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Abstract - Renewable energy sources invariably require 
interfaces for power conversion, and new switches based on 
modern semiconductors may offer converters with improved 
efficiency. This study investigated properties of two contemporary 
voltage-controlled power transistors, and their suitability for use in 
DC-to-AC inverters. Namely Si IGBT and Si VDMOS were 
considered. These devices were implemented in a Low-Voltage 
Single-Phase H-Bridge based Inverter (LVSPHBI) and simulated 
with LTSPICE, with simulations for different levels of power 
delivered to a linear resistive load while keeping the DC voltage 
source constant. The efficiency and total harmonic distortion 
(THD) were used as measures of merit. The study includes 
frequency dependence of the efficiency and the THD for various 
technologies. It was found that each of the transistors has 
advantages from proper point of view. 

Keywords – DC-to-AC inverters, IGBT, VDMOS 
 

I. INTRODUCTION 
 

Due to the high impact of fossil fuels on the environment, 
renewable energy sources have become the most important 
consideration in the development of electrical power 
systems [1]. The output of primary renewable sources, 
however, are strongly dependent on microclimate conditions 
(wind speed, insolation), which as a consequence, lead also 
to variable (DC or AC) output voltage. 

 

 
 

Fig. 1. Power conversion suits in two alternative-energy-source 
chains. Top wind energy and bottom photovoltaic energy 

Fig. 1 depicts two “processing” chains which start with a 
renewable source and end with a source of stabilized 
(amplitude and frequency) AC voltage ready to be connected 
to the grid. It consists of several stages, performing 
conversion and inversion of the original unstabilized AC or 
DC voltage. 

As can be seen from Fig. 1, the DC-to-AC inverter 
represents an unavoidable subsystem in the connection of a 
renewable energy source to the grid, be it micro-, smart-, or 
ordinary [2], [3]. This is why much attention was given to 
the development and design of various types of DC-to-AC 
inverter [4]. 

Within the extensive variety of converter 
implementations, we consider here the most common, 
namely, the Low-Voltage Single-Phase H-Bridge based 
Inverter (LVSPHBI). In particular, the device is built from 
voltage controlled switches, which in modern times, have 
replaced thyristors [5], [6]. 

Our intention was to collect and publicize comparative 
information about the behavior of LVSPHBIs using two 
technologies: the silicon VDMOS and the silicon IGBT. As 
a measure for comparison, two main metrics were used: the 
efficiency and the Total Harmonic Distortion (THD). 

In the next section, we begin with the properties of the 
devices from the implementation perspective for DC-to-AC 
inverters. Then, results of a systematic search with responses 
obtained by simulation will be reported, enabling 
comparisons between the devices. Finally, some conclusions 
from this study will be drawn. 

 
II. MAIN PROPERTIES OF THE COMPONENTS 

IMPLEMENTED 
 

In the search for fast switching devices able to handle 
large voltages and currents existing silicon devices the N-
VDMOS (Vertical Double Diffused MOS) and the IGBT 
(Insulated Gate Bipolar Transistor) are frequently used, due 
to the fact they are voltage controlled and alike thyristors, 
consume low energy at the input terminal which, in addition, 
needs no current source. 

Application of these components in low-voltage solid-
state circuit breakers and comparisons of the circuit 
properties was reported in [7], while similar studies are 
reported for the implementations in single-phase low-power 
low-voltage T-type DC-to-AC inverters [8] where no 
VDMOS was taken into account. 
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Table 1. Power transistor’s maximum voltages at the output terminal, maximum temperatures, and capacitances 

Type Vmax
(V) 

Tmax  
(oC) CISS (pF) CRSS 

(pF) 
COSS 
(pF) 

Si MOS (VDS=25 V) R5021ANX 600 150 2300 70 1000 

Si IGBT (VAK=20 V) NGTB30N135IHRWG 1350 150 5290 100 124 

Fig. 2 shows the structure of a modern high-voltage and 
high-power device, specifically the cross-section of a 
VDMOS. Its practical implementation is in fact a complex 
integrated circuit containing hundreds of cells (like the one 
depicted) connected in parallel. To allow for high voltages a 
depletion region is inserted between the drain and the 
channel while high currents are achieved by parallelization. 

Figure 2. Cross section of an enhancement type N-channel 
VDMOS 

In this paper the following components will be used for 
creation of the inverter:  the R5021ANX VDMOS [9]; the 
NGTB30N135IHRWG IGBT [10]. 

Table 1 depicts some of the properties of the components 
listed above (taken from original datasheets). Among them 
the maximum voltage at the output terminal is of prime 
importance. The components selected both have maximum 
voltage above 400 V which makes them well suited to the 
subsequent experiment.  

For high-power implementation point of view (having in 
mind the expenses for cooling) the electronic maximum 
operating temperature (Tmax) is of prime importance.  

The rest of Table 1 is related to device capacitances. The 
influence of capacitance the transistor’s responses to a 
pulsed input signal will be discussed briefly later on. 

To build a realistic a picture of the behavior of the above 
components we will first consider their static characteristics. 
To that end, the simple circuit of Fig. 3 was created. It allows 
for graphic analysis of the output characteristic and 
determination of the minimum voltage for different values 

of the circuit parameters e.g. VDD and RL. 

Figure 3. The test circuit 

Some of the results obtained by LTSPICE [11] 
simulation are depicted in Fig. 4. In Fig. 4a we used 
VDD=50V and RL=5/8 Ohm. (It would be more realistic to 
use 8 times greater VDD and RL but the figure would not be 
so readable, while the conclusions would be the same.) 

For a given gate voltage, (say, equal to the amplitude of 
the input pulse) the minimum value of the output voltage is 
restricted by the intersection between the load line and the 
proper output characteristic of the transistor, here denoted 
by the letters A and B. As can be seen from Fig. 4 the 
difference between the minimum voltages is in favor of the 
IGBT (denoted as Si_IGBT) as compared to the VDMOS 
(denoted as Si_MOS). Note, if 8 times larger VDD and RL 
were used, the upper-left end of the load line would not 
change, while the lower-right would move 8 times further to 
the right, resulting in even larger minimum voltage for the 
VDMOS. 

The interception points A-B define the maximum swings 
of the output voltage and current and consequently the 
efficiency. Since alternating currents (AC) are considered, 
the larger these swings are the better. 

The same effect may be observed from the pulse 
responses of the circuits containing the same set of 
transistors as listed above. 

The simulation results for a 1 μs long input impulse are 
depicted in Fig. 5. Fig. 5a represents the output voltage of 
the circuit of Fig. 3 for VDD=400 V and RL=3102/(2⋅5500) Ω 
which will later be used for the case where required inverter 
output power is Pout=5.5 kW. While the bottom of the output 
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pulse is lower making its amplitude larger the large input 
capacitance of the IGBT maps to a larger delay of the rising 
edge of the response as compared with the VDMOS. 

 

 
 

Fig. 4. Illustration of the value of the minimum output voltage 
(points A and B) for different technologies and different output 

powers. 
 

In the case when larger power is required (Pout=10 kW) 
the value of the load resistor was changed to RL=3102/(2⋅104) 
Ω. The simulation results for this case are depicted in Fig. 
5b. Here only the floor of the output pulse is shown in order 
to emphasize the differences introduced by different 
technologies. For large powers the amplitude of the output 
pulse is reduced and so is the efficiency. This reduction, 
however, strongly varies across the different technologies 
starting with approximately 2.5 V for the case of the IGBT 
and ending with 13 V for the Si_MOS. 

 
III. THE DC-TO-AC INVERTER 

 
The structure of the single-phase H-bridge inverter is 

dual to the full-wave rectifier in the sense that the DC and 
AC ports are interchanged. Both, however, need a low-pass 
filter to eliminate the unwanted components of the output 
signal. Fig. 6 depicts the schematic used in this paper for the 
inverter implemented with IGBTs. Here in all cases 

E=200V. 

 

 
 

Fig. 5. Time domain responses of the circuit of Fig. 3 for different 
types of transistors. a) The complete pulse responses. 

RL=3102/(2⋅5500) Ω as (later used in the inverter simulation) and 
b) the floor of the output pulses highlighted. RL=3102/(2⋅104) Ω as 
(later used in the inverter simulation). The value of rG corresponds 

to the value used for simulation later 
 
The pvm signal is obtained from a subsystem (not shown) 

which generates a pulse-width-modulated signal [12], [13]. 
It is characterized by two quantities: the frequency, fs, of the 
triangular waveform set against the 50 Hz sinusoid 
comparator to produce a pulse train, and the index 
representing the quotient of the amplitudes of the sinusoid 
and the triangular waveform, Ma. The latter is the parameter 
that determines the pulse train and thus is the main 
controlling parameter allowing adjustments of the amplitude 
of the output voltage. In reality, the connection of the pwm 
signal and its complement to the input terminals of the 
switching devices is quite complex, but for the purpose of 
this study, it may be satisfactorily approximated with a 
simple resistor, rG. 
 

IV. SIMULATION RESULTS 
 
The input (battery) power was calculated as follows 
 bat bat2P E I= ⋅ ⋅   (1) 

V VDS CE or  (V)

I (A)

A
B

IC_Si_IGBT

ID_Si_MOS

Load line with
=8/5 RL Ω

I (A)
IC_Si_IGBT

ID_Si_MOS

A

B

Load line with
=8/50 RL Ω

V VDS CE or  (V)
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Fig. 6. The schematic used as a AC-to-DC inverter.  

 
where Ibat is the DC component of the battery current 
produced (after transient simulation of the inverter) by the 
[.four] command in LTSPICE. On the other side, the AC 
power delivered to the load was calculated by 

 load load load / 2P V I= ⋅   (2) 
where Vload and Iload represent the amplitudes of the load 
voltage and current, respectively, which were produced 
(after transient simulation of the inverter) by the [.four] 
command of LTSPICE. 

The efficiency was obtained by the following 
expression 

 [ ]load batη 100 / %P P= ⋅   (3) 
(To make results clearer, in the next section, the efficiency 
as a decimal is used, i.e. η/100). 

To produce the dependences of the efficiency and the 
THD on the power delivered to the load, repetitive 
simulations of the circuit of Fig. 6 were performed. Two 
quantities were changed to obtain the drawings for a given 
value of the load power. Namely, the load resistance was 
calculated first to be RL=3102/(2⋅Pload), and then the circuit 
was repeatedly simulated with various values of Ma until the 
output voltage became almost equal (but slightly larger) to 
310 V. 

 The results for efficiency are depicted in Fig. 7. When 
considering Fig. 7 and Fig. 5b simultaneously, one must also 
recall that during the inverter’s on state, two transistors are 
connected in series thus reducing the amplitude of the output 
voltage by a value twice as large as that depicted in Fig. 5b 
(or Fig. 4). 

From the perspective of efficiency, based on Fig. 7, at 
low powers (as depicted in Fig. 4b) the VDMOS is 
advantageous as compared with the IGBT based inverter. 
Whilst its efficiency suffers at low powers, its low value of 
the minimum voltage at high currents, as discussed above, 
allows for high efficiency when high power is required.  

As described in detail in [14] the harmonic distortions 
are one of the most important indices of the quality of the 
delivered electrical power. Here we performed Fourier 

analysis, using LTSPICE, up to the 250th harmonic of the 
power frequency i.e. up to 12.5 kHz. Since linear resistive 
load was considered only, the results given below for the 
load voltage are the same for the load current. 

 
Fig, 7. Efficiency as a function of the power frequency power 

delivered to the load for different technologies 
 
The results are depicted in Fig. 8. The distortions 

introduced by the inverter are very small. For example, for 
the case of IGBT based inverter at Pload=2.5 kW the THD is 
equal to 0.35% (almost the largest value). The VDMOS 
based inverter introduces even smaller distortions which 
decrease dramatically at very low powers. 

 
Fig. 8. THD as a function of the power frequency power delivered 

to the load for different technologies 
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Finally, the dependence of the inverter’s properties as a 
function of the frequency fs used in the pwm signal generator 
is of interest. At low frequencies, irritating audible noise is 
frequently produced by this type of equipment due to the 
nonlinearities that generate harmonics. For this reason, 
higher frequencies are preferred. The efficiency and the 
distortions at higher frequencies are therefore of interest. 

Fig. 9 depicts the dependence of the efficiency of both 
types of inverter as a function of the frequency used in the 
PWM signal generator. The general conclusion is that the 
efficiency decreases with the rise of fs. Given the trend 
suggested by the curve, it could be argued the Si_MOS 
based inverter is preferable at high frequencies. From the 
perspective of distortion, as can be seen from Fig. 10, at high 
frequencies both the IGBT based and VDMOS based 
inverters perform very well. 

 
Fig. 9. Efficiency as a function of the frequency fs used in the 

PWM subsystem for different technologies 
 

 
Fig. 10. THD as a function of the frequency fs used in the PWM 

subsystem for different technologies 
 

V. CONCLUSION 
 
The DC-to-AC inverter is a ubiquitous subsystem of 

modern renewable alternative energy sources. Its properties 
map themselves directly into the characteristics of the 
waveforms delivered to the load (or the grid), thus the device 
deserves much attention in the search for improvement. This 
study investigated the advantages and disadvantages of 
using existing Si based voltage controlled switching devices 
in a conventional single-phase single-triangle PWM H-
bridge inverter. The efficiency and the THD were used as 
measures of merit. LTSPICE simulation was used for all 
results reported here. Based on the results obtained, we may 
conclude that the VDMOS and the IGBT have application 

niches of their own in which they perform better. 
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