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Abstract—This paper deals with a novel pulse width 
modulation (PWM) switching strategy for a voltage source 
inverter through carrier modification. The proposed 
discontinuous sine carrier PWM (DPWM1) method, which 
uses two modified sine waves, has a better spectral quality and 
a higher fundamental component. This improved waveform 
has been derived from the original sine PWM technique 
through the addition of the 17-percent third-harmonic 
component to the original sine reference. 

 
Index Terms—PWM converter, digital control, 

microcontroller, simulation, harmonic distortion 

I. INTRODUCTION 
In recent years, a variety of power electronics equipment 

with voltage-fed pulse width modulation inverters (VSI-
PWM) [1,10] used widely in industrial applications and 
power network systems have caused significant inherent 
problems, such as generation of reactive current and power, 
as well as higher harmonic distortion in the power sources.  

The selection of the best PWM technique for most 
applications is uncertain, which can lead to less than 
optimum results. A critical evaluation of the aforementioned 
PWM techniques on the basis of applications is provided, 
thereby giving the framework and guidelines for the 
selection of the best technique for each area of application 
[3, 4].  

These PWM strategies are based upon the computation of 
these moments according to the desired output voltage and 
they need digital control systems or microcontroller systems 
[2]. The determination of the switching moments of the 
semiconductor device from the inverter is important, and it 
can modify substantially the functioning of the entire 
electrical system. 

Thus, this paper analyses and compares the output results 
of a three-phase inverter using PWM technique modulation, 
with continuous functioning (CPWM) and discontinuous 
functioning (DPWM1). The DPWM1 strategy enhances the 
fundamental output voltage, particularly at lower 
modulation index ranges, while keeping the total harmonic 
distortion (THD) lower, without involving changes in the 
device switching losses. The detailed comparison of the 
harmonic content and fundamental component of the 
modulation index and the results obtained for the PWM 
(CPWM) are also presented. 

The performance of each these control methods (CPWM, 
DPWM) [5, 6, 7, 9] is usually judged based on the following 
parameters: a) total harmonic distortion (THD) of the 

voltage and current at the output of the inverter, b) switching 
losses within the inverter, c) peak-to-peak ripple in the load 
current, and d) maximum inverter output voltage for a given 
DC rail voltage. 

II. PWM MODULATION STRATEGY USED FOR 
INVERTERS COMMAND 

Fig.1 shows the three phase power inverters with variable 
inductance of the output load, and Figure 2 shows the 
generation of the command signals for the transistors within 
the three-phase inverter using the PWM technique command 
with continuous functioning (sinusoidal PWM, CPWM). 
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Figure 1. Three-phase inverter. 
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Figure 2. Generation of the command signals, (sinusoidal PWM). 
 
Figure 3a shows the modulator signal sj3. The signal sj3 

is a normalized signal ( - amplitude triangular signal), trV̂
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described in relation (1). Figure 3b shows the generation of 
the command signals for the transistors within the three 
phase inverter using PWM technique command with 
discontinuous functioning (DPWM1).  
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Here, ma is the amplitude modulation ratio and sj3 is the 

modulator signal. 
 
 

 
Figure 3. a.) Modulator signal sj3, b) Generation of command signals using 
DPWM1 command. 

 
For the generation of the command signals, three 

modulation signals are used, described by the following 
relations: 

3 3 0j a js s= ∠ ,
3

2
33

π
∠= jbj ss ,

3
4

33
π

∠= jcj ss , (2) 

Comparing DPWM1 command with CPWM command, 

DPWM1 allows an important reduction of the power losses 
within the power inverter, because the total number of the 
switching of the transistor for a semi-period is lower than 
for the CPWM command. Analyzing the signal waveforms 
presented in Figure 3, we can notice that only two out of the 
three pairs of switching transistors continually change their 
switching states, thus determining a certain behavior within 
a semi-period of the modulated signal, when one arm is OFF 
and the other in ON. In these conditions, the power losses 
are smaller with approximately 30%. 

III. SIMULATION OF THE THREE-PHASE INVERTER 
For the simulation of the power inverter a three phase 

load was used, containing three resistors (R=10Ω) and four 
parametric inductances (10mH, 15mH, 20mH and 25mH 
respectively). The frequency commutation is fc=5kHz, the 
frequency modulation is fp = 50Hz, the frequency 
modulation ratio is mf = fc/fp=100, the power supply voltage 
Vdc = 310V. 

Figure 4 shows the most important waveforms obtained 
after the simulation of the three-phase inverter, using 
sinusoidal PWM (CPWM). 
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Figure 4. Waveforms and spectral diagrams of the phase voltage and line to 
line voltage; waveforms and spectral diagrams of the load current - for 
CPWM command. 
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Figure 5. Waveforms and spectral diagrams of the phase voltage and line to 
line voltage; waveforms and spectral diagrams of the load current - for 
DPWM1 command. 
 

Figure 5 shows the most important waveforms obtained 
after simulation, of the three-phase inverter, using DPWM1. 
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Taking into consideration the results after the simulation 
of the three-phase inverter, Figure 6 shows the evolution of 
the distortion harmonic coefficient (THD(%)) of the load 

current is , depending on cosϕ and Figure 7 shows the 
evolution of the efficiency η(%) depending on cosϕ. 
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where L-R is inductive load.  
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Figure 7. Variation of the efficiency of the three-phase inverter η (%) 
depending on cosϕ. 
 

The behavior of the three-phase inverter could be 
analyzed on spectral diagrams at low frequency for 
synchronous mf ∈ N and asynchronous mf ∈ R 
modulations[11]. Figure 8 shows the spectral diagrams of 
the line-to-line voltage and of the phase voltage of the 
inverter, using DPWM1 and CPWM command for the 
switching frequency fc = 400Hz and, consequently, a) 
frequency of the modulating signal has the value 15Hz, b) 
frequency of the modulating signal has the value 50Hz. 

 

a

90V

0

(15Hz, 87.5 V)

(426Hz; 18.2 V)

(813Hz; 7.2 V)

The line voltage spectrum
(DPWM1) 

60V

0

(15Hz, 51.5 V)

(426Hz; 9.2 V)
(813Hz; 3.77 V)

The phase voltage spectrum
(DPWM1) 

(15Hz, 71.5 V)

(426Hz; 15.3 V)
(813Hz; 7.2 V)

80V

0

The line voltage spectrum
(CPWM) 

(15Hz, 39.5 V)

(426Hz; 8.3 V)
(813Hz; 4.2 V)

50V

0
0.5kHz 1kHz 1.5kHz 2kHz 3kHz 4kHz

The phase voltage spectrum
(CPWM)

Frequency

     24



Advances in Electrical and Computer Engineering                                                                        Volume 9, Number 1, 2009 
 
 

Figure 8. Spectral diagram of the phase and line-to-line voltage of the 
three-phase inverter, commanded with the frequency fc=400Hz: a) DPWM1 
and CPWM with frequency of the modulating signal 15Hz, b) DPWM1 and 
CPWM with frequency of the modulating signal 50Hz. 
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Figure 9. Control circuit of the three-phase power inverter with 80C552 
microcontroller. 
 

IV. PWM IMPLEMENTATION STRATEGY USING 
MICROCONTROLLERS 

Using PWM modulation strategies implemented on a 

microcontroller for the command of three phase inverters 
leads to simpler hardware, to many possibilities of creating 
new command and control functions, allows the control of 
multiple switching devices [12], etc. In this case, signal 
generation using 80C552 microcontroller, was possible 
taking into account the fact that in a 10ms interval there are 
around 100 pulses, the number of pulses depending on the 
frequency modulation index m=fc/fs=5kHz/50Hz. The 
duration of these pulses must have quantified values because 
they depend on the microcontroller system clock frequency. 
The clock frequency of the system is 12MHz and the 
execution time of one instruction cycle is 1 microsecond. 
This one microsecond is the quantified time unit in our 
PWM control system. In order to be used in the 80C552 
microcontroller system [13], theoretical commutation 
moments are rounded up, a rule imposed by the one 
microsecond quantification value. 

Figure 9 shows the control circuit of the three-phase 
power inverter with 80C552 microcontroller. As we can see 
in the last figure, the hardware part contains only three 
signal inverters (I1, I2 and I3) and one connection between 
P4.4 pin and P1.5 (RT2), which has an alternative external 
reset function for the T2 timer. This connection allows the 
PWM signal generation using T2 timer by recalling the 
same function at every 20000 microseconds. The three 
inverters (I1, I2 and I3) are used to create the control signal 
for Q-
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C transistors, while P4.0 directly controls 

the Q+
A transistor, P4.1 controls the Q+

BB transistor and P4.2 
controls the Q+

C transistor. The pin of port P4.5 has the 
function to strobe six optocouplers (OC1, …, OC6), used for 
galvanic insulation between the microcontroller system and 
the three phase power inverter. 

The switch state of Q+
A, Q+

B and QB

+
C is directly 

controlled by P4 output port through “set” and “reset” bits 
of T2 timer. The switch state of Q-

A, Q-
BB and Q-

C is obtained 
by inverting control signals of Q+

A, Q+
B and QB

+
C using the 

three inverters I1, I2 and I3. In Table I, “S” is the “set” 
operation of the T2 timer, carried out by means of 
comparison registers, and “R” is the “reset” operation.  

 
TABLE I. SWITCHING OF POWER DEVICES IN THE THREE-PHASE INVERTER 

FOR SINUSOIDAL PWM MODULATION 
 

Q+
A Q-

A Q+
B Q-

B Q+
C Q-

CNo. 
crt. 

Theoretic
(μs) 

Quantified 
(μs) 

Cumulated 
(μs) S R S R S R 

1 22.3 22 22   R S   

2 160.4 160 182   S R   

3 22.3 22 204   R S   

4 154.7 155 359     R S 

5 10.8 11 370 R S     

6 17.4 17 387 S R     

7 21.5 22 409     S R 

8 148.5 149 558   S R   

9 13.1 13 571   R S   

10 141.9 142 713     R S 

.          

318 154.7 155 19998   S R   
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TABLE II. SWITCHING OF POWER DEVICES IN THE THREE-PHASE INVERTER 

FOR DPWM MODULATION STRATEGY 
Q+

A Q-
A Q+

B Q-
B Q+

C Q-
CNr. 

crt. 
Theoretic 

(μs) 
Quantified 

(μs) 
Cumulated 

(μs) S R S R S R 

1 2.91 3 3 R  R  R  

2 50.9 51 54     S  

3 95.4 95 149 S      

4 48 48 197 R      

5 5.9 6 203     R  

6 45.2 45 248     S  

7 106.7 107 355 S      

8 41.8 42 397 R      

9 6.82 7 404     R  

10 39.4 39 443     S  

.          

 
The quantification of time intervals (one microsecond 

quantification time) leads to a specific cumulative error, 
namely a 19998 microseconds period instead of 20000 
microseconds (corresponding to the 50hz frequency. The 
relative error is of 0.01% of the output frequency and is 
negligible.  

During the functioning of the three phase voltage system, 
intersections occur between the three waveforms at every 60 
electrical degrees, that is at every 3333,(3) microseconds. 
The quantification of time intervals leads to a value of 3333 
microseconds, which also determines the cumulative error 
mentioned above. In the light of this observation, the 
evolution in time during a full period of a phase is divided in 
6 distinct intervals. This is emphasized in Table I, which 
shows points in time of 3333, 6666, 9999, 13332, 16665 and 
19998 microseconds. In these moments, certain 
modifications in the command order occur.  

Table I indicates the first 10 states of the duration of 
impulses, obtained theoretically, but also quantified. In a 
machine cycle of one microsecond, time intervals shorter 
than 500 nanoseconds will be omitted in the switching 
strategy (they are rounded to 0). Table I also presents the 
time moments when the switches are turned on, obtained by 
cumulating the quantified time intervals.  

The data in Table I show that the power devices need to 
perform 318 commands during the 19998 microseconds of a 
period of the three-phase signal obtained by the PWM 
technique with a 5kHz modulation frequency. This 
emphasizes the fact that the time for the command of the 
power devices is reduced (at every 63 microseconds, on the 
average). On the other hand, the distribution of these 
intervals of time is not uniform, which is specific to the 
sinusoidal PWM technique. Therefore, within a period, there 
are time intervals when the time moments corresponding to 
the commands from T2 timer are very close, which raises 
difficult time management problems for the microcontroller. 
This will essentially reflect upon the general strategy 
concerning the software approach of the problem. The 
comments referring to Table I are also valid for Table II 

Because of the difficulties related to the working time, the 
analysis carried out showed that it is no longer possible to 

use indexed addresses in order to extract time moments that 
are necessary for the command of the inverter power devices 
from the data table. The instructions for extracting data from 
the tables by means of the DPTR indexed addresses need 
more time than it is allowed for the command of the inverter 
in certain time intervals within a period of the sinusoidal 
signal. The solution is to load immediately the data that 
indicate the command moments of the switches. Thus, the 
program working speed is increased, which allows the full 
control of the moments imposed by the sinusoidal PWM 
modulation with a 5 KHz frequency. This higher speed is 
obtained by a significant increase of the length of the 
command program resulting from the immediate data 
loading. It is not a major disadvantage, as the command 
program can be loaded in the program memory of the 
development system with 80C552 microcontroller. This 
allows the simple development, checking and debugging of 
the software part of the three-phase inverter. 

The command program of the inverter will be performed 
in loops [8]. A loop will be 19998 microseconds long. At the 
end of this interval, the resetting of the T2 timer is 
commanded by setting the P4.4 pin of port P4 connected to 
pin P1.5 of port P1, which has the RT2 alternative function 
(reset timer T2). The state instruction of the P4.4 pin is 
followed by a long unconditional leap to the program area 
corresponding to the beginning of a period of the three-
phase inverter. 

Figure 10 presents, within a period (20 ms), the 
oscilloscope waveforms of the signal at the output of the 
80C552 microcontroller for the command of switches Q+

A, 
Q+

B and QB

+
C. 

b

a

 
Figure 10. Oscilloscope waveforms of the command signals for Q+

A, Q+
B 

and Q+
C a) CPWM modulation b) DPWM1 modulation. 
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V. CONCLUSION 
These PWM strategies can be designed to minimize 

harmonic losses, reduce torque pulsation, speed ripple, etc. 
The comparative analysis of the results obtained by 
simulation offers the possibility of using optimum selection 
criteria for the modulating waveform in order to obtain high 
efficiency for the inverter.  

Results from an experimental microprocessor controlled 
PWM inverter drive are presented to demonstrate and 
confirm efficient DPWM1 control strategies.  
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