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ABSTRACT 

 

In this paper, performance of a high gain quasi Y-source impedance network converter is analysed. This 

converter has a high voltage gain while using a small duty ratio. Compared to other impedance source 

converters, Y-source converter operates with lower shoot-through duty cycle for the same boosting gain. To 

achieve that, a three windings transformer with very low leakage inductance is employed. In turn, the 

switching losses and heating are low at the same boosting gain. Moreover, in this type of converter, the 

boosting gain depends on number of variables, and hence more degrees of freedom for meeting design 

constraints. The voltage and current of the switching elements are analysed during shoot and non-shoot 

through.  The analysis shows that for high boosting gain some components have high voltage stress compared to 

conventional converters. Moreover, fast switching diodes are required to achieve high boosting gain. The 

performance of the proposed converter is analysed using numerical simulation and experimental testing. 

Keywords: DC/DC Converter- High Gain Boosting Converter- Impedance Network, Y-Source Converter.  

 

I. INTRODUCTION 

 

In this paper, the quasi Y source impedance converter 

performance is analysed. Mathematical model and 

boosting gain equations are derived during the two 

operating states. The stress across different elements 

of the converter is analysed. Finally, the capability of 

the proposed converter has been demonstrated by 

numerical simulation using MATLAB/Sim-Power 

system package and it has been proven using 

experimental testing.  

 

In spite of several advantages of the conventional 

voltage/current source inverter, the limited ac output 

voltage/current and dead time are its main drawbacks. 

The conventional DC/AC converters are generally 

buck converter type and cannot operate with low 

variable DC sources like renewable energy sources. In 

addition, to avoid short circuits across the DC source, 

dead time compensation algorithm is required which 

increases the total harmonic distortion of the output 

voltage/current converters using coupled inductors 

increases its power densities. Coupled inductors are 

different from high-frequency transformers since 

their magnetizing inductances are designed to be 

finite. Z-source converter, quasi Z-converter, 

embedded Z-converter and series Z-converter use 

two inductors and two capacitors for increasing the 

converter gain. However, the boosting gain of these 

types is still lows. To overcome this problem, 

different types are developed, i.e., switched inductor, 

tapped-inductor, cascaded, T source, Trans-Z-source, 

Γ-source and T Z source networks. 

 

Recently, new type source impedance called Y-source 

converter is proposed. In this type, three winding 

coupled inductor is designed for deciding different 

gain values, which is presently not matched by 
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related converters. For simplicity, the number of 

components used is kept small to allow the converter 

to be implemented compactly without compromising 

its performance. However, the conventional Y-source 

converter has some drawbacks such as discontinuous 

input current. Discontinuous input current made the 

Y-source converter unsuitable for renewable energy 

applications. A quasi Y converter with input inductor 

has been designed to overcome this problem. 

 

II. MATHEMATICAL MODEL OF QUASI Y-

CONVERTER 

 

Figure 1 shows he configuration of the quasi Y-source 

impedance network. As shown in the figure, the 

converter consists of a three-winding transformer (N1, 

N2, and N3), switch SW (MOSFET or IGBT), two 

diodes D1 and D2, input inductor Lin, and two 

capacitors C1 and C2. For minimum leakage 

inductances, the transformer is tied directly to SW 

and D1. High leakage inductance of the transformer 

windings may reduce the converter gain. When 

supplying an inductive load, the converter may 

experience voltage spikes. 

 
Fig.1 configuration of the quasi Y-source impedance 

network. 

Figure 1.b and 1.c represent the equivalent circuit the 

quasi Y-source impedance network when it is in two 

different operating states (shoot and non-shoot 

through states). The capacitor Co supplies the load 

with power while C1 and the source supply the 

magnetizing current to the transformer.  Figure 1.b 

shows a shoot through (SW turned on) equivalent 

circuit where the switch SW is turned on while D1 

and D2 are reversed biased. The source supplies the 

magnetizing current of the transformer, where C1 and 

C2 reduce biased magnetic core saturation. Figure 1.c 

shows a non-shoot through (SW turned off) 

equivalent circuit where the switch SW is turned off 

with D1 and D2 are forward biased. The source 

supplies the load and recharges the output capacitor 

Co through D1 and D2. 

 
Fig.1 (b) equivalent circuit the quasi Y-source 

impedance network in shoot state. 

 
Fig.1 (c) equivalent circuit the quasi Y-source 

impedance network in non-shoot state. 

 

During shoot-through, the SW is turned on with D1 

reversebiased naturally like in Fig. 1(a). Relevant 

circuit expressions for this state can then be written as   

+=  VC1 + 
N2−N3

N1
VL = 0                (1)   

Vln - vLln+ VC2 – (1 +
N2

N1
) vL– VC1=   0         (2)   

From (2), the input inductor voltage equation can be 

written as    

vLln= vLln+VC2-VC1 - 
N1−N2

N1
VL = 0              (3)  

Where N1, N2 and N3 are the winding turns of the 

coupled inductor (three winding transformer).   
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During the non-shoot-through state, the SW is turned 

off and D1 is turned on. The equivalent circuit is 

shown in Fig. 1(b).   

 

The voltage equations for this case can be written as 

follows:     

 

VC2 + 
N1+N3

N1
VL = 0  (4) 

vLln= vln+VC2-VC1 - 
N1+N2

N1
VL = 0               (5) 

vO= VC1-VC2 + 
N1+N2

N1
VL = 0  (6) 

Based on volt-sec balance of the inductor, using (1) 

and (4) results in (7) and using (2) and (5) results in 

(8): 

(
−N1

N2−N3
VC1)dst +(

N1

N1+N3
VC2 ) (1- dst)=0  (7) 

(vln+VC2-VC1 - 
N1+N3

N1
VL  )dst+(vLln+VC2-VC1 - 

N1−N2

N1
VL )(1-dst)= 0    (8) 

Where dST represents the duty ratio of the switch for 

introducing the shoot-through state. Using (7) and (8), 

the capacitor voltages can be derived as: 

VC1= 
(1−dst)Vln

1−
n12
n23

dst
   (9) 

VC2= 
(
n13
n23

dst)Vln

1−
n12
n23

dst
   (10) 

Where n13=N1+N3 and n23=N2-N3  

Using (3), (5), (9) and (10), the output voltage of the 

converter can be given as  

 

VO=VC1 – (1 +
N12

N13
) VC2        (11) 

V0=
1

1−
n12
n23

dst
((1 − dst) − (

N13−N12

N23
)dst)Vln  (12) 

 

The range of shoot-through state (on state) can be 

deduced as   

 

 0 ≤dst<1

δ

   and dst
max = 1

δ
 

 

As shown in (12), the boosting gain the quasi Y-

converter depends on the three winding number (N1, 

N2, N3) and the duty ratio (dst). Examples of the gain 

of (13) and its related turn’s ratio are given in Table 1.   

For the same shoot-through state period, the boosting 

gain of the quasi Y-converter is larger than that of the 

Z-converter and conventional boost converter. The 

voltage across D1 and D2 during the shoot through 

state can be expressed as:   

VD=Vln-vLln                              (13) 

VD2=-VO                   (14)   

 

It is shown that the voltage drop across D1 during 

shoot through is very high. The voltage across SW 

during the non-shoot through state can be expressed 

as:   

VSW=-VO   (15)   

 

Assuming lossless converter, the input current of the 

converter can be expressed as 

 

ILln=
1

1−𝛿𝑑𝑠𝑡
𝐼𝑂    (16) 

 

The inverter output voltage equals  

 

 Vinv= 
𝐵𝑊𝑉𝑙𝑛

2
     (17) 

 

Where M is the modulation index.   

During shoot through period (tsh =dstTs), the 

capacitor C1voltage equation can be written as 

 

ΔVc1=
𝐼𝑂𝛿𝑑𝑠𝑡

2

𝑓𝑠𝐶1(1−𝛿𝑑𝑠𝑡
=

𝑉𝑂𝐾2𝑑𝑠𝑡
2

𝑓𝑠𝐶1𝑅𝐿(1−𝛿𝑑𝑠𝑡)
   (18) 

 

Based on (19), the value of C1 can be determined by 

the permitted voltage ripple (∆V).   

 

Also, the voltage across C2 during shoot through 

period can be expressed as   

 

ΔVc2=
𝐼𝑂𝑑𝑠𝑡𝑇𝑠

𝐶2(1−𝛿𝑑𝑠𝑡
=

𝑉𝑂𝑑𝑠𝑡

𝑓𝑠𝐶2𝑅𝐿(1−𝛿𝑑𝑠𝑡)
   (19) 

 

Based on (19), the value of C 2 can be determined by 

the permitted voltage ripple (∆VC2). 
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For the same voltage ripple percentage (∆Vc1= ∆Vc2) , 

the  relation between the two capacitance can be 

deduced as   

 

C1=𝛿𝑑𝑠𝑡𝐶2    (20) 

 

During non-shoot through period (tn_sh=(1-dst)Ts), the  

voltage across the input inductor equals. 

 

VLln=Vln-VO=LIN
∆𝐼𝐿𝐼𝑁

𝑇𝑠(1−𝛿𝑑𝑠𝑡)
  (21) 

LLin=
(1−𝛿)𝛿𝐾2𝑉𝑂

𝑓𝑠∆𝐼𝐿𝐼𝑁
    (22) 

 

Based on (22), the value of LLIN can be determined by 

the permitted current ripple (∆I ).   

TABLE-I GAIN OF QUASI Y-SOURCE BOOST DC-DC 

CONVERTER WITH DIFFERENT WINDING FACTOR AND 

TURNS RATIO (N1:N2:N3)   

(N1:N2:N3)   Gain  

(1:3:1),(1,5,2),(2:4:1),(3:5:1)  2  (1-2dst)-1 

(1:5:3),(2:4:2),(3:3:1),(1:2:1)  3  (1-3dst)-1 

(1:3:2),(2:2:1),(5:3:1),(4:4:2)  4  (1-4dst)-1 

(3:2:1),(5:5:3),(6:4:2),(1:3:4),(7:3:1),   5  (1-5dst)-1 

(4:2:1),(3:3:2),(2:4:3),(1:5:4), (6:6:4)  6  (1-6dst)-1 

(5:2:1),(4:3:2),(3:4:3),(2:5:4),(1:6:5)  7  (1-7dst)-1 

(6:2:1),(5:3:2),(4:4:3),(3:5:4), (2:6:5)  8  (1-8dst)-1 

(7:2:1),(6:3:2),(5:4:3),(4:5:4),(3:6:5)  9  (1-9dst)-1  

(8:2:1),(7:3:2),(6:4:3),(5:5:4),(4:6:5)  10  (1-10dst)-1 

 

III. RESULTS 

 

To evaluate the performance of the proposed quasi Y 

converter, simulations are carried out using 

MATLAB/SimPower system Package. Figure 2 shows 

the simulation block diagram of the proposed 

converter. Table II contains the values of the 

converter components and parameters used in 

simulation and experimental work. The turns ratio of 

the transformer (N1:N2: N3) is 45:30:15 then δ =5. The 

input voltage is 50V and the shoot through period is 

15%. The boosting gain is B = 4 and the output 

voltage is nearly 200V. The simulation waveforms are 

shown in Fig. 2 and 3. 

Fig. 2. Simulation block diagram of the Quasi Y-

converter. 

 
(a)    (b) 

 
 (c)   (d) 

 
(e) 
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(f) 

 
(g) 

Fig.3 Waveform of simulation model (a) input current 

diode d1 voltage 

 

(b) d1d2 current (c)  d1d2 voltage. (d) Switching voltage. 

(e)  Winding current (f) output current (g) output 

voltage. 

 

As shown in the figure, the input current (Iin) is 

continuous and its average value is about 6A. During 

shoot through state, the transformer draws the 

magnetizing current and the capacitor C1 charges, so 

the input inductor current increases. Figure 3.c shows 

that the voltage across D1 is high (4Vo) during non-

shoot through which mains high stress on this 

element while the voltage across the switch SW 

equals output voltage as shown in Fig.3(d). Figure 4 

shows current waveforms of the transformer winding 

and diodes. Figure 4.a shows the current through 

winding N1 centred along the horizontal zero-axis. 

This is expected because of the dc-blocking capacitor 

C2 connected in series with N1. Windings N2and N3 

discharge their storage energies through D2 to Co and 

Rload while winding N1 discharge its storage energy 

through diodes D1 then D2. So, diode D2 conducts, as 

seen in Fig. 4.d, from its zero voltage when Δ ≠0. The 

discharging of  N2 and N3 (or charging of CO) ends 

only when current through  D2 falls to zero, at which 

Δ also falls to zero and a reverse voltage begins to 

appear across D2.  

 
Fig.4 Simulation block diagram of control loop 

 
(i)Control loop input current (ii) control loop D1D2 

current 

 
(iii) Output current control loop (iv) Output 

voltage control loop. 

 

Component/Parameter  

  

Value 

Capacitor C1   470 µF/400V   

Capacitor C2   150 µF/400V   

Output capacitor C0   470 μF/450V   

Input inductor (Lin)   1.5 mH 

Switching frequency (Fs)   16 kHz   

Shoot-through  

duty cycle(dst ) 

15%   

Winding factor (δ)   5   

Turns ratio (N1 : N2 : 

N3 )   

45:30:15   
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Transformer Core  

(Ferrite ring core)   

TX36/23/10-3E10   

core   

Switch SW   IGBT  

HGTG20N60B3D   

Diode D1 VS-ETX1506-M3 

 

IV. CONCLUSION 

 

In this paper, the performance of the quasi Y-source 

is analysed and evaluated. The converter is modelled 

in the shoot and non-shoot through states. The 

boosting gain and voltage stress on different 

components equations are deduced. Quasi Y-

converter is modelled using MATLAB/Sim-power 

system and implemented experimentally. The 

proposed converter has the following characteristic:   

 

1- High boosting gain with small shoot through state, 

then the conduction loss of the switch is low.   

2- The inrush current of the magnetic core is 

blocked using DC-blocking capacitors.   

3- The input current is continuous and in turn the 

converter can be employed with renewable 

energy sources.   

4- Easy and simple implementation.   
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