
Chinese Journal of Electrical Engineering, Vol.6, No.4, December 2020 

 

  

 

A Double Input-parallel-output-series  

Hybrid Switched-capacitor Boost Converter 
 

Jianfei Chen1*, Kewei Ding1, Yulin Zhong2, Fujin Deng3 and Sayed Abulanwar4 

(1. Department of Electrical and Computer Engineering, Wayne State University, Michigan 48202, USA; 

2. Broad-Ocean Technologies, Novi, Michigan 30120, USA;  

3. School of Electrical Engineering, Southeast University, Nanjing 210096, China; 

4. Electrical Engineering Department, Mansoura University, Mansoura 35516, Egypt) 

 

Abstract: A double input-parallel-output-series hybrid switched-capacitor boost (DIPOS-HSCB) converter is proposed which 

consists of two different kinds of input-parallel-output-series (IPOS) circuits, i.e., inner IPOS circuit and outer IPOS circuit. Two 

boost modules and one switched-capacitor network build an inner IPOS circuit based IPOS-HSCB converter and two IPOS-HSCB 

converters develop the outer IPOS circuit based DIPOS-HSCB converter. With the proposed DIPOS-HSCB converter, a high 

voltage-gain with low component stress and small input current ripple are achieved. Furthermore, an automatic current balancing 

function for all input inductor currents can be also achieved using a special carrier phase-shifted modulation scheme. A prototype 

rated at 200 V/120 W has been developed and the maximum efficiency of the proposed DIPOS-HSCB converter is 95% at 120 W. 

Both steady and dynamic results are presented to validate the effectiveness of the proposed DIPOS-HSCB converter. 
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1  Introduction
1
 

Multilevel step-up DC-DC converters have 

caught increasing interest and been used in many 

applications, such as wind farms 
[1-3]

, solar power 

generation systems 
[4-6]

, large-scale grid-connected fuel 

cell systems 
[7-11]

, high-power charging stations for electric 

vehicles 
[12-13]

, and DC grids 
[14-16]

. In these systems, a 

multilevel step-up DC-DC converter can be employed to 

regulate a varying low-level input voltage to a stable 

high-level voltage and to provide a required DC link 

voltage for the backend inverter. One of the challenges 

facing such systems is how to attain a high voltage-gain, 

low component stresses, and small ripples with a simple 

topology. Several multilevel step-up DC-DC converters 

have been proposed during the past decade. As one of the 

non-isolated multilevel step-up DC-DC converters, the 

conventional three-level Boost converter was firstly 

proposed and then adopted to combine with a three-level 

diode-clamped inverter to achieve a medium voltage and 

high power output 
[2-3, 5]

. Owing to the interleaved 

modulation scheme, small input current ripples and low 
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component stresses could be achieved in this kind of 

multilevel Boost converters. In addition, a flying-capacitor 

based three-level Boost converter was proposed in 

Ref. [11] with better dynamic response than the 

conventional three-level Boost converter. However, 

similar to the Boost converters previously discussed, the 

flying-capacitor based three-level Boost converter faces 

an inherent limitation: the voltage gain is limited to be no 

more than 1/(1d), where d is the duty cycle. In addition, 

this converter requires a complicated control scheme to  

balance the flying-capacitor voltage. Another flying- 

capacitor based three-level Boost converter with an intrinsic 

voltage doubler was presented in Refs. [17-18]. In addition 

to the advantages of the topology in Ref. [11], the two input 

inductor currents of the converter in Refs. [17-18] could be 

self-balanced due to the flying-capacitor. Moreover, the 

voltage gain of this converter is increased to be 2/(1d) 

instead of 1/(1d) when the duty cycle d is over 0.5.  

However, the voltage stresses across the output diode and 

the output capacitor are identical to the output voltage, 

which is a big disadvantage. Ref. [19] proposed an 

improved converter by adding one more flying- 

capacitor and one more diode to form a symmetrical 

flying-capacitor based topology, which helps decrease 

voltage stresses across the output diodes by half of its  



Chinese Journal of Electrical Engineering, Vol.6, No.4, December 2020 

 

16 

output voltage. However, one more diode and one more 

capacitor are necessary; and more importantly, the voltage 

stresses across the other diodes become higher although 

the voltage stresses across the output diodes are 

decreased.  

In general, placing several split capacitors connected 

in series is a good solution to reducing voltage stress 

across each capacitor. One solution is the application of a 

diode-capacitor voltage multiplier on the basic Boost 

converter and it can achieve a high voltage-gain and 

self-balanced capacitor voltages 
[6, 20-21]

. However, 

large input current ripples and high current stresses 

across individual switches are inevitable as interleaved 

scheme cannot be used in this solution. A series of 

modular multilevel DC-DC converters were proposed 

in Refs. [22-27]. They are more suitable for high 

voltage applications, such as HVDC and high voltage 

drives as each converter module serves as an active 

switch in these converters. However, the voltage-gain 

is not enhanced. For example, a modular multilevel 

DC-DC converter was proposed in Ref. [27] based on 

Buck-Boost converter module. The lower-level 

module output voltage multiplied by d/(1d) serves as 

the input voltage of the upper-level module to achieve a 

high voltage-gain. Thus, it is a multi-stage DC-DC 

converter where the conversion efficiency can be an issue. 

Besides, the voltage gain is still limited in the three-level 

version and many components are required. An alternative 

three-level DC-DC converter was proposed in Ref. [28] to 

achieve a high voltage-gain at the expense of using more 

switches, diodes and a more complex modulation strategy. 

Two DC-DC converters were proposed in Refs. [29-30] 

using a coupling inductor technique to obtain high 

voltage-gain. However, they are two-stage converters 

resulting in low efficiency and the input current ripples are 

large. Ref. [31] proposed a quadratic Buck-Boost 

topology with a high voltage-gain at the expense of large 

input current ripples.  

This paper proposes a new high voltage-gain boost 

converter with low voltage stress, small input current 

ripple and automatic current balancing function. The 

operating principle of the proposed topology and a 

comprehensive performance analysis are given. The rest 

of this paper is organized as follows: Sections 2 

introduces the proposed topology and its operating 

principle. Performance analysis is presented in Section 3 

and the experimental verifications are given in Section 4, 

followed by the conclusion drawn in Section 5. 

2  Proposed topology 

The input-parallel-output-series hybrid switched- 

capacitor boost (IPOS-HSCB) converter shown in Fig. 

1a is an integration of two interleaved boost converters 

and switched-capacitor technique 
[32]

. L1, S1, D1a, and 

C1 form the first Boost converter, named as Boost I; L2, 

S2, D2a, and C2 form the second boost converter, 

named as Boost II. Cf1, D1b and S1, C2 consist a 

switched-capacitor network, which makes the Boost I 

and Boost II an input-parallel-output-series circuit. 

With the input-parallel-output-series circuit, the 

IPOS-HSCB converter has a small input current ripple 

and a high voltage-gain. Another advantage of the 

IPOS-HSCB converter is the automatic current 

balancing function for the two inductor currents within 

the full duty cycle range. Based on the IPOS-HSCB 

converter, an extended multilevel Boost topology is 

proposed in Ref. [33]. Fig. 1b
[33]

 shows that this kind 

of converter consisting of four Boost modules and 

three switched-capacitor networks (Cf1, D1b, S1, C2; Cf2, 

DC2, S3, C1, C2; Cf3, DC3, S4, C1, C2, C3). As two more 

Boost modules are added on the IPOS-HSCB 

converter with the help of three switched-capacitor 

networks, the converter in Fig. 1b has a much higher 

output voltage-gain and smaller input current ripple 

than the IPOS-HSCB converter in Fig. 1a. However, 

the number of flying capacitors is big and the voltage 

stresses across them are high in this converter.  

To address the issue above, this paper proposes a 

double input-parallel-output-series hybrid switched- 

capacitor Boost (DIPOS-HSCB) converter, shown in Fig. 

2. The new converter consists of two IPOS-HSCB 

converters (IPOS-HSCB I and IPOS-HSCB II) with their 

input terminals connected in parallel and output terminals 

in series. Therefore, one more input-parallel-output-series 

circuit is developed besides the input-parallel-output- 

series circuit in the IPOS-HSCB converter I or the 

IPOS-HSCB converter II. To distinguish the two IPOS 

circuits, the IPOS circuit in each IPOS-HSCB converter is 

called the inner IPOS circuit, while the IPOS circuit 

developed by the two IPOS-HSCB converters is named as 

the outer IPOS circuit.  
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Fig. 1  The IPOS-HSCB converters 

The proposed double IPOS configuration enables the 

proposed DIPOS-HSCB converter to achieve a much 

higher voltage-gain and much smaller input current ripple 

than the IPOS-HSCB converter in Ref. [32]. Also, 

compared to the topology in Ref. [33], the number of 

flying-capacitors and the voltage stresses across them are 

reduced. Besides, one diode is reduced in the proposed 

converter. As shown in Ref. [32], the IPOS-HSCB 

converter has an automatic current balancing function due 

to the flying-capacitor Cf1. Also, in the extended topology 

in Ref. [33], the four inductor currents are automatically 

balanced due to the three flying-capacitors Cf1, Cf2, and 

Cf3. However, in the proposed DIPOS-HSCB converter, 

to guarantee the automatic balancing function for the four 

inductor currents, the gate signals of the four switches S1, 

S2, S3 and S4 must be phase shifted of 0°, 180°, 90°, 

270°, respectively. As a result, the gate signals of the 

switches S1, S2 are phase shifted of 180°in IPOS-HSCB 

I and the same as for the gate signals of the switches S3, S4 

in IPOS-HSCB II. According to Ref. [32], the two 

inductor currents in each converter module (IPOS-HSCB 

I or IPOS-HSCB II) can be automatically balanced. 

 

Fig. 2  The proposed DIPOS-HSCB converter 

To simplify the steady-state analysis of the 

proposed DIPOS-HSCB converter, the operating 

conditions are assumed to be as follows. 

(a) All components in Fig. 2 are assumed to be 

ideal and the converter operates in continuous 

conduction mode (CCM). 

(b) All the capacitances are large enough that 

each capacitor voltage is considered constant over 

each switching period. 

To enable self-balancing of the four inductor 

currents of the DIPOS-HSCB converter, the gate 

signals of the four switches S1, S2, S3 and S4 are driven 

by a same duty cycle d with phase shifted of 0°, 

180° , 90° , 270° . The switching states of the 

proposed DIPOS-HSCB converter are given in Tab. 1 

with the corresponding equivalent circuits presented in 

Fig. 3, where there are 16 switching states.  

Tab. 1  Switching states of the proposed DIPOS-HSCB converter 

Power switches 
Equivalent circuits in Fig. 1 

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) 

S1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
S2 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 

S3 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 

S4 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
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Fig. 3  Operating states of the proposed DIPOS-HSCB converter 
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As shown in Fig. 4, there are four different 

operating modes according to the duty cycle d. 

 

Fig. 4  The inductor current ripples of the proposed 

DIPOS-HSCB converter under different operating modes 

(a) As shown in Fig. 4a, when d is smaller than 

1/4, the switching states are shown in Fig. 3h, 3p, 3n, 

3p, 3l, 3p, 3o and 3p. The switching state in Fig. 3p is 

repeated. 

(b) As shown in Fig. 4b, when d is between 1/4 

and 1/2, the switching states are shown in Fig. 3g, 3h, 

3f, 3n, 3j, 3l, 3k and 3o. 

(c) As shown in Fig. 4c, when d is between 1/2 

and 3/4, the switching states are shown in Fig. 3c, 3g, 

3e, 3f, 3b, 3j, 3i and 3k. 

(d) As shown in Fig. 4d, when d is over 3/4, the 

switching states are shown in Fig. 3a, 3c, 3a, 3e, 3a, 3b, 

3a and 3i. The switching state in Fig. 3a is repeated. 

At any switching state, the output voltage of the 

proposed converter is always expressed by 

 o C1 C2 C3 C4 inU U U U U U       (1) 

Four voltage-second balance equations applied on 

the inductors L1, L2, L3 and L4 can be expressed by 

 s in s in Cf1 C1 C2(1 ) ( ) 0dTU d T U U U U        (2) 

 s in s in C1(1 ) ( ) 0dTU d T U U      (3) 

 s in s in Cf 2 C3 C4(1 ) ( ) 0dTU d T U U U U       (4) 

 s in s in C3(1 ) ( ) 0dTU d T U U     (5) 

Besides, during the switching states 1-8, the 

flying capacitor Cf1 is clamped by the capacitor C2. 

Therefore, there is 

 Cf1 C2U U      (6) 

During the switching states in Fig. 3a, 3b, 3e, 3f, 

3i, 3j, 3m, 3n, the flying capacitor Cf2 is clamped by 

the capacitor C4. Therefore, there is 

 Cf 2 C4U U    (7) 

According to Eqs. (1)-(7), the output voltage and 

all the capacitor voltages of proposed converter are 

 o in

3

1

d
U U

d





          (8) 

 C1 C2 C3 C4 Cf1 Cf 2 in o

1 1

1 3
U U U U U U U U

d d
      

 
(9) 

3  Performance analysis 

3.1  Voltage stress 

In the proposed converter, the voltage stresses 

across all switches, diodes, and capacitors are small, 

which are 

 S D Cf C in o

1 1

1 3
u u u u U U

d d
    

 
    (10) 

where uS, uD, uC, and uCf represent the voltage stresses 

across all the switches, diodes, flying capacitors, and 

output capacitors. It can be found that the voltage 

stresses across all these components are 1/(3+d) time 

of the output voltage.  
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3.2  Automatic current balancing 

As described in Section 2, the proposed converter 

consists of two IPOS-HSCB converters (IPOS-HSCB I 

and IPOS-HSCB II). The gate signals of the four 

switches S1, S2, S3 and S4 have a same duty cycle d 

with phase shifted of 0° , 180° , 90° , 270° , 

respectively. It can be found that the two switches S1 

and S2 in IPOS-HSCB I are phase shifted of 180° 

and the two switches S3 and S4 in IPOS-HSCB II are 

also phase shifted of 180°.  

Taking the IPOS-HSCB I as an example, the 

equivalent circuits of it are presented in Fig. 5. The 

average charging current flowing through Cf1 is the 

same as the average current flowing through D1b 

during one switching period Ts. Thus, the increased 

charges of Cf1 during one switching period is ID1b×Ts. 

In addition, when the duty cycle d is over 0.5, the 

flying-capacitor Cf1 is only discharged during the 

switching state II and the average discharging current 

flowing through Cf1 is IL1 with the discharging time 

(1d)Ts. When d is smaller than 0.5, the 

flying-capacitor Cf1 is discharged during the switching 

state II and the switching state IV with the average 

discharging current IL1 and the total discharged time 

(1d)Ts. It can be seen that the decreased charges of 

Cf1 during one switching period is IL1×(1d)Ts no 

matter what the duty cycle d is. Therefore, by applying 

the Ampere-Second Balance Principle on Cf1 in 

IPOS-HSCB I, there is 

 D1b s L1 s(1 )I T I d T         (11) 

Similarly, applying the Ampere-Second Balance 

Principle on the flying capacitor Cf2 in IPOS-HSCB II, 

there is 

 D3b s L3 s(1 )I T I d T          (12) 

According to Eqs. (11)-(12), the average currents 

of inductors L1 and L3 are 

 L1 D1b

1

1
I I

d



       (13) 

 L3 D3b

1

1
I I

d



         (14) 

Additionally, it is easy to obtain the average 

currents of L2 and L4 as below 

 L2 D2a

1

1
I I

d



      (15) 

 L4 D4a

1

1
I I

d



     (16) 

In the proposed DIPOS-HSCB converter, the 

average output currents of all diodes are equal as they 

are connected in series at the output terminal. 

 D1a D1b D2a D3a D3b D4a oI I I I I I I         (17) 

It can be concluded from Eqs. (11)-(17) that the 

four inductor currents are automatically balanced. 

 L1 L2 L3 L4 o

1

1
I I I I I

d
   


     (18) 

Hence, additional current-sharing control 

strategies as well as current sensors required for 

multiple DC-DC converters-based conversion system, 

are not necessary for the proposed DIPOS-HSCB 

converter. 

 

Fig. 5  Equivalent circuits of the IPOS-HSCB I 

3.3  Current ripple 

In the proposed DIPOS-HSCB converter, the 

current ripples of all inductors can be obtained by 

 
in

L

s

1, 2,3,4k

U d
i k

L f
       (19) 

At the same time, all the inductor current 

waveforms under different operating modes are 

presented in Fig. 4. As for each Boost module, the 

increasing slope of the inductor current is expressed by 

 in
in

U
k

L
           (20) 

Meanwhile, the decreasing slope of the inductor 
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current is expressed by 

 in in
in

de

1

1

1

U U
Uddk

L d L


 



    (21) 

In the operating mode (0<d≤1/4) of Fig. 4a, the 

operating time for the switching state 16 in Fig. 3p is 

s(1 / 4 )d T . During this switching state, all the four 

inductor currents decrease with the slope of kde and 

thus the input current ripple is 

 
in

in de s

s

1 (1 4 ) 1
( ) 4 0
4 (1 ) 4

U d d
i k d T d

L d f


       


 (22) 

In the operating mode (1/4≤d<1/2) of Fig. 4b, 

the operating time for the switching states 8, 12, 14 

and 15 in Fig. 3 is s(1 / 2 )d T . During these switching 

states, three inductor currents decrease with the slope 

of kde and one inductor current increases with the slope 

of kin. Thus, the input current ripple is calculated by 

in
in de in s

s

1 (4 1)(1 2 ) 1 1
( 3 ) ( )

2 2(1 ) 4 2

U d d
i k k d T d

L d f

 
       


≤  (23) 

In the operating mode of Fig. 4c, the operating 

time for the switching states 2, 3, 5 and 9 in Fig. 3 is 

achieved by s( 1 / 2)d T . During these switching states, 

three inductor currents increase with the slope of kin 

and one inductor current decreases with the slope of 

kde. Thus, the input current ripple is calculated by 

 
in

in in de s

s

1 (3 4 )(2 1) 1 3
( 3 ) ( )

2 2(1 ) 2 4

U d d
i k k d T d

L d f

 
       


≤  

    (24) 

In the operating mode of Fig. 4d, the operating 

time for the switching state (1) in Fig. 3a is 

s( 3 / 4)d T . All the four inductor currents increase 

with the slope of kin and thus the input current ripple is 

 
in

in in s

s

3 4 3 3
( ) 4 1

4 4

U d
i k d T d

L f


      ≤   (25) 

Overall, the input current ripple of the proposed 

DIPOS-HSCB converter can be concluded as follows 

 

in

s

in

s

in

in

s

in

s

1 4 1
0

(1 ) 4

(4 1)(1 2 ) 1 1

2(1 ) 4 2

(3 4 )(2 1) 1 3

2(1 ) 2 4

4 3 3
1

4

U d d
d

L d f

U d d
d

L d f
i

U d d
d

L d f

U d
d

L f


 


  




  
  

 


 



（ ）
≤

≤

≤

≤

    (26) 

It can be seen from Eq. (26) that when the duty 

cycle d is 1/4, 1/2 or 3/4, the input current ripple of the 

proposed DIPOS-HSCB converter should be zero 

theoretically. 

3.4  Comparative analysis 

Tab. 2 presents the comparison between the 

converter in Fig. 1b and the proposed DIPOS-HSCB 

converter. S, C, and D represent the number of 

switches, capacitors and diodes, respectively, and G 

represents the voltage gain. It can be found that the 

voltage gain of the proposed converter is smaller than 

the voltage gain of the converter in Fig. 1b only by 1. 

The proposed converter needs two switched-capacitor 

networks to realize automatic current balancing 

function while the converter in Fig. 1b needs three 

switched-capacitor networks. As a result, the proposed 

converter saves one flying-capacitor and one diode, 

and both the flying-capacitors Cf1 and Cf2 have the 

same voltage stress, which is smaller than that of the 

converter in Fig. 1b. Furthermore, the flying-capacitor 

Cf3 with large voltage stress does not exist in the 

proposed converter. Besides, all the output capacitors 

(C1, C2, C3, C4) in the two converters have the same 

voltage stress. 

Tab. 2  Comparison of the IPOS-HSCB converter in Fig. 1b and the proposed DIPOS-HSCB converter 

 S C D G 
UCk 

(k=1, 2, 3, 4) 
UCf1 UCf2 UCf3 

Switched-capacitor 

networks 

Automatic 

current 

balancing 

Fig. 1b 4 7 7 4/(1d) 1/(1d)Uin 1/(1d)Uin 2/(1d)Uin 3/(1d)Uin 3 Yes 

DIPOS-HSCB 4 6 6 (3+d)/(1d) 1/(1d)Uin 1/(1d)Uin 1/(1d)Uin — 2 Yes 

 

4  Experimental verification 

As shown in Fig. 6, a prototype of the proposed 

DIPOS-HSCB converter at a power rating of 120 W is 

implemented according to the detailed specifications 

in Tab. 3. It should be noted that uS1, uS2, uS3, and uS4 

are defined to describe the voltage difference between 

the drain terminal and the source terminal of the 
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switches S1, S2, S3, and S4, respectively. U1 means the 

sum of the average capacitor voltages UC1 and UC2. U2 

means the sum of the average capacitor voltages UC3 

and UC4. uD1a, uD1b, uD2a, uD3a, uD3b, uD4a are defined as 

the voltage difference between the cathode and the 

anode of the power diodes D1a, D1b, D2a, D3a, D3b, and 

D4a, respectively.  

 

Fig. 6  The experimental prototype 

Tab. 3  Specifications of the proposed DIPOS-HSCB 

converter prototype 

Parameter Value 

Input voltage Uin/V 12-18 

Output voltage Uo/V 200 

Output power P/W 120 

Switching frequency fs/kHz 25 

Inductors L1, L2, L3, L4/mH 1 

Capacitors C1, C2, C3, C4, Cf1, Cf2 470 μF/200 V 

Switches S1, S2, S3, S4 IRFP260NPBF 

Optocoupler SI8711CC-B-IS 

Gate driver IXDI609SI 

Diodes D1a, D1b, D2a, D3a, D3b, D4a APT30S20BG 

A voltage loop control strategy shown in Fig. 7 is 

used to realize the output voltage stabilization and it is 

implemented based on the digital chip TMS320F28335. A 

voltage error signal is obtained by taking the referring 

voltage 200 V to subtract the sampling output voltage 

 

Fig. 7  Closed loop control of the proposed converter 

Uo, and then passes through a proportional-integral 

regulator to compare with the four carrier signals 

Vcarr1, Vcarr2, Vcarr3 and Vcarr4 to achieve the driving 

signals for the four switches S1, S2, S3, and S4. With 

the voltage loop control, the steady experimental 

results of the proposed converter are given in    

Figs. 8-11. 

 

 

Fig. 8  Voltage waveforms under different input voltages 

As shown in Fig. 8, the output voltage of the 

proposed converter is stable at 200 V at different 

input voltages of 12 V and 18 V. The input current 

ripple of the proposed converter is small and its 

ripple frequency is 100 kHz, which is four times the 

switching frequency of 25 kHz. Besides, the four 

inductor currents iL1, iL2, iL3, and iL4 are phase 

shifted by 0°, 180°, 90°, 270°, respectively. This 

verifies the correctness of the interleaved 

modulation scheme used for the proposed converter. 

In addition, it can be seen from Fig. 9 that all the 

four inductor currents nearly have the same average 



Chinese Journal of Electrical Engineering, Vol.6, No.4, December 2020 

 

24 

value. For example, IL1, IL2, IL3, and IL4 have the 

same average value of 1.8 A when the input voltage 

is 18 V. This indicates that automatic the same 

average value. For example, IL1, IL2, IL3, and IL4 

have the same average value of 1.8 A when the 

input voltage is 18 V. This indicates that automatic 

current balancing funciton is achieved. Besides, 

when the input voltage is 12 V, all the six capacitor 

voltages shown in Fig. 10 are nearly the same at a 

value of 52 V. The voltage stresses across all the 

switches and diodes shown in Fig. 11 are also 

nearly the same with the value of 54 V or 56 V. 

These results indicate that the voltage stresses 

acorss all components are small. Overall, these 

results verify the effectiveness of the proposed 

DIPOS-HSCB converter. 

 

Fig. 9  Inductor current waveforms under different  

input voltages 

The dynamic results of the proposed converter 

when the input voltage jumps up from 12 V to 18 V 

and down from 18 V to 12 V are presented in Fig. 

12a and Fig. 12b, respectively. The output voltage 

and each IPOS-HSCB converter’s output voltage 

stay stable with a short dynamic response time, 

which is around 150 ms. When the input voltage 

jumps up from 12 V to 18 V, the input current 

reduces from 10.5 A to 7.0 A with a smooth 

transition process. When the input voltage jumps 

down from 18 V to 12 V, the input current increases 

from 7.0 A to 10.5 A. 

 

 

Fig. 10  Capacitor voltage waveforms under  

an input voltage of 12 V 
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Fig. 11  Voltage waveforms of all the switches and diodes 

under an input voltage of 12 V 

 

Fig. 12  Dynamic results 

Also, the conversion efficiency curves versus 

different output power levels when the DIPOS-HSCB 

converter operates under the input voltages of 12 V 

and 18 V are presented in Fig. 13. The conversion 

efficiency of the DIPOS-HSCB converter at the rated 

power point 120 W is 94.0% when the input voltage is 

12 V and 95.2% when the input voltage is 18 V. The 

maximum efficiency of the proposed converter is 

96.0% when the input voltage is 12 V and 97.2% when 

the input voltage is 18 V, shown in Fig. 13. It can be 

observed that as the input voltage decreases, the 

conversion efficiency of the DIPOS-HSCB converter 

decreases. Because for the same output power, the 

input current increases as the input voltage decreases. 

As a result, the switching losses and the conduction 

losses of the power semiconductors will rise as well as 

the conduction losses of the equivalent series resistors 

in the proposed converter. 

 

Fig. 13  Efficiency curve of the proposed DIPOS-HSCB 

converter under different input voltages 

5  Conclusion 

This paper introduces a double input-parallel- 

output-series hybrid switched-capacitor boost 

converter which consists of an inner input- 

parallel-output-series circuit and an outer input- 

parallel-output-series circuit. Owing to the double 

input-parallel-output-series configuration, a high 

voltage-gain, low component stress, and small input 

current ripple are achieved. Compared to the existing 

converters, the number of components and the voltage 

stresses across them are both reduced. Furthermore, 

with a special carrier phase-shifted modulation scheme, 

i.e., the gate signals of switches S1, S2, S3, and S4 are 

phase shifted by 0°, 180°, 90°, 270°, the four 

inductor currents of the proposed converter can be 

automatically balanced. All of these merits enable it a 

good alternative for applications where DC/DC 
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converters with high voltage-gain, small input current 

ripple and simple configuration are required. 
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