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Abstract 
 

This paper presents an application of the well known SPWM technique on a voltage stabilizer, using a microcontroller. 
The stabilizer is AC/DC/AC type. So, the system rectifies the input AC voltage to a suitable DC level and the intelligent 
control of an embedded microcontroller regulates the pulse width of the output voltage in order to produce through a 
filter a perfect sinusoidal AC voltage. The control program on the microcontroller has the ability to change the FET 
transistor firing in order to compensate any input voltage variation. The applied software using the microcontroller’s 
interrupts managed to achieve concurrency on the running program. 
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1. Introduction 
 
A voltage stabilizer is a complex power system capable of 
keeping the output voltage stable and constant regardless of 
any input variation. At the instant of any input deviation the 
systems electronic switches will be activated and correct the 
output voltage to the desired level. Most important in this 
regulation is the stabilizer’s response to any input variation 
and to protect by this way the sensitive electronic equipment 
connected to it.  
 The group has experience on voltage stabilizing after the 
successful completion of the European FUSE (First Users 
Action – ESPRIT) research project titled “Stabilizer 
Integrated System”, and coordinated by Lamda Inc.  
 The SPWM (Sinusoidal Pulse Width Modulation) 
technique is well known [1], but most of the applications are 
using either analogue circuitry or special chips [2], [3].  
Different types of feed-forward and feedback pulse width 
modulation (PWM) control schemes have been developed 
[4], [5], [6]. Among those control schemes, the sinusoidal 
pulse width modulation (SPWM) is the most commonly 
used control scheme for the voltage source inverter. This 
materialization uses the advances on the microcontroller 
technology to implement a flexible control based entirely on 
software. 
 
2. Voltage Stabilizer Description 
The stabilizer’s block diagram is presented on Figure 1. The 
system comprises a rectifier, a regulator or chopper, an 
inverter and an output filter. The whole system is controlled 
by the control triggers the gates of the FET transistors with 
SPWM (Sinusoidal Pulse Width Modulation) pulses. The 

pulse width is directly depended on the input voltage levels.  
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Fig. 1. Voltage Stabilizer Block Diagrem 

  
 

 The AC input voltage supply is initially rectified and 
filtered by a capacitor to a stable DC voltage. In any sudden 
undesired input variation this capacitor will act as stabilizer 
and will keep the DC voltage constant to the desired levels. 
The rectifier output even if a filter is used has a ripple. This 
DC output is directed to a high frequency chopping system. 
The output voltage is stable and is regulated by the width of 
pulses driving the semiconductor power elements. So, the 
inverter gets as input the power network voltage and 
manages to produce a stable with no variations AC voltage. 
 The microcontroller is sampling the input voltage and 
manages the width of the driving transistor pulses in order to 
achieve a stable output voltage.  

 
3. Single phase full bridge inverter 
Full bridge inverter circuit diagram is shown in Fig.2 and 
Fig.3. It is clear that the full bridge is consisted by two half 
bridges. On Fig.3 are shown the full bridge output 
waveforms for different firing angles.  
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Fig. 2 Single-phase full bridge inverter 
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Fig.3 Full bridge output waveforms, when the semiconductor elements 
are on for: a) δ=180ο and b) random δ 
 
 
 For the same DC input, the full bridge output has double 
amplitude of the half bridge. And this is its major advantage. 
For the same power, the output current and the switching 
currents are half of those on half bridge inverter. 
 The basic harmonic for the full bridge inverter, when the 
firing angle is δ=180ο, has an amplitude of: 
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3.1 Sinusoidal Pulse Width Modulation 
 
This technique has the unique advantage of a small (in size) 
output filter. It was applied on a full bridge inverter. In this 
technique the transistor control signals are produced 
comparing a triangular waveform triU with a frequency of 

sf to two (2) control sine waves controlU  and controlU−  

with a 1f  frequency. The control signals are used to 
modulate the transistor conduction and their frequency is 
equal to the inverter’s fundamental frequency. sf is the on-
off frequency of the electronic switches and is called:  
switching frequency.  The amplitude modulation ratio is 
defined as: 
 

tri

control
a U

Um 


=  

 

where controlU


 is the control signal amplitude and triU


 is 
the triangular waveform amplitude. The frequency 
modulation ratio indicated the number of triangular 
waveform cycles existing in a control signal cycle and is 
defined as: 
 

1

s
f f

fm =  

 
 In SPWM technique the control signals of the A branch 
of the full bridge inverter are produce comparing controlU  to 

triU , and for the B branch comparing triU  to controlU− . In 
Fig.4 (a) and (b) the comparison outcome is shown: 
 

tricontrol UU >  onTA :+  dAN UU =  

tricontrol UU <  onTA :−  0=ANU  

tricontrol UU >−  onTB :+  dBN UU =  

tricontrol UU <−  onTB :−  0=BNU  
 
 Fig. 4(d) shows the output voltage waveform of a full 
bridge inverter with 12mf = . This waveform shows that, 
the pulse width during a semi-cycle is changing sinusoidaly ; 
so, at the positive semi-period is gradually increasing up to a 
maximum and then is symmetrically decreasing. 
Respectively the same applied to the negative semi-period.  
 In Fig. 4(e) the inverter’s output voltage spectrum is 
shown. The vertical axis has the harmonic amplitudes 
normalized to input voltage, and to the horizontal the 
harmonic frequency normalized to the basic harmonic. It is 
evident that the position of the next harmonic is controlled 
by the modulation coefficient with a frequency of fm . The 

first higher harmonic is on the frequency 1f f)3m2( ⋅− . 

So, if Hz50f1 = and 12mf = the first harmonic will be 
found on Hz105050)3122(f =⋅−⋅=    
 The SPWM technique used to drive the semiconductor 
switches on the presented inverter. Its characteristics are 

12mf = and am approximately 0.8 (since am is a 
variable). The resulting waveform is presented in Fig. 5 (a) 
and the spectrum in Fig. 5(b). In Fig. 5(b) is clearly shown 
the first higher harmonic on 1050Hz, which is 1000Hz far 
from the basic harmonic (50Hz). Furthermore, the harmonic 
amplitude is less than basic.  
 The conclusion is that the use of SPWM technique leads 
to selection of cheaper and smaller in size output filters.  
 
 
4. The Circuit 
The control unit is selected to be the Microchip PIC16F877. 
The unit has the task to implement the SPWM technique and 
issue triggering commands to four (4) FET bridge. The 
microcontroller’s crystal clock is 20MHz.  
 Designing the four FET inverter bridge (Fig. 6) care 
should be taken for their proper bias. The microcontroller 
outputs are incapable to drive the FET transistor (BUZ11A) 
gates.  
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Fig. 4. Sinusoidal Pulse Width Modulation (SPWM) 

 
 

 
a) 
 

 
b) 
Fig. 5. The voltage output and the Spectrum of an inverter with SPWM 
modulation 

 
 

   

 
Fig. 6. Four FET inverter bridge 
 
 
 To solve this imperfection different bias circuits and 
driving chips where tried and the HIP 4080 from Intersil was 
selected.  
 The HIP 4080 is a chip capable of driving a full bridge 
of N-channel FET transistors (in the present application the 
BUZ114A). It can operate up to 1MHz switching 
frequencies and its operating voltage can get up to 80Volts. 
It has integrated on chip a input comparator (giving an 
advantage in SPWM) and is ideal for many applications such 
as power supplies or class D linear amplifiers. Its typical 
connection is given in Fig. 7.  
 

 
Fig. 7. HIP4080 typical driving connection 
 
 
5. LC Output Filter Design 
A good quality inverter has to have Total Harmonic 
Distortion (THD%) less tan 5% in the worst case design. To 
minimize the unwanted voltage output harmonics an LC 
filter is used between inverter and load. 
Fig. 8 A typical LC filter 

 
 
 Fig. 8 shows a typical LC filter, from that can be 
deducted: 
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where 
 
Vf: inverter’s output voltage  
Vo: load potential 
ΖL: load complex resistance  
ω:  load angular frequency  
 
 It can be proven that for n-th harmonic stands: 
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where 
 

n,0V


: load n-th harmonic  

n,fV


: inverter output n-th harmonic  

n,Lz : load complex resistance for the n-th harmonic  
 
 Examining carefully the above equation it can be seen 
that keeping L and C constant and for n,Lz  infinite (no load) 

the ratio 
n,f

n,0

V
V



gets its bigger possible value, and 

consequently the worst case of harmonics on load is created: 
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 It can be proven that if the dominant inverter output 
harmonic shrinks to 3% of the basic harmonic by the usage 
of a output filter, a THD≤ 5% will be achieved (worst case 
design: NO load).  
 In our project the carrier’s normalized 

frequency
Fr
FcFnc =  is equal to 12 (where Fc is the triangle 

and Fr is the sine frequency). Thus, the dominant higher 
harmonic is d=2Fnc-3=21. The relation giving the 21st 

harmonic amplitude is: V0606,0
n
V4V maxn,0 ==
π


(where 

V is the inverter’s input). If the desired degrading is 3% of 
the basic harmonic: 
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 In the laboratory stores an inductance of 287.6 mH was 
available and the calculated capacitor is 80 nF. Therefore the 
filter’s cut off frequency is Hz695

LC2
1fc ==
π

  

 

6. Input Voltage Sensing 
The input DC voltage levels are measured by the PIC16F877 
on chip A/D converter. The resolution is 10bits. Only a 
fraction of the input voltage is driven to microcontroller 
using a potential divider, since A/D converter range is 0 to 
5Volts.  
 
 
7. Microcontroller Software 
 
 The Microchip PIC16F877 is a RISC processor and 
apparently has not the ability of concurrent programming. 
Nevertheless in the present application a concurrency is 
achieved. Two of the software entities are running in 
parallel.  
 The first entity (Fig.9) uses the microcontroller 
interrupts, namely the timers TMR0 and TMR1 overflow. 
The first timer TMR0 has the task to create the 50Hz sine 
using a look up table of 130 precalculated sine values. The 
other timer TMR1 along with a control bit showing the slope 
(positive – up, negative-down) is creating the triangle 
waveform of a 610,35 Hz frequency. These two tasks are 
executed by the interrupt service routine and are running in 
parallel with the main program routine. The computation 
time consumed by the interrupt service routine is negligible.  
 

 
Fig.9. Interrupt Service Routine 

 
 

 The second entity (Fig.10) consists of an endless loop 
that has the task to continuously compare the current triangle 
and sine values. The comparison result will be responsible to 
trigger either the appropriate FET pair or none of them, 
creating this way the SPWM waveform on the bridge output.  
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Fig. 10. Main loop 

 
 Concurrently, at the start of each sine period, the A/D 
converter samples the DC input voltage. A coefficient is 
calculated using this value. This coefficient changes the sine 
to triangle amplitude ratio, changing in return the bridge 
output duty cycle, having consequently stable sine amplitude 
after the LC filter. The routine flowchart is shown in Fig. 11. 

 
 

8. Conclusions 
 
A test board was constructed and is presented on Photo 1. 
The resulting waveform output is shown in Photo 2. One can 
observe its fine sinusoidal shape. 

 

 
 

Fig.11. Comparing and Output 
 
 
 Although in the present project the output power is 
limited to 2 Amps in 220 Volts, there is a plan to increase 
the power. This will be achieved by changing the switching 
semiconductors to the IGBT transistors. Furthermore the DC 
voltage can be increased to 80 Volts or higher. In the market 
better driving IC can be found but with higher costs. The use 
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one of those driving chips can increase the DC voltage levels 
up to 220 Volts, improving the output power significantly. 
 In this paper a AC/DC/AC stabilizer is presented. It is 
based on the SPWM modulation technique. Its control using 
a common RISC microcontroller, manages to achieve a 
concurrency and drive the full bridge inverter. The resulting 
output is a sinusoidal waveform.  

  

 
Photo 1. Control board with the FET transistors 
 

 
Photo 2. Output waveform  

 
______________________________ 
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