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Abstract— solar cell is a prominent way of using the solar energy. But sole solar cell implementation cannot meet the 
increasing demand of electrical power. There are various techniques for implementation along with solar cell and these vary 
on various factors like cost, simplicity, efficiency etc. This paper present the detail comparison study of various topologies 
used in maximum power point tracking (MPPT) system which include different types of dc to dc converter such as buck, boost, 
buck-boost etc. which can be operated with the use of maximum power point algorithm like perturb and observe, incremental 
conductance method is done which will play an important role in the deciding factors for the effective utilization. 
 
Index Terms— Solar Module, DC to DC Converter, Maximum Power Point Technique, Perturb and Observe Algorithm. 
 
I. INTRODUCTION 
 
In today’s world as the energy is the main problem 
where the optimum use of non-conventional energy 
resources plays an important role. Since wind, tidal, 
geothermal and sun are the prominent types of the 
non-conventional energy resources, out of these types 
sun is an inexhaustible source of energy. The efficient 
use of solar energy from sun can solve the maximum 
part of today’s energy crisis. The sun has a huge 
amount of energy from the millions of years and can 
last for again millions of years. The countries like 
India which comes to equator where almost every day 
we have ample amount of solar energy throughout a 
day.   The sun is burning for more than 4 billion years. 
The sun releases 95% of its energy in the form of light, 
some of which can not been seen by necked eyes. This 
sun light is an most important for the plants on earth 
for the photosynthesis. The sun is directly and 
indirectly responsible for all forms of energy on earth. 
The sun light has about 1 Kw/m2 of peak intensity on 
earth. However, on the earth each and every area 
doesn’t get the same amount of sun light intensity 
throughout the year. In the 300 north and 300 south 
latitude we found most intensely bathed area. In which 
India is situated north of the equator between 80 6’ and 
370 6’ north latitude and 680 7’ and 970 25’ east 
longitude. There are also seasonal changes in the solar 
intensity throughout the year because of the rotation of 
earth around sun. Thus almost 20% of less solar energy 
we get in winter as compared to summer. India is 
planning for 285 Giga watts installed capacity by the 
year 2020. To achieve this target of electrical power 
cannot be possible without use of efficient use of solar 
energy.  However, to do so solar cell plays an important 
role, solar cell is nothing but the semiconductor device 
which converter the solar radiations into electricity. 
This is known an photovoltaic (PV) effect.   

II. SOLAR CELL 
 
Solar cells are also known as photovoltaic, used to 
convert solar energy directly into electricity. The 
modern form of solar cell was invented in 1954 at bell 
telephone laboratories. Now days these PV cells is one 
of the fast growing technologies. The main advantage 
of solar cell is that it is in modular size means they are 
within a reach of each individual. A PV system 
consists of PV cells that are grouped together to form a 
PV module, and the auxiliary components (i.e. balance 
of system - BOS), including the inverter, controls, etc. 
There are a wide range of PV cell technologies on the 
market today, using different types of materials, and 
an even larger number will be available in the future. 
PV cell technologies are usually classified into three 
generations, depending on the basic material used and 
the level of commercial maturity: The photovoltaic 
effect first observed by the French scientist in the year 
1839. In 1870 the first photovoltaic effect was 
observed on solid such as solenoid which was 
providing 1-2% then research have done and the 
silicon material has been introduced which is 
providing near about 25%. Since the photo voltaic 
system is an immense way to extract the electricity 
from the energy almighty SUN along with that it is 
advantageous in so many aspects like. 
1. It is a clean way to extract the energy. 
2. There are less losses in the process since there is 

no any moving part in it. 
3. Doesn’t require any kind of fuel consumption. 
4. Comparatively long life near about 20-25 years. 
5. No noise. 
6. Doesn’t call for the frequent maintenance. 

Silicon material is extensively used for the 
photovoltaic cells because it is comparatively cheap 
and available in the ample amount. To understand the 
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basic working of the PV cell we shall first discuss the 
atomic structure of the silicon material. In silicon 
material there are 4 valence electrons are present 
which is balance once and ready to combine with 
another material to form the co-Valente bond. If the 
same type of semiconductor material is attached to 
each other then there will be stability form between 
them and hence this stability doesn’t allow the flow of 
current. Hence there is need to make it imbalance with 
the different impurities. Therefore two kind of 
impurity allowed in the silicon material i.e trivalent 
(Boron) and pentavalent impurity (Phosphorus). Since 
in the last shell of boron contain 3 electrons and in 
phosphorus contain 5 electrons in tis outer most shell. 
Because of which there is perfectly acceptor and donor 
relation can form between these materials. The silicon 
material with trivalent i PV array consist of PV module 
and PV module made of several PV cells. Let’s have 
light on each of these elements one by one. In the PV 
technology there are two kind of ways one is crystalline 
silicon pv cell and another is thin film pv cell. Since 
there are significant developments in the PV cell 
manufacturing technology since past years. Solar cells 
are P-N junction diodes which are made up of 
semiconductor materials like silicon. However 
semiconductor material with abrupt amount of 
tri-valent and penta-valent impurities helps in the 
manufacturing of P-N junction diode along with 
barriers of odd potential levels. As the sun ray’s falls 
on the P-N junction diode electricity get produced. 
Hence these above analysis can be replicated in 
software i.e matlab through one diode modelling and 
two diode modelling methods. 
 
III. SOLAR CELL MODELLING 
 
The characteristics of solar cell “current versus 
voltage” under the environmental conditions 
(irradiation and temperature) is depicted with the help 
of equivalent circuit of one diode model or equivalent 
circuit of two diode model which contains the current 
source , one or two diodes, shunt resistors, a series 
resistor in load branch. 
 

 
Fig: 1 equivalent circuit of PV cell representing one diode model 

 
Fig: 2 two diode model of solar cell 

 
Fig 1 shows the equivalent circuit of one diode model 
whereas fig 2 shows equivalent circuit if two diode 
model. From these two figure we can say that there are 
four unknown parameters of one diode model i.e isc, 
id, rsh, rs and in two diode model we have six 
unknown parameters i.e isc, is1, is2, rsh, rs. 
 

 
 

 
Fig. 3 Modelling of solar cell and PV IV characteristics 
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Fig. 4 PV and IV characteristics of PV cell 

 
The above fig shows i-v and power output 
charcacteristics of dolar panel. If there is no load 
connected across the solar panel then the volatge 
across the terminal of solar panel wiil be voc i.e. Open 
circuit volatge which is depend upon the number of 
solar cell connected in series and parallel but the 
current will be zero since open circuit voltage therefore 
ultimate power will be zero. On the other hand if the 
terminal of solar panel shorted then short circuit 
current isc flow but the terminal voltage becoes zero. In 
both these cases the power drawn from the solar panel 
is zero. Therefore solar panel must be operated in 
between thesee two condition so that the maximum 
power can be drwan from them. The maximum  Power 
point (mpp) is a spot near the knee of the i-v curve, and 
the voltage and current at the mpp are designated as vm 
and im. As the load changes the mpp will also change 
anolng with i-v curve which depend upon irradiation, 
tempretute, shading etc. Hence it is very much 
important to draw maximum power at allthe possible 
time of the solar panel life span since its initial cost is 
high and this can be done with the help of impedance 
matching by using different types of dc to dc converter. 
These are also reffered as smart converter or tracking 
converter. 
 
IV. MAXIMUM POWER POINT TECHNIQUE 
 
The problem in mppt technique is to automatically find 
out the maximum point of volatge  and current so that 
the solar panel will operate at maximum power. This 
can be done in two ways i.e either in indirect technique 
or in direct technique. Indirect technique includes the 
measuement of external parameters such as 
irradiation, module tempreture, electrical parameters 
such as open circuit voltage, short circuit current etc. 
Direct technique based on sensing the pv current and 
volatge and using that information in an appropriate 

algorithm. There is no requirement of prior pv source 
characteristics in direct technique. The commanly 
used direct techniques are perturb and observ (p&o), 
increamental conductance, diffrerntial based 
techniques, feedback based voltage techniques, fuzzy 
logic based tehnique and neutral based technique. In 
this paper we will concertrate on only p&o technique 
  
A. Perturb and Observe Method. 
Because of the simple structure and reliability of the 
Perturb and observation method is widely used in the 
MPPT algorithm. They use to perturbing, increment 
and decrement the array terminal voltage and current 
periodically and it gets compared with previous 
perturbation cycle. In this if the power increases then 
perturbation will follow the same direction in the next 
cycle, if not then the direction will be reversed. 
 

 
Fig. 5 Perturb and Observe method 

 

 
Fig. 6 P & O Algorithm 

 
B. Incremental Conductance Methods 
Incremental conductance method is used to overcome 
the disadvantage of P & O method to track the peak 
power under fast varying condition. The IC method 
stops perturbing the operating point when the MPPT 
reach the MPP. If this condition is not met, the 
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direction in which the MPPT operating point must be 
perturbed can be calculated using the relationship 
between dI/dV and –I/V. This relationship is derived 
from the fact that dP/dV is negative when the MPPT is 
to the right of the MPP and positive when it is to the 
left of the MPP. This algorithm has advantage over P 
& O is that it can determine when the MPPT has 
reached the MPP, where P & O oscillates around the 
MPP. 
 
V. DIFFERENT CONVERTER MPPT 
TOPOLOGY 
 
Maximum power point converter is nothing but the dc 
to dc converter which helps for getting maximum 
output from the solar cell irrespective of the solar 
irradiation and temperature condition using the 
appropriate algorithm. There are various types of 
converter such as buck converter boost converter and 
buck-boost converter. This converter is inserted 
between the solar cell and its load. Since there are 
various types of dc to dc converter hence it is quite 
difficult to understand which converter is suitable. 
Hence there should be an appropriate method which 
going to deal with these issues. The dc to dc converters 
are mostly work near about 100% efficiency and many 
designers have succeeded to get near about this 
efficiency. 
 
A. CUK Converter 
 

 
Fig.7 Cuk Converter 

 
Many years ago Dr. Cuk has invented the integrated 
magnetic circuit called DC transformer, where the 
fluxes created by inductor L1 winding which is 
connected to the input side is equal and opposite to the 
fluxes created by the inductor L2 winding as shown in 
fig 10. Hence DC fluxes are opposite to each other and 
thus results in mutual cancellation of the DC fluxes. 
Cuk converter is having more advantages over the 
buck-boot converter. The main advantages of cuk 
converter are that it provides the capacitive isolation 
between the input and output in the circuit which was 
not there in the case of buck-boost converter. 
The operation of the cuk converter is dividing into two 
modes. 

Mode1. When switch is off (open) the stored energy in 
the inductor L1 is connected to the load through the 
capacitor C1. Capacitor C1 plays a very important role 
in transferring the energy from inductor L1 to load.  
Mode2. When switch S is turned ON (closed) then 
current through inductor L1 is rises at the same time 
capacitor C1 reverse biased diode D hence make it off 
therefore now capacitor C1 discharges through 
capacitor C2, inductor L2, and through load resistor R. 
 
B. FLY-BACK Converter 

 
Fig. 8 Fly-back Converter 

 
Fig 8 shows the basic circuit of fly-back converter 
which is derived from boost converter. The basic 
operation of fly-back converter is dividing into two 
modes. 
Mode1:  when switch S is closed (ON) the primary 
winding (dot) get connected across the input supply 
due to which current in the primary winding starts 
increasing linearly. Due to which primary fluxes starts 
developing. On the other hand diode is connected to 
the secondary winding (un-dotted) of the transformer 
hence it gets reverse biased which tends to block the 
current flowing in the secondary winding. 
Mode2: when switch S is open (off) after being closed 
for some time then due to the nature of the inductor it 
reverses its polarity at the same time primary current 
which were flowing through the primary winding 
interrupted because of which the diode D which was in 
the reverse biased earlier becomes forward biased and 
starts conducting. 
 
VI. SIMULINK 
 
A. FLY-BACK Converter 
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Fig. 9 Fly-back converter with i/p & o/p voltage 

 
B. CUK Converter 
 

 
 

 
Fig. 10 Cuk converter with i/p & o/p Voltage 

 

COMPARISON 
 

Table I Comparison of different dc to dc converter 

 
 
CONCLUSION 
 
In this paper the different types of dc to dc converter i.e 
buck, boost, and buck-boost, cuk and fly-back 
converter are simulated in matlab along with their 
brief comparison table 
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