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Abstract—The solar power plant is one of the renewable
energy that already was implemented in around the world. The
important component in the renewable power plant is inverter
device that convert the direct current to alternating current. The
problem in the inverter are power quality, harmonics, and grid
system. This paper introduced design inverter single phase with
totem pole circuit. The circuit reduces losses in inverter. Besides
that, DC link in PCB, component placement configuration, and
adding filter in the output of inverter was implemented in the
design. The result shown that the inverter have optimum
efficiency at 98.67% and have a small total harmonics distortion
with LC load.
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I. INTRODUCTION

Renewable energy is the most important energy resource in
Small Island that do not connect to power system grid. There
are some alternatives renewable energy that can be used in that
area such as solar, wind, tidal, and micro hydro. The solar
power plant is the easiest, availability, and low maintenance
[1]. The main components of solar power plant are
photovoltaic (PV) cells, controller, battery, and inverter. The
PV cells convert solar energy to electric energy that have many
different cell configurations. The controller is the brain of the
solar power plant that can manage and control the energy from
the PV cells to the load and also from and to battery. The
battery is the storage energy that can charge and discharge
conveniently through controller. The inverter is consisting of
power electronics components that can convert direct current
(DC) to DC and DC to alternating current (AC).

One of development in the solar power plant technology is
the inverter design for solar power plant. The inverter must
have a high efficiency and can be stand alone or connect to the
grid [2]-[3]. The basic design of inverter can be seen in Fig. 1.
The T1-T4 are solid state components that act like switching
device. The solid state component that be used in inverter are
transistor, IGBT, MOSFET, or SCR. The output of the inverter
is AC voltage with zero DC component. Therefore, it still
contain harmonics. The low pass filter is installed in the
inverter output to reduce the high frequency harmonics. This
harmonics cause some problem in output inverter such as
power quality, degradation of equipment, and sinusoidal
waveform quality. Moreover, the output inverter must can
match with grid system,
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Figure 1. Basic configuration of DC to AC Inverter

According to that issue, there are some research about
single phase inverter design was done by [4], [5], [6], and [7].
The drive circuit and control are common problem that appear
in inverter. The output of inverter must have good
characteristics and can match with the grid. The brain of single
phase inverter are microcontroller as main controller with
different technique. The improved DC-AC converter was use
opto-coupler as connector between controller and solid state
component [8], [9], and [10]. Therefore, the losses in this opto-
coupler was identified and must to reduce in order to have a
good efficiency and reliable design. The losses in this part can
be reduced by design in good grounding and DC link
connection [8].

The inverter design in [4]-[9] are still have power quality
problem and control technique problem. In practical, there are a
dead time that is required to avoid shoot-through faults; short
circuit across the DC rail. The dead time creates low frequency
envelope that make low frequency harmonics emerged. This is
the main source of distortion for high quality sine wave
inverter. Therefore, the inverter design by [6] and [7] was be
combined to have a good quality power.

In this paper, the design of totem pole inverter is proposed
for reduced losses and improve stability. The PWM was
generated by Arduino microcontroller with short delay. The
paper is organized as follows: In the next section, a brief
review of propose design of Totem Pole Inverter are presented.
In Section III presents implementation of Totem Pole Inverter
and discussion of the results. Finally, the conclusions are made
in section I'V.

II. PROPOSE DESIGN OF TOTEM POLE INVERTER

Inverter is an electronic device that is used to convert the
direct signal into alternating signal. The output of the inverter
can be either an AC voltage with sine wave form (sine wave), a
square wave (square wave), or sine modification (Modified
Sine Wave). Semiconductor devices that are widely used in the
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power inverter are MOSFET, IGBT, Transistor, or Thyristor.
There are two types of output signal can be generated by the
inverter for solar plant. Firstly, the low and medium power
application can be used square wave output signal. Secondly,
high power application be used sine waves output signal.

The proposed inverter technique used in this paper based on
standard single phase inverter. The design diagram of proposed
inverter was shown in Fig.2.
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Figure 2. The proposed Inverter Diagram

From Fig.2 can be seen that the battery management system
have responsible to control and manage the current in the
systems. The inverter was change the 16 Vdc to 220 Vac
sinusoidal that can be explained in next sub section. This part
uses microcontroller as brain of the system. An LC section
low-pass filter is normally fitted at the inverter output to reduce
the high frequency harmonics.

A. Opto Coupler

This circuit uses optocoupler that have continues fast
switching and easy to activate with a small voltage of 1 volt -
1.3 volt. Another function of this opto coupler is to protect
from feedback current from the load to controller. In this paper
uses TLP 521 component as optocoupler that can be seen in
Fig. 3
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Figure 3. Basic opto-couple circuit

In Fig. shows that there are 4 opto-coupler in the circuit.
The opto-coupler connect to each solid state component. The
resistor uses to limit the current in signal.
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B. Totem Pole circuit

This circuit can be used to reduce power loss in the systems
at high frequency switching. The solid state component can be
more reliable with this circuit. The current at gate MOSFET
can be released as fast as switching frequency. The switching
losses at the solid state can be calculated [5]

P =6 1
0 ol (1)
[QVCE - 2 fsw[ton,sw " toﬁ’, swj
where M : Modulation index (0<M<1)
Vce @ collector-emitter voltage [V]
Rce  : strain drain to source on-resistance [Q]
Ig : Current in MOSFET [A]
fow : frequency switching [Hz]

From equation (1), the switching losses depend on rise time
and fall time of the semiconductor component. With the totem
pole circuit, the fall time in switching period is faster than
without it. In this circuit use PNP and NPN transistor in series
that can be shown in Fig. 4.

Figure 4. Totem Pole circuit of Inverter

From Fig.3, the PNP and NPN transistor can deleiver signal to
semiconductor devices in two legs. The first and the second leg is
delayed by 180°. The current limited by resistor 1K.

C. Logical circuit

The purpose of this circuit is to invert signal due to the
microcontroller that was used in this system. It was invert from
high signal to low signal and vice versa. The circuit can be seen
in Fig. 5.
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D. Inverting Circuit

This circuit serves to change the input DC voltage to AC
output voltage. The DC-to-AC H-Bridge circuit comprises four
MOSFETs, coupled as H-bridge 2 P-channel MOSFETs for
positive voltage (+), and 2 M-type N-channel MOSFETs for
negative voltage (-). It also comes with pull-up, pull-down and
activated circuit through optocoupler that is triggered from
microcontroller.

The working principle of this circuit when Q1 and Q4
active at the same time then the output connector issued a
positive voltage of +16 volts and when Q2 and Q3 active
simultaneously then the output connector issued a negative
voltage of -16 volts, so with a fast switching can produce AC
voltage 16 volt. And the voltage is inputted to the step-up
transformer. Schematic circuit as shown in Fig. 6.
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Figure 6. Inverter circuit

E. PWM Circuit

The PWM circuit that was be used in this paper is using
Arduino Uno Microcontroller (based on ATmega
Microcontroller). The frequency output is 50 Hz with reduced

ripple factor. The carrier frequency that be used is 1500 Hz.
Therefore, the complete one cyles of sinusoidal output contains
30 impulses as shown in Fig. 7.
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Figure 7. PWM output

F. Filter Design

Filter uses to improve the output of inverter. The inverter
output signal without filter is manipulated using

O(s)
0 (2)

Where O(s) is sinusoidal signal in Laplace transform and I(s) is
PWM signal in Laplace transform.

Y(s) =

w
0(s) = ———3)
S2 + 0)2

By using Eq. (2) and (3),

59 60.67x1 O2 ns

Y(s) = 3 4
s +a72 1—0 1[ |~ 0.67x10" xsin(o.o36xn)s]

After simulation and calculation, the value of the filter that
was be used in this circuit are 68 uF for capacitor and 10 mH
for inductor with variable resistor. The circuit was protected by
fuse 4 A to protect overload and short circuit conditions.

III. RESULT AND DISCUSSION

The proposed totem pole inverter is implemented for single
phase solar panel application. The detail hardware design and
its performance is evaluated and simulated in this sections. The
hardware design consists two boards; controller board and
inverter board. The controller board consists microcontroller to
generate PWM signal and opto coupler circuit. The other
consists totem poles, inverter, and filter circuit. The mechanical
design can be seen in Fig. 8.
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Figure 8. the mechanical design and implementation system

The connection between boards was designed with
improvement in DC Link connection according to [4]. This
technics improve the efficiency of the system and reduce the
temperature.

The output of SPWM from Microcontroller can be seen in
Fig.9. This SPWM have 2.08 Vrms, 1.413 kHz with constant
amplitude. The output of SPWM have a ripple about 8.9%.
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CH1 200w

Figure 9. PWM circuit of Inverter

The output signal of opto coupler have noise at high frequency.
Therefore, the filter is adding after opto coupler. The output
after opto-coupler can be seen in Fig. 10. The signal SPWM
have small ripple compare the previous one. The ripple are
7.4%.

Figure 10 Logical Circuit of Inverter

The output of inverter can be seen in Fig. 11. This output
contain high frequency signal. Therefore, it needs to be added
filter. The effect of DC Link configuration reduce losses to 4%
than previou ones. The DC link configuration absorb the
unecesarry power that loss in connection and line the current
path of inverter.

The wave form after adding filter can be seen in Fig. 12.
There are still have losses. The efficiency of this inverter reach
the optimum efficiency at 98.67%. This result is match with
[11] and the noise happen due to RLC load and. In this paper,
the FFT output of inverter with RLC load can be seen in Fig.
13. The biggest losses happen at 3™ and 5% normal frequency at
50 Hz. According to [12], the total harmonic distortion of the
inverter can be calculated and the result shown that THD
system are 1.04%.

Figure 11. output of inverter before filter
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Figure 13. FFT Output of Inverter

IV. CONCLUSION

The design of totem pole inverter single phase was
implemented. There still have ripple in signal SPWM and also
in H-Bridge converter. The result shown that the efficiency of
the inverter is 98.67% with THD 1.04%. This THD match with
IEEE standard in THD for power system.
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