many countries in the world. The PV 
power systems provide significant contribution to 
reduce the polluting emissions due to the fact it 
represents one of renewable energy sources [1-3]. 
The grid-connected inverters that supply the power 
from the PV system to AC utility grid are becoming 
suitable more and more due to absence the battery 
cost. Furthermore, the grid-connected inverters can 
be widely acceptable by the residential and market 
application due to high reliability and easy-designed 
monitor system [4]. However, several ways to 
arrange the solar PV modules are used to provide 
sufficient PV power to the grid-connected inverter, 
and then this will influence the cost of installation 
and inverter efficiency. The micro-inverter 
technology, which is a combination of a single PV 
module integrated with single-phase interactive 
inverter. With many advantages, over conventional 
inverters, this topology is considered the popular 

solution for grid-connected inverters for PV 
systems. The grid-connected inverter topologies are 
classified into three main types depending on the 
location of decoupling capacitor, number of the 
power stages, and the presence or absence of 
the transformers [5-9].  In case of the grid-
connected inverter, an electrolytic capacitor 
has been connected across DC input of the 
inverter with large capacitance in order to decouple 
the power. The PV grid-connected inverters can be 
classified into three types based on the power 
conversion stage, single stage inverter, dual stage 
inverter and multi-stage inverter. In case of 
single stage inverter, the decoupling capacitor is 
placed across input PV side while it connected 
across the DC link side in case of two, and 
multistage inverter between DC/DC converter 
and DC/AC inverter as shown in Fig.1.  
     In dual stage inverter, the low output 
voltage from the PV module is amplified to AC 
level utility grid voltage by the DC/DC 
converter and this converter implements the 
maximum power tracking method (MPPT) 
[10-13]. After that, the DC/AC inverter converts 
the high DC voltage to AC voltage with grid level 
voltage which controls the AC 
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injected current to the grid by means of pulse width 
modulation technique (PWM). Also, the multi stage 
inverter consists of DC/DC converter for each PV 
module to implement the MPPT and amplify the DC 
voltage level of the module [14,15]. So, this 
advantage provides a better control method for each 
PV module. Furthermore, DC/AC inverter is used to 
control the grid current and convert the DC voltage 
level to AC utility grid voltage level [16-18]. 
However, some inverters use a low frequency 
transformer (LFT) which is placed between DC/AC 
inverter and the grid, to step-up inverter voltage to 
the grid voltage level, this transformer is considered 
a poor efficient due to increasing in size, price, and 
weight as presented in [19,20]. On other the hand, 
most efficient inverters use a high frequency 
transformer (HFT) with DC/DC converter or 
DC/AC inverter, to reduce price and weight [21-23]. 
Furthermore, in single stage inverter type flyback 
inverter, the specific DC power is converted directly 
to AC power; therefore, the DC/DC converter is not 
required. Thus, this topology becomes simple and 
more efficient than the multiple stage inverter 
topology, where size and components would be 
saved [24-28].   
Several studies were presented to propose the 
optimal control strategy for the flyback inverter such 
as in [27,28], the authors have proposed DCM 
control strategy to control the flyback inverter with 
constant switching frequency. The proposed control 
is implemented practically in laboratory 120W PV 
system with a low cost digital-analog control 
scheme. The results obtained in that work is good in 
terms of THD values but there is a drawback of 
lower efficiency and low output power. Authors in 
[29] were presented a simple and low cost
Continuous Conduction Mode (CCM) control for
the flyabck inverter. So, when the flyabck inverter
operates with CCM the main problem in this
strategy is the right half-plane (RHP) zero that
occurs in CCM region operation which may cause
poor power quality and higher THD in output
current. Also, in [30] a new hybrid control strategy
based on one phase DCM or two-phase DCM is
done to obtain higher efficiency at light load and
heavy load conditions, and by relying on this
technique the switching losses were reduced.
Therefore, the BCM control strategy is applied on
the flyback converter to increase the output power
level that is injected to the utility grid.
     In this research the efficient BCM control 
strategy for the flyback inverter is presented. The 
proposed control is depended on the measuring the 
output transformer winding and used they to provide 
a variable frequency Pulse width modulation 

(PWM) signals to the main switch of the flyabck 
inverter. Therefore, the complexity of the BCM 
strategy is reduced and then more efficient control 
strategy is achieved to obtain a higher output power 
to the grid with many benefits such as high power 
level, and low cost and lower THD values.  

Figure 1 Grid connected inverter topologies 

2. Single-stage Flyback Inverter
2.1 Equivalent Circuit Structure

The Flyback inverter topology  is a single-stage 
inverter with a simple structure circuit. With many 
functions over multi stage inverters, the flyback PV 
micro-inverter provides DC/AC conversion with 
isolation between the input side and output side 
[24,25]. Also, the flyback topology works as 
current-source inverter without DC/DC converter, so 
it can be used with different PV systems [23]. These 
processes are implemented simultaneously. The 
topology transfers the output power from the PV 
modules to the grid through two secondary winding 
of a centre tap high frequency transformer 
alternatively during half time period of AC 
sinusoidal wave of utility grid as shown in Fig. 2 
[23]. It formed from a decoupling capacitor Cdc , 
high frequency transformer (HFT) with single 
switch in input side, two switches in grid side with 
two diodes, and L-C output filter. The main switch, 
S1 operates with high switching frequency of 50   
kHz, while secondary switch, S2 and S3 operate with 
grid  frequency of 50 Hz.  
Fig. 3 shows the equivalent circuit and operation 
modes of flyback inverter during one switching period 
can be summed as following: 
Mode 1: if  the one switch, S1 is in ON state, the 
DC input voltage is impressed through  the primary 
winding, and then it will store the required energy in 
magnetizing inductance of transformer, Lm and 
cause the primary current ramps up to reached its 
maximum value. The other switches are OFF and 
the filter capacitor, Cf is discharged to grid as shown 
in Fig.3b. Mode 2: When the, S1 is OFF state , the 
stored energy in magnetizing inductance will be 
released to AC utility grid that has positive polarity 
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by turning ON the switches of S2and D1and all other 
switches stay in OFF state as presented in Fig.3c.

Figure 2 single stage flyback inverter topology 

Fig.3.equivelnt circuit of flyback inverter (a) during grid 
line half cycle (b) when 𝑆1 in ON state (c) when 𝑆1 in 

OFF state 

2.2 Analysis of Flyback BCM operation 

      The basic equations of flyback inverter operated 
with BCM control is derived from the analysis of 
the same circuit in DCM control operation as 
presented in [23]. Based on equivalent flyback 
circuit, the  total switching period of each time can 
be expressed as, 

𝑇𝑠(𝑡) = 𝑇𝑜𝑛(𝑡) + 𝑇𝑜𝑓𝑓(𝑡)  (1) 

Where 𝑇𝑜𝑛(𝑡) is the ON tiem of the main MOSFET, 
and 𝑇𝑜𝑓𝑓(𝑡) is the OFF time of the main MOSFET. 
The main advanteg of the BCM control is operated 
with variable switching frequency 𝑓𝑠 .  Due to the 
primary current is a sinusoidal wave form, so the 
OFF time and ON time should be matched to sure 
the circuit is operated with BCM. Therefore, the ON 
time of the MOSFET can be written as [23,28]: 

𝑇𝑜𝑛(𝑡) = 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘 𝑠𝑖𝑛 𝜔𝑡        (2) 

Also, 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘(𝑡) is the interval value referring to 
the switching period that occurs at 𝜔𝑡 =

𝜋

2
. In other

the hand, the maximum OFF time period 𝑇𝑜𝑓𝑓,𝑝𝑒𝑎𝑘 
can be calculated from the following equation [23]: 

𝑇𝑜𝑓𝑓,𝑝𝑒𝑎𝑘 =


𝑁
 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘  (3)

Where  =
Vin

V̂g
, and 𝑁  is the transformer turns ratio. 

Also, the  Vin is the dc input voltage (PV volatge), 
and V̂g is the peak grid voltage. In addition, from the 
above equation the total switching period can be 
calculated from the following equation: 

𝑇𝑠(𝑡) = 𝑇𝑜𝑛(𝑡) + 𝑇𝑜𝑓𝑓(𝑡)  (4)

𝑇𝑠(𝑡) = (


𝑁
+ 𝑠𝑖𝑛 𝜔𝑡) 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘  (5)

According to Eq. (5), the minimum and maximum 
switching frequency in BCM strategy should be 
determined as following: 

𝑓𝑠,𝑚𝑖𝑛 =
1

𝑇𝑠,𝑚𝑎𝑥
=

1

𝑇𝑠
|

𝜔𝑡=
𝜋

2

=
1

(


𝑁
+ 1) 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘

 (6)

𝑓𝑠,𝑚𝑎𝑥 =
1

𝑇𝑠,𝑚𝑖𝑛
=

1

𝑇𝑠
|

𝜔𝑡=0

 =
𝑁

 𝑇𝑜𝑛,𝑝𝑒𝑎𝑘
 (7)

The output power transferred to the grid can be 
written as in [23], 

𝑃𝑜 =
0.5 𝑉𝑖𝑛 

𝐿𝑚
𝑇𝑜𝑛,𝑝𝑒𝑎𝑘  𝐹(



𝑁
)  (8)
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According to the procedure presented in [23], the 
function can be calculated analytically from the 
following formula: 

𝐹 (


𝑁
) =

2

𝜋
−


𝑁
+ (



𝑁
)

2

𝑆 (


𝑁
 )  (9)

Where 𝑆 (


𝑁
) can be expresed as in [23,27]: 

𝑆 (


𝑁
 ) =

1

𝜋
∫

𝑑𝜃


𝑁
+ 𝑠𝑖𝑛𝜃

𝜋

0

 (10)

Using Eqs. (8-10), the output power can be written 
as, 

𝑃𝑜 = 𝑔𝑠 𝑉𝑔,𝑟𝑚𝑠
2 = 𝑔𝑙_𝑎𝑣𝑔 



(


𝑁
+

2

𝜋
)

[
2

𝜋
−


𝑁

+ (


𝑁
)

2

𝑆 (


𝑁
)] 𝑉𝑔,𝑟𝑚𝑠

2  (11)

Leading the following relation between 𝑔𝑠 and 
𝑔𝑙_𝑎𝑣𝑔 , 

𝑔𝑠

 𝑔𝑙_𝑎𝑣𝑔 
=



(


𝑁
+

2

𝜋
)

[
2

𝜋
−


𝑁
+ (



𝑁
)

2

𝑆 (


𝑁
 )]  (12)

Where 𝑔𝑙_𝑎𝑣𝑔 =
1

𝑓𝑠_𝑎𝑣𝑔  𝐿𝑚
. In addition, The average 

switching frequency 𝑓𝑠_𝑎𝑣𝑔can be wrriten as in [23], 

𝑓𝑠_𝑎𝑣𝑔 =
1

𝑇𝑜𝑛,𝑝𝑒𝑎𝑘 (


𝑁
+

2

𝜋
)

 (13)

 In order to test the flyback inverter performance, 
the value of the λ parameter is very important. Fig. 
4 preented (𝑔𝑠 /𝑔𝑙_𝑎𝑣𝑔 ) as function of 𝑁 with λ 
parameter. So, the power transferred to the grid in 
BCM is higher than that transferred in DCM 
strategy for the same values of 𝑁  and λ [23]. 

Figure 4. (𝑔𝑠 /𝑔𝑙_𝑎𝑣𝑔 ) as function of 𝑁 with  parameter 
in BCM control strategy [23] 

3.Proposed BCM Control Strategy

Comparison with DCM control strategy, the 
control scheme of the BCM strategy is more 
complex than DCM due to it operated with a 
variable switching frequency.  But the DCM control 
strategy is used only for low power applications 
about 100W. Another drawback point in DCM 
control, the inverter circuit is very critical because 
of the higher value of the primary winding current 
which may lead the inverter enter in CCM operation 
under heavy load conditions.  therefore, the BCM 
control is considered more efficient which is the best 
solution for the flyback topology in high power 
levels above 200W. in this paper, the BCM control 
strategy is used to control the flyback circuit 
switches. Fig. 5 shows the proposed block diagram 
of BCM control strategy. As observed, the optimal 
power from the PV module is extracted using 
incremental conductance (IC) method. The 
maximum power point (MPP) is obtained by 
tracking the PV voltage during a PI controller. 
Moreover, the grid voltage is sensed and the full 
rectified is obtained to compare it with the optimal 
value of the PV voltage. Besides, the output 
transformer winding currents 𝐼01 and 𝐼02 are sensed 
to form the total output current that compared with 
ground level. Then, this signal is provided to logic 
AND gate. The primary MOSFET current 𝐼𝑆1 is fed 
across  the PWM modulator to sure and  enhanced 
primary current reference value to control main 
MOSFET. Moreover, the real primary current is 
compared with its reference value instead of using  a 
fixed switching saw-tooth signal as presented in 
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traditional DCM control. The main contribution of 
this control is the control of the main MOSFET 
switch under variable switching frequency. In 
addition, the proposed control strategy is tested 
under different weather conditions to prove the 
performance. 

Figure 5. proposed BCM control strategy for flyback 
topology 

4. Simulation Results and Discussion

To prove the proposed BCM flyback inverter, 
the entire system has simulated using PSIM 
software. Table 1 presents the parameters of the 
proposed system circuit. In order to test the 
performance of the proposed control, solar irradiance 
profile with fast changing is applied.  Fig. 8 presents 
the simulation results of PV module under step 
change in solar irradiance. As observed, the PV 
voltage panel,Vpv = 35 V with a little of ripple about, 
∆v= 1.5 V. Also, this figure shows  the PV module 
current, whose value Ipv = 4.66 A, and has small 
ripple of ∆i= 0.1 A  for the  PV power, Ppv = 200 W  . 
It clear that, when the  irradiance level step down 
from  G = 1000 W/m²  to G = 400 W/m², the PV 
power is decreased from 200W to 80W at constant  
temperatureT = 25°C. In addition, the time response 
for both grid voltage and injected current o the grid 
can see in Fig. 7. As seen, when irradiance value is 
changed from 1000 W/m²  to 400 W/m² , the grid 
current is decreased to a certain value while the 
inverter keeps the voltage in utility grid level, also 
the primary current is decreased during this period. 
Moreover, the injected current has a good power 
factor PF regulation with a well THD value about 
2.97 at 200W. The proposed control maintains the 
THD and PF at acceptable values during the 
changing in irradiance.  Lastly, the comparison of 
THD values between results obtained by other 
authors/proposed work are shown in Table 2. Fig. 8 

Î

Î

Î

shows the simulation results for all currents passed 
through the transformer at steady state conditions. As 
observed, the primary current of the main MOSFET 
has a rectified sine wave due to SPWM, its peak 
value p = 29A. Figure 8b shows the first secondary 
current, that flow during, S2 and D1 at the positive 
half cycle of the grid voltage with  maximum value 
of  s1 = 3.4A. Figure 8-c shows the second secondary 
current that flow during S3 and D2 at the negative 
half cycle of the grid voltage with peak value of s2 = 
−3.4 A . Also, Fig. 8-d presents the total secondary 
current, is  which represents the output current that is 
injected to the utility grid without C-L filter. Besides, 
the total secondary has RMS value is Is,rms = 0.92 A. 
Fig. 9 reports the current waveform fed to the utility 
grid from the proposed inverter with L-C filter with 
RMS  value of 0.7A. as observed, the robustness of 
the proposed BCM control can be seen in maintain 
the injection current in-phase with the grid always 
with unity power factor regulation of  0.99 and  THD 
= 2.96%.  

Table 1. Simulation parameters used in the proposed work. 

Parameter Value Unit 

Maximum output power, 𝑃𝑜 200 𝑊

Output voltage, 𝑉𝑔 220 𝑉

PV voltage range, 𝑉𝑝𝑣 30-37 𝑉

Switching frequency, 𝑓𝑠 50 𝑘𝐻𝑧

Maximum duty cycle 𝑑 0.6 - 

Filter Capacitor 𝐶𝑓 1.4 𝜇𝐹

Filter inductor 𝐿𝑓 2 𝑚𝐻

The grid current, 𝐼𝑔   is mainly proportional to the 
value of solar irradiance. For this reason, high grid 
current is achieved in high solar radiation, this leads 
to well values of PF and THD. On other hand, poor 
values of PF and  THD are obtained during low solar 
irradiance. The  PF  is near unity at high power 
values. The low values of THD (< 5%) is achieved 
in proposed micro-inverter. Besides, at low output 
power, the PF is low, due to the output filter 
capacitor. As a result, when the transferred power to 
grid is high, the capacitive load becomes a small 
fraction of the total load and it has a little effect on 
the PF, but at low power levels, this capacitive load 
can result in PF as low. In order to compare the 
performance of the proposed BCM control strategy 
with other control strategy used recently, a 
comparison based THD values is obtained as 
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presented in Table 2. The proposed control 
strategy shows good values in terms of THD content 
where a well value is indicated in high power rating.   

The simulation results of the proposed 
control for flyback inverter are presented in 
Fig.6. 

Figure 6 Simulation results of the proposed control for flyback inverter. 

Figure 7 proposed inverter results during fast changing in irradiance. Top to bottom: grid voltage with grid current, 
transferred power to the grid, the main MOSFET current (primary).  
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Figure 8 All currents passed through the primary and secondary winding (a) primary winding current (b) secondary 
current in one winding (c) secondary current in other winding (d) overall secondary current injected to grid before filter. 

Figure  9 injection current to the grid at irradiance 1000W/m² and fixed temperature T=25C. 

Table 2. Comparison of THD values between results 
obtained by other authors and proposed work. 

Power (W) 20 40 60 80 100 

THD   in [27] 6.32 5.04 4 3.8 3.2 
Proposed 

THD 

6.4 4.9 3.8 3 2.97 

5. Conclusion
      In this work, an efficient BCM control 

strategy for a current-source flyback inverter 
topology is proposed. First, the equivalent circuit 
and theoretical analysis of the flyback inverter is 
studied to show the principle action of the flyabck 
circuit under BCM control strategy. Second, the 
proposed BCM control circuit is designed including 
MPPT which is used to extract the optimal power 
from the PV module using incremental conductance 
(IC) method. Moreover, the main engine of the 
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proposed control strategy is combined the secondary 
transformer winding currents to obtain the actual 
output current during PWM comparator. Also, the 
actual primary current is compared with its 
reference value instead of using a fixed switching 
saw-tooth signal as presented in traditional DCM 
control strategy. As a result, the main MOSFET 
switch has been controlled under variable switching 
frequency. In order to test the performance of the 
proposed control, the results have been compared 
with that obtained by other authors. Comparison 
show that the proposed control strategy has good 
values of THD content and power factor regulation 
in injection current especially in high power levels. 
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