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ABSTRACT 
In this paper, High efficient boost- half-bridge photovoltaic (PV) microinverter system implemented by an 

LLC resonant dc–dc converter is proposed. In order to achieve low cost, easy control, high efficiency, and high 
reliability, a boost-half-bridge dc–dc converter using minimal devices is introduced to interface the low-voltage 
PV module. A full-bridge pulse width-modulated inverter is cascaded and injects synchronized sinusoidal 
current to the grid. A fourth-order linear- phase IIR filter is proposed to regulate the grid current. High power factor 
and very low total harmonic distortions are guaranteed under both heavy load and light load conditions. 
Variable step size is adopted such that fast tracking speed and high MPPT efficiency are both obtained. By 
frequency modulation control, the output impedance of an LLC converter can be regulated from zero to 
infinite without shunt or serial resistors. Therefore, the efficiency of the proposed boost-half-bridge 
photovoltaic (PV) microinverter system significantly increased. Simulation results are provided to verify the 
validity and performance of the circuit operations control, and MPPT algorithm. 

 
Keywords— LLC resonant dc–dc converter, Boost-half-bridge, grid-connected photovoltaic (PV) system, 

maximum power point tracking (MPPT). 
 
 
 

I.  INTRODUCTION 
RECENTLY, residue of traditional energy 

resources (i.e., fossil energy) is highly limited and 
would be exhausted in the near future. Besides, 
combustion of fossil fuels results in a serious threat of 
global warming. Hence, developing renewable energy 
resources to replace traditional ones has been a 
research of great urgency. Among all renewable 
energy resources, pho- tovoltaic (PV) energy becomes 
most attractive recently, because it is noiseless, 
pollution-free, nonradioactive, and inexhaustible. 
Since the output PV characteristics are influenced by 
illumination and temperature, the maximum power 
point tracking (MPPT) [1], [2] is a necessary 
technology in PV applications. The concept of 
microinverter (also known as module- integrated 
converter/inverter) has become a future trend for 
single-phase grid-connected photovoltaic (PV) power 
systems for its removal of energy yield mismatches 

among PV modules, possibility of individual PV-
module-oriented optimal design, independent 
maximum power point tracking (MPPT), and “plug 
and play” concept . In general, a PV microinverter 
system is often supplied by a low-voltage solar panel, 
which requires a high-voltage step-up ratio to produce 
desired output ac voltage [3]–[5]. Hence, a dc–dc 
converter cascaded by an inverter is the most popular 
topology, in which a HF transformer is often 
implemented within the dc–dc conversion stage [4]–
[10]. 

In terms of the pulsewidth modulation (PWM) 
techniques employed by the PV microinverter 
system, two major categories are attracting most of 
the attentions. In the first, PWM control is applied 
to both the dc–dc converter and the inverter [4]–[6]. 
In addition, a constant voltage dc link decouples the 
power flow in the two stages such that the dc input 
is not affected by the double-line-frequency power 
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ripple appearing at the ac side. By contrast, the 
second configuration utilizes a quasi-sinusoidal 
PWM method to control the dc–dc converter in 
order to generate a rectified sinusoidal current (or 
voltage) at the inverter dc link. Accordingly, a line-
frequency-commutated inverter un- folds the dc-link 
current (or voltage) to obtain the sinusoidal form 
synchronized with the grid [7]–[10]. Although the 
latter has the advantage of higher conversion 
efficiency due to the elimination of HF switching 
losses at the inverter, the double- line-frequency 
power ripple must be all absorbed by the dc input 
capacitor, making the MPPT efficiency (defined as 
the ratio of the energy drawn by the PV inverter 
within a certain measuring period at the steady state 
to the theoretical available energy from the PV 
module) compromised unless a very large 
capacitance is used. Moreover, the dc–dc conversion 
stage requires more challenging control techniques 
to meet the grid current regulation requirement. 
Therefore, in terms of the MPPT performance and 
output current quality, the first category of PV 
microinverter is more appropriate and will be 
adopted in this paper. 

Atmospheric conditions are uncontrollable so 
that PV sys- tem engineers cannot obtain the 
corresponding PV characteristics to qualify the 
feasibility and dynamic response of their MPPT 
approaches immediately. Among them, the most 
applicable approach in high-power systems is using 
pulse width modulation (PWM) dc–dc converters to 
generate PV characteristics. However, shunt 
resistors are required to limit output voltage at 
extremely high duty-ratio, and serial resistors are 
used to inhibit spike current at extremely low duty-
ratio operation. These resistors cause additional 
power dissipations and lower conversion efficiency. 
Furthermore, the power switches of PWM converters 
operate in hard switching, which will result in high 
switching losses and electromagnetic interference 
(EMI) issues. 

This paper proposes to implement a high-
efficiency boost-half-bridge photovoltaic (PV) 
microinverter system by an LLC dc–dc converter. 

 
 

Fig. 1.    Equivalent circuit of a solar cell. 
 

 II. CHARACTERISTICS OF SOLAR 
CELLS 

Solar cells are basically p–n junction 
semiconductors which transform solar energy into 
electricity directly. Fig. 1 shows an equivalent circuit 

of a solar cell [2], in which Rsh   and Rs   are the 
intrinsic shunt and serial resistors of the cell, 
respectively. A current source Iph represents the cell 
photocurrent, which is a function of illumination Si  
and solar array temperature T, and can be expressed as 
follows: 
 
Iph= [Isso+Ki(T-Tr)]Si/100                                           
(1) 
 
where Isso  is the short-circuit current at reference 
temperature Tr  and reference illumination 
(100mW/cm2), and Ki is temperature coefficient of 
the short-circuit current. 
 

 
Fig. 2.    Circuit diagram of LLC  dc/dc converter. 

 
 

III. ANALYSIS OF THE LLC  DC–DC 
CONVERTER 

 
The circuit diagram of an LLC  dc–dc 

converter is shown in Fig. 2, which consists of an 
LLC inverter, a current-driven transformer with a 
rectifier. The topology of LLC converter is very 
similar to that of SRC. The main difference is that the 
magnetizing inductance Lm  is only slightly higher 
than the resonant inductance Lr  in the LLC converter. 
Therefore, at some load conditions, Lm may 
participate in the resonance with Lr   and Cr  and 
change the characteristics of resonant tank. 
 

 
 

Fig. 3.    Equivalent circuit of the LLC  converter. 
 

The equivalent circuit of the LLC  inverter 
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can be depicted as shown in Fig. 3, in which Ri   is 
equivalent load resistance seen in primary side, and 
can be expressed as Ri=8n2RL/π2.  The input 
symmetrical square waveform Vab with the magnitude 
of Vin/2 can be obtained by alternate conducting of 
power switches S1 and S2. The load quality factor are 
defined as  

A=Lr/Lm                                                                                                   (2) 
ωL= 2πfL                                                                                                 (3) 
QL=Ri. ωL.Cr                                                                                      (4) 

 
Were ωL is the resonance frequency 
ωH is the main resonance frequency 

 

IV. BOOST-HALF-BRIDGE PV 
MICROINVERTER 

The  boost-half-bridge  microinverter  topology  for  
grid-connected PV systems is depicted in Fig. 4. It is 
composed of two decoupled power processing stages. 

In the front-end dc–dc converter, a conventional boost 
converter is modified by split- ting the output dc 
capacitor into two separate ones. Cin  and Lin denote 
the input capacitor and boost inductor, respectively. 
The center taps of the two MOSFETs (S1  and S2 ) and 
the two output capacitors (C1 and C2 ) are connected to 
the primary terminals of the transformer Tr , just 
similar to a half bridge. A voltage doubler composed 
of two diodes (D1  and D2 ) and two capacitors (C3 
and C4 ) is incorporated to rectify the transformer 
secondary voltage to the inverter dc link. A full-bridge 
inverter composed of four MOSFETs (S3 –S6 ) using 
synchronized PWM control serves as the dc–ac 
conversion stage. Sinusoidal current with a unity 
power factor is supplied to the grid through a third-
order LCL filter (Lo 1 , Lo 2 , and Co ). 
The transformer primary voltage, secondary voltage, 
and primary current are denoted as vr 1 , vr 2 , and ir 

1 , respectively. 
 

 
 

Fig. 4.    boost-half-bridge microinverter with LLC DC-DC converter 
 
 
 
The boost-half-bridge converter is controlled by 
S1   and S2 with complementary duty cycles. 
Neglect all the switching dead bands for 
simplification. The idealized transformer 
operating waveforms are illustrated in Fig. 5. 
When S1  is ON and S2  is OFF, vr 1  equals to 
vc 1 . When S1   is OFF and S2   is ON, vr 1 
equals to −vc 2 . At the steady state, the 
transformer volt-second is always automatically 
balanced. In other words, the primary volt-second 
A1  (positive section) and A2  (negative section) 
are equal, so are the secondary volt-sec A3   

(positive section) and A4   (negative section).  
In order to reach an optimal efficiency of the 

boost-half-bridge converter, ZVS techniques can be 
considered for practical implementation, as guided 
by [12]. It is worth noting that engineering 
tradeoffs must be made between the reduced 
switching losses and increased conduction losses 
when soft switching is adopted. Detailed optimal 
design processes of the boost-half-bridge con- 
verter will not be addressed in this paper. 

For simplicity, hard switching is employed and 
the transformer leakage inductance is regarded as 
small enough in this paper. 
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The step-changed voltage reference and the 
ramp-changed volt- age reference are 
implemented for MPPT, respectively. 
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V.  OPERATION PRINCIPLES OF 
THE LLC  DC–DC CONVERTER 

 
As shown in Fig. 2, the primary switches S1  (S2 

) are com- posed of an MOSFET Q1   (Q2 ), and 
its intrinsic antiparallel diode D1 (D2 ) and 
equivalent output capacitor CO SS1 (CO SS2 ). The 
resonant tank is formed by the resonant capacitor Cr 
, and the leakage inductor Lr   and magnetizing 
inductor Lm  of the transformer T1 . By conducting 
the switches S1  and S2  alter- nately, a 
symmetrical square waveform with the magnitude of 
Vin /2 can be obtained in the input terminal of the 
resonant tank, where Vin  is the input voltage. The 
center-tapped rectifier is constructed by connecting 
diodes D3  and D4  to the secondary windings of T1. 
Based on the analysis of earlier section, the main 
theoretical waveforms of the LLC converter are 
shown in Fig.5. 

 
VI.MPPT 
Fig. 5 shows the voltage and current waveforms of 
the primary switches S1  and S2 , when the system 
operates at the maximum power point (MPP) (point 
“E”) and two extreme points (points “A” and “H”), 
respectively.  

In order to further verify the system stability, a 
boost converter with perturb and observe (P&O) 
MPPT algorithm [1], [2] and output-current feedback 
control is connected in series with the proposed 
SYSTEM. This is one of the most popular structures 
to achieve MPPT feature in the PV applications. The 
impedance ratio, defined as Tm   = Zo /Zin , can be 
used to determine the system stability, where Zin  is 
the input impedance of the boost converter. 
 
VII. EXPERIMENTAL RESULTS 

A boost-half-bridge PV microinverter has been 
built and simulated by MATLAB. The validity of the 
boost-half-bridge dc–dc converter, and the LLC DC-
DC converter, and the variable step size MPPT 
method are verified by the following experimental 
results. 

 
 

Fig. 5.    Measured efficiencies of the proposed 
system according to the operation points “A” to 

“H.” 
 

Besides, when the System operates at point “E” 
with high-output power, the turn-off current can be 
reduced by the second resonance, as shown in Fig. 
5. Therefore, the circulating energy and turn-off 
loss can be significantly minimized to improve 
system efficiency.  Fig. 6 shows the measured 
efficiencies according to the operation points (from 
“A” to “H”) marked at the theoretical V–I curve. 
The maximum system efficiency is up to around 
92.5% and occurs at the MPP “E,” resulting in 
energy saving significantly. 
 

 
Fig. 6.    Measured V–I curve of the proposed 

system with closed-loop control. 
 
In Fig. 7. Shows that the Transformer primary 

voltage, secondary voltage and currents when without 
using LLC converter. In Fig. 8. Shows that the 
Transformer primary voltage, secondary voltage and 
currents when with using LLC converter.  

 

 
Fig. 7. Transformer output with out LLC 

converter. 
 
From that Fig.7 & 8. We find that the output 

efficiency and quality of output getting improved 
when using the LLC DC-DC converter. While using 
this system we can get the smooth output waveform 
then the normal output.  

 



Wind and Solar Energy Conversion System using MPPT based Power Electronics 
 

 
240 | P a g e  
 

 
Fig. 8. Transformer output with LLC converter 
 
In Fig. 9. Shows that the Output of boost-half-

bridge microinverter  s y s t e m implemented by LLC 
DC-DC converter using MPPT. 

 
 

Fig. 8. Output of boost-half-bridge 
microinverter  system 

 
VII.CONCLUSION 

A high-efficiency boost-half-bridge microinverter  
s y s t e m implemented by LLC DC-DC converter 
using MPPT has been proposed. The detail operation 
principle, design procedures, and considerations are 
introduced. A simulation of boost-half-bridge 
microinverter s y s t e m  i m p l e m e n t e d  by LLC 
DC-DC converter using MPPT is implemented to 
demonstrate the feasibility and validity of the 
theoretical discussion. The simulation results show 
that the boost-half-bridge microinverter 
s y s t e m implemented by LLC DC-DC converter 
using MPPT can provide approximated PV output 
characteristics with high accuracy, and the 
maximum system efficiency at the range near MPP 
is up to around 92.5%. Hence, the proposed boost-
half-bridge microinverter s y s t e mimplemented by 
LLC DC-DC converter using MPPT save the costs 
and energy for PV system testing, and accelerate 
the industrial developments of PV power. 

Thanks to the minimal use of semiconductor 
devices, circuit simplicity, and easy control, the 
boost-half-bridge PV microinverter possesses 
promising features of low cost and high reliability. 
Finally, the customized MPPT method that generates 

a ramp-changed reference for the PV voltage 
regulation guarantees a correct and reliable 
operation of the PV microinverter system. 
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