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Abstract: the differential mode converters are presented 

which offers can reduce the passive elements such as 

inductors and capacitors. This results in a reduction in the 

size of the device improve reliability and reduce the total 

cost. One of the most promising systems in differential 

mode converters is the Single-Ended Primary-Inductor 

Converter (SEPIC). SEPIC has some advantages over the 

other topologies including lower components and the 

ability of isolation by using a high-frequency transformer. 

It is worth mentioning that this model is one of the 

promising models in the use of renewable energy. On other 

hand, the Semi Z-Source Inverter (SZSI) is presented to 

reduce the count of components and work as a four-wire 

system. The system can be achieved by using three single-

phase Semi Z-Source Inverter (SZSI). This paper presents 

a comparison study between two topologies. In addition, 

the comparison is achieved based on the voltage and current 

stress. It has been considered the dynamic response. The 

comparison is validated based on PSIM software. 

Keywords: Z-Source Inverter (ZSI), Differential-mode 

inverters, SEPIC, buck-boost inverter Two-Stage Inverter.  

1 Introduction  

The vision of countries to benefit greatly from the different 

types of renewable energies had a great impact on the 

development of devices that work on power electronics [1].  

From this point of view, the research contributed to the 

development of inverters. As it has been developed in 

reducing the losses, reducing Total Harmonic Distortion 

(THD), and reducing the components [2-3]. One of the 

solutions used in the development of inverters is the use of 

differential inverters because of their advantages such as 
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boosting the input voltage, reducing the total number of 

components, and reducing the cost size [4-6]. The initial 

principle of the differential inverter is presented in [5] 

which presents the new inverter based on boost DC-DC 

converter that generates the output AC voltage, in addition, 

the output AC generated is larger than the input DC voltage. 

The AC output voltage is generated by connecting the load 

differential across the output DC-DC converters and 

modulated DC-DC converters by insert sinusoidal signals 

shafted by 180o [5]. The DC shift can be equal or greater 

than the VDC1 when one of the boosting converters are used 

as shown in Fig. 1   
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Fig. 1 Basic concept of single-phase differential mode using DC-

DC converters  
 

From this point of view, several studies have been presented 

that deal with the differential principle [7-10]. The main 

idea is to use the buck-boost stage to create three phase 

voltage based on sinusoidal modulation as shown in Fig. 2  
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Fig. 2 conception structured of three phase differential inverter  

One promising deferential topology inverter is the Single-

Ended Primary-Inductor Converter (SEPIC) converter as 

shown in Fig. 3[7]. it consists of three modules (A, B, C) 

each module has been driven with sinusoidal modulation 

with phase shift 120o between each sinusoidal modulation. 

The detailed analysis has been presented in [10] which the 

principle of Modular Differential Inverter (MDI) is 

discussed under mathematical model under the assumption 

of balanced three-phase grid  

 

Rg

Va

Vb

Vc

Lg

c1A

c2B

c3B

c1B

c2A

c3A

L1A

L3A

L1B

L2B

L3B

S1A

S1B

S2B

S3B

S2A

S3A

L2A

Cin

Iin

Vin

A

B

C

Grid Filter

Grid

 

Fig. 3 Isolated Three-Phase SEPIC 

On the other hand, the sinusoidal modulation is applied to 

the Semi- Z-Source Inverter (SZSI) [11-15]. The main 

disadvantage of the traditional Z-Source Inverter is its need 

for an extra shoot through state [16]   Unlike the traditional 

Z-Source Inverter (ZSI) the Semi Z-Source Inverter (SZSI) 

doesn’t need an extra shoot through state and has the same 

reference between DC and AC side. This feature makes the 

inverter work like four-wire types and results in less 

leakage ground current. This feature gives preference to this 

type for the use of PV applications that are connected to the 

electrical network without the use of any dielectric 

transformer [17]. 

For the single-phase (SZSI) two active switches are needed 

to get the same output as if using a traditional inverter. The 

different connection of the components leads to the 

appearance of two types of semi-source inverters, as shown 

in Fig. 4 [14-15]. 
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Fig. 4 single-phase semi-Z-source inverters, (a) semi-Z-source 

inverter (SZSI) (b) semi-quasi-Z-source inverter (SQZSI) 

The conception of single-phase Semi quasi Z-Source 

inverter is collected to make three phase Semi quasi Z-

Source inverter [16] as shown in Fig. 5   
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Fig. 5 Three phase Semi quasi Z-Source Inverter
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Micro-Inverter (MI) is presented to overcome the 

problem of shading. as each cell has its inverter with a 

rating of 50-400W with power conversion efficiencies 

above 90%. [18-21]. MI has low power so it can be 

integrated into the frame of the PV panel, in addition, it 

can be connected to the grid  

In this paper two topologies will be discussed and 

compared based on the dynamic response, input current 

behavior, switches stress, capacitors stress, and finally 

efficiency. 

2. Systems analysis 

a) SEPIC analysis  

The system can be presented as input DC which is 

converted to AC across three DC-DC and connected 

directly to Grid. A detailed analysis has been presented in 

[7]. The grid phase voltages are represented as 

{

𝑣𝑎 = 𝑉𝑚 sin(𝜔𝑡)

𝑣𝑎 = 𝑉𝑚 sin(𝜔𝑡 − 120𝑜)

𝑣𝑎 = 𝑉𝑚 sin(𝜔𝑡 + 120𝑜)
                (1) 

 

The DC-DC produce the AC voltage via the PWM control 

then by connection the three modules as shown in Fig. 3 the 

DC components will be removed due to the differential 

connection and the total output voltage with DC offset for 

each DC-DC converter VC1B can be presented as: 

      {

𝑣𝐶1𝐵(𝑡) = −ℎ𝑎𝑉𝑖𝑛

ℎ𝑎 = 𝐻𝑑𝑐 + 𝐻𝑎𝑐 sin(𝜔𝑡 + 𝜃)

𝑣𝐶1𝐵(𝑡) = −[𝑉𝑑𝑐 + 𝑉𝑚 sin(𝜔𝑡 + 𝜃)]
                 (2) 

Where h is the conversion ratio, θ is the voltage phase-shift, 

Hdc, and Hac,    the DC and AC voltages ratios between 

output and input,  𝑉𝑑𝑐 the DC component of the DC-DC 

output voltage, and 𝑉𝑚 is the peak value of the AC 

component of the DC-DC output voltage 

By applying, this on the b and c phase the voltage, VC2B, 

VC3B  , can be presented as : 

{

𝑣𝐶2𝐵(𝑡) = −ℎ𝑏𝑉𝑖𝑛

ℎ𝑏 = 𝐻𝑑𝑐 + 𝐻𝑎𝑐 sin(𝜔𝑡 + 𝜃 − 120𝑜)

𝑣𝐶2𝐵(𝑡) = −[𝑉𝑑𝑐 + 𝑉𝑚 sin(𝜔𝑡 + 𝜃 − 120𝑜)]
          (3) 

and  

  {

𝑣𝐶3𝐵(𝑡) = −ℎ𝑐𝑉𝑖𝑛

ℎ𝑐 = 𝐻𝑑𝑐 + 𝐻𝑎𝑐 sin(𝜔𝑡 + 𝜃 + 120𝑜)

𝑣𝐶3𝐵(𝑡) = −[𝑉𝑑𝑐 + 𝑉𝑚 sin(𝜔𝑡 + 𝜃 + 120𝑜)]
      (4) 

From (2) the voltage conversion ratio is   

                       ℎ𝑎 =
𝑣𝐶1𝐵(𝑡)

𝑉𝑖𝑛
                                  (5) 

So, the duty ratio can be presented as: 

𝐷𝑎 =
ℎ𝑎

1 + ℎ𝑎
=

𝑀 (sin(𝜔𝑡 + 𝜃) + 1) 

𝑀 (sin(𝜔𝑡 + 𝜃) + 1) + 1
 

      
(6) 

where  

𝑀 =
𝑣𝑚

𝑉𝑖𝑛
 

b) Semi-Quazi Z-Source Inverter (SQZSI) 

The SZSI analysis can be achieved by choosing one cell and 

the operation can be analyzed by dividing it into two modes 

of operation as shown in the equivalent circuit in Fig. 5 

(a,b). The first mode appears when switch S1A is conducted 

as shown in Fig. 6(a). During this mode, the inductors L1A 

and L1B are charging from capacitor C1A and the input 

voltage source, and therefore the inductor current is 

increased. 

The second mode appears when switch S1B is conducted as 

shown in Fig. 6(b). During this mode, the two inductors 

discharge, and the inductor current is decreased. The passes 

of the currents are shown in Fig. 6 by dotted lines. 

The steady state equations of currents and voltages can be 

deduced based on the inductor voltage and capacitor charge 

balance equations, for one cell  as [12]:  
𝑉𝑜

𝑉𝑖𝑛

=
1 − 2𝐷

1 − D
 (7) 

𝑉𝐶1 =
𝐷

1 − D
𝑉𝑖𝑛  (8) 

𝐼𝐿2 = 𝐼𝑜 (9) 

𝐼𝐿1 =
𝐷

1 − D
𝐼𝑜 (10) 

where D refers to the duty ratio of switch S1A  and the 

switches S1A, S1B are conducted in a complementary 

manner 
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Fig. 6: Semi Quasi Z-source operation modes in one switching 

period (a) Mode 1 S1A is ON. (b) Mode 2 S1B is ON. 
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The AC output voltage is shown as: 

𝑉𝑜 = 𝑉𝑠𝑖𝑛(𝜔𝑡) 
(11) 

The relation between AC voltage and DC input voltage 

can appear in modulation index M and represented as: 

𝑀 =
𝑉

𝑉𝑖𝑛

 (12) 

From  (11) and (12) combining into (7)  

𝐷 = (
1 − 𝑀𝑠𝑖𝑛(𝜔𝑡)

2 − 𝑀𝑠𝑖𝑛(𝜔𝑡)
) (13) 

The complement of D is 𝐷′ which is 𝐷′ = (1 − 𝐷) so, from 

(13)  𝐷′can be presented as: 

𝐷′ = (
1

2 − 𝑀𝑠𝑖𝑛(𝜔𝑡)
) (14) 

3. Simulation Results  

The analysis and all theories are validated using PSIM 

Software. The using parameters for the two topologies are 

listed in Table I 

TABLE I.  TABLE I PARAMETERS OF SQZSI AND SEPIC INVERTER  

Parameters  value Parameters  value 

Vin 120V C1,2,3(B) 10µF 

Cin 100µF Lg 2mH 

L1,2,3(A) 400µH Internal resistance Rg 100mΩ 

L1,2,3(B) 

Or mutual for 
transformer 

400µH  Phase Grid voltage 

Va 
50sin (ωt) 

C1,2,3(A) 10µF 

 

As a comparison between Semi Z-Source and SEPIC 

Inverter the total count of the component can be 

summarized as in SQZSI has 6 switches, 9 inductors, and 6 

capacitors, however in SEPIC it has 6 switches, 6 inductors, 

and 6 capacitors, in addition, it can be provided with 

isolated High-Frequency HF transformer. It should be 

noted  that the total stress across the capacitors C1 for SEPIC 

and SQZSI is shown in Fig. 7. the voltage stress of VC1A in 

SEPIC is less than the voltage stress VC1A in SQZSI. In 

addition, the stress voltage VC1A has fluctuated between 50 

and 170V    The voltage VC1B is fluctuate between 0 and 

100V in SEPIC where in SQZSI the voltage VC1B is 

alternative between -50V and 50V  

 
(a) 

 
b) 

Fig. 7 stress voltage on capacitor C1A and C1B 

 a) SEPIC                b) SQZSI 

The inductors currents in both topologies are shown in Fig. 

8. The current stress across L1A in SEPIC is less than current 

stress across L1A in SQZSI , where is the peak value 

inductor current IL1A is 8A in SEPIC and the peak value of 

the inductor current IL1A is 15A in SQZSI. On other hand, 

the peak value inductor current IL1B is -10A in SEPIC and 

the peak value of inductor current IL1A is -2A in SQZSI 

which means that also the current stress in SEPIC is less 

than in SQZSI as shown in Fig. 8  
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a) 

 
b) 

Fig. 8 Inductor Currents IL1A, IL1B  a) SEPIC      b) SQZSI 

The shape of the input current directly affects the life span 

of the topology, as shown in Fig. 9 the value of input current 

for the same power rating in SEPIC is 10A which is less 

than the value in SZSI topology, It is worth noting that the 

current in SQZSI topology is alternating between negative 

value (-10A) and positive value 23A for the same power 

rating which gives a bad impression on the life span of the 

SZSI.   

 

 
a) 

 
b) 

Fig. 9 Input current    a) SEPIC      b) SQZSI 

The current stress on the switches for both topologies cab 

be presented for two switches S1A and S1B for example. It 

is clear to show that the stress on SEPIC for both switches 

are less than stress on SQZSI topology  as shown in Fig. 

10 

 
a) 

 
b) 

Fig. 10 the switches currents on switch S1A and S1B for 

                          a) SEPIC      b) SQZSI 
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4. block diagram  

For both topologies, the block diagram of the feedback 

control is shown in Fig. 11. The three output currents are 

measured then it has been transformed into the D-Q 

platform. The reference Idref is added to Id   
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Fig. 11 block diagram of feedback control  

In this paper, the control design of such converters has not 

been discussed.  however, the dynamic performance will be 

presented under the control parameter of PI as follows. The 

time constant is chosen to be 13m and the gain is 2m with 

SEPIC topology.  on other hand, the time constant is chosen 

to be 0.05m and the gain is 2m with SEPIC topology. The 

dynamic response of the SEPIC is better than SQZSI 

because it reaches a steady state rapidly than the other one 

as shown in Fig. 12.    

 
a) 

 
b) 

Fig. 12 dynamic performance of output current and its  D-coordinate 

                                           a) SEPIC      b) SQZSI 

5. CONCLUSION 

 In this paper, two topologies are presented SEPIC and SZSI. 

Systems have been investigated using PSIM software, 

considering three parallel modules in each phase for both 

SEPIC and SZSI.  SEPIC topology presents low stress for 

currents and voltages. Also, the input current for SEPIC is 

working in Continuous Conduction Mode (CCM). The 

performance of the topologies is tested under dynamic 

change and the dynamic response of the SEPIC is better 

than the SZSI. In addition, simulation results clearly show 

that the method of control technique pushes the power of the 

system to follow the reference value and extract the 

sinusoidal currents at the grid having a unity power factor. 

For future work, both systems should be studied for details 

under the losses mathematical model. In addition, both 

systems should be investigated under new control schemes 

as predictive control.     
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