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ABSTRACT 

This paper presents design considerations of a Z-source inverter for a single-phase Uninterruptible power 

supply (UPS) system. The Z-source inverter system employs a unique LC network in the DC link. By 

controlling the shoot-through duty cycle, the Z-source can produce any desired output AC voltage, even 

greater than the battery voltage. The inverter has one switch less than the conventional two stage power 

conditioner, which leads to reduction of cost. The modulation pattern for the switches is described, and the 

design recommendations for the Z-source inverter are presented. The design of the inverter was verified by 

simulation. 
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1. INTRODUCTION 

 

1.1 Traditional UPS systems 

Uninterruptible power supply (UPS) systems are 

being widely used for a wide variety of critical loads 

including computers, telecommunication systems 

and medical equipment to overcome the disruption 

in utility power supply that may occur in the form of 

outage, voltage sag or voltage surge. Although UPSs 

have been applied in the past for large computers, 

increased installation volume of small or personal 

computers (PCs) has created a tremendous increase 

in the use of small capacity UPSs operating a single-

phase supply. Given the decreased cost of the 

computing capability of PCs, these single-phase 

UPSs are extremely sensitive to cost. While directly 

connecting the  battery bank to the dc bus results in a 

very simple system, many battery cells connected in 

series are required to maintain a high dc bus voltage, 

which is usually raised to at least twice the peak line 

voltage to shape the input current waveform. This 

high voltage storage battery requirement leads to 

increased cost and reduced reliability, since for a 

given storage capacity the cost rises but the 

reliability decreases as the number of storage 

batteries increase. Several schemes have been 

reported to overcome the high battery voltage issues. 

One approach is to add a bi-directional chopper 

circuit Figure 1 for connecting a low voltage battery 

to the dc bus (Hirachi et al., 1995). The bi-
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directional chopper steps down the dc bus voltage 

for charging the battery, or steps up the battery 

voltage to support the dc bus during ac line outages. 

A low voltage battery can thus be adapted at the 

expense of a bidirectional chopper.  

 

 

Figure 1: Traditional two-stage power conversion for UPS applications 

 

In another approach, an auxiliary full-bridge inverter 

is utilized to connect a low voltage battery to the line 

input side [2]. Upon detecting ac line failure, the 

control circuit brings the battery on line by 

synchronizing the auxiliary inverter with the UPS 

output voltage. This arrangement requires at least 

four additional switches and a dedicated battery 

charger. Z-source voltage-type inverter (ZSI) has 

been proven experimentally to be an attractive 

single-stage solution for buck-boost, three phase dc-

ac power conversion (Peng, 2003). The converter 

has one switch less than the conventional two stage 

power conditioner, which leads to reduction of cost 

and increased reliability. The Z-source inverter can 

be used for a single-phase UPS as shown in Figure 2. 

The general specifications of the Z-source 

inverter are submitted in Table 1. 

 

 

 

Figure 2:  Z-source inverter for UPS applications 
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Table 1:  General specifications of the Z-Source inverter 

Input voltage, 𝑉𝑖𝑛   48V DC 

Inverter output power, P 5kw 

Desired DC-link voltage, 𝑉𝑑𝑐  480V 

Output voltage, 𝑉𝐿𝑜𝑎𝑑 , 220V AC 

Load current, 𝐼𝐿𝑜𝑎𝑑  22.7A 

Switching frequency,𝑓𝑠𝑤  10kHz 

Type of switching devices IGBT 

Peak-to-peak current ripple through Z-source inductors 30% 

Desired voltage ripple on the Z-source capacitors 3% 

 

 

1.2 Modulation of the Z-source inverter 

The Z-source inverter (ZSI) has the unique buck-

boost capability which ideally gives an output 

voltage range from zero to infinity regardless of the 

input voltage. This is achieved by using a switching 

state that is not permitted in the voltage-source 

inverter (VSI) which is called the “shoot-through” 

state. This is the state when both upper and lower 

switches of a phase leg are turned on. According to 

this switching method, the reference signals are 

compared to a triangular carrier signal. If a reference 

signal is greater than the carrier signal, the upper 

switch in the leg of the corresponding phase 

becomes on and the lower switch of the same phase 

leg becomes off and vice versa. First zero state 

occurs when the carrier wave is greater than all of 

the reference signals, i.e. all the upper leg switches 

are on and the lower leg switches are off. The second 

zero state occurs when the carrier wave is smaller 

than all of the reference signals. The shoot-through 

state can be distributed among the carrier based 

switching pattern of the VSI without distorting the 

carrier based PWM signal generation (Peng, 2003). 

Possible switching state sequences and the 

respective carrier based implementations of the 

PWM switching of Z-source inverters with different 

number of output phases are explained in (Loh et al., 

2005). This section will summarize how to introduce 

the shoot-through states appropriately to the 

modulation of an H-bridge (single phase) Z-source 

inverter based on the explanations in (Loh et al., 

2005). Consider the H-bridge Z-source inverter in 

Figure 3 whose switching states are given in Table 1. 

The active and null states in which the two switches 

of a phase-leg are switched complementary, are 

common to both conventional VSI and the H-bridge 

Z-source inverter. However, the remaining three 

shoot-through states in which one phase leg (H1 and 

H2) or two phase-legs (H3) are short-circuited, are 

unique to the H-bridge Z-source inverter (Loh et al., 

2005).  
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Figure 3: H-bridge (single phase) Z-source inverter 

 

Table 2: Switching states of the H-bridge Z-source 

inverter (!𝒔𝒙 is complement of 𝒔𝒙) 

 

 

Figure 4 shows a possible PWM switching 

configuration of a conventional single-phase VSI 

and a single-phase Z-source inverter. For 

conventional VSI modulation, two state transitions 

occur per switching cycle (e.g., null{00} 

active{10}  null{11}) with the active state 

centrally placed within the switching period to 

minimize the generated harmonic distortion 

(Holmes, 1996). 

 For Z-source inverter modulation, additional shoot-

through states are carefully added to the null 

intervals with the active interval kept constant and 

centrally placed within the switching period to retain 

all the harmonic benefits of central active state 

placement. The shoot-through states should 

preferably have the same time interval to minimize 

the size of the Z-source network inductors (Holmes, 

1996), and should be added immediately adjacent to 

the instants of state transitions of a conventional VSI 

to ensure a single device switching per state 

transition. Therefore, for a single-phase Z-source 

inverter with two state transitions per switching 

cycle, the number of equal-interval (0.5𝑇0 ) shoot-

through states that can be inserted is two. Their 

inclusions are shown in Figure 4. In order to build 

the preferred state sequence in Figure 4 through 

carrier-based implementation regarding to the 

reference/carrier comparison diagrams in Figure 4, 

the formulation of modulating reference signals are 

needed for carrier-based Z-source inverter 

modulation. For a conventional VSI, the reference 

signals used are 𝑉𝑎 = 𝑀𝑐𝑜𝑠(𝜔𝑡) = M for modulating 

phase-leg {𝑆1, 𝑆4 } , and - 𝑉𝑎  for phase-leg {𝑆3 , 𝑆6} 

. In general, the first state transition during the 

falling carrier edge occurs when the maximum of the 

two signals 𝑉𝑚𝑎𝑥 = max(𝑉𝑎 ,−𝑉𝑎) crosses the falling 

slope of the carrier at time  𝑡𝐻1 .In order to insert a 

shoot-through state adjacent to this transition from 

𝑡𝐻1 - 0.5𝑇0 to𝑡𝐻1 , the upper (odd-numbered) and 

lower (even-numbered) switches of the relevant 

phase-leg should therefore be modulated using 

 

State (output voltage) 𝑠1 𝑠3 𝑠4 𝑠6 

Active {10} (non-zero) 1 0 0 1 

Active {01} (non-zero) 0 1 1 0 

Null {00} (zero) 0 1 0 1 

Null {11} (zero) 1 0 1 0 

Shoot-through H1 (zero) 1 1 𝑠3 𝑠3 

Shoot-through H2 (zero) 𝑠1 𝑠1 1 1 

Shoot-through H3 (zero) 1 1 1 1 
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  Figure 4: Modulation of H-bridge Z-source 

inverter 

 

 𝑉max (𝑆𝑋) = 𝑉𝑚𝑎𝑥 +
𝑇0

𝑇
                      

 

𝑉max (𝑆𝑌) = 𝑉𝑚𝑎𝑥                                   (1) 

                                                                                             

{X , Y } = {1, 4} or {3, 6} 

 

Where: 𝑉max (𝑆𝑋) - causes the upper switch to turn 

ON at 𝑡𝐻1 - 0.5𝑇0; 𝑉max (𝑆𝑌) - causes the lower 

switch to turn OFF at 𝑡𝐻1 .  

 

Obviously, these switching actions insert the desired 

shoot-through state H1, as illustrated in the lower 

half of Figure 4.  Following through similar analysis, 

the second shoot-through state H2 can be inserted 

from 𝑡𝐻2 to  𝑡𝐻1 + 0.5𝑇0by using the following 

modified reference signals for controlling the other 

two switches where.   Obviously, these switching 

actions insert the desired shoot-through state H1, as 

illustrated in the lower half of Figure 4.  

 

𝑉max (𝑆𝑋) = 𝑉𝑚𝑖𝑛 −
𝑇0

𝑇
            

              

𝑉min (𝑆𝑌) = 𝑉𝑚𝑖𝑛                                 (2) 

 

X , Y 1, 4or 3, 6

 

Where:  𝑉𝑚𝑖𝑛 = min(𝑉𝑎 − 𝑉𝑎) - represents the 

minimum of  𝑉𝑎  and −𝑉𝑎  without modification.  

 

The equations, derived in 1 and 2, can also be used 

for ensuring the correct insertion of shoot-through 

states during the rising carrier edge. 

 

2. MATERIALS AND METHODS 

 

2.1 Z-source inverter design 

As was reported in previous section, the ZSI 

implemented in proposed topology has unique 

features compared with the traditional voltage source 

inverter. It is a two port network that consists of split 

inductors 𝐿1 and 𝐿2 and capacitors 𝐶1 and 𝐶2 

connected in X shape (Figure 3). This impedance 

network is basically operating in two states: first is 
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shoot-through when one or more inverter legs are 

short circuited. Second state is the non shoot-through 

state, when inverter is in active state as a traditional 

voltage source inverter. Between the inverter bridge 

terminals appears sum of the capacitor and inductor 

voltage, referred to DC link voltage in voltage 

source inverter (Peng, 2003). Switching between 

shoot-through states and non shoot through states 

allows boost voltage of capacitors 𝑉𝑐  and voltage of 

the inverter bridge over input voltage 𝑉𝑖𝑛 . During the 

design of ZSI the most challenging is the estimation 

of values of the reactive components of the 

impedance network (Olszewski, 2005). The 

component values should be evaluated for the 

minimum input voltage of the inverter, where the 

boost factor and the current stresses of the 

components become maximal. Calculation of the 

average current of an inductor  

 

𝐼𝐿 =
𝑃

𝑉𝑖𝑛
                                             (3) 

 

The maximum current through the inductor occurs 

when the maximum shoot-through happens, which 

causes maximum ripple current. In our design, 60% 

peak-to-peak current ripple through the Z-source 

inductor during maximum power operation was 

chosen. Therefore, the allowed ripple current is ∆𝐼𝐿, 

and the maximum current through the inductor is 

𝐼𝐿𝑚𝑎𝑥 x: 

 

𝐼𝐿𝑚𝑎𝑥 = 𝐼𝐿 + 𝐼𝐿 × 15%                          (4) 

 

𝐼𝐿𝑚𝑖𝑛 = 𝐼𝐿 − 𝐼𝐿 × 15%                           (5) 

 

∆𝐼𝐿 = 𝐼𝐿𝑚𝑎𝑥 − 𝐼𝐿𝑚𝑖𝑛                                 (6) 

  

The boost factor of the input voltage is: 

 

𝐵 =
1

1−2𝐷𝑏𝑜𝑜𝑠𝑡
=

𝑉𝑑𝑐

𝑉𝑖𝑛
                             (7) 

 

Where: 𝐷𝑏𝑜𝑜𝑠𝑡  is the shoot-through duty cycle. 

 

𝐷𝑏𝑜𝑜𝑠𝑡 =
𝐵−1

2𝐵
                                       (8) 

 

The capacitor voltage during that condition is 

𝑉𝑐 =
𝑉𝑖𝑛+𝑉𝑖𝑛 1

2
                                       (9) 

Calculation of required inductance of Z-source 

inductors: 

𝐿 =
𝑇0𝑉𝑐

∆𝐿
                                          (10) 

Where: 𝑇0 - is the shoot-through period per 

switching cycle, T. 

𝑇0 = 𝐷𝑏𝑜𝑜𝑠𝑡 𝑇                                    (11) 

 

𝐶 =
𝐼𝐿×𝑇0

𝑉𝑐×30%
                                        (12) 

 

The inductors 𝐿1 and 𝐿2  and capacitors 𝐶1 and 𝐶2 

have the same inductance and capacitance values, 

respectively, thus the impedance network becomes 

symmetrical (Peng et al., 2005).  

The design of the Z-source inverter was 

implemented by means of MATLAB/Simulink. The 

system configuration for simulation is shown in 

Figure 5, and its component values are given in 

Table 3. 
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Table 3: Initial and calculated values of the impedance system 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Simulink model of the Z-source inverter capacitor 

 

 

3. RESULTS AND DISCUSSION 

 

The simulation results are presented in Figures 6-10. 

The Z-source inverter with the parameters (Table 2) 

has been simulated using MATLAB/Simulink. The 

simulations performed show that the proposed ZSI is 

capable of boosting the input voltage to the desired 

level (𝑉𝐿𝑜𝑎𝑑  = 220VAC). The calculated voltage 

 Battery bank voltage 48V 

Boost factor B 10 

Shoot-through duty cycle 𝐷𝑏𝑜𝑜𝑠𝑡  0.45 

Z-source inductance 𝐿1 = 𝐿2 190, μH 

Z-source capacitance 𝐶1 = 𝐶2  592 μF 

Average current of Z-source inductor 𝐼𝐿 104.2A 

Maximum current of Z-source inductor 

𝐼𝐿𝑚𝑎𝑥  

135.45A 

Minimum current of Z-source inductor  

𝐼𝐿𝑚𝑖𝑛  

72.95A 

Ripple current of Z-source ∆𝐼𝐿 62.5A 

Z-source capacitor voltage 𝑉𝑐  264V 



Journal of Engineering and Technology (JET) Vol. 8, No. 1 February 2013 

Yusuf & Salawu (2013) pp 30 -39                      37 
 

ripple on the Z-source capacitors is 3% (Table 3). 

Figure 6 shows the voltage of the Z-source. The 

simulated value of voltage ripple on the Z-source 

capacitors was 1.5%, which is much better result 

than the calculated values. The calculated current 

ripple through the Z-source inductor is 60%.  Figure 

7 shows the current ripple of the Z-source inductor. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Voltage of the Z-source capacitor 

 

 

 

 

 

 

 

 

 

 

Figure 7: Current of the Z-source inductor 

 

 

 

 

 

 

 

  

Figure 8: Output current at P = 5000W 
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Figure 9: Z-source inverter output voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Simulation waveform for the output current THD 

 

The value of ripple current received from the 

simulations was 48%. Figure 8 & 9 shows the output 

voltage and current respectively. The output voltage 

and current ripples were below 1%, which is very 

good result for such a powerful system. Figure 10 

shows the total harmonic distortion (THD) of the 

output current. The THD is about 2.45%. 

 

4. CONCLUSIONS 

 

The paper presented a new inverter topology for the 

UPS applications. The new UPS system has 

desirable features including fewer active switches, 

improved reliability, sinusoidal ac line currents with 
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near unity power factor,  a high quality sinusoidal 

load voltage , and a low voltage storage battery. By 

help of theoretical analysis and simulations it was 

stated and verified that the implementation of the Z-

source inverter could provide an effective boost of 

the input voltage only by the introduction of the 

shoot-through switching state. The desired DC-link 

voltage is reregulated by the variation of the shoot-

through duty cycle, which is inversely proportional 

to the operating voltage of the battery bank .The 

simulations showed that the proposed inverter is 

operating as predicted, without intolerable voltage 

and current ripples on. The future work is aimed to 

development, assembling and testing of the scaled 

prototype (2 kW) of the proposed inverter. 

 

REFERENCES 

 

K. Hirachi, et al, (1995). “Cost-Effective Practical 

Developments of High-Performance and 

Multi Functional UPS with New System 

Configurations and Their Specific Control 

Implementations”, IEEE PESC, pp. 480-

485. 

K. Hirachi, et al, (1995). “Practical Developments of 

High-Performance UPS with New System 

Configurations and Their Specific Control 

Implementations”, IPEC-Yokohama, pp. 

1278-1283.  

Peng, F.Z. (2003). “Z-source inverter,” IEEE Trans. 

Ind. Appl., vol. 39, no. 2, pp. 504–510, 

Mar./Apr.. 

Loh, P.; Vilathgamuwa, D.M.; Lai, Y.S.; Chua, 

G.T.; Li, Y. (2005). “Pulse-Width 

Modulation of Z-Source Inverters”, IEEE 

Transactions on Power Electronics, Vol. 20, 

No. 6, 1346-1355. 

 Holmes, D.G. (1996). “The Significance of Zero 

Space Vector Placement for Carrier Based 

PWM Schemes”, IEEE Transactions on 

Industrial Applications, Vol. 32, No. 5, pp. 

1122-1129. 

Peng, F.Z.; Shen, M.; Qian, Z. (2005). “Maximum 

Boost Control of the Z-Source Inverter”, 

IEEE Transactions on Power Electronics, 

Vol. 20, No. 4, pp. 833-838. 

 Olszewski, M. (2005). “Z-Source Inverter for Fuel 

Cell Vehicles”, Michigan State University, 

Department of Electrical and computer 

Engineering, Oak Ridge National 

Laboratory. 



Journal of Engineering and Technology (JET) Vol. 8, No. 1 February 2013 

Yusuf & Salawu (2013) pp 30 -39                      40 
 

 


