
 
 

Abstract—A reconfigurable switched-capacitor converter 
(RSCC) is proposed by combining averaged perturb and 
observe (APO) algorithm for the maximum power point 
tracking (MPPT) of the photovoltaic (PV) module system. In 
the RSCC, there are totally 7 modes operating for the 
different topologies to perform the various serial/parallel 
connections of buffer capacitors. Thus, we can obtain the 
different input equivalent resistance of SC bank to 
manipulate so as to search and track the maximum power 
point (MPP) of the power module. Here, the APO-based 
controller is presented and designed for making a decision 
according to the terminal voltage and current of PV module 
to increase or decrease the “running” number of buffer 
capacitors for harvesting the energy as more as possible. 
Finally, some cases (steady-state/dynamic responses) are 
discussed and simulated via OrCAD Pspice, and the results 
are illustrated to show the efficacy of the proposed scheme.  
                         

Index Terms—maximum power point tracking (MPPT), 
switched-capacitor (SC),   photovoltaic (PV), averaged 
perturb and observe (APO).   

 

I. INTRODUCTION 
n recent years, due to the limitation of gas fuel on 
earth, people must seek for alternative kinds of green 

energy, such as water energy, solar energy,…etc. Among 
them, the solar energy is now widely used because it is a 
clean, maintenance-free, safe, and abundant resource of 
nature. But, there are still some problems: (i) The install 
cost of solar cells is higher. (ii) The conversion efficiency 
of solar cells is lower. (iii) It is not a constant long-term 
energy because the sunlight intensity and temperature level 
of solar cells change anytime [1]. A PV module, possessed 
of several solar cells, has the unique characteristic of 
current versus voltage (I-V) [1]-[4]. Further, plus 
considering the environmental factors (sunlight intensity, 
temperature), it leads to increase the complexity of MPPT.          
To overcome this problem, many MPPT algorithms have 
been presented [1], [2], and one of well-known algorithms 
is perturbation and observation algorithm (P&O algorithm) 
[3]. This P&O algorithm has the advantages of low cost 
and simple circuit. However, the steady-state oscillations 
often appear in P&O methods. Thus, it makes some power 
loss and slower tracking response. 

The SC power converter based on structure of charge 
pump is one of the good solutions to low power and 
step-up/down DC-DC conversion because it has only 
semiconductor switches and capacitors. Unlike traditional 
converters, SC converter needs no magnetic element, so it 
has light weight, small volume and low EMI. Now, various 
SC types have been suggested and the well-known 
topologies are described as follow. In 1976, Dickson charge 
pumping was proposed based on a diode-chain structure via 
pumping capacitors [5]. It provides voltage gain 
proportional to the stage number of pumping capacitor, and 
the detailed dynamic model and efficiency analysis were 
discussed [6]. In 1993, Ioinovici et al. suggested a 
voltage-mode SC with two symmetrical capacitor cells 
working complementarily [7]. In 1997, Zhu and Ioinovici 
performed a comprehensive steady-state analysis of SC [8]. 
In 2009, Tan et al. proposed a low-EMI SC by interleaving 
control [9]. In 2011, Chang proposed an integrated SC 
step-up/down DC-DC/DC-AC converter/inverter [10], [11]. 
Recently, Chang et al. suggested a gain/efficiency 
-improved SC scheme by adapting the stage number [12]. 
In 2012, Peter and Agarwal proposed a reconfigurable SC 
DC–DC converter for MPPT of a PV source [13]. In this 
paper, we try to make an attempt on the development of 
RSCC combined with a modified averaged P&O (APO) 
algorithm for realigning MPPT of the PV module. 

II. CONFIGURATION  
Fig.1 shows the overall configuration of RSCC system. 

In this figure, the system includes three parts: (i) PV 
module, (ii) RSCC circuit, and (iii) APO-based controller. 
Let’s consider these parts as follows. 

A. PV module 
In general, the equivalent models of solar cell have three 

types as in Fig. 2. Fig. 2(a) shows an ideal model just with 
one current source Irated and diode. Fig. 2(b) has an extra 
small resistor to simulate the line loss. Fig. 2(c) has a big 
internal resistor to realize the solar cell’s power loss. In this 
paper, we choose the model of Fig. 2(b) for the simulation 
later. Each solar cell has its own characteristic I-V curve. 
The terminal current Ipv and voltage Vpv change with 
sunlight intensity and temperature level, so does output 
power of PV module, where Ipv and Vpv are the total current 
and voltage of PV module, respectively. In Fig. 3, the dash 
line shows the I-V curves of a solar cell, and the bold line 
represents the P-V curve, where Voc is the open-circuit 
voltage of PV module and Isc is the short-circuit current. Of 
course, if Ipv=Isc or Vpv=Voc, then the output power of PV 
module will be zero. Thus, we can track the maximum 
power point (MPP) of solar cell by regulating the operating 
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Fig. 1. Configuration of RSCC for MPPT. 

voltage of Vpv. 

B. RSCC circuit 
The RSCC circuit as in the upper half of Fig. 1 is 

located between the PV module and the battery load. For 

more detalis, it includes 4 buffer capacitors (C1, C2, C3 and 
C4), one iutput capacitor Ci, one output capacitor Co and 13 
switches (Si, So, S1-S11), where each buffer capacitor has 
the same capacitance C (C1=C2=C3=C4=C). The detailed 
operation of RSCC will be discussed in the section III. 

C. APO-based controller 
The APO-based controller is shown in the lower half of 

Fig. 1, and it contains three parts: (i) averaged P&O (APO) 
algorithm, (ii) non-overlapping circuit, and (iii) switch 
operator. And this kind of APO-based controller can be 
easily made by digital microcontroller unit (MCU). The 
detailed operation of APO-based controller will be 
discussed in the section IV. 

III. OPERATION OF RSCC  
In the RSCC, there are totally 7 modes (mode I, II, III, 

IV, V, VI, VII) operating for the different topologies. These 
topologies can perform the various serial/parallel 
connections of buffer capacitors. Thus, the total input 
capacitance from the view of PV module will be regulated 
flexibly so that the goal of MPPT can be achieved by 
switching these modes. For each mode, there are cyclically 
two phases (Phase I and II) operating in one switching 
cycle Ts (Ts=1/fs, fs is the switching frequency). Here, 
Phase I/II represents that the buffer capacitors are running 

 
(a)                (b)                 (c) 

 
Fig. 2. Equivalent models of solar cell. 

 
 

 
 

Fig. 3. Characteristic of I-V and P-V curves. 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2014 Vol II, 
IMECS 2014, March 12 - 14, 2014, Hong Kong

ISBN: 978-988-19253-3-6 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IMECS 2014



 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 

 
(f) 

 
(g) 

 
Fig. 4. Topologies of RSCC for (a) Mode I: 4C, (b) Mode II: 3C, (c) 
Mode III: 2C, (d) Mode IV: C, (e) Mode V: C/2, (f) Mode VI: C/3, 

and (g) Mode VII: C/4. 

 

in the charging/discharging operation when Si=1/So=1, 
where Si and So are a set of anti-phase signals generated by 
the  non-overlapping circuit. The detailed operations of 
the 7 modes are described as follows. 

(i) Mode I: 4C 
Phase I: (topology as “───” in Fig. 4(a)) 

Si, S1-S8 turn on and So, S9-S11 turn off. C1-C4 are 
charged in parallel by the Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(a)) 
So, S1-S8 turn on and Si, S9-S11 turn off. C1-C4 are 
discharged in parallel to supply output capacitor 
Co and battery load Cbat. 

(ii) Mode II: 3C 
Phase I: (topology as “───” in Fig. 4(b)) 

Si, S1-S6 turn on and So, S7-S11 turn off. C1-C3 are 
charged in parallel by the Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(b)) 
So, S1-S6 turn on and Si, S7-S11 turn off. C1-C3 are 
discharged in parallel to supply output capacitor 
Co and battery load Cbat. 

(iii) Mode III: 2C 
Phase I: (topology as “───” in Fig. 4(c)) 

Si, S1-S4 turn on and So, S5-S11 turn off. C1 and C2 
are charged in parallel by the Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(c)) 
So, S1-S4 turn on and Si, S5-S11 turn off. C1 and C2 
are discharged in parallel to supply output 
capacitor Co and battery load Cbat. 

(iv) Mode IV: C 
Phase I: (topology as “───” in Fig. 4(d)) 
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Fig. 5. Flowchart of the averaged P&O algorithm. 

Si, S1-S2 turn on and So, S3-S11 turn off. C1 is 
charged by the Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(d)) 
So, S1-S2 turn on and Si, S3-S11 turn off. C1 is 
discharged to supply output capacitor Co and 
battery load Cbat. 

(v) Mode V: C/2 
Phase I: (topology as “───” in Fig. 4(e)) 

Si, S1, S4, S9 turn on and So, S2, S3, S5-S8, S10, S11 
turn off. C1 and C2 are charged in series by the 
Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(e)) 
So, S1, S4, S9 turn on and Si, S2, S3, S5-S8, S10, S11 
turn off. C1 and C2 are discharged in series to 
supply output capacitor Co and battery load Cbat. 

(vi) Mode VI: C/3 
Phase I: (topology as “───” in Fig. 4(f)) 

Si, S1, S6, S9, S10 turn on and So, S2-S5, S7, S8, S11 
turn off. C1-C3 are charged in series by the Vpv. 

Phase II: (topology as “- - - -” in Fig. 4(f)) 
So, S1, S6, S9, S10 turn on and Si, S2-S5, S7, S8, S11 
turn off. C1-C3 are discharged in series to supply 
output capacitor Co and battery load Cbat. 

(vii) Mode VII: C/4 
Phase I: (topology as “───” in Fig. 4(g)) 

Si, S1, S8-S11 turn on and So, S2-S7 turn off. C1-C4 
are charged in series by the Vpv. 

Phase I: (topology as “- - - -” in Fig. 4(g)) 
So, S1, S8-S11 turn on and Si, S2-S7 turn off. C1-C4 
are discharged in series to supply output 
capacitor Co and battery load Cbat. 

By changing the operation of the modes, the RSCC has 
the different circuit topologies so as to obtain the various 
equivalent resistance of the SC bank: Req=1/(fs‧mC), m=4, 3, 
2, 1, 1/2 ,1/3, 1/4. With regulating Req properly, we can 
perform the RSCC to track the MPP of PV module. 

IV. OPERATION OF APO BASED CONTROLLER 
Fig. 5 shows the flowchart of the APO algorithm. After 

power on initializations (block 1), input the Ipv and Vpv 
from PV module (block 2), then take the average of five 
point to calculate Vpv1, Vpv2, Ipv1 and Ipv2 (block 3). In block 
4, compute the ΔV and ΔP. Then, according to ΔV and ΔP, 
the rules as below (block 5-11) will be performed for 
making a decision to increase or decrease the “running” 
number of buffer capacitors (denoted as: +C/-C) : 

If ΔP>0 and  >0, then do –C; (–C  Vpv going up) 

If ΔP>0 and  <0, then do +C; (+C  Vpv going 
down) 

If ΔP<0 and  >0, then do +C; (+C  Vpv going 
down) 

If ΔP<0 and  <0, then do –C. (–C  Vpv going up) 

Based on this APO algorithm, the equivalent 
capacitance can be regulated to change the up/down 
direction of the operating voltage Vpv so as to track the 

MPP of the PV module. 

V. SIMULATION OF RSCC FOR MPPT  
In this section, the proposed RSCC is designed and 

simulated by using OrCAD PSpice based on the scheme in 
Fig. 1. Here, a PV module contains 10 solar cells in series, 
and assume that the module has Voc=8.15V (open voltage) 
and Irated=100mA (rated current). In general, the solar 
voltage on MPP is about 70%~82% of Voc, and the solar 
current on MPP is close to about 82~86% of Irated [4]. Here, 
all components are listed as follows: fs=10 kHz, RL=100Ω, 
Ci=500μF, C=5uF, Co=500μF, Vbat=1mF, and the 
simulation cases include: (i) steady-state response, (ii) 
dynamic response to variation of Irated.  

(i) Steady-state response: 

(a) CASE I: Irated=100mA 
Fig. 6(a) shows the steady-state waveforms of 

Vpv-t and Ppv-t. Obviously, the final value of Pvp is 
reaching about 610mW after 58ms. Fig. 6(b) 
shows the curves of Ppv-Vpv and Ipv-Vpv, and it is 
found that the voltage on MPP is Vpv=6.31V 
(about 78% of Voc=8.15V) and MPP search can 
be achieved (MPP: Ppv,max=610mW). 

(b) CASE II: Irated=150mA 

Fig. 7(a) shows the steady-state waveforms of 
Vpv-t and Ppv-t. Obviously, the final value of Pvp is 
reaching about 925mW after 34ms. Fig. 7(b) 
shows the curves of Ppv-Vpv and Ipv-Vpv, and it is 
found that the voltage on MPP is Vpv=6.61V 
(about 81% of Voc=8.15V) and MPP search can 
be achieved (MPP: Ppv,max=925mW). 

(c) CASE III: Irated=200mA 
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Fig. 8. Steady-state response as Irated=200mA: (a) Waveforms of  

Vpv-t, Ppv-t, (b) Waveforms of Ppv-Vpv and Ipv-Vpv. 
 

 
(a)  

 
(b)  

 
Fig. 9. Dynamic response as Irated from 200mA→150mA: (a) 

Waveforms of Vpv-t, Ppv-t, (b) Waveforms of Ppv-Vpv and Ipv-Vpv. 

Fig. 8(a) shows the steady-state waveforms of 
Vpv-t and Ppv-t. Obviously, the final value of Pvp is 
reaching about 1.26W after 25ms. Fig. 8(b) shows 
the curves of Ppv-Vpv and Ipv-Vpv, and it is found 
that the voltage on MPP is Vpv=6.72V (about 82% 
of Voc=8.15V) and MPP search can be achieved 
(MPP: Ppv,max=1.26W). 

Obviously, these results show that the RSCC has a 

pretty good steady-state performance. 

(ii) Dynamic response 
The dynamic response to the variation of Irated 

(sunlight intensity changes suddenly) are discussed as 
follows. 

(a) CASE I: Irated=200mA→150mA 

 
(a)  

 
(b)  

 
Fig. 6. Steady-state response as Irated=100mA: (a) Waveforms of  

Vpv-t, Ppv-t, (b) Waveforms of Ppv-Vpv and Ipv-Vpv. 
 

 
(a)  

 
(b)  

 
Fig. 7. Steady-state response as Irated=150mA: (a) Waveforms of  

Vpv-t, Ppv-t, (b) Waveforms of Ppv-Vpv and Ipv-Vpv. 
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Fig. 9(a) shows the dynamic waveforms of 
Vpv-t and Ppv-t. In the beginning, the value of Ppv 
is operating at MPP1 (1.26W) when Irated is 
200mA, and then Ppv is quickly moving to the 
other MPP2 (925mW) when Irated is dropping to 
150mA at 150ms. When Irated recovers to 200mA, 
the operation of PV module gets back to MPP1 
from MPP2 again. Fig. 9(b) shows the curves of 
Ppv-Vpv, and Ipv-Vpv, and it is found that the 
system is still keeping on the MPP1 or MPP2 at 
about 81%~82% of Voc. 

(b) CASE II: Irated=150mA→100mA 
Fig. 10(a) shows the dynamic waveforms of 

Vpv-t and Ppv-t. In the beginning, the value of Ppv 
is operating at MPP1 (925mW) when Irated is 
150mA, and then Ppv is quickly moving to the 
other MPP2 (610mW) when Irated is dropping to 
100mA at 150ms. When Irated recovers to 150mA, 
the operation of PV module gets back to MPP1 
from MPP2 again. Fig. 10(b) shows the curves of 
Ppv-Vpv, and Ipv-Vpv, and it is found that the 
system is still keeping on the MPP1 or MPP2 at 
about 78%~81% of Voc.  

Obviously, these results show that the APO-based 
RSCC has a pretty good dynamic performance. 

VI. CONCLUSIONS 
An APO-based RSCC is proposed for the MPPT of PV 

module system. The RSCC contains 7 modes to perform 
many different kinds of capacitance: 4C, 3C, 2C, C, C/2, 
C/3, and C/4. By using the APO algorithm, these 7 modes 
can be manipulated to increase or decrease the running 
number of buffer capacitors for the goal of MPPT. At 
present, we have been making the hardware prototype 
circuit of APO-based RSCC. Next, some more 

experimental results will be measured for verification of 
this proposed scheme.  
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Fig. 10. Dynamic response as Irated from 150mA→100mA: (a) 

Waveforms of Vpv-t, Ppv-t, (b) Waveforms of Ppv-Vpv and Ipv-Vpv. 

8V 

0V 
1W 

0W 

1W 

0W 

500ms 

7V 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2014 Vol II, 
IMECS 2014, March 12 - 14, 2014, Hong Kong

ISBN: 978-988-19253-3-6 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

IMECS 2014




