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Abstract: 

This project is to supply and support cost effective microinverters operating in the single-phase grid from solar photovoltaic (PV) 

panels or other low-voltage sources must buffer the grid line frequency variation between the energy sourced by the PV panel and 

that required for the grid. Th is paper presents a Multilevel Energy Buffer (MEB) and voltage modulator  that significantly reduces 

the range of voltage conversion ratios that the dc-ac converter portion of the micro inverter must operate over by stepping its 

effective input voltage in pace with the line voltage. The MEB part ially rep laces the original bulk input capacitor, and functions as 

an active energy buffer by adding charge controller circuit to reduce the total size of the energy buffering capacitance and thus 

improving the overall system efficiency. 
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I.INTRODUCTION 

Each micro inverter direct ly connects one PV module to the 

grid, hence enabling higher overall maximum power po int 

tracking efficiency and improved system reliability by 

eliminating the potential single point of failure. Two important 

considerations in the design of microinverters are converter 

efficiency and size.  

 

The size of the microinverter can be reduced by increasing its 

switching frequency. However, to maintain or enhance 

efficiency at the higher switching frequencies, advanced 

topologies, buffering and control strategies are necessary.  

 

Recently proposed single-phase microinverter architectures 

have been reviewed. Topologies are grouped into single-stage 

architectures and mult istage architectures. In single stage 

architecture, mult iple tasks (e.g.,  voltage modulation, power 

modulation, and output current shaping) are realized in a single 

power stage.  

 

They have low circuit complexity and simple control, but 

cannot achieve high performance over a wide operating range. 

Multistage architectures have mult iple power conversion 

stages with each stage performing one or more functions. Each 

stage can be optimized individually, thus the overall system 

performance is usually better, while the total component 

counts and control complexit ies are usually higher  

 

II.PROJECT OBJECTIVE 

 

This paper presents a multilevel energy buffer and voltage 

modulator (MEB) that significantly reduces the range of 

voltage conversion ratios that the dc–ac converter portion of 

the micro inverter must operate over by stepping its  effective 

input voltage in pace with the line voltage. The MEB part ially  

re- places the original bulk input capacitor, and functions as an 

active energy buffer to reduce the total size of the twice-line- 

frequency energy buffering capacitance. The small additional 

loss of the MEB can be compensated by the improved 

efficiency of the dc–ac converter stage, leading to a higher 

overall system efficiency. 

 

III.WHAT IS MICROINVERTER?  

A solar micro-inverter, or simply micro inverter, is a device 

used in photovoltaics that converts direct current (DC) 

generated by a single solar module to alternating current (AC). 

The output from several micro inverters is combined and often 

fed to the electrical grid. Micro inverters contrast with 

conventional string and central solar inverters, which are 

connected to multiple solar modules or panels of the PV 

system. Microinverters have several advantages over 

conventional inverters.  

The main advantage is that small amounts of shading, debris or 

snow lines on any one solar module, or even a complete 

module failure, do not disproportionately reduce the output of 

the entire array. Each microinverter harvests optimum power 

by performing maximum power point tracking for its 

connected module. Simplicity in system design, simplified  

stock management, and added safety are other factors 
introduced with the microinverter solution. 

3.1 ARCHITECTURE 

 

 
Figure.1. Architecture of a micro inverter incorporating 

a twice-line-frequency energy buffer capacitanceIN, a 

high-frequency resonant inverter, a transformer, and 

cycloconverter. 

 

3.2EXIS TING S YS TEM 

 

It comprises a high-frequency resonant inverter, a transformer, 

and a cycloconverter. The resonant inverter is controlled in  

such a manner that it produces a high frequency-sinusoidal 

current with its amplitude modulated at the line frequency. The 

high-frequency transformer steps up the voltage and the 
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cycloconverter convert the high-frequency current into a 

sinusoidal line-frequency current, which is in jected into the 

grid. The power converter implements a new type of third-port 

topology, where the energy storage (buffer) block is placed “in 

series” with the line voltage interface. At a very high level, the 

converter operation is closely related to the ac-link family of 

topologies. Here, the switching waveforms of all three series -

connected blocks are responsible for generating the 

intermediate high-frequency current waveform. 

 

3.3 PROPOS ED S YSTEM 

  

 
Figure.2. Architecture  of the proposed MEB 

microinverter.  

 

It incorporates a MEB and adc–acconverter. Although here 

the MEB is shown on the dcside of the micro inverter, an 

alternative is to incorporate the MEB function on the ac side 

of the microinverter. 

 

 The SCEB is used to modulate the dc–ac converter block’s 

input voltage as the line voltage traverses a cycle to reduce 

the required amount and variations in voltage conversion ratio 

of the high- frequency dc–ac converter block over the line 

cycle. Consequently, the operating range of the high 

frequency, high-step- up portion of the micro inverter is 

reduced. The SCEB also steps up the voltage on the primary  

side of the transformer.  

 

Hence, it reduces the transformer primary-side current and the 

primary-side conduction losses. The optional CCC provides 

an additional means to balance the total charge entering and 

leaving the SCEB over a line cycle, thereby providing greater 

flexib ility in the operation of the SCEB.  

 

The power rating of the CCC is a fraction of the power rating 

of the MEB microinverter, and it only operates over part of 

the line cycle. Hence, it can be small and its losses do not 

substantially impact the overall efficiency of the 

micro inverter.  

 

The small additional loss of the MEB can be compensated by 

the improved efficiency of the dc–ac converter block; leading 

to a higher overall system efficiency. This paper introduces a 

new technique to address the aforementioned challenges. The 

new technique shares some of the benefits of both variable-

topology cascade converter structures and switched-capacitor 

energy buffers (SCEB), while enabling very high efficiency to 

be maintained.  

 

The new power converter architecture incorporates a 

multilevel energy buffer and voltage modulator (MEB) to 

achieve compression of the high- frequency inverter operating 

range, thereby improving the efficiency of the high-

frequency- link dc–ac converter stage.  

 

The MEB also partially rep laces the original bulk input 

capacitor and provides the twice-line- frequency energy 

buffering between dc and ac.                   

   IV.COMPARIS ION 

 

 

V.BLOCK DIAGRAM 

 
 

Figure.3.Block Diagram 

 

VI.DES CRIPTION 

 

The proposed system is more broadly applicable to converter 

interfaced between low voltage dc and single phase ac grid. 

Schemat ic of MEB micro inverter without CCC control is 

shown the Fig.3 The power path of this architecture is 

followed by two stages: a. MEB stage b. dc -ac converter 

stage. 

 

A) MEB stage. 

 

MEB stage consists of two subsystems SCEB and CCC to 

avoid circuit complexity we are not considering CCC. The  

SCEB consists of four switches which is connected as a full 

bridge and a buffer capacitor CBUF. Input voltage of dc-

acconverter Vx is generated by switching actions of SCEB 

circuit  at line angles a, ß, (180- ß), and (180 - a) as shown in 

the following figure: 

PARAMETERS  EXIS TING 

SYSTEM 

PROPOS ED 

SYSTEM 

Transformers Bulk in Size  Small and 

Isolation 

Transformer fo r 

protection purpose 

only 

Sine Wave 

Output 

No Yes 

Efficiency  Moderate 

(45%) 

High (94%) 

Idle Power Draw High  Low 

Reliab ility Low High  

Weight Heavy Light 
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Figure.4. One embodiment of the proposed MEB:  

 

(a) MEB circuit 

 

Implementation,(b) Waveform of V 

They are three modes of MEB operation: 

  

1. STEP DOWN MODE 

 

2. BYPASS MODE  

 

3. STEP UP MODE 

 

1) STEP DOWN MODE: 

 

When the magnitude of line voltage is low i.e when the line 

angle in the range of 0 toa and (180 – a) to180. The SCEB 

operates in the step down with Sa and Sd in the on condition 

and Sb and Sc are in off condition and the output of MEB will 

be Vin-VBUF. 

 

2) BYPASS MODE:  

When the magnitude of line voltage is high i.e when the line 

angle in range from a to ß and (180– ß) to (180 – a). The SCEB 

operates in the stepdown mode with Sa and Sd in the on 

condition and Sc and Sb and in the off condition and the output 

of MEB will be Vin.  

 

3) STEP UP MODE:  

 

Sb and Sc will on and Sa and Sd will be off and the output 

voltage of MEB will be Vin  + VBUF. 

 

VII. PROPOS ED CIRCUIT IN DETAIL 

 

The implementation of MEB micro inverter where the charge 

controls circuit is inserted in the MEB stage of the 

micro inverter. CCC circuit is used to maintain  the charge 

balance in CBUF. In this negative terminal Cis connected to 

MEB input modified boost converter. Input voltage is 

regulated (VIN) and output is fixed VBUF. The switches in 

CCC operate with frequency higher than the operating 

frequency by SCEB which acts as a controlled current source. 

During step-down mode the CBUF is charged with the help of 

CCC and the dc-ac converter and is continues in the bypass 

mode also. During step-up mode, the CCC is turned off and 

CBUF is discharged by dc-ac converter. The three operating 

modes in CCC operates in continuous conduction mode 

(CCM) where the duty ratio of S is fixed at 0.4 which keeps 

VBST-IN  stable at 0.4VIN and V is maintained at 0.6VIN. 

automatically precharges without any additional control so 

CCC implementation is termed as built in feedback 

mechanis m.     

 

7.1 DES IGN OF THE DC-AC CONVERTER STAGE. 

 

High frequency series resonant link dc-ac converter is selected 

for this architecture. Because of the use of MEB technique 

transformer turns ratio and operating range is reduced and also 

it increases the input voltage of the dc-ac converter over a 

portion of line cycle which led decreases in the peak voltage 

stress of the switches than without MEB installation. 

 

 
 

VIII.SOFTWARE DES CRIPTION 

 

8.1 MATLAB S IMULINK 

 

Simulink, developed by Math Works, is a graphical 

programming environment for modeling, simulating and 

analyzing multidomain dynamic systems. Its primary interface 

is a graphical block diagramming tool and a customizable set 

of block libraries. It offers tight integration with the rest of the 

MATLAB environment and can either drive MATLAB or be 

scripted from it. Simulink is widely used in automatic control 

and digital signal processing for mult idomain simulation and 

Model-Based Design. 
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8.2SIMULATED MODEL  

 

8.3 OUTPUT OF MEB  

 
 

8.4OUTPUT OF THE INVERTER 

 
 IX. CONCLUS ION 
 

This paper introduces a MEB stage for grid- interfaced micro 

inverters. The MEB significantly reduces the voltage con- 

version range that the high-frequency dc–ac converter portion 

of the microinverter must operate over by stepping its input 

voltage in pace with the line voltage. This  enables the dc–ac 

converter stage to operate over a narrower operating range 

and achieve higher efficiency. The MEB also functions as an 

active energy buffer, which helps to reduce the total size of 

the twice- line-frequency energy buffering capacitance, 

creating space for the additional components in the MEB. 
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