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Abstract-This paper presents a 31-level micro-inverter with an 

innovative control scheme. The presented micro-inverter makes 

use of a single PV panel connected to an MPPT converter. Four 

half-bridge legs are connected in series to produce 31 levels at the 

inverter's output. At the output side of the micro-inverter, a 

single full-bridge power circuit is used to generate positive and 

negative half-cycles. A high-frequency transformer and a push-

pull converter are used to generate the required isolated DC 

sources. The output of an Analog to Digital Converter (ADC) is 

used as a gate pulse for the half-bridge circuit power switching 

devices. PSIM software was used to simulate the proposed micro-

inverter, and the results are discussed. Hardware prototypes 

were also created and the results are displayed. 

Keywords-analog to digital converter; micro-inverter; MPPT; 

PV panel; Perturb and Observe 

I. INTRODUCTION  

A solar micro-inverter, also known as a micro-inverter, is a 
plug-and-play photovoltaic’s component that transforms the 
Direct Current (DC) produced by a single solar module into 
Alternating Current (AC). Micro-inverters stand in contrast to 
traditional string and central solar inverters, which connect a 
single inverter to several solar panels. The output of multiple 
micro-inverters can be pooled and often sent into the power 
grid. Compared to normal inverters, micro-inverters provide 
several benefits. The key benefit is that they electrically isolate 
the panels from one another, so even a full module failure or 
minor quantities of shade, dust, or snow lines on one solar 
module do not significantly diminish the output of the entire 
array. By conducting Maximum Power Point Tracking (MPPT) 
for the modules it is attached to, each micro-inverter collects 
the most power possible. Since each inverter must be put next 
to a panel, one of the main drawbacks of a micro-inverter is 
that it has a greater initial equipment cost per peak Watt than a 

central inverter of similar power (usually on a roof). Due to 
this, they are also more difficult to maintain and expensive to 
take apart and replace. In this proposed MPPT-based 31-level 
micro-inverter, the multi-level inverter is used to reduce the 
harmonics at the output. Figure 1 shows the basic block 
structure of the proposed micro-inverter. 

 

 

Fig. 1.  Basic block structure of the proposed system. 

There are many MPPT techniques available. Two common 
types are: conventional algorithms and intelligent control 
algorithms [1, 3]. In [1], a different comparative analysis of 
MPPT algorithms is presented. This paper simulated a 100kW 
grid-connected PV system with a beta control algorithm. Based 
on the previously known value, the accuracy of MPPT can be 
improved [7]. In the proposed inverter, the PV panel is used for 
MPPT with the Perturb and Observe (P&O) algorithm. A push-
pull converter is used to separate a single source into many 
isolated DC sources. It employs a high-frequency transformer 
with a primary winding with a center tap and four different 
secondary windings. The isolated sources are used as 
asymmetric DC sources for the Multi-Level Inverter (MLI). 
Many MLI topologies are used nowadays to reduce the output 
voltage Total Harmonic Distortion (THD). Optimized 
topologies for MLI are represented in [2] with asymmetric and 
symmetric DC sources. The home type cascaded MLI with 
reduced power switching devices is presented in [4]. The 
asymmetric MLI gives higher output voltage levels than 
symmetric MLIs [5]. In the proposed topology, asymmetric 
power configuration is used for the generation of the 31-level 
output and a direct ADC control scheme is developed for the 
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inverter to get a 31-level output voltage. In this scheme, the 
output of the ADC is directly used as gate pulses of power 
switching devices in half-bridges. 

II. MODELING OF THE PV MODULE 

The equivalent circuit model for the PV module is shown in 
Figure 2. The equivalent circuit includes a current source in 
parallel with a diode and resistance. Iph is the photo current, ID 
is the diode current, Rsh and Rs show the shunt resistance and 
series resistance respectively [1, 3]. 

 

 

Fig. 2.  Equivalent circuit for the PV cell. 
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where I is the load current, Is the diode saturation current, and 
T is the cell temperature. 

V � I��R�� � IR�� � I� �exp ���
������� � � 1� � IR�    (2) 

By modifying (1), we get: 
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From (4) we will get: 
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An analytical solution for (5) is not possible. So, we ignore 
parameter Rs and thus we get: 
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A. Maximum Power Point Tracking 

MPPT is a method for maximizing energy extraction from 
variable power sources as conditions change. The main issue 
that MPPT attempts to solve is the fact that the efficiency of 
power transmission from the solar cell is dependent on the 
quantity of sunlight, the amount of shade, the temperature of 
the solar panel, and the electrical characteristics of the load. 
The load characteristic (impedance) that provides the 
maximum power transmission changes when these variables 
change. The system is optimized in order to maintain the best 
efficiency of power transfer as the load characteristic changes. 
The Maximum Power Point (MPP) refers to this ideal load 
property. Any enhancement to the MPPT's rise time will raise 
the system's efficiency and power extraction while also 

increasing system reliability. There are many algorithms 
developed for MPPT, such as the P&O algorithm, the 
incremental conductance, and ripple correlation 

B. Perturb and Observe (P&O) 

By adjusting the voltage from the array by a little amount, 
the controller measures the power and, if it rises, tries more 
adjustments in that direction until the power stops rising. P&O 
is the most popular strategy because it is very simple to use, 
although it might lead to oscillations in the power output. 
Because it depends on the increase of the power versus voltage 
curve below the MPP and the decrease above that point, it is 
also known as the "hill climbing" approach. If a suitable 
predictive and adaptive hill climbing strategy is used, P&O 
method may produce top-level efficiency [1]. 

III. INVERTER WITH DIRECT ADC CONTROL SCHEME 

All supplied DC sources in symmetric MLIs have the same 
magnitude, however in asymmetric MLIs, the magnitude of the 
supplied DC sources varies. DC sources are employed in 
asymmetric MLI binary or trinary types. DC sources in the 
binary pattern include Vdc, 2Vdc, 4Vdc, etc. DC sources of the 
trinary kind include Vdc, 3Vdc, 9Vdc, etc. However, the 
control strategy is quite complicated in trinary type power 
topologies and calls for a look-up table for switching power 
devices. Using an analog to digital conversion IC or an ADC 
channel built into a processor or microcontroller chip, the 
reference signal in binary-type DC sources can be converted 
directly. Using 4 isolated DC sources, an inverter with a total 
of 12 power switching components and 6 half-bridge 
MOSFET/IGBT driver circuits may provide an output voltage 
with 31 levels. 

A. Direct ADC Control Scheme 

There is no need for a triangular carrier wave in the direct 
ADC-controlled method. It produces n-bit controlled signals 
based on a look-up table for the sine wave's first half cycle. The 
resulting signals are immediately applied to the half-bridge of 
the inverter's gate pulses. As switching losses are reduced, an 
inverter's total efficiency also rises since the direct ADC 
method's switching frequency is lower than that of all PWM 
systems. The creation of gate pulses depends on the bit 
resolution of the ADC. The number of levels of the output 
voltage of the MLI is determined by the bit resolution of the 
ADC in this control system. As with 2-bit resolution, this will 
make only (2*2

2
)-1=7 level output, a 3-bit resolution will make 

(2*2
3
)-1=15 level output, and 4-bit will give (2*2

4
)-1 = 31 

levels. 

IV. SIMULATIONS AND RESULTS 

The simulation validation of the proposed micro-inverter 
topology was carried out in PSIM software. Figure 3 shows a 
complete simulated block diagram of the micro-inverter. A 
simulated block diagram contains a total of 3 subsystems and 1 
PV panel. The MPPT converter is developed in the first sub-
system S1. Subsystem S2 contains a push-pull converter with a 
high-frequency converter, and S3 includes a 31-level micro-
inverter system.  
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Fig. 3.  Block diagram of the simulated system in PSIM. 

A. PV panel and MPPT Converter 

ASP-7-330 (Adani) PV panel was used for simulation in 
PSIM. Its specifications are given in Table I at 1000W/m² 
irradiance and 25°C cell temperature. In the simulation of the 
full system, the P&O algorithm is used for MPPT.  

TABLE I.  PV PANEL SPECIFICATIONS 

Parameters Value 

Peak power (Pmax) 330W 

Maximum Voltage (Vmpp) 37.21V 

Maximum current (Impp) 8.87A 

Open circuit voltage (Voc) 45.87V 

Short circuit current (Isc) 9.42A 

Module efficiency 16.84% 
 

 
Fig. 4.  I-V characteristics of the PV panel at 25°C at different irradiances. 

 

Fig. 5.  P-V characteristics of the PV panel at 25°C at different irradiances. 

Figures 4 and 5 show the obtained I-V and P-V 
characteristics at 25°C and at different irradiances: 200W/m

2
 to 

1000W/m
2
 irradiance is taken at 25°C for I-V and P-V 

characteristics of the PV panel. Figure 6 represents the 
complete MPPT buck converter connected with PV panel. In 
this +Vin is coming from the positive terminal and GND is 
coming from the negative terminal of the PV panel. In MPPT 
block the P&O algorithm was developed in C language with 
the inputs the supply voltage (Vin) and current (I) of the PV 
panel. The switching frequency of the PWM pulse is 20kHz. 

 

Fig. 6.  Simulation diagram of the MPPT buck converter. 

B. Push-Pull Converter with High-Frequency Transformer 

The output of the MPPT converter +Vout and GND is 
connected to the supply of the push-pull converter. The push-
pull converter is used to create isolated DC sources from a 
single source. It uses a high-frequency transformer with center 
tap primary winding and four numbers of secondary windings. 
Secondary winding turns are chosen such that it gives binary 
types of supply voltages like 12, 24, 48, and 96V. Each 
secondary winding is connected with a full-bridge diode 
rectifier to convert AC power into DC power. Each output is 
used as a power supply of the inverter half-bridges. Figure 8 
shows the push-pull converter with a high-frequency 
transformer. Vdc0, Vdc1, Vdc2, and Vdc3 created the isolated 
DC sources in Figure 7. Figure 8 shows the output of the push-
pull converter. 

 

 

Fig. 7.  Push-pull converter to create isolated DC sources. 

 

Fig. 8.  Simulated output of the push-pull converter. 
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C. The 31-Level Inverter 

One half-bridge circuit of the power switching device is 
connected to each DC source that is created by the push-pull 
converter. To generate the negative and positive cycle, one full-
bridge circuit is employed. The full-bridge circuit's gate pulse 
is generated by the zero-crossing logic's output. Therefore, this 
H-switching bridge's frequency is comparable to its power 
frequency. The gate pulses of power switches S0 and S01 are 
working in inverting mode. Gate driver IC is used to generate 
the dead band in the gate pulses of these two switches. For S1-
S11, S2-S21, S3-S31, and Sh1-Sh11, Sh2-Sh21, the same 
reasoning is used. Assuming Vdc0 = 12V, Vdc1 = 24V, Vdc2 
= 48V, and Vdc3 = 96V would follow. The power structure for 
the proposed 31-level inverter is shown in Figure 9. 

 

 
Fig. 9.  Simulated power circuit of the 31-level inverter. 

Switching appears to take the form of a binary 
conversation. Therefore, all DC sources are connected in series 
for the +15 Vdc output level. In the 4-bit binary, it is simply 
(1111)2, which represents the states of power switches S3, S2, 
S1, and S0 respectively. Similar to the +10 Vdc case, the states 
are (1010)2 in binary, meaning that switches S3 and S1 are in 
the on position, while S2 and S0 are in the off position. Figure 
10(a) shows the simulated output voltage of the micro-inverter 
with a load of 65Ω connected in series with a 63.7mH inductor 
at modulation index 1.0. Figure 10(b) shows the zoomed view 
of the output voltage and Figure 11 shows the load current of 
the inverter. Figure 12 shows a comparison between the output 
voltage of the inverter and the grid voltage. 

 

(a) 

 

(b) 

 

Fig. 10.  (a) Output Voltage at R=65Ω and L=63.7mH at modulation index 

m=1.0, (b) zoomed view of the output voltage. 

 

Fig. 11.  Load current at R=65 Ω and L=63.7mH at m=1.0. 

 
Fig. 12.  Compared output Voltage of the inverter and grid voltage. 

TABLE II.  THD OF THE OUTPUT VOLTAGE AND LOAD CURRENT AT 

DIFFERENT MODULATION INDEX VALUES 

Modulation Index (m) 
THD (%) 

Voltage (Vout) Current (Iout) 

1.0 3.16 0.82 

0.9 3.67 1.23 

0.8 3.93 1.12 

0.7 4.95 1.67 

0.6 5.40 1.76 

0.5 6.42 1.69 
 

Table II shows the % THD of the output voltage and load 
current concerning the fundamental components. It can be seen 
that THD will increase with the decrease in the modulation 
index value. As the modulation index is decreasing, the number 
of levels at the output side of the inverter decreases.  

V. HARDWARE RESULTS 

For the testing of the ADC control scheme, a hardware 
prototype of the inverter with isolated DC sources was 
developed. Each half-bridge MOSFET is driven by an IR 2104 
half-bridge driver IC. So, the proposed MLI uses a total of 6 
IR2104 driver ICs. A built-in dead-band facility exists between 
the top and lower MOSFETs of the IR2104 driver IC. 
Therefore, a dead band between two inverted gate pulses can 
be generated without the need for any additional hardware or 
software. For the 4 half-bridge circuits, IRFB4110 MOSFETs 
were used as power switching devices, and IRFP460N 
MOSFETs for full h-bridge circuits. To protect the 
microcontroller, 817 opto-coupler IC was used to isolate the 
gate pulses from the microcontroller. The hardware prototype 
was tested on resistive and inductive loads. Figure 13 shows 
the output of ADC that is used as gate pulses for four half-
bridges. Figures 14 and 15 show the output voltage of an 
inverter at m=1.0 and m=0.8 respectively. Figure 16 shows the 
inverter output voltage in comparison with the grid voltage. 
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Fig. 13.  Gate Pulses generated using ADC 

 
Fig. 14.  Inverter output voltage at modulation index m=1.0. 

 

Fig. 15.  Inverter output voltage at m=0.8. 

 
Fig. 16.  Inverter output voltage in comparision with the grid voltage. 

(yellow color: inverter output, purple color: grid voltage). 

VI. CONCLUSION 

In the proposed topology of the micro-inverter, the number 
of necessary DC power sources is reduced by using binary 
level DC sources. The inverter output voltage reached 31 levels 
utilizing only 4 isolated DC sources and direct ADC control. At 
modulation index m=1, the THD of the inverter output voltage 
was reduced to 2.11%. When compared to other control 
methods like SPWM, SVPWM, etc. the direct ADC control 
scheme utilized in this study is quite straightforward. Here, 
there is no need to contrast any carrier (triangular) wave with 
the reference sine wave. The direct ADC control approach 
makes it simple to create a grid connection for an inverter. The 
proposed MLI's RMS output voltage will fluctuate in line with 
variations in the grid's RMS voltage. The fundamental benefit 
of this control strategy is that the frequency of the grid and the 
output voltage are constantly synchronized. 
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