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ABSTRACT 

          This paper presents on the basis of the traditional, ESL-Γ-ZSI (Z-source inverter) which uses a 

unique Γ-shaped impedance network and an extended SL network for boosting its output voltage in addition 

to their usual voltage-buck behavior. The inverter can increase the boost factor through adjusting shoot-

through duty ratio and increasing the number of inductors. Comparing them with other topologies, the 

proposed inverters use lesser components and a coupled transformer for producing the high-gain and 

modulation ratio simultaneously The Z-source converter overcomes the conceptual and theoretical barriers 

and limitations of the traditional voltage-source converter and current-source converter and provides a novel 

power conversion concept. This leads to lesser winding turns at high gain, as compared to other related 

topologies. The Simulation and experimental results will be presented to demonstrate the new features. 

Key points: Z-source inverter, Embedded –Z-source, Quasi-Z-source. 

 

I. INTRODUCTION 
                 There exist two traditional 

converters: voltage-source (or voltage-fed) and 

current-source (or current-fed) converters (or 

inverters depending on power flow directions). 

The traditional three-phase voltage-source 

converter (abbreviated as V-source converter) 

structure. A dc voltage source supported by a 

relatively large capacitor feeds the main 

converter circuit, a three-phase bridge. Modern 

power electronic applications, especially those 

directly connected to the grid, usually require 

some voltage boosting. Traditional voltage-

source inverters (VSIs) are therefore not 

satisfactory since they can only step down 

voltages. To add boost functionality, dc–dc boost 

converters can be placed before the VSIs. 

Alternatively, single-stage buck-boost inverters 

can be used like the Cuk, SEPIC, and other 

similar dc–ac inverters found. These inverters 

however do not have intensive follow-up 

research. On the contrary, research in another 

buck-boost inverter, named as the Z-source 

inverter, has grown rapidly with its modulation, 

dynamics, control, and sizing studied. Its 

applications to motor drives, solar generation, 

and electric vehicles have also been attempted 

using the same basic Z-source impedance 

network found. Changes to the basic network 

only surface, where their respective enhanced 

networks are named as improved, quasi-, and 

embedded Z-source networks. Although named 

differently, these networks are closely similar 

with explaining that they differ only in their 

source placements. The three networks can 

eventually be merged into a single generic 

network with no changes introduced to the 

number of LC components and input-to-output 

gain. The latter is subsequently mentioned as a 

concern in and, whose solutions are to add extra 

inductors, capacitors, and diodes for further 

raising gain. The amount of components added is 

however not economically justifiable. The 

investigation then continues with using coupled 

inductors or transformers for gain boosting. The 

circuit discussed is particularly interesting since 

they use only one coupled transformer and one 

capacitor, which are significantly lesser than 

those found. They are, respectively, named as T-
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source inverters in and trans-Z inverters in after 

identifying a few more variations. 

 
Fig. 1. Traditional Z-source inverter. 
Although the inverters presented attractive, their 

common turns ratio might become too high at 

high gain. This is certainly in line with classical 

transformer theories, but is not an exclusive 

requirement, as demonstrated by the proposed Γ-

Z-source inverters. The proposed inverters again 

use a transformer and a capacitor for voltage 

boosting. Their gain is however raised by 

lowering their transformer turns ratio, rather than 

increasing it. This is a feature, which so far, has 

not been matched by other Z-source circuits. 

Performances of the proposed circuits have 

already been tested in experiments. 

 

II. RELATED WORK 
Z-source inverter proposed is shown in Fig. 1, 

where a unique X-shaped impedance network can 

clearly be seen. This added network allows 

switches from the same phaseleg to be turned ON 

simultaneously without causing damages. 

Instead, the shoot-through state created causes 

the inverter output to be boosted without 

distortion if it is used properly with the other eight 

nonshoot-through active and null states. The 

resulting expressions for computing the network 

capacitor voltage VC , peak dc-link voltage 𝑉�̂� 
during the nonshoot-through state, and peak ac 

output voltage 𝑉𝑎�̂�  can subsequently be derived 

and written in the following equation. 

𝑉𝐶 = 
1−𝑑𝑆𝑇

1−2𝑑𝑆𝑇
𝑉𝑑𝑐   𝑣�̂�=

1

1−2𝑑𝑆𝑇
𝑉𝑑𝑐 

𝑣𝑎�̂�= M
𝑣�̂�

2
 = 

1

1−2𝑑𝑆𝑇
(0.5M𝑉𝑑𝑐)    (1) 

 
Fig.2. Trans-Z-source inverters with source 

placed in series with a) diode or b) VSI bridge. 

 

where Vdc ,M, and d dST  represent the input 

voltage, modulation ratio, and fractional shoot-

through time, respectively. The boost factor from 

(1) is hence expressed as B = 1/(1 − 2dST). Setting 

its denominator to be greater than zero then 

results in the operating range of 0 ≤ dST < 0.5. 

Since the shoot-through state can only be placed 

within a null interval to avoid introducing volt-

sec error, relationship between M and dST  can 

further be written as M ≤ 1.15(1 − dST ). To 

produce a high-voltage boost, M must hence be 

lowered. Lower M however leads to high-voltage 

stresses across the components and poor spectral 

performances. To avoid these constraints, T-

source or trans-Z-source inverters are proposed. 

In common, the trans-Z-source inverters shown 

in Fig. 2 use only one transformer with turns ratio 

γTZ = W1/W2 and one capacitor. They differ 

only in their source placements, whose effect is 

to vary VC but not the other voltages. This can 

clearly be seen from (2), where expressions for 

computing VC , ˆvi , and ˆvac for the trans-Z-

source inverters are presented Fig.2(a). 

                 𝑉𝐶 = 
1−𝑑𝑆𝑇

1−(𝛾𝑇𝑍+1)𝑑𝑆𝑇
𝑉𝑑𝑐 

Fig.2(b): 
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Comparing the denominators of (1) and (2), it is 

clear that the trans-Z-source gain can be raised 

above the traditional Z-source gain if γTZ is set 

greater than one (γTZ ≥ 1). From (2), the new 

limits for dST can also be determined as 0 ≤ dST 

< 1/(γTZ + 1), after setting the denominator of (2) 

to be greater than zero. Clearly, the upper limit of 

dST can be reduced by using a higher γTZ for 

gain boosting. The lower dST then leads to a 

higher modulation ratio since M ≤ 1.15(1 − dST). 

III. Proposed Γ-Z-SOURCE INVERTERS 

  

 
Fig.3. Γ-Z source inverters with source placed in 

series with a) diode or b) VSI bridge. 

The trans-Z-source inverters, high gain is 

obtained by increasing their common transformer 

turns ratio γTZ, which is in agreement with 

classical transformer theories. Depending on the 

eventual voltage gain demanded, the raised γTZ 

might at times be excessive for realization. 

Because of this, Γ-Z-source inverters drawn in 

Fig. 3 are proposed in this letter as alternatives. 

The proposed inverters use the same components 

as the trans-Zsource inverters, but with different 

transformer placement. This difference causes the 

Γ-Z-source gain to be raised by lowering, and not 

increasing, the transformer turns ratio γΓZ . 

Range of γΓZ can in fact be determined as 1 < 

γΓZ ≤ 2, as demonstrated in the following section. 

3.1. Shoot through state 
Formed by turning ON two switches from the same 

phase-leg simultaneously to short the dc-link voltage 

vi to zero. At the same time, input diode DΓZ blocks, 

hence giving rise to the equivalent circuit shown in 

Fig. 4(a). Using this equivalent circuit, the following 

circuit equations can be written:  

𝑉𝑊1
= 𝑉𝑊2

+𝑉𝐶; 𝑉𝑊1
= 𝞬𝞒𝒁𝑉𝑊2

; 𝞬𝞒𝒁 =
𝑾𝟏

𝑾𝟐
 

  

𝑉𝑊2
=𝑉𝐶 𝞬𝞒𝒁 − 𝟏⁄                        (3) 

𝑉𝑊1
= 𝑉𝑊2

+𝑉𝐶+ 𝑉𝑑𝑐; 𝑉𝑊1 = 𝞬𝞒𝒁𝑉𝑊2
;  

  

𝑉𝑊2
=𝑉𝐶 + 𝑉𝑑𝑐 𝞬𝞒𝒁 − 𝟏⁄             (4) 

 



Vamsi, et al , International Journal of Research Sciences and Advanced Engineering [IJRSAE]TM 

Volume 2 , Issue 8, pp: 35-40, OCTOBER 2014. 

                       
 
                                           
  

  35-40 

International Journal of Research Sciences and Advanced Engineering 

Vol.2 (8) , ISSN: 2319 - 6106 

Fig.4. Equivalent circuits of the 𝞒-Z-source inverter in 

fig. 3(a) when in shoot through and b) non-shoot-

thorugh states. 

3.1.1. Nonshoot-Through State: represented 

by any of the traditional active and null 

switching states with nonzero dc-link 

voltage vi = ˆvi _= 0. During this state, 

input diodeDΓZ conducts, hence giving 

rise to the equivalent circuit shown in 

Fig. 4(b). From the equivalent circuit, 

the following circuit expressions can be 

written: 

     𝑉𝑊2
=Vdc –VC; VW1 = 𝞬𝞒𝒁𝑉𝑊2

                (5) 

      VW2 = -VC ; VW1 = 𝞬𝞒𝒁𝑉𝑊2
.                  (6) 

Performing state-space averaging on either winding 

W2 or W1 then leads to the following two expressions 

for computing capacitor voltage VC : 

 

Using (7) and (8), the peak dc-link voltage ˆvi during 

the nonshoot-through interval and peak ac output 

voltage ˆvac can be determined as (9) and (10) for the 

two inverters shown in Fig. 3. 

 
These equations are closely similar to those of the 

trans- Z-source inverters listed in (2). They are in fact 

the same if their respective turns ratios are set 

according to the following equation: 

 
Producing a gain higher than the traditional Z-source 

inverter shown in Fig. 1 would hence require γTZ to 

be greater than 1 (γTZ ≥ 1) for the trans-Z-source 

inverters, and γΓZ to be reduced from 2 to 1 for the Γ-

Z-source inverters (1 < γΓZ ≤ 2). At high gain, γTZ 

might hence be excessive (γTZ →∞ in the ideal case), 

while γΓZ approaches 1. The former might result in 

more turns for the trans-Z-source inverters especially 

when sufficient number of turns is needed for their low 

voltage W2 winding for maintaining tight coupling. 

The proposed Γ-Zsource inverters, on the other hand, 

can have their transformer wound on a core with high 

nH/t2 (t stands for turns) to keep their winding turns 

low. These possibilities and ratio tuning range (1 < γΓ

Z ≤ 2) of the Γ-Z-source inverters have so far not been 

identified by other researchers. 

3.2. Transient Expressions 

The earlier derived expressions are for computing the 

inverter responses in the steady state. To compute their 

transient responses, small-signal analysis is applied 

first to find the continuous capacitor voltage variation 

˜ VC when perturbed by a change in shoot-through 

time ˜ DST in the Laplace domain. The resulting 

expression for the inverters in Fig. 3 is given by 

 
where Lm is the magnetizing inductance referred to W1 

, ¯Im is the steady-state magnetizing current flowing in 

the direction of iW 1 in Fig. 3, ILoad is the steady-state 

load current, and ¯ DST is the steady-state shoot-

through time in the Laplace domain. Equation (12) can 

then be substituted into the following expressions to 

find other perturbed variables.  

Shoot-Through State 

 
Nonshoot-Through State 

 

where ˜IW 1 , ˜IW 2 , and ˜ Vi are the perturbed 

winding W1 current, W2 current, and dc-link voltage, 

respectively, in the Laplace domain. Note that unlike 



Vamsi, et al , International Journal of Research Sciences and Advanced Engineering [IJRSAE]TM 

Volume 2 , Issue 8, pp: 35-40, OCTOBER 2014. 

                       
 
                                           
  

  35-40 

International Journal of Research Sciences and Advanced Engineering 

Vol.2 (8) , ISSN: 2319 - 6106 

the capacitor voltage, the winding currents and dc-link 

voltage are discontinuous quantities. They must hence 

be considered separately like in (13) and (14) for the 

shoot-through and nonshoot-through states, 

respectively. 

IV. SIMULATION RESULTS 
                  To verify the practicality of the Γ-Z-

source inverters, an experimental setup of Fig. 

3(a) was assembled in the laboratory using 

parameters. The assembled inverter was 

modulated by the scheme proposed. Although the 

scheme proposed for the traditional Z-source 

inverter, its shootthrough and nonshoot-through 

states produced can surely be used for modulating 

the Γ-Z-source inverter. Despite using the same 

modulation scheme, output from the Γ-Z-source 

inverter is generally higher because of the 

coupled transformer in its impedance network. 

This can clearly be seen from (9), which when 

applied, gives a peak dc-link voltage of ˆvi = 100/ 

(1 − (1 + 2.33) × 0.14) = 187 V based on 

parameter values read from. 

 
Fig.5 Experimental input dc-link and output waveforms 

of 𝞒-Z-source inverter when in voltage-boost mode. 

 

 The computed value is close to that read from the 

second trace of Fig. 5 when in the boost operating 

mode. The same value can be read from the line 

voltage pulse height shown by the third trace of 

Fig. 5. Setting the modulation ratio M to 0.85 × 

1.15 then leads to an ac output voltage of 91.5 V 

(or 112 V line RMS), which when applied to the 

ac filter and load gives rise to a computed ac 

current of 3.64 A. This value is again in 

agreement with that read from the fourth trace of 

Fig. 5. Fig. 6 follows to show the Γ-Z-source 

winding currents, which as expected, have high 

current peaks during the shootthrough intervals 

marked by zero dc-link voltage (vi = 0). These 

current peaks are also experienced by the trans-

Z-source inverters and other magnetically 

coupled solutions. To better relate Fig. 6 with the 

modulation sequence relevant half-carrier periods 

(0.5T) are also marked in Fig. 6. As anticipated, 

three shoot-through states with vi = 0 can clearly 

be seen in each half-carrier period. The inverter 

was next adjusted to its voltage-buck mode with 

its results shown in Fig. 7. Since dST = 0, the 

inverter dclink voltage is both not chopped and 

equal to the input voltage (winding currents not 

chopped too, and hence not shown here). This dc-

link voltage, when modulated with the same M 

and applied to the same load, gives rise to a 

computed ac current peak of 1.9 A. This value again 

matches well with the fourth experimental trace shown 

in Fig. 7. 

 
Fig.6. Experimental dc-link and winding waveforms of 

𝞒-Z-source inverter when in voltage boost mode. 
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Fig.7. Experimental input, dc-link and output waveforms 

of 𝞒-Z- source inverter when in voltage buck mode. 

V. CONCLUSION 
This paper has presented an impedance-source 

power converter for implementing dc-to-ac, ac-

to-dc, ac-to-ac, and dc-to-dc power conversion. 

The Operating gain and modulation ratio of the 

Γ-Z-source inverters have been proven to be the 

same as the trans-Z-source inverters, and hence 

higher than those of the traditional Z-source 

inverter. However, unlike the trans-Z-source 

inverters, gain increase of the Γ-Z-source 

inverters is achieved by reducing, and not 

increasing, their turns ratio in the range of 1 < 

γΓZ ≤ 2. Transformers needed by the Γ-Z-source 

inverters might therefore be smaller for high-gain 

applications. Experimental results have 

confirmed these performance features of the Γ-Z-

source inverters. 
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