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ABSTRACT 
 
This paper investigates the effect of changing cell temperature and intensity of solar radiation on 
the choice and design of different topologies of DC-DC converter commonly used in PV systems. 
Under fluctuation of climatic conditions, the MPP of PV generator will change. The MPPT must 
adjust the converter duty cycle to track the new MPP. Thus the converter must be chosen to be 
able to match the MPP under different atmospheric conditions. In addition, when the duty cycle 
changes as a result of changed climatic conditions, the boundary of the converter design 
parameters will change. So, these parameters must be chosen to achieve the best performance at 
all. All these aspects are studied in this work and important results are obtained. 
 
يق�دم ه�ذا البح��ث دراس�ة ع��ن ت�أثير تغي��ر الظ�روف المناخي��ة م�ن درج�ات الح��رارة و ش�دة الإش��عاع الشمس�ي عل��ى طريق�ة اختي��ار و 

نقط�ة أقص�ى . (DC-DC converters)تصميم الأن�واع المختلف�ة م�ن المحم�ولات الت�ي يش�يع اس�تخدمها ف�ي ال�نظم الكهروض�وئية 
و بالت�الي يعم�ل الجه�از المس�ئول ع�ن تتب�ع ه�ذه النقط�ة . تتغي�ر بتغي�ر الظ�روف المناخي�ة (MPP)وئىقدرة خ�رج للمول�د الكهروض�

(MPPT)  على ضبط دورة العمل للمحول (Duty cycle)ل�ذلك يج�ب اختي�ار المح�ول بحي�ث يك�ون ق�ادر . لتعقب النقط�ة الجدي�دة
افة إلى ذلك فان تغير دورة العمل للمحول ي�ؤدى إل�ى تغي�ر بالإض. على الوصول إلى النقطة الجديدة مهما تغيرت الظروف المناخية

بحي�ث ي�تم اختي�ار عوام�ل ق�ادرة عل�ى تحقي�ق الأداء الأمث�ل للنظ�ام , لذلك يجب مراعاة ذلك عند التص�ميم . عوامل تصميم المحمول
 . نتائج مفيدة و تم الحصول على, لقد تم تناول جميع هذه الجوانب في هذا البحث. عند الظروف المناخية المختلفة

 
Keywords: MPPT, Maximum power point tracker, DC-DC converter, Optimal design, PV systems. 
 

1. INTRODUCTION 
 
  When a PV module is directly coupled to a load, the 
operating point will be at the intersection of its I–V 
curve and the load line. This point may be any where 
on the I-V curve, and it is seldom to be at the PV 
module MPP, thus it is not producing the maximum 
power. As well as, the MPP changes with the module 
temperature and the solar radiation. This 
mismatching for the maximum power causes further 
over-sizing of the PV array and thus increases the 
overall system cost. To solve this problem, a MPPT 
can be used to maintain the PV module operating 
point at the MPP. Most current designs for MPPT 
consist of three basic components: a switch-mode 
DC-DC converter, a control circuit, and tracking 
algorithm [1]. The heart of the MPPT hardware is a 
switch-mode DC-DC converter. It is widely used in 
DC power supplies and DC motor drives for the 
purpose of converting unregulated DC input into a 
controlled DC output at a desired voltage level [2]. 
MPPT uses the same converter for regulating the 
input voltage at the PV MPP to provide load 
matching for the maximum power transfer [2].  

 
Fig. 1 PV panel connected to a resistive load through 

DC-DC converter 
 

According to Fig. 2, if a load RLA is connected 
directly to a PV module, the operating point will be 
at A. When the load increase to RLC, the operating 
point will move to C. During this range of load 
variation, there is only one point at which the PV 
module provides its MPP. This point is when RL = 
Ropt, (point B). But it's very difficult to select a 
fixed load which matches this value, and even if this 
is done, this point itself changes under changed 
climatic conditions. On the other hand, when a DC-
DC converter is connected between the PV module 
and the load. The operating point in this case 
depends on the impedance seen by the module (Ri), 
which depends on two parameters: RL and D. Thus 



M. A. Farahat, H. M. B. Metwally, and A. A. A. Mehrem, “Optimal Choice and Design of Different …" 
 

Engineering Research Journal, Minoufiya University, Vol. 34, No. 3, July 2011 
 

250 

under different loads, the duty cycle can be adjusted 
to change Ri to match Ropt at any atmospheric 
conditions. The function of the other two parts of the 
MPPT is to achieve this objective. Several methods 
are proposed for maximum power point tracking 
algorithm: (1) Curve-fitting (Takashima et al., 2000; 
Takehara et al., 1997) [3,4], (2) Look-up table 
(Ibrahim et al., 1999) [5], (3) Open-circuit voltage 
photovoltaic generator (Masoum et al., 1998; 
Schoeman et al., 1982) [6,7], (4) Short-circuit 
photovoltaic generator (Alghuwainem et al., 1994; 
Noguchi et al., 2002) [8,9], (5) Differentation (David 
et al., 1968; Bavaro et al., 1988) [10,11], (6) 
Perturbation and observe (‘‘P&O’’) (Kim et al., 
1996; Atrash et al., 2005) [12,13], (7) Conductance 
incremental (‘‘C.I.’’) (Hussein et al., 1995; Hohm et 
al., 2003; Liu et al., 2009) [14-16], (8) The only 
current photovoltaic (Salas et al., 2005) [17,18], (9) 
Forced oscillations (Tse et al., 2001; Cocconi et al., 
1990) [19,20], (10) Artificial intelligence 
(Wilamowski et al., 2001; Miyatake et al., 2002; Abd 
El-Shafy et al., 2003; Patcharaprakiti et al., 2005) 
[21-24]. Where efficiency, advantages, 
disadvantages and  applications of each method are 
studied in comparative approach . However, the right 
choice between different topologies for different 
loads, and the design of these topologies, have not 
been studied widely, although these issues have a 
significant effect on the operation of the PV systems. 
For example, the bad choice of the converter, makes 
the MPPT less useful, as will be seen later. Also the 
bad converter design affects significantly on the 
system efficiency. The aim of this work is to make a 
comparison between design and analysis of different 
topologies of DC-DC converters commonly used in 
PV systems. Also the effect of changing the 
atmospheric conditions on the converter choice and 
design will be studied. As a result of this study, the 
best system configuration can be chosen for a certain 
load, in order to work properly under different 
climatic conditions. 
 
2. MATHEMATICAL MODELING OF PV 
MODULE 
The PV cell is usually represented by the single or 
double exponential model [25]. The single 
exponential circuit model is shown in Fig. 3. This 
model contains five parameters Isc, Io, Rs, Rp and n 
(Eq. 1) [2]. The values of these parameters must be 
determined to reproduce the I-V curve. 
The current-voltage relationship of the PV cell is [2]: 

  
The strategy of modeling a PV module is not 
different from modeling a PV cell. It uses the same 
PV cell model. The parameters are the same, but 
only the voltage must be divided by the number of 
cells. This study uses the single diode model, shown 
in Fig. 3, which provides fairly accurate results. To 

make a better model, the effect of temperature on Isc 
and Io, was included. 
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Fig. 2 Location of operating point of a PV module 

with a variable resistive load 

 
Fig. 3 Equivalent circuit used in the MATLAB 

simulation 
 

3. OPERATION AND DESIGN ANALYSIS OF 
DIFFERENT DC-DC CONVERTERS. 
The DC-DC converter is used in PV systems to 
detect and track the MPP produced by the PV 
module, under different atmospheric conditions and 
connected load. Three basic DC–DC converter 
topologies are used in PV systems: step down (buck), 
step up (boost) and step down and up (buck-boost 
and c'uk) converters [1]. The performance of each 
topology can be described by the following 
parameters: 
(a) Voltage gain (AV), (b) Current gain (Ai), (c) 
Input impedance (Ri), (d) Boundary filter inductance 
(Lb), and (e) Minimum filter capacitance (Cmin). 
The converter may operate in two distinct modes of 
operation, the continuous conduction mode (CCM) 
or the discontinuous conduction mode (DCM). The 
CCM is preferred for high efficiency and good 
utilization of semiconductor switches and passive 
components. The DCM may be used in applications 
with a special control requirements [1]. The 
inductance value (Lb) is the minimum inductance 
value to guarantee that the chopper is working in the 
CCM. The capacitance Cmin is the minimum 
capacitance value required to reduce the ripple 
voltage to a given specified value. The above 
parameters can be calculated using the relationships 
in table 1 [1]. These relations were deduced under 
the assumption that, the converter is lossless and 
always operates in CCM. 
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Fig. 4 DC-DC converter configurations. (a) Buck; 

(b) Boost; (c) Buck-Boost; (d) C'uk 
 

3.1 Effect of Duty Cycle on AV and Ai for 
different Topologies of DC-DC Converter. 
 
Figure 5 shows that, the sensitivity of boost and c'uk 
converter to the change in D is larger than buck. This 
property reduces the converter stability. 
 

Table 1, Performance parameters for converters in 
Fig. 4 
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Fig. 5 Effect of D on AV and Ai for different 

topologies of DC-DC converter (a) Ai  (b) AV  
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Fig. 6 Effect of D on the input impedance for 

different topologies of DC-DC converter for RL = 10 
Ω 
 

3.2 Effect of Duty Cycle on Ri for Different 
Topologies of DC-DC Converter. 
The input impedance of DC-DC converter connected 
to a load RL, is the most important performance 
parameter for the converter. Because the operation of 
the converter as a MPPT depends basically on this 
parameter as discussed before. Fig. 6 shows the 
effect of D on Ri for different converter topologies 
connected to a fixed resistive load RL = 10 Ω. For 
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buck converter Ri  is always larger than RL. Thus Ropt 
must be greater than RL, in order to be matched using 
the converter as RLA in Fig. 2. On the other hand, for 
boost converter, Ri  is always less than RL. Thus Ropt 
should be less than RL as RLC in Fig. 2. For buck-
boost and c'uk converter, when (0 ≤ D < 0.5), Ri > RL 
, to operate as a buck converter, and for (0.5 < D ≤ 
1), Ri < RL, to operate as a boost converter. Thus this 
topology has no restricted zone and the load may 
have any value. 

 
4. EFFECT OF CHANGING ATMOSPHERIC 
CONDITIONS ON THE CONVERTER 
OPERATION AND DESIGN 
When the solar radiation and/or the cell temperature 
changes during the day, the MPP of the PV module 
will change, and thus Ropt, which the MPPT has to 
track. Then the MPPT must adjust D, in order to 
track the new Ropt. The converter boundaries (Cmin 
and Lb) will therefore change. So these parameters 
will be affected by the change in climatic conditions, 
which will effect on the converter performance. This 
effect will be studied in this section for different 
topologies of DC-DC converter when operate as a 
MPPT for a PV module with resistive load. 
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Fig. 7 I-V curves of KC-120-1 PV module (a) At 

different temperatures and 1kW/m2 (b) At different 
irradiance intensity and 25oC: simulation results 

using MATLAB model [8] 
 
 

4.1 The Experimental Module 
The following simulation work is carried out under 
the atmospheric conditions in EGYPT.  Kyocera KC-
120-1 commercial PV module, is chosen as a PV 
generator in MATLAB simulation model. The 
module consists of 36 multi-crystalline silicon solar 
cells in series and provides 120W of nominal 
maximum power [27]. The MATLAB model gives a 
good correspondence between the data points and the 
simulated I-V curves as shown in Fig. 7. The discrete 
points are taken from the datasheet while the 
continuous lines are obtained by simulation. The 
series and parallel resistances are calculated by the 
MATLAB model for the chosen module, such that 
Rs = 4.7mΩ and Rp = 2.9953Ω. The MATLAB 
model searches for the value of n which achieves the 
best agreement between the datasheet points and the 
I-V curve of the module. This value of n is found to 
be 1.05. Fig. 8 shows the meteorological data used 
for this study. These data have been measured for the 
model located on the roof of a building in EGYPT, 
on the 10th day of Augusts 2010. The figure shows 
that the worst radiation during that day was 100 
W/m2 at 15oC while the best radiation was 1000 
W/m2 at 50oC. Using the MATLAB simulation 
model, values of Ropt(min) and Ropt(max) corresponding 
to the best and the worst atmospheric conditions are 
calculated and are shown in Fig. 9. Where Ropt for 
the module can be calculated at a certain conditions 
by:               
               
Thus from Eq. (2) and Fig. 9, the data in table 2 can 
be deduced 
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Fig. 8 Cell temperature and solar radiation values for 

a clear day in Egypt 
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Fig. 9 The optimum impedance at the best and the 

worst atmospheric conditions 
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Table 2,  MPPs data at the best and the worst 
atmospheric conditions 

Conditions Pm (W)   Impp 
(A) 

   Vmpp 
(V) Ropt (Ω) 

Best climatic 
conditions 109.2811 6.855 15.65 Ropt(min) = 

2.28 
Worst climatic 
conditions 9.4237 0.564 16.71 Ropt(max) = 

29.63 
STC (1000W/m2, 
25oC and 1.5 A.M) 120 7.1 16.9 Ropt(STC) = 

2.38 
 

4.2 Operation Analysis 
 
In the following subsections, the capability of 
different MPPT topologies to match the optimum 
impedance under different climatic conditions will 
be investigated. Resistive load is assumed in each 
case. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25

30

35

40

Duty Cycle (D)

R
es

is
ta

nc
e 

(O
hm

s)

Ri for RL = 1.5 Ohms

Ri for RL = 20 Ohms
Ropt(max)

Ropt(min) & Ropt(STC) 

RL = 20 Ohms

RL = 1.5 Ohms

A

B

C

 
Fig. 10 Operation of MPPT based on buck converter 

 
4.2.1. Buck Converter Operation Analysis 

The effect of changing the optimum impedance due 
to change in atmospheric conditions, on MPPT 
operation based on buck converter with different 
resistive loads is shown in Fig. 10. The figure shows 
that, when RL=1.5 Ω <  Ropt(min), the converter is 
capable of matching the MPP under different 
atmospheric conditions. But when Ropt(min) < RL=20 Ω 
< Ropt(max), the matching can be achieved as long as  
Ropt ≥ RL = 20 Ω, otherwise the converter fails to 
track the MPP. For RL>Ropt(max), the converter can't 
track the MPP at all. So to get the optimum MPPT 
operation based on buck converter under different 
climatic conditions along the period, the load 
impedance should be close to but less than Ropt(min) 
for the PV module. The conditions can be made 
more practical through the assumption that, Ropt(min) 
of PV module is approximately equal to the optimum 
impedance at STC (Ropt(STC)), which can easily be 
calculated from the provided manufacture's data. 
4.2.2. Boost Converter Operation Analysis 
Fig. 11 shows the effect of changing the optimum 
impedance due to change in climatic conditions, on 
the MPPT operation based on boost converter with 
different resistive loads. The figure shows that, when 

RL = 35 Ω > Ropt(max), the converter is capable of 
tracking the MPP at all. But when RL = 20 Ω, Ropt(min) 
< RL < Ropt(max), the matching is available as long as 
Ropt ≥ RL. If RL<Ropt(min), the converter can't track the 
MPP at all. Briefly speaking, in order to ensure the 
best performance of the MPPT based on boost 
converter under different climatic conditions, the 
load impedance must be close to but larger than 
Ropt(max) for the PV module. 
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Fig. 11 Operation of MPPT based on boost converter 

 
4.2.3. C'uk and Buck-Boost Converter Operation 

Analysis 

The operation of c'uk and buck-boost converters is 
the same, as displayed in Fig. 12. Three different 
resistive loads are chosen in this study to cover all 
possible cases. For RL =35 Ω > Ropt(max), the matching 
occurs at points C and D. In this case the converter 
operates as a boost converter at all. The second load 
is RL = 1.5 Ω, RL < Ropt(mim), the matching occurs at 
points E and F, and the converter operates as a buck 
converter. The last load is RL = 20 Ω, Ropt(min) < RL < 
Ropt(mim). At best conditions the matching occurs at 
point B, and the converter operates as a boost 
converter. At worst conditions the matching occurs 
at point A, and the converter operates as a buck 
converter. Thus the converter is capable of tracking 
the MPP under different conditions along the period. 
Thus, the imposed restrictions for the two previous 
converter topologies do not affect the c'uk converter. 
Therefore there is no mismatching zone in this 
topology. In this section we demonstrate that only 
the c'uk converter is able to follow the photovoltaic 
panel maximum power point at all times, regardless 
of cell temperature, solar global irradiation and 
connected load. 
4.3. Design Analysis  
When the atmospheric conditions change during the 
day, the MPP will change. Thus the MPPT must 
adjust D, in order to track the new MPP. Thus Cmin 
and Lb will also change, and may become greater 
than the chosen converter design parameters. 
Therefore, the converter may work in the DCM with 
large ripple in the output voltage which reduce the 
converter efficiency and lead to non-optimal 
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utilization of semiconductor switches and passive 
components [1]. In order to avoid this problem, the 
behavior of these boundaries under the influence of 
changing climatic conditions must be studied 
carefully. In order to reach the best choice for the 
design parameters and achieve the optimal converter 
performance regardless of cell temperature and solar 
radiation. Using the relationships given in table 1 and 
assuming: 
1. A typical frequency of 100 kHz. 
2. Suitable load resistance for each converter. 
3. A percentage ripple of 1% in the output voltage. 
The effect of change of D, as a result of changed 
atmospheric conditions, on the design of different 
topologies of DC-DC converter, will be studied.  
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Fig. 12 Operation of MPPT based on c'uk or buck-

boost converter. 
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Fig. 13 Effect of duty cycle on buck converter 

design, (Note: Lb is multiplied by 10) 
 

4.3.1. Buck Converter Analysis 
A suitable load for buck converter is chosen to be 1.5 
Ω, as shown in Fig. 13-a. Fig. 13-b shows the effect 
of change in D on Lb and Cmin, where Cmin is drawn 
with different values of filter inductance (L), the 
inductance starts at Lb and increases in steps of 1 μH. 
When L = Lb, Cmin is independent of D, But 

increasing L over Lb, gives a significant reduction in 
Cmin. Thus it's preferable to choose the filter 
inductance slightly greater than Lb. The input 
impedance matches Ropt(max) and Ropt(min) at points A 
and B in Fig. 13-a. And the duty cycle changes from 
0.22 to 0.81, and in turns Lb decreases from 5.84 μH 
(Lb_max) to 1.43 μH (Lb_min). If the operating point was 
at point C, the duty cycle is 0.5, and Lb = 3.7 μH, if 
the filter inductance (L) is chosen to be equal to Lb (L 
= Lb), then if D is decreased to 0.4 (as a result of 
changing atmospheric conditions), the boundary 
inductance will increase to 4.5 μH to be larger than 
L. At this condition the converter will operate in 
DCM. Thus L must be larger than Lb_max, which 
always occurs at the worst atmospheric conditions 
for all loads smaller than Ropt(max), to give a 
continuous operation in CCM regardless of the 
atmospheric conditions. For the filter capacitance 
design (C), if L is chosen to give the lower line for 
Cmin in Fig. 13-b, when the operating point moves 
from A to B, Cmin will decrease from 89.5 μF to 37.1 
μF. If point C was the operating point, Cmin = 71.22 
μF. If the filter capacitance is chosen to equal Cmin, 
then if D is decreased to 0.4, Cmin will increase to 
78.8 μF to be larger than C. At this conditions the 
ripple in output voltage will be larger than the 
required limit. Thus in order to avoid this difficulty, 
the filter capacitance must be larger than the 
maximum value for Cmin (Cmin(max)), which always 
occurs at the worst atmospheric conditions for all 
loads smaller than Ropt(max). 
 
4.3.2. Boost Converter Analysis 
A suitable load is chosen for this study to be 35 Ω as 
shown in Fig. 14-a. The effect of changing D on Cmin 
and Lb is shown in Fig. 14-b, which indicates that, as 
D is increased, Cmin will increase linearly, but Lb will 
change in a hill curve, the top of the hill is Lb-peak. 
When the atmospheric conditions change from the 
worst to the best value, the operating point moves 
from A to B respectively. During this period D 
changes from 0.08 to 0.74. In turns Cmin and Lb will 
change such that, Cmin increases linearly from 2.297 
μF to 21.25 μF, and Lb changes from 11.9 to 8.55 
μH. The filter capacitance must be greater than 
Cmin(max), which always at the best conditions for all 
loads greater than Ropt(min). For filter inductance 
design, it should be larger than Lb_max, which may be 
any location during the period. The location of Lb_max 
depends on the operating period, which depends on 
the load value, atmospheric conditions and 
characteristics of PV module. For our conditions 
Lb_max = Lb-peak = 25.93 μH and occurs at D = 0.333. 
Briefly speaking, If the crest of Lb curve, lies in the 
operating period, then Lb_max = Lb-peak, and can be 
calculated at RL = 35 Ω and f  = 100 kHz, by:   
               
To calculate the duty cycle at the crest of the curve 
(Dm), 

♦  Lb (μH)     ●      Cmin (μF) 
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By solving Eq. (4), two values of Dm are obtained 1,  
 . Thus Lb-peak occurs at Dm = , and it's value 

can be calculated from Eq. (3), Lb-peak = 25.9 μH, 
which is the same value taken from the curve. Note 
that the value of Dm is constant and independent on 
any other parameters, thus the crest of the curve 
always occurs at Dm = 0.333. But if D = 0.333 is not 
in the operating range, then the previous analysis 
must be used to calculate Lb_max. As an example for 
this case, if the operating period is between points C 
and B in Fig. 14. 
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Fig. 14 Effect of duty cycle on boost converter 
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Fig. 15 Effect of duty cycle on buck-boost converter 

design 
4.3.3. Buck-Boost Converter 

As the buck-boost converter haven't any restriction 
for the load value. Thus Ropt(min) < RL=20Ω < Ropt(max), 

is used in this study as shown in Fig. 15-a. When the 
atmospheric conditions were changed from the worst 
to the best conditions, the operating point moves 
from A to B as shown in Fig. 15-a. And D changes 
from 0.45 to 0.744. Also Lb and Cmin will change. 
Cmin increases linearly from 22.36 μF to 37.9 μF. 
Unlike Lb, which has the same behavior as the boost 
converter. For continuous operation in CCM, L must 
be larger than Lb_max, which is always at worst 
conditions for all loads. And to limit the ripple in 
output voltage at a certain value, Cmin must be larger 
than Cmin(max), which is always at the best conditions 
for all loads. 

 
4.3.4. C'uk Converter 

The load conditions of c'uk converter are exactly the 
same as that of buck-boost converter, as shown in 
Fig. 16-a. This type of converter contains four design 
parameters, and this is the main disadvantage of it. 
These parameters are L1, C1, L2 and C. For 
permanent operation in CCM, L1 and L2 must be 
greater than L1b and L2b respectively. And for a 
limited ripple value in output voltage, C must be 
greater than Cmin. Also to limit the ripple in the 
voltage across capacitor C1, the capacitance C1 must 
be lager than C1-min. Fig. 16-b shows the effect of D 
on all these parameters. Where Cmin, L1b and L2b 
decrease as D is increased. Unlike C1-min, which 
increases as D is increased. For c'uk converter, Cmin 
and L2b are similar to that for buck converter. 
Therefore they have the same behavior, as indicated 
in Fig. 16-b, where L2 is increased from L2b in step of 
1 μH. In order to get the best performance from the 
converter under various atmospheric conditions, The 
parameters (L1, L2 and C) must be greater than their 
values at the worst atmospheric conditions. But C1 
must be greater than its value at the best atmospheric 
conditions. 
 
Figure 17 shows another example for this study, at 
which all conditions are kept constant for all types of 
converters, except the duty cycle which changes as a 
result of changed climatic conditions. The same load 
is chosen here for all types, such that Ropt(min) < RL = 
20 Ω < Ropt(max). This example is useful for making a 
comparison between the boundaries of design 
parameters for different topologies. Also it's an 
example for using a non optimal chosen load with 
buck and boost converter. As the climatic conditions 
changed, The operating region for each type is 
indicated in Fig. 17 by the double arrow line. The 
results from the previous discussion for different 
types of converters are summarized in table 3, which 
contains the location of Lb_max and Cmin(max), that we 
are looking for. These results are general for all types 
of modules and loads  under the given conditions. 
The results of the comparison between Lb and Cmin 
for all types of DC-DC converters at the same 
conditions, are displayed in table 4. The results were 

♦  Lb (μH)            ●  Cmin (μF) 

♦  Lb (μH)             ●  Cmin (μF) 
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taken from Fig. 17 at D = 0.4 and 0.6. The table 
indicates that the c'uk converter has the largest 
values of boundary inductance, and is followed by 
the buck converter, and then the buck-boost and 
finally boost converter has the smallest values. On 
the other hand, the buck-boost and the boost 
converter have the largest Cmin, and then the buck 
and c'uk. 
 
Table 3, Location of Lb_max and Cmin(max), for different 

topologies of converters 
Converter  Lb max Cmin(max) 
Buck (for all loads smaller 
than Ropt(max)) 

   Worst      Worst  

Boost (for all loads larger 
than Ropt(min)) 

Unknown   Best  

Buck-Boost (for all values 
of  loads)   Worst    Best  

C'uk (for all values of 
loads) 

  Worst 
conditions     Worst  

 
Table 4, Comparison between the boundaries for all 

types of converters at RL = 20 Ω 
 Buck Boost Buck-Boost C'uk 

D = 
0.4 

Lb = 59.8 
μH 

 
Cmin = 12.29 

μF 

  Lb = 14.38 
μH 

 
  Cmin = 20.1 

μF 

  Lb = 35.76 
μH 

 
  Cmin = 20.1 

μF 

   L1b = 148.7 
μH 

 L2b = 59.8 
μH 

   Cmin = 
12.29 μF 

D = 
0.6 

Lb = 39.7 
μH 

 
Cmin = 12.19 

μF 

  Lb = 9.503 
μH 

 
  Cmin = 

30.15 μF 

  Lb = 15.76 
μH 

 
  Cmin = 

30.15 μF 

   L1b = 65.83 
μH 

 L2b = 39.7 
μH 

   Cmin = 
12.19 μF 

 
 

5. CONCLUSIONS 

This paper studies the effect of changing cell 
temperature and solar radiation in Egypt, on the 
choice of a suitable DC-DC converter to operate as a 
MPPT in PV systems. In this work we concluded 
that, for achieving the optimal operation for different 
converter topologies, regardless of changing 
atmospheric conditions, the buck converter should be 
used with a load impedance close to but less than Ropt 
at the best conditions. But the boost converter must 
be used with a load impedance close to but larger 
than Ropt at worst conditions. Only the buck-boost 

and the c'uk converter are capable of achieving the 
optimal operation  regardless of the load value. On 
the other hand the c'uk converter has the highest 
values of reactive components, which is the main 
drawback for this type. In addition, this paper 
investigates the effect of changing climatic 
conditions on the design of each type of converter. 
How to achieve the optimal design regardless of 
these conditions is also studied. For a permanent  
operation in CCM the filter inductance for all 
topologies must be greater than the maximum value 
of Lb, which occurs at the worst climatic conditions 
for all topologies except the boost converter which 
may occurs at any location during the period. Also in 
order to limit the ripple in the output voltage below a 
certain value, the filter capacitance must be larger 
than the maximum value of Cmin,. This value of Cmin 
occurs at worst conditions for buck and c'uk 
converter, and occurs at best conditions for boost and 
buck-boost converter. 
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Fig. 16 Effect duty cycle on c'uk converter design. 
(note: L1b is multiplied by 10, and L2b & C1-min 

are multiplied by 100) 
 
 
 

►L1b (mH)    ♦   L2b (mH)      ● Cmin (μF)      ■ C1-min (mF) 
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APPENDIX 

A. List of symbols 
 
Is Input current to converter, A  
Vs Input voltage to converter, V  
Io Output current from converter, A  
Vo Output voltage from converter, V  
D Converter duty cycle  
Lb Boundary converter filter inductance, H  
Ropt Load impedance at MPP, Ω  
RL Load impedance, Ω  
L1, L2, 
C1 

C'uk converter parameters  

n Diode ideality factor  
Rs Series resistance, Ω  
Impp Output current of solar cell at maximum 

power point, A 
 

I Output current of solar cell, A  
Isc Short-circuit current, A  
Io Reverse saturation current, A  
Rp Parallel resistance, Ω  
A.M Air mass  
Ropt(min) Ropt at best climatic conditions  
MPP Maximum power point  
Ri Input impedance to converter, Ω  
AV Converter voltage gain 
Ai Converter current gain 
L Converter filter inductance, H 
C Converter filter capacitance, F 
Cmin Minimum converter filter capacitance, 

F 
ton Switch on time, sec 
MPPT Maximum power point tracker 
Vr Peak-to-peak output ripple voltage, V 
V Output voltage of solar cell, V 
f Switching frequency, Hz 
Vmpp Output voltage of solar cell at 

maximum power point, V 
Pm Maximum power, W 
T Cell temperature, K 
k Boltzmann’s constant, 1.381×10-23  J/K 
q Electron charge, 1.602×10-19 C 
STC Standard test conditions. 
Ropt(max) Ropt at worst climatic conditions 
Ropt(stc) Ropt at STC. 
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