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Abstract—High step-up converters are required for 
distributed photovoltaic generation systems, due to the 
low voltage of the photovoltaic source. In this paper a 
new hybrid high voltage gain DC-DC converter, created by 
merging the standard boost converter with a coupled-
inductor and different switched capacitor techniques, 
resulting in a hybrid converter. With a single switch and 
no requirement of higher duty cycle values, the proposed 
converter achieves a high voltage gain and high 
efficiency, in addition to lowered voltage and current 
stress of the components. A 200 W prototype was 
implemented experimentally to evaluate the converter, 
which reached a maximum efficiency of 97.6%. 

 
Index Terms—DC-DC converter, High voltage gain, 

hybrid, switched capacitor (SC). 

 

I. INTRODUCTION 

high voltage step-up DC-DC converters play an 

increasingly important role in various domestic and 

industrial single-phase applications, such as low voltage and 

low power systems (distributed photovoltaic generation 

systems, energy conversion systems, fuel cell energy 

conversion systems, etc) [1-6]. In these applications, the boost 

converter is the standard step-up non-isolated converter most 

widely used. Ideally, if the duty cycle increases, the boost 

converter can achieve a high voltage gain. However, due to 

the non-ideality of the boost converter and its intrinsic 

resistance, conduction losses are higher when the duty cycle 

is higher, thus affecting converter efficiency [7-9]. In 

addition, the voltage stress of the components increases. To 

overcome this constraint, different approaches have been 

proposed to increase voltage gain and achieve high efficiency 

while maintaining the feature of a single switch [10-18]. 
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One of the most simple techniques to achieve high voltage 

gain is to employ the turns-ratio of some magnetic 

component, such as a coupled-inductor or transformer [10-

12]. Since isolation is not mandatory, the coupled-inductor is 

used to provide high voltage gain by adjusting the turns-ratio. 

Despite its simplicity, this solution for high voltage gain has 

some drawbacks, most of which are related to the leakage of 

the coupled inductor [10-13]. 

To overcome these disadvantages, switched-capacitor (SC) 

cells have recently become an attractive solution for DC-DC 

converters with high voltage gain [13-19]. With the SC, it is 

possible to obtain small and light weight converters with high 

efficiency, high voltage gain and reduced electromagnetic 

interference problems [19]. Additionally, these cells can be 

easily applied to the standard boost converter to increase 

voltage gain and efficiency. Another advantage of this 

structure is the low blocking voltage stress across all the 

semiconductors.  

In this context, this paper proposes a new hybrid high step-

up DC-DC converter. The proposed converter maintains all 

the advantages of the techniques mentioned above. To 

validate its performance, a 200 W prototype was implemented 

experimentally, reaching a maximum efficiency of 97.6%. 

II. PROPOSED HYBRID BOOST HIGH STEP-UP 

DC-DC CONVERTER 

This section presents the general features of the circuit 

techniques that are part of the converter, which are: Coupled-

Inductor with Voltage Multiplier - CI+VM; Fig. 1(a); Super-

lift Switched Capacitor - SC(S) circuit, Fig. 1(b); Dickson 

Switched Capacitor - SC(D) circuit, Fig. 1(c). 

A. Coupled-Inductor with Voltage Multiplier  

The coupled-inductor (CI) [10-13] is a well-known 

technique for increasing the converter voltage gain. This is 
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(a) (b) (c) 
Fig. 1.  Circuit Techniques to increase the voltage gain. (a) coupled-
inductor with voltage multiplier (CI+VM). (b) Super-Lift Switched 
Capacitor (SC(S)). (c) Dickson Switched Capacitor (SC(D)).  
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because by increasing the turns-ratio N, the gain increases. 

However, this has consequences, such as: the leakage 

inductance (Lk) increases, consequently the energy entrapped 

in that inductance increases and deteriorates the efficiency of 

the system [12]; the losses in the core of the CI and copper 

increase, etc. To eliminate these problems and further 

increase the gain of these cells, a voltage multiplier (VM) is 

inserted in the secondary of the coupled-inductor (N2) [13], 

which consists of two capacitors, Ca and Cb, and two diodes, 

Da and Db. The voltage of the capacitors Ca and Cb of the VM 

is equal to 1Ca Cb NV V NV  , where N=N2/N1. The coupled-

inductor with the voltage multiplier (CI+VM) is shown in Fig. 

1(a) and when included in the boost converter (Fig. 2(a)), to 

increase the voltage gain, we generate the topology shown in 

Fig. 2(b). 

B. Super-Lift Switched Capacitor  

The Super-Lift Switched Capacitor (SC(S)) [14-16], Fig. 

1(b), has been successfully used in DC-DC converter 

applications to increase voltage gain. The output voltage 

increases stage by stage following the arithmetic progression. 

When this technique is included in the boost converter with 

VM+CI (Fig. 2(b)) to increase the voltage gain, it generate the 

topology given in Fig. 2(c). 

C. Dickson Switched Capacitor 

The Dickson Switched Capacitor (SC(D)) [17-19], Fig. 

1(c), increases voltage gain through a parallel connection of 

capacitors instead of a series connection. This technique can 

be included in the boost converter with VM+CI+SC(D) (Fig. 

2(c)) to increase the voltage gain to generate the converter 

given in Fig. 2(d). 

Finally, another SC(D) cell  can be included in the boost 

converter with VM+CI+SC(S)+SC(D) (Fig. 2(d)) to increase 

the voltage gain. Thus, the converter given in Fig. 2(e) is 

generated. Thus, a hybrid solution topology is generated to 

achieve a high step-up with high efficiency and performance. 

To validate all the mentioned characteristics, the proposed 

converter is evaluated theoretically and experimentally in the 

following sections. 

III. THEORETICAL ANALYSIS OF THE PROPOSED 

TOPOLOGY 

To evaluate the theoretical performance of the proposed 

converter (Fig. 2(e)) in continuous conduction mode (CCM), 

the following features are evaluated in this section: Principle 

of Operation; Voltage Gain Derivation; Voltage Stress; 

Current Stress; Component Design by Component Stress 

Factor and Efficiency Estimation.  

A. Principle of Operation 

The operating principles of the proposed converter will be 

described in this section. The proposed converter has four 

operating modes in one complete switching period, as shown 

in Fig. 3. In order to perform the steady state analysis, the 

following assumptions are made: 

 All power devices are ideal; 

 The coupled-inductor is modeled ideally with a 

magnetizing inductor (𝐿), without a leakage inductor 

(𝐿𝑘) and an ideal transformer, with a turns-ratio of 

N=N2/N1; 

 All the capacitors are large enough to consider their 

voltage constant during one switching period;  

 The components that are in gray are OFF. 

Fig. 4 shows the key waveforms of the proposed converter 

in one switching period. The principle of operation of the 

proposed converter is written follows: 

Mode 1 [t0 – t1]: As shown in Fig. 3(a), the switch S is 

turned ON, the coupled-inductor is magnetized, VL=Vi. 

Capacitor C2 is charged up with Cbt voltage, the diode DS6 

parasitic resistance (rDS6) limits the charging current in this 

interval. Capacitor C1 is charged up with Vi voltage, the diode 

DS1 parasitic resistance (rDS1) limits the charging current. 

Capacitor C4 is charged up with VC3 + VCbt voltage, the diode 

DS10 parasitic resistance (rDS10) limits the charging current. 

Capacitors (Ca and Cb) are charged up with NVi. Leakage 

inductance Lk limits these capacitances charging current 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 
Fig. 2  Topologies. (a) Standard Boost converter. (b) Boost converter 
with CI+VM. (c) Boost converter with CI+VM+SC(S). (d) Boost 
converter with CI+VM+SC(S)+SC(D). (e) Proposed hybrid high step-up 
DC-DC converter or Boost converter with 
CI+VM+SC(S)+SC(D)+SC(D).  
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during this interval. Load Ro is supplied by capacitor Co 

alone.  

Mode 2 [t1 – t2]: As can be seen in Fig. 3(b), the mode 

begins when the capacitors (C1, C2 and C4) are fully charged 

up, i. e., the capacitor voltage is equal to Vi, VCbt and VC3+VCbt, 

respectively. The other components operate according to 

Mode 1. 

Mode 3 [t2 – t3]: As shown in Fig. 3(c), the switch S is 

turned OFF, the coupled-inductor is demagnetized, 

VL=VC1+VCbt. Capacitor Cbt is charged up with Vi+VL+VC1. 

Capacitor C3 is charged up with C2 voltage. Diode DS7 

parasitic resistance (rDS7) and inductance L of the coupled 

inductor limits the charging current in this interval. The load 

Ro and capacitor Co are supplied by Vi+VL+VC4+VCa+VCb+VN2. 

Mode 4 [t2 – Ts]: According to Fig. 3(d), the mode begins 

when the capacitor (C3) is completely charged up, i. e., the 

capacitor voltage is equal to VC2. The other components 

operate according to Mode 3. 

B. Voltage Gain Derivation 

In order to simplify the static voltage gain of the proposed 

converter and because the duration of the Modes II and IV is 

very short, these modes are neglected in these calculation. In 

addition, the effect of leakage inductance is negligible. This is 

because effect of the leakage inductance of the primary 

winding is naturally clamped by voltage VCbt. While the effect 

of leakage inductance of the secondary winding is naturally 

clamped by voltages VCa and VCb. 

Thus, by applying volt-second balance to the magnetizing 

inductor 𝐿 during the turn ON and OFF states of the switch S, 

the voltage across the clamp capacitor Cbt is given by: 

 1

1

1
Cbt i CV V V

D
 


  (1) 

where D is duty cycle, 1C iV V , so: 

 
2

1
Cbt i

D
V V

D





  (2) 

By applying Kirchhoff’s Voltage Law (KVL) in Mode 1, 

the voltage across the capacitor C2 is equal to Cb, i. e., 

2C CbV V . On the other hand, applying KVL in Mode 2, the 

voltage across the capacitor C3 is given by: 

 3 2 1C C CV V V    (3) 

then, 

 3

1

1
C iV V

D



  (4) 

Also in Mode 1, applying KVL, the voltage across 

capacitor C4 is given by: 

 4 3C Cb CV V V    (5) 

Substituting (2) and (4) into (5), the voltage across the C4 

can be derived as: 

 4

3

1
C i

D
V V

D





  (6) 

Due to the relation of the voltage multiplier, the voltage 

VCa and VCb can be represented as 

 

(a) 

 

(b) 

 
(c) 

 
(d) 

Fig. 3.  Current flow path in four operating modes during one 
switching period in CCM operation. (a) Mode I. (b) Mode II. (c) Mode 
III. (b) Mode IV. 

 

 
Fig. 4.  Key waveforms of proposed converter.  
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 Ca Cb iV V NV    (7) 

The output voltage Vo can be written as:  

 4 2o i L C Ca Cb NV V V V V V V        (8) 

where   / 1L iV D D V  ,   2 / 1N iV ND D V   and using 

(6) and (7), the voltage gain of the proposed is given by: 

 
 4 2

1

o

i

N D DV
M

V D

  
 


  (9) 

Fig. 5 shows the voltage gain plot with different turns-ratio 

of the coupled-inductor. It can be concluded that, when the 

turns-ratio increases the voltage gain increases. Moreover, a 

high step-up voltage gain can be achieved without extreme 

duty cycle or high turns ratio. This implies that a high gain 

can be achieved with low stress on the converter components, 

as will be seen in the following sections.  

C. Voltage Stress  

The voltage stress on the switch is given by: 

 
1

1
S iV V

D



  (10) 

For Diodes (Dbt, DS1, DS6, DS7 and DS10), the voltage 

stresses are given by the following expressions: 

 1 6 7 10

1

1
Dbt DS DS DS DS iV V V V V V

D
    


 (11) 

The voltage stress on the diodes (Da and Db) is given by: 

 
1

Da Db i

N
V V V

D
 


  (12) 

The voltage stress on the output diode (Do) is given by: 

 
 2

1
Do i

N D D
V V

D

 



  (13) 

As can be seen, the stresses on the semiconductors are 

lower compared to the standard boost and flyback converter, 

which may yield a higher overall converter efficiency.  

D. Current Stress  

From the steady state analysis in the previous section, the 

current stresses as follow. The RMS current of the switch S 

can be derived by the sum of the input current of the proposed 

converter and the current from the switched capacitors cells, 

given by: 

 2

( ) 1
2

s x

D

f C ESRs x

S rms i Cx

f C
I DI V e

ESR

 
   

 
 

  (14) 

where Ii is the input current, ESR is the equivalent series 

resistance of the capacitors, fs is the switching frequency, x is 

1, 2 and 4. 

The RMS current of the diodes (Dbt, DS1, DS6, DS7 and DS10) 

can be derived by current from the switched capacitors cells, 

given by:  

 2

( ) 1
2

s x

D

f C ESRs x

Dx rms Cx

f C
I V e

ESR

 
  

 
 

  (15) 

where x  can be bt, 1, 6, 7 or 10. 

The RMS current of the diodes (Da and Db) can be 

approximated by: 

 
( ) ( )

1

2

o

Da rms Db rms

I D
I I

N


    (16) 

The RMS current of the diodes (Do) is given by: 

 
( )

1o

Do rms

I D
I

N


   (17) 

The RMS current of the capacitors can be approximated 

by: 

  C ( ) 1
1

bt rms i

D
I D I

D
 


  (18) 
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D

C f ESRCy
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ESR

 
 
 
 

  (19) 

where y can be: 1, 2, 3 or 4. 
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1 1
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D D
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    (20) 
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4

i
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I
I    (21) 

 sec( )
1.5

i

rms
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C ( )

1
o rms o

D
I I

D


   (23) 

E. Component Selection by Component Stress Factor  

The design of the components of the Hybrid High Step-Up 

DC-DC converter is discussed here. Initially the best 

operating point must be found, ensuring the lowest stress on 

the components. One way of doing this is by evaluating the 

Component Stress Factor (CSF) [20]. The CSF analysis 

provides numerical scores for each component of the 

proposed converter for a specific set of operating conditions, 

[21, 22]. For each component, the Vmax and Irms are calculated, 

then the CSF of each component is found by multiplying of 

Vmax and Irms and and dividing the product by the output power 

(Po). The CSF is useful to evaluate the converter’s  suitable 

for the proposed application and also to show the best 

operating point of the converter in terms of lower global 

stresses.  

In terms to semiconductors, switch and diodes, the total 

 
Fig. 5.  Voltage gain of the proposed converter versus duty cycle,   
under various turns-ratio. 
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component stress factors SSCSF and SDCSF are expressed by 

(24) and (25), respectively. For the Coupled-inductors and 

capacitors, the total winding component stress factor (WCSF) 

and the total capacitor component stress factor (CCSF) are 

given by (26) and (27), respectively. Note that the Irms and 

Vrms of each component are given in the previous sections. 

Assuming the operating conditions specified in Table I, 

input power (Pi), input voltage (Vi), output voltage (Vo), 

voltage gain (M) and the voltage and current stressess of each 

component given previously, the CSF are calculated for all 

components, providing the Total CSF for each converter.  

 S S i

Switch

Total S CSF S CSF   (24) 

 D D i

Diodes

Total S CSF S CSF   (25) 

 i

Windings

TotalWCSF WCSF   (26) 

 i

Capacitors

Total CCSF CCSF   (27) 

In general, total CSF is given by : 

 S i D i i i

Switch Diodes Windings Capacitors

Total CSF S CSF S CSF WCSF CCSF         (28) 

Fig. 6 shows the results for the Total CSF of the proposed 

converter. As can be seen, the duty-cycle (D) change from 0 – 

1, changes the turns-ratio (N) of the coupled-inductor to 

guarantee the voltage gain (M = 13.33). As can be seen in Fig. 

6, the minimum CSF is 19.5 for D = 0.51 and N = 2.11. This 

ensures that the proposed converter will perform better.  

F. Efficiency Estimation  

The component stresses were evaluated in the previous 

sections, showing the ideal duty-cycle and turns-ratio to 

provide lower stresses. In this section, the loss mechanism for 

the proposed converter is evaluated in order to verify 

converter performance. The proposed converter will operate 

under the specifications given in Table I. 

For Switch S, the losses are due to switching and 

conduction. The switching loss of the switch can be estimated 

as follows   

  0.5Sw s s s off onP f V I t t   (29) 

where toff and ton are given by device static characteristics 

provided by manufacture datasheet information, fs is the 

switching frequency, Vs is maximum voltage stress of the 

switch and Is is the current of the switch during the switching 

time. 

The conduction loss can be estimated as 

 2

( ) ( )Scon S rms DS onP I R  (30) 

where Is(rms) is the switch RMS current given by (14) and 

RDS(on) is the MOSFET on-state resistance given by the 

datasheet. 

The total loss of the MOSFET is given by: 

 1.15s Sw SconP P P W    (31) 

The conduction loss of the diodes can then be calculated  as 

follows: 

 ( ) 6.05D D rms FP I V W   (32) 

where, ID(rms) is the RMS current and VF is the diode threshold 

voltage. VF is considered from characteristics given by the 

datasheet. 

According to [23], the magnetic device losses can be 

estimated by: 

  2 21
3.22

2

b c

L L Lrms pk s e e s k LpeakP r I aB f A l f L I W     (33) 

where IL(rms) is the RMS current of the coupled-inductor; Bpk is 

the AC magnetic flux density for the magnetic device core; a, 

b, c are constants determined from curve fitting of the core; le 

is the core medium path length (MPL) and Ae is the 

transversal core area, both given in the manufacture core 

information [23]. 

TABLE I 
PROTOTYPE PARAMETERS AND COMPONENTS 

Symbol Name Value 

Pi Input Power 200 W 

Vi Input Voltage 30 V 

Vo Output Voltage 400 V 

M Voltage Gain 13.33 

fs Switching Frequency 40 kHz 
S Switch IRFP4668PbF (200 V, 130 A) 

N 
Turns Ratio of the 
Coupled-Inductor 

12:26 (77082 - Kool Mμ core, 

Magnetics) 
L Magnetizing Inductor 100 µH 

Cbt, C1, C2, 

C3, Ca, Cb 
Capacitors 9 µF (Film Capacitor) 

C4, Co Capacitors 18 µF (Film Capacitor) 

Dall Diode (all) MBR20200CT (200 V/ 20 A) 

 

 
Fig. 6.  CSF of the proposed converter versus duty-cycle and turns-
ratio, considering the voltage gain M = 13.33. 

 
Fig. 7.  The pie graph of loss breakdown at full load 
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Finally, capacitor losses can be calculated as: 

 2

(g) (g)

1

0.54
G

C Crms

g

P I ESR W


    (34) 

where ICrms is the RMS current and ESR the measured 

resistance of the g-th capacitor. 

Total estimated losses and their distribution, for all 

evaluated converters, are shown in Fig. 7.  

According to the above estimation of all losses, the 

efficiency of the proposed converter at full-load can be 

estimated as follows: 

 
 

94.52 %o

o scon Sw D L C

P

P P P P P P
  

    
  (35) 

The estimated efficiency of the proposed converter is 94.52 

%. 

IV. EXPERIMENTAL RESULTS 

A 200 W laboratory prototype was assembled and tested 

with the specifications given in TABLE I. The value of the 

turns ratio N was defined in Section III.E. The design 

methodology given in [23,24] was used to calculate 

magnetizing L, given by (36). For the capacitors, the design 

methodology given in [7] was used, given by (37). Finally, 

for the semiconductors, the voltage and current stress 

equations given in Sections III.C and D. were used. The gate-

source pulse is produced by DSP TMS320F28335.  

 i

m

s L

DV
L

f I



  (36) 

 i

all

s C

P
C

f V



  (37) 

where LI  is the ripple of the current IL; CV is the ripple of 

the capacitor voltage. 

To confirm the voltage gain of the proposed converter, 

Table II shows a short comparison between the theoretical 

and experimental voltage of each capacitor of the proposed 

converter. As can be seen, the proposed converter is operating 

as expected.  

Fig. 8 shows the semiconductor voltage. Fig. 8(a) shows 

the PWM control signal at MOSFET gate-source terminals 

Vgs (upper trace), switch S voltage Vs (middle-upper trace), 

diode Dbt voltage VDbt (middle-lower trace) and diode DS1 

voltage VD1 (lower trace). Fig. 8(b) illustrates the PWM 

control signal at MOSFET gate-source terminals Vgs (upper 

trace), diodes DS6 voltage VDS6 (middle-upper trace), diode 

DS7 voltage VDS7 (middle-lower trace) and diode DS10 voltage 

VD10 (lower trace). Fig. 8(c) gives the PWM control signal at 

MOSFET gate-source terminals Vgs (upper trace), diodes Da 

voltage VDa (middle-upper trace), diode Db voltage VDb 

(middle-lower trace) and diode Do voltage VDo (lower trace). 

Fig. 9 shows the current waveforms of the primary (iL + iN1) 

and secondary of the proposed converter.  

In order to evaluate the dynamic response performance of 

 
Fig. 6.  CSF of the proposed converter versus duty-cycle and turns-
ratio, considering the voltage gain M = 13.33. 

 
Fig. 7.  The pie graph of loss breakdown at full load 

TABLE II 
COMPARISON OF THEORETICAL VS EXPERIMENTAL RESULTS 

Voltage Theoretical Experimental 

Output Voltage Vo 400 V 397 V 

CI+Technique  

VCa and VCb 

 

63.33 V 

 

63 V 

Super Lift Technique 
 VC1 

 
30 V 

 
30 V 

SC(D) 

VCbt, VC2 

VC3 

VC4 

 

90 V 

60 V 
150 V 

 

90 V 

59 V 
148 V 

 
 

 
Fig. 9.  Experimental current waveforms of Vgs, iL+iN1 and iN2 (8 µs/div). 

 
Fig. 10.  Experimental results of output voltage (vo) with step load 
variation between 50 and 100 W. (4 ms/div). 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 8.  Experimental waveforms of semiconductors voltage stress (8 
µs/div). (a): Vgs, VS, VDbt and VDS1. (b): Vgs, VDS6, VDS7 and VDS10. (c): 
Vgs, VDa, VDb and VDo. 
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the proposed converter, Fig 10 presents the experimental 

results of the output voltage for a load step from 50 % to 100 

% of output power. As can be seen, the output voltage has 

good performance to the load variation with a proper closed 

loop control. 

The efficiency comparison at different loads and input 

voltages is shown in Fig. 11(a). In the nominal power, the 

efficiency is 94 %. Efficiency is higher when the input 

voltage of the proposed converter is 40 V. It can be seen that 

maximum efficiency is 97.6 %. In addition, comparing the 

experimental result at nominal power and the proportion of 

loss (Fig. 7), it can be concluded that the estimated efficiency 

presents an error of 1 %. Fig. 11(b) shows the behavior of 

theoretical voltage gain vs experimental voltage gain of the 

proposed converter for different duty-cycle value. For a duty-

cycle range smaller than 0.6, the experimental voltage gain 

presents similar values to the theoretical voltage gain. Finally, 

Fig. 11(c) shows the experimental prototype. 

V. CONCLUSION 

This paper proposes a new hybrid high voltage gain DC-

DC converter. The main concept is to use different switched 

capacitors techniques and coupled inductor to achieve high 

step-up resulting in a hybrid converter. The features of 

proposed converter are high voltage, low voltage and current 

stress, high efficiency, single switch and lower complexity of 

operation according to the theoretical and experimental 

analyses. 

The proposed converter is operated at an input voltage of 

30 V, output voltage of 400 V and output power of 200 W. In 

the nominal power, the efficiency is 94 %. The maximum 

efficiency of the converter is 97.6% when the input voltage is 

40 V and the output power is 50 W. The voltage and current 

stress are much smaller than the output voltage. To ensure 

better performance and lower stresses, a CSF analysis was 

performed. This analysis guarantees a high efficiency as 

demonstrated in the estimated efficiency analysis. 

Experimental results demonstrate the very good performance 

of the converter. It can be concluded that the proposed 

converter is a suitable option for power conversion of low 

voltage renewable energy sources applied in distributed 

photovoltaic generation systems.  

APPENDIX 

In this appendix a comparative analysis of the proposed 

converter with Boost converters [12], [13] and [16] was 

performed. In the table, the following characteristics are 

evaluated: Voltage gain, Voltage and Current stress on the 

switch and output diodes of each converters. As can be seen 

TABLE III 
PERFORMANCE COMPARISON 

Topology Boost Converter Converter in [12] Converter in [13] Converter in [16] Proposed Converter 
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Number of Switch 1 1 1 1 1 

Number of Diodes  1 3 4 4 8 

Number of Winding 1 3 2 2 2 
Number of Capactiror 1 4 4 4 8 
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(c) 

Fig. 11.  Prototype performance. (a) Efficiency curve; (b) Voltage 
gain comparison. (c) Experimental prototype. 
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from Table III, a much higher static gain can be achieved and 

the voltage stress on semiconductors of the proposed hybrid 

converter is smaller than that found in other converter. As a 

result, one can expect that with proper design, the proposed 

converter can adopt switch components with lower voltage 

ratings to achieve higher efficiency. 
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