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Abstract - This paper proposes a new voltage source inverter 
referred to as boost inverter or boost DC - AC converter. The 
main attribute of the new inverter topology is the fact that it 
generates an AC output voltage larger than the DC input one, 
depending on the instantaneous duty - cycle. This property is 
not found in the classical voltage source inverter which 
produces an AC output instantaneous voltage always lower 
than the DC input voltage. Operation, analysis, modulation, 
control strategy and experimental results are included in this 
paper. The new inverter is intended to be used in UPS design, 
whenever an AC voltage larger than the DC link voltage is 
needed, with no need of a second power conversion stage. 

I. INTRODUCTION 

The conventional VSI (voltage source inverter) shown in 
Fig. 1, referred to as buck inverter in this paper, is probably 
the most important power converter topology. It is used in 
many distinct industrial and commercial applications. 
Among these applications, UPS and AC motor drives are the 
most important. 

One of the characteristics of the buck inverter is that the 
instantaneous average output voltage is always lower that the 
input DC voltage. 

As a consequence, when an output voltage larger than the 
input one is needed, a boost converter must be used between 
the DC source and the inverter, shown in Fig. 2. 
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Fig. 2 Circuit used to generate an AC voltage larger than the DC input voltage. 

Depending on the power and voltage levels involved, this 
solution can result in high volume, weight, cost and reduced 
efficiency. 

In this paper a new voltage source inverter is proposed, 
referred to as boost inverter, which naturally generates an 
output AC voltage lower or larger than the input DC voltage 
depending on the duty - cycle. Details on analysis, control 
and experimentation are presented in the subsequent 
sections. 

11. THE NEW INVERTER AND PRINCIPLE OF 
OPERATION 

The proposed boost inverter achieves DC - AC 
conversion, as indicated in Fig. 3. 

The blocks A and B represent DC to DC converters. 
These converters produce a DC - biased sine wave output, so 
that each source only produces an unipolar voltage. The 
modulation of each converter is 180 degrees out of phase 
with the other, which maximizes the voltage excursion 
across the load. The load is connected differentially across 
the converters. The problem of generating bipolar voltage at 

converters realization need to be current bi-directional. 
The proposed inverter is based on the boost converter. 

The current bi-directional boost converter is shown in Fig. 
4.a. A circuit implementation of the boost DC to AC 
converter is shown in Fig. 4.b. 
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Fig. 1 The conventional voltage source inverter or buck inverter. 
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Fig. 3 A basic approach to achieve DC-to-AC conversion, with boost 
characteristics. 
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(3) 
Fig. 4 (a) The current bi-directional boost converter and (b) The proposed 

DC - AC boost converter. 

For a boost converter, by using the averaging concept, we 
obtain the following voltage relation for the continuous 
conduction mode: 

1 

where D is the duty cycle. 
The voltage gain, for the boost inverter, can be derived as 

follows. Assume that the two converter are 180 degrees out 
of phase. Then, the output voltage can be obtained as: 

(1) - _  5 -  
yn 1 - D  

(3) 
Y L  2 0 - 1  - - 
vh D(I  -0) 
The gain characteristic of the boost inverter is shown in 

Fig. 5. It is interesting to note that the feature of zero output 
voltage is obtained for D = 0.5. If the duty cycle is varied 
around this point, then there will be an AC output voltage 
across the output terminal. 

111.- SMALL - SIGNAL MODELING AND CONTROL 
ASPECTS 

The DC and small-signal performance of a boost DC to 
AC converter is determined simply by substituting the 
circuits models (point by point) by the PWM switch, and 
analyzing the resulting linear circuits [ 11, [2]. These circuit 
models are shown in Fig. 6 for the DC and fundamental 
frequency. After determination of the DC operating point, 
the control to output transfer function is obtained. 

Fig. 7 shows the equivalent circuit for the boost inverter, 
with the three-terminal PWM switch. 
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Fig. 5 DC gain characteristic. 
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Fig. 6 (a) The PWM switch, (b) DC model and 

(c) Fundamental fiequency model ofthe PWM switch. 

Fig. 7 The boost inverter showing the PWM switches. 

A. - DC Analysis 

By substitution of the DC model of the PWM switch into 
the boost inverter of Fig. 7, results in the circuit of Fig. 8. In 
this circuit all the reactive elements have been shorted or 
opened as required at zero frequency. 

Fig. 8 DC model of the boost inverter. 

Analyzing the circuit of the Fig. 8 we obtain the following 
equations: 

- Vk vu =- 
1 - D  

Vk 
b - D  
v -- 

2 0  -1  ‘ =vh [ D(1 - D ) ]  

( 2 0 - 1 )  Vh Ib =- 
D 2 ( I - D )  

(7) 

B.- Control to output transfer function 

Fig. 9 shows the fundamental frequency model. It is 
determined by substitution of the fundamental frequency 
model of the PWM switch into the boost inverter of Fig. 7. 
In this model, we are only considering perturbations in the 
duty cycle. 

Analyzing the circuit of the Fig. 9 we obtain the following 

vo =-vu -vb 
eqUati0nS: 

(9) 

(10) -vu = d  [ Z a ( S ) ]  -v, [ Z b ( S ) ]  
where, 

IaSL -\(l-D) 
Z a ( S )  = 

( I  -0)’ +S2CL 

SL 
R( (1 - 0)’ + S’CL) 

zb(S) = 

vb =Yo [zC(s)] - d  [ Z d ( S ) ]  
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Fig. 9 Fundamental frequency model of the boost inverter. 

Z c ( S )  =* 
R SC + Dz/SL 

DV, + SLI, 
zd(s) =-- 
By substitution of (10) and (13) into the (9), the control to 

output transfer function is obtained as: 

VO x,S3 +x# +X3S + X 4  
d 
- = R  

Y,S4 +Y2S3 +Y,Sz +Y,S +Y5 
where, 

x, = ( I ~  + I , ) c L ~  

Xz =(Dvb - ( I - D ) K ) C L  

C.- Frequency domain analysis of the inverter 

Adopting the following component values: L = 1.2 mH, 
C = 2 pF, R = 60 Q and Vin = 100 V, the bode diagram of 
vo/d can be obtained, using equation (16), as shown in 
Fig. 10. 

For D greater than 0.5, using equation (16), the 
zeros locus of the open loop uncompensated system is in the 
right half plane, and the system will become unstable. 
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Fig. 10 Bode diagram ofthe open loop system, 

(for D = 0.5 and D = 0.7). 

In order to make the output voltage pure sinusoidal, and 
to obtain global stability, a compensator should be employed 
in the system. 

IV. SIMULATION AND EXPERIMENTAL RESULTS 

In order to confirm the effective performance, key 
experiments were implemented with a 270 W prototype of 
the proposed converter shown in Fig. 4.b. 

Input and output specifications are as follows: 
Input Vin = 96 V 
Output Vo = 180*Sin(2m60Hz)*t 

The parameter of the circuits are as follow: 

D1 - D4 : MuR850 (Diodes) 
C1, C2 : 2 pF each 
L1, L2 : 1200 pH each. 

fs = 20 kHz 

S1- S4 RGBC2OU (IGBT) 
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Fig 11. Output voltage. 

I ,  -4 ................................................................ 
16 18 20 22 24 26 28 30 32 34 

Time [m] 

Ref  1 5 0 . 0 V  2 . 0 0 m s  
Fig. 15 Output voltage 

R 3  

Ref3 1.0 A 2.00 ms 

Fig. 12 Current ofthe power supply. Fig. 16 Current ofthe power supply. 
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Ref 4 5.0 A 5.00 ms 

Fig. 17 Current ofthe inductor L1. 

Ref  1 5 0 . 0 V  5 . 0 0 m s  
Fig. 18 Voltage of the capacitor C 1. 
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Using conventional controller ( SN352.5 ), PWM 
controller is implemented. It is easy to assemble a gate driver 
using isolation transformer because duty ratio is varied 
around 50 YO. 

Fig. 11, 12, 13 and 14 shows simulated waveforms of the 
converter for the open loop system and resistive load. 

Fig. 15, 16, 17 and 18 illustrates observed waveforms of 
the converter for the open loop system. The experimental 
results are in good agreement with the simulation results. 

In Fig. 14, for instance, the instantaneous AC voltage is 
180 V, which means a rms value equal to 127V. The 
processed power is 270 W. 

A simple compensator using an operational amplifier and 
RC network , shown in Fig. 19, is used to verify the response 
of the closed loop system. 

I 

# .  , . . , . , >'. . , , . , I . . . i 

Fig. 19 The circuit diagram ofthe compensator 

R 4  

Fig. 20 Output Voltage with 20 Hz sinusoidal reference signal. 

Ref 1 5 0  O V  5 OOms 
Fig. 22 Output Voltage with 40 Hz sinusoidal reference signal. 

Fig. 23 Output Voltage with 40 Hz triangular reference signal. 

Fig. 20, and 21 show experimental results for the closed 
loop system with a 20 Hz sinusoidal reference signal and 20 
Hz triangular one, respectively. In Fig. 22 and 23 the 
frequency of reference signal is 40 Hz. In these last 
waveforms the switching component was filtered. 

V. CONCLUSION 

This paper presents a new type of DC - AC converter, 
referred to as boost inverter. 

The active switches (IGBT's) are operated at a fixed 
frequency with the duty cycle around 50 YO, which allows the 
use of a simple gate drive. 

The circuit operation has been described and discussed. 
the effects are verified experimentally on a 270 W - 20 kHz 
breadboard. 

The new inverter is applicable in U P S  design, whenever a 
AC voltage larger than the DC link voltage is needed, with 
no need of a second power conversion stage. 
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