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Abstract— In theory conventional boost converters can have 

voltage gain infinite when duty cycle approximate to one. 

But it has certain disadvantages when used in high step up 

applications. A novel high step-up DC/DC converter named 

Integrated Quadratic-Boost-Zeta converter (QBZ) is based on 

the combination of two well-known DC/DC converter 

circuits, the Isolated Zeta converter and the Quadratic-Boost 

converter. The output voltage boosting is obtained by 

summing both output voltages of the Zeta and the Quadratic 

Boost. Topology has a single-switch, maintaining a low 

component count. The circuit can ensure a low output current 

ripple due to the Zeta output inductor. The converter is made 

to provide a regulated output voltage for a range of input as 

the solar input depends on environmental conditions. The 

Integrated Quadratic-Boost-Zeta Converter is analyzed, and 

its feasibility and reliability are confirmed by experimental 

results obtained from laboratory prototype for 5 KHz, 1.6W 

output power. 
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I. INTRODUCTION 

A high performance and high voltage ratio step up 

converters are used in many industrial applications. 

Photovoltaic power generation have become one of most 

important renewable energy resource as it is emission free 

and clean source for power generation and also due to 

worldwide exhausted fossil fuels which results in serious 

greenhouse effect and environment pollution. In grid 

connected PV system, since high voltage levels are 

demanded, a single PV array cannot fulfill the conditions. 

So mode of PV arrays is series connected but due to module 

mismatch and partial shading, the generated output power 

decreases and the efficiency decreases. So alternate to this, 

parallel configuration of PV arrays is set up and one of the 

main drawback is that with this parallel set up the low DC-

bus voltage has to be boosted up with high step up gain. So 

a high step up DC-DC converters should be introduced such 

that the low output of the parallel connected PV array and 

demanded high voltage should be fulfilled. 

Many converters were introduced for high step up 

application considering efficiency and cost as the major 

consideration. Basically a boost converter is used for high 

step up applications because of its simple structure and 

boosting capability. But it has many disadvantages. Then 

classical boost three level converters can reduce the volt-age 

stress to half but uses extreme duty cycle. Cascaded boost 

converters uses more components in the circuit thus 

affecting the cost factor and size of the circuit. All these 

converters somewhat increases the input current ripple, cost 

factor or decreases the efficiency. Major challenge in these 

applications is to extend the voltage gain, avoid extreme 

duty cycle to reduce the current ripple, how to reduce the 

switch stress, how to alleviate diode reverse recovery issues 

and achieve soft switching performance. 

An Integrated Quadratic Boost Zeta (QBZ) 

converter is studied in which a zeta converter is integrated 

with Quadratic boost converter which is designed to obtain 

high voltage gain and reduce the output current ripple. The 

output capacitor of first boost stage, functions also as a 

snubber capacitor to suppress voltage spikes on the switch. 

It uses a single switch to control the whole circuit. The 

performance of the converter is evaluated by both 

simulation using PSIM software and experimental results. 

II. SYSTEM MODEL, OPERATION AND DESIGN 

A. System Model 

The aim of the project is to maximize the available power to 

integrate with power grids since the output power of parallel 

connected PV array is of low value. This section describes 

the Integrated Quadratic-Boost-Zeta Converter (QBZ) which 

satisfies the requirement of high voltage at grid level and its 

principle of operation. 

QBZ converter can be defined as the series 

connection of two boost converters which is integrated to a 

zeta converter via a step up transformer. Figure 1 shows the 

basic diagram of QBZ converter. The first Boost stage 

includes the input voltage source from PV array which is to 

be maximized, input inductor L1, diode D1 and D2, switch S 

and output capacitor C1. The next boost conversion stage 

consists of input as capacitor C1, magnetizing inductance 

Lm, switch S and quadratic boost output capacitor, Cob and 

diode Db. Now, the next part is integrated zeta converter 

which is comprised of input source C1, inductors Lm and L0, 

diode Dz, Zeta output capacitor Coz, and zeta storage 

capacitor Cz. Capacitor C1 is a boost transfer capacitor 

which has two functions i.e. as a snubber capacitor to 

suppress the voltage spikes across switch and the leakage 

energy is recycled to output capacitor and thus the overall 

efficiency is increased. 

 
Fig. 1: QBZ Converter 

The output of the zeta converter and quadratic 

boost converter is added and thus the voltage is increased to 

8 times the input voltage. The topology uses a single switch 

to control the whole circuit. Since a transformer is used to 

couple input to output, the turns ratio of transformer will 

affect the output voltages. An optimum value of turns ratio 

should be determined such that a specific duty ratio can be 

determined to produce constant output voltage. If a larger 

turns ratio beyond the optimum value is selected the output 

voltages of both the capacitors may change and cause 

imbalancing.  And if the turns ratio is less than the optimum 
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value it causes power dissipation. This means that maximum 

efficiency can be achieved when balancing between both the 

output capacitor occurs. 

B. Operating Principle 

 
Fig. 2: Theoretical Waveform of QBZ Converter 

1) Stage 1 

During this stage the switch S is considered to be ON state 

and the capacitor C1 is charged to the full value. Input 

source will magnetize the input inductor L1 and voltage out 

from C1 will act as source to Lm and L0. Diode D2 is forward 

biased and all other diodes is reverse biased because it 

provides the shortest current path compared to D1. The 

current through L1, Lm and L0 increases linearly through this 

period. The current flow during this stage is shown in Figure 

3. C1 discharges and through mutual induction the voltage is 

coupled to zeta converter. At this time zeta storage capacitor 

Cz is charged to full value. For a period of time the zeta 

output capacitor Coz will be discharging and then starts 

charging. Quadratic boost output capacitor Cob will output 

the value present across capacitor because diode Db is 

reverse biased and so no current path exists. 

 
Fig. 3: Equivalent Circuit of QBZ Converter during Stage 1 

2) Stage 2 

 
Fig. 4: Equivalent Circuit of QBZ Converter during Stage 2 

During this stage, switch S is in OFF state. Diode D1 and 

diode Db conducts during this period. A new current path is 

formed because diode Db goes into conduction. When diode 

Db conducts a large amount of magnetizing current flows 

and the leakage energy of the transformer is recycled and 

used by capacitor C1 and it starts charging. Zeta storage 

capacitor Cz starts discharging. Zeta output capacitor Coz is 

charged to the fullest and boost output capacitor Cob is 

discharged completely and at the end of the stage it starts 

charging again. The equivalent circuit with the current flow 

is shown in Figure 4. 

3) Stage 3 

During this stage, boost transfer capacitor C1 reaches its 

initial value. Cob starts charging again and Coz starts 

discharging. At the end of this stage it reaches the initial 

state where we have started. Equivalent circuit of operation 

during stage 3 is shown in Figure 5. 

 
Fig. 5: Equivalent Circuit of QBZ Converter during Stage 3 

C. Design of Components 

Design of parameters of QBZ converter is discussed in this 

chapter. Efficiency of converter mainly depends upon the 

turns ratio of transformer. An optimum value of turns ratio 

gives higher efficiency. Following assumptions are made for 

the designing process: 

1) Input voltage is constant 

2) Turns ratio f transformer = Ns/Np = Vs/Vp = 2 

3) Output capacitors are large enough such that voltage 

across it is ripple free 

4) Semiconductor devices are ideal 

Design of the QBZ converter for 5 V input supply 

and an output, Vo of 40 V and output current, Io of 40 mA is 

discussed here. The voltage static gain of the converter is 

obtained to be: 

𝑀 =
𝑉0

𝑉𝑖𝑛
=

40

5
= 8       (1) 

The voltage gain equation of the converter is: 

𝑀 =
𝑉0

𝑉𝑖𝑛
=

1+𝑁𝐷

(1−𝐷)2      (2) 

With N = 2, D is obtained from above equation as 

0.5. 

Converter has a single switch which is assumed to 

operate at 5 KHz. Assume ripple voltage, ∆VC1 of quadratic 

boost transfer capacitor, C1 is 1% of VC1 where VC1 is 

obtained from voltage gain equation of first boost stage. 

   𝑉𝑐1 =  𝑉𝑖𝑛 ∗
1

1−𝐷
= 5 ∗

1

1−0.5
= 10 𝑉     (3) 

Therefore VC1 = 0.1 V and the input inductor is given by: 

 𝐿1 =
𝑉𝑖𝑛𝐷𝑇𝑠

2∆𝑉𝑐1
=

5×0.5×200×10−6

2×0.1
= 0.5 𝑚𝐻  (4) 

Assume the output ripple current, ∆I0 is 1% of the 

output current I0. Then output inductor L0 with output ripple 

current, ∆I0 = 0.4 mA is given by: 
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 𝐿0 =
𝑁𝑉𝑐1𝐷𝑇𝑠

∆𝐼0
=

2×10×0.5×200×10−6

0.4×10−3 = 5𝐻  (5) 

Magnetizing coefficient, α where input current, Iin 

= 0.32 A, is given by: 

𝛼 =

𝐷2

2
(1 +

𝑉𝑖𝑛

𝑉𝑂
) 𝑁𝑉𝑖𝑛𝑇𝑠

𝐼𝑖𝑛 + 𝐼𝑜

 

=
0.52

2
(1 +

5

40
)

2 × 5 × 200 × 10−6

0.32 + 0.04
 

=1.953*10−4    (6) 

Therefore, magnetizing inductance Lm is given by: 

𝐿𝑚 =
𝛼𝑉𝑖𝑛

1−
𝛼

𝑉𝑖𝑛

=
1.953×10−4×5

1−
1.953×10−4 

5
 

= 1𝐻      (7) 

Boost transfer capacitor C1 is obtained by taking 

load resistance R = 1000 ohms from the equation: 

𝐶1 =  
𝐷𝑉𝑐1

𝑓𝑠𝑅∆𝑉𝑐1
=

0.5×5

5000×1000×0.1
= 10µ𝐹  (8) 

Now, assume the ripple voltage ∆Voz is taken as 

1% of the output voltage of zeta converter. Output voltage 

of zeta converter is obtained from the voltage gain equation, 

𝑉𝑜𝑧 =
𝑁𝐷

(1−𝐷)
𝑉𝑐1 =

2∗0.5

(1−0.5)
∗ 10        = 20𝑉             (9) 

Then, Zeta storage capacitor Cz with ∆Voz = 0.2 V 

is given by: 

     𝐶𝑧 =  
𝐼𝑜𝐷

𝑓𝑠∆𝑉𝑜𝑧
=

0.04×0.5

5000×0.2
= 20µ𝐹    (10) 

Zeta output capacitor Coz is given by equation: 

𝐶𝑜𝑧 =  
(1−𝐷)𝑉𝑜𝑧

8𝑓𝑠
2𝐿𝑜∆𝑉𝑜𝑧

  =
(1−0.5)20

8×50002×5×0.2
= 50𝑛𝐹             (11) 

Boost output capacitor Cob where Vob is 20 V is 

given by: 

𝐶𝑜𝑏 =  
𝐷𝑉𝑜𝑏

𝑓𝑠𝑅∆𝑉𝑐1
=

0.5×20

5000×1000×0.1
= 20µ𝐹  (12) 

List of components used for simulation is given in 

the table 1. 

 
Table 1: Components Used for Simulation of Prototype 

III. SIMULATION MODEL AND RESULTS 

 
Fig. 6: PSIM Model of QBZ Converter 

This chapter deals with the simulation of the QBZ converter 

using PSIM software for 5 V input supply. Also the resultant 

waveforms are presented. Theoretical analysis of QBZ 

converter is analyzed through simulation of the converter. 

Figure 6 shows the PSIM model of quadratic boost 

zeta converter which operates at 5V input supply and 5KHz 

switching frequency. Output of the converters are series 

connected to a R load providing high voltage at output side. 

Figure 7 shows the gate pulse used for simulation. 

 
Fig. 7: Gate Pulse of QBZ Converter 

Figure 8 shows the waveform of current through 

input and output inductors and windings of transformer. It is 

seen that input inductor with 1 A ripple current is reduced to 

0.4 mA in output inductor and various capacitor voltages 

present in the circuit is given in Figure 9. It is seen that the 

ripple voltage across boost transfer capacitor,∆Vc1 is 4.8 V  

and ripple voltage of zeta section is 0.4 V. 

 
Fig. 8: Current through Input Inductor L1, Primary Winding 

of Transformer, Secondary and Winding of Transformer, 

Output Inductor Lo 

 
Fig. 9: Voltage Across Boost Transfer Capacitor C1,Zeta 

Storage Capacitor Cz, Zeta Output Capacitor Coz Quadratic 

Boost Output Capacitor Cob 

Now, Figure 10 shows the output voltages present 

across the output capacitors. About 55 V output voltage is 

obtained for the simulation which is the sum of 25 and 30 V 

across quadratic boost part and zeta part in the circuit thus 

satisfying the condition of the circuit. 
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Fig. 10: Output Voltage Vo, Zeta Output Voltage Voz, 

Quadratic Boost Output Voltage Vob and Boost Transfer 

Capacitance Voltage VC1 

The input to the solar panel always varies and so do 

the output. So it is important that we get a constant output 

voltage satisfying the grid connected applications. In order 

to achieve this idea, the input to the solar panel is controlled 

using an equation obtained from voltage gain equation of the 

converter so that the duty ratio is automatically adjusted 

according to the input and output is maintained a constant 

value. 

D =
(480 + 2X) − ((480 + 2X)2 − (960(240 − X))0.5

480
 

Where X indicates the input supply. Figure 11 

shows the PSIM model of the configuration of QBZ 

converter. 

 
Fig. 11: PSIM Model of QBZ Converter with Regulated 

Output Voltage 

With this model we can obtain regulated output 

voltage for a range of input voltage with the feed forward 

control of solar panel. 

IV. EXPERIMENTAL MODEL AND RESULTS 

A prototype of 1.6 W is setup in the laboratory and various 

parameters that indicates the performance of the converter is 

measured using a DSO. Figure 12 shows the experimental 

set up of the QBZ converter for 5 V input. 

 
Fig. 12: Experimental Setup of QBZ Converter 

 
Fig. 13: Pulse Across Gate 

 
Fig. 14: Drain to Source Voltage 

Figure 13 shows the pulse obtained from PIC 

circuit. Output is taken from 7th pin of port C. Figure 14 

shows the voltage across switch i.e drain to source voltage. 

It is seen that the stress across switch is obtained to be 14.8 

V. Figure 15 shows the first boost stage voltage. It is 9.91 V 

with a ripple voltage of 2.09 V which is 4.8 V in simulation. 

Figure 16 and Figure 17 shows the primary and secondary 

voltages of the transformer. 

 
Fig. 15: Voltage across Boost Transfer Capacitor, C1                            

 
Fig. 16: Voltage across Primary Winding of Transformer 

 
Fig. 17: Voltage across Secondary winding of Transformer 
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Figure 18, Figure 19 and Figure 20 shows the 

output voltages at different stages of the converter. 23.7 V is 

obtained as output of quadratic boost section and 18.1 V as 

output for zeta section. The sum of these outputs, 40.5 V is 

obtained as the QBZ converter output. 

 
Fig. 18: Voltage Output of Quadratic Boost Section                                             

 
Fig. 19: Voltage Output of Zeta Section 

 
Fig. 20: Voltage Output 

V. CONCLUSIONS 

A front-end step up converter for solar panel which 

effectively increase the voltage for grid applications with 

voltage transformation ratio of 8 is presented here. It use a 

single active switch for the control. After theoretical 

analysis, implemented computer aided simulations to verify 

the validity of converter. For hardware section switching 

pulse is generated using PIC 16F877A and driver IC used is 

TLP250. Single switch converter circuit with reduced stress, 

less component count and high voltage gain is obtained. 

Validity of the converter for regulated output voltage with 

variation of input is achieved by controlling the input 

voltage and is verified using simulation outputs. For an 

input voltage of 5 V, 55 V is obtained. Simulation is done 

using PSIM software. A prototype of the converter was done 

and is tested and results are experimentally verified and an 

output of 40.5 V is obtained with voltage gain of 8. A switch 

stress of 14.8 V is obtained which is much less than the 

output voltage of 40.5 V. It can be used as a front-end 

converter for PV applications. 
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