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Abstract — This paper concludes the study of various design 

methodology related with solar cell and their efficiency 

improvement under different operating condition. As solar cell 

efficiency is a function of short circuit current density (Isc), 

open circuit voltage (Voc), fill factor (FF), and maximum 

power output (Pmax). Overall solar cell efficiency is the product 

of absorption efficiency, dissociation efficiency, transport 

(charge) efficiency and Collection efficiency (ηeff =ηabs ×ηdiss 

×ηtans ×ηcol). Overall efficiency is the function of no. of 

junctions of different material such that more of the light can 

be absorbed to increase the absorption efficiency hence 

conversion efficiency. Many inorganic hetro-junction design 

such as intermediate band solar cell (IBSC) design[33], 

InGaP/Ge(3J)[29], GaInP/GaAs/Ge[10] 

AlGaAs/GaAs/Ge:Ge[28],  InGaP/GaAs/InGaAs/Ge (4J) or 

nitride cascade quantum well design as 

(InGaP/GaAs/MQW/Ge[11] etc were presented. This paper 

presents the comparative analysis of proposed designs 

methodologies concerning with different design issue with 

process involved and output results. Among these maximum 

theoretical estimated efficiency of 50 % was claimed by IBSC 

design using highly periodically silicon nanodisc array using 

3D FEM and MQW(Multi-Quantum-Well) technique in 

AM1.5(500 sum) but only 42% in 1 sun condition[33]. 

Although on system design modification lateral optical system 

integrated with cell design i.e designed for portable application 

operates on 50% efficiency and splitting solar cell assemblies 

shows photoelectric conversion efficiency of 38% under 2.8 

SUN radiation condition[1]. 

Keywords: Photovoltaic (PV), Short circuit current 

(Isc), Open circuit voltage (Voc), Short circuit 

current density (Jsc),  Fill factor (FF), Efficiency (η)  

I. INTRODUCTION 

A solar cell, or photovoltaic cell, is an electrical device 

that converts the energy of light directly into electricity by 

the photovoltaic effect, which is 

a physical and chemical phenomenon. It is a form of 

photoelectric cell, defined as a device whose electrical 

characteristics, such as current, voltage, or resistance, vary 

when exposed to light. Solar cells are the building blocks 

of photovoltaic modules, otherwise known as solar panels. 

Solar cells are described as being photovoltaic irrespective 

of whether the source is sunlight or an artificial light. 

They are used as a photo detector (for example infrared 

detectors), detecting light or other electromagnetic 

radiation near the visible range, or measuring light 

intensity.The operation of a photovoltaic (PV) cell 

requires 3 basic attributes: 

 The absorption of light, generating either electron-

hole pairs or excitants. 

 The separation of charge carriers of opposite types. 

 The separate extraction of those carriers to an 

external circuit. In contrast, a solar thermal 

collector supplies heat by absorbing sunlight, for the 

purpose of either direct heating or indirect electrical 

power generation from heat. A "photo electrolytic 

cell" (photo electrochemical), on the other hand, 

refers either to a type of photovoltaic cell (like that 

developed by Edmond Becquerel and modern dye-

sensitized solar cells), or to a device that splits water 

directly into hydrogen and oxygen using only solar 

illumination.  

 
 

Fig.1.1  A Conventional Crystalline Silicon Solar Cell. 

Electrical Contacts Made From Bus bars (The Larger 

Strips) and Fingers (The Smaller Ones) are Printed On The 

Silicon Wafer 
Development of clean energy resources as an alternative 

to fossil fuels has become one of the most important tasks 

assigned to modern science and technology in the 21st 

century. As was well recognized after the Kyoto Protocol, 

the reason for this strong motivation is to stop air 

pollution resulting from the mass consumption of fossil 

fuels and to maintain the ecological cycles of the bio-

systems on the earth. The influences of the industrial 

developments of the energy revolutions since 

James Watt built the steam engine in the 18th century are 

examined and discussed. The evolution of the main 

energy resources from coal (solid), oil (liquid) and LNG, 

LPG (gas) are closely related not only to the economy of 

mass production, storage, and transportation but also to 

environmental issues. 

A. THEORY 

http://en.wikipedia.org/wiki/File:Solar_cell.png
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Fig.1.2 Working mechanism of a solar cell 

 

The solar cell works in several steps: 

 Photons in sunlight hit the solar panel and are 

absorbed by semiconducting materials, such 

as silicon. 

 Electrons are excited from their current 

molecular/atomic orbital. Once excited an electron 

can either dissipate the energy as heat and return to its 

orbital or travel through the cell until it reaches an 

electrode. Current flows through the material to 

cancel the potential and this electricity is captured. 

The chemical bonds of the material are vital for this 

process to work, and usually silicon is used in two 

layers, one layer being bonded with boron, the 

other phosphorus. These layers have different 

chemical electric charges and subsequently both drive 

and direct the current of electrons.  

 An array of solar cells converts solar energy into a 

usable amount of direct current (DC) electricity. 

 An inverter can convert the power to alternating 

current (AC). 

 The most commonly known solar cell is configured 

as a large-area p-n junction made from silicon. 

 

B. CELLS, MODULES, PANELS AND SYSTEMS 

Multiple solar cells in an integrated group, all oriented in 

one plane, constitute a solar photovoltaic panel or solar 

photovoltaic module. Photovoltaic modules often have a 

sheet of glass on the sun-facing side, allowing light to 

pass while protecting the semiconductor wafers. Solar 

cells are usually connected in series in modules, creating 

an additive voltage. Connecting cells in parallel yields a 

higher current; however, problems such as shadow effects 

can shut down the weaker (less illuminated) parallel 

string (a number of series connected cells) causing 

substantial power loss and possible damage because of 

the reverse bias applied to the shadowed cells by their 

illuminated partners. Strings of series cells are usually 

handled independently and not connected in parallel, 

though (as of 2014) individual power boxes are often 

supplied for each module, and are connected in parallel. 

Although modules can be interconnected to create an 

array with the desired peak DC voltage and loading 

current capacity, using independent MPPTs (maximum 

power point trackers) is preferable. Otherwise, 

shunt diodes can reduce shadowing power loss in arrays 

with series/parallel connected cells. 

C. MATERIALS 

Solar cells are typically named after the semiconducting 

material they are made of. These materials must have 

certain characteristics in order to absorb sunlight. Some 

cells are designed to handle sunlight that reaches the 

Earth's surface, while others are optimized for use in 

space. Solar cells can be made of only one single layer of 

light-absorbing material (single-junction) or use multiple 

physical configurations (multi-junctions) to take 

advantage of various absorption and charge separation 

mechanisms. 

i) Crystalline silicon 

By far, the most prevalent bulk material for solar cells 

is crystalline silicon (c-Si), also known as "solar grade 

silicon". Bulk silicon is separated into multiple categories 

according to crystallinity and crystal size in the 

resulting ingot, ribbon or wafer. These cells are entirely 

based around the concept of a p-n junction. Solar cells 

made of c-Si are made from wafers between 160 to 

240 micrometers thick. 

ii) Monocrystalline silicon  

Monocrystalline silicon (mono-Si) solar cells are more 

efficient and more expensive than most other types of 

cells. The corners of the cells look clipped, like an 

octagon, because the wafer material is cut from cylindrical 

ingots, that are typically grown by the Czochralski 

process. Solar panels using mono-Si cells display a 

distinctive pattern of small white diamonds. 

iii) Polycrystalline silicon 

Polycrystalline silicon, or multicrystalline silicon (multi-

Si) cells are made from cast square ingots—large blocks 

of molten silicon carefully cooled and solidified. They 

consist of small crystals giving the material its 

typical metal flake effect. Polysilicon cells are the most 

common type used in photovoltaics and are less 

expensive, yet less efficient than those made from 

monocrystalline silicon. 

iv) Thin film 

Thin-film technologies reduce the amount of active 

material in a cell. Most designs sandwich active material 

between two panes of glass. Since silicon solar panels 

only use one pane of glass, thin film panels are 

approximately twice as heavy as crystalline silicon panels, 

although they have a smaller ecological impact 

(determined from life cycle analysis). The majority of film 

panels have 2-3 percentage points lower conversion 

efficiencies than crystalline silicon. Cadmium 

telluride (CdTe), copper indium gallium selenide (CIGS) 

and amorphous silicon (a-Si) are three thin-film 

technologies often used for outdoor applications. 

v) Silicon Thin Film 

Silicon thin-film cells are mainly deposited by chemical 

vapor deposition (typically plasma-enhanced, PE-CVD) 

from silane gas and hydrogen gas. Depending on the 

deposition parameters, this can yield: 

 Amorphous silicon (a-Si or a-Si:H) 

http://en.wikipedia.org/wiki/File:Silicon_Solar_cell_structure_and_mechanism.svg


INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH  (IJSPR)                                        ISSN: 2349-4689 

Volume-21, Number - 05, 2016  

 

www.ijspr.com                                                                                                                                                                             IJSPR | 270 

 Protocrystalline silicon or 

Nanocrystalline silicon (nc-Si or nc-Si:H), also called 

microcrystalline silicon. 

vi) Multi-Junction SolarCell 

Multi-junction cells were originally developed for special 

applications such as satellites and space exploration, but 

are now used increasingly in terrestrial concentrated 

photovoltaics (CPV), an emerging technology that uses 

lenses and curved mirrors to concentrate sunlight onto 

small but highly efficient multi-junction solar cells. By 

concentrating sunlight up to a thousand times, High 

concentrated photovoltaics (HCPV) has the potential to 

outcompete conventional solar PV in the future. 

Multi-junction cells consist of multiple thin films, each 

essentially a solar cell grown on top of each other, 

typically using metalorganic vapour phase epitaxy. A 

triple-junction cell, for example, may consist of the 

semiconductors: GaAs, Ge, and GaInP 

 each layers have a different band gap energy to allow it to 

absorb electromagnetic radiation over a different portion 

of the spectrum. 

On Solar cell design, various paper has been published 

between 2001 to 2015 that is undertaken. The paper 

reviewed by me mainly consisting two issues for 

efficiency improvement: 

i. Solar cell design modification 

ii. System/Module modification 

D. SOFTWARE USED:  

 TCAD (Two-dimensional Computer aided tool) 

 Silvaco (ATLAS) 

 PC1D (One dimensional solar cell simulator) 

II TECHNIQUES USED 

A. Multi-Juntion Solar Cell 

  i) Two-Junction Solar Cell 

a) A hetro-junction solar cell of n-ZnO/p-cSi and p-

ZnO/n-cSi with the help of two dimensional numerical 

computer aided design tool (TCAD) was designed. That 

shown great potential alternative from the viewpoint of 

performance efficiency, simple and low temperature 

processing steps and hence low cost candidate. In future 

ZnO can also be used to reduce the cost.  

b) Design of polymer:fullerene bulk heterojunction 

(PPV/P3HT:PCMB) solar cell was presented. In which 

two organic PV cells of two different materials were 

cascaded together to form a tandem organic solar cell. 

The efficiency of this photovoltaic cell can be further 

increased by introducing advance light trapping 

management. It was simulated using SILVACO 

(ATLAS).  

c) Optimum design of InGaP/GaAs dual junction solar 

cell design was proposed and simulated using Silvaco 

ATLAS. 

ii) Three-Junction Solar Cell 

Two triple junction designs (AlGaAs/GaAs/Ge or 

InGaP/GaAs/Ge), were proposed that combine high-

efficiency, high energy density, and radiation hardness in 

a manufacturable design. Triple-junction 

AlGaAs/GaAs/Ge solar cells are highly current 

mismatched due to the excess current generating 

capability of the germanium sub cell. That invited a new 

approach for improving the performance of III-V 

multijunctions. 

iii) Four-Junction Solar Cell 

Four junction solar cells (i.e. InGaP/GaAs/MQW/Ge, 

InGaP/GaAs/InGaNAs/Ge and InGaAs/InGaAsP/Ga0.5 

In0.5P) were presented. A four-junction cell design 

consisting of InGaAs, InGeAsP, GaAs, and Ga0.5ln0.5P 

sub cells that could reach 1xAMO efficiencies of 35.4%. 

A new cascaded quantum well (QW) design whereby a 

thermally assisted resonant tunneling process is used to 

accelerate the carrier escape process «30ps) and hence 

improve the photo generated carrier collection efficiency 

and named as multi-quantum-well (MQW) solar cell and 

four junction AlGaAs/GaAs/Ge/Ge device gave benefits 

of  increased open-circuit voltage as contributed by the 

second Ge sub cell. 

B. SPECTRUM SPLITTING TECHNIQUE 

Spectrum splitting technique divide the solar spectrum 

into three sub-ranges of 400-630nm, 630-800nm and 

after 800nm respectively under the 0.5-6.0 SUN 

radiation condition that attempted t o overcome the 

physical limitation. The efficiency achieved through this 

method was of 38%.  Through the measurement and data 

analysis, author found that the method given in this 

method will achieve higher conversion efficiency than 

that of the single junction solar cell. 

 

III COMPARATIVE ANALYSIS OF   VARIOUS 

TECHNIQUE 
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A. Solar Cell Design Modification 

 

INPUT PROCESS OUTPUT REMARK 

Reference Wafer 
Modification 

done 

Paramete

r 

Irradiatio

n or 

spectrum 

Pattern or 

structure 

Software/Tec

h-nique used 

Jsc(

mA

/cm
2) 

Voc(m

V) 
Isc(A) FF η (%) Low cost 

Si-Solar Cell[19] 

HYBRID Thin 

Film Si-Solar 

Cell Consisting 

a-Si & poly-Si 

Module 

size 

Halogen/X

enon dual 

light 

source 

solar 

simulator 

--- --- -- -- -- -- 13.2 Low cost 

Point contact Si-

concentrator 

module[9] 

Triple jun. III-IV 

solar cell & a 

new dense array  

version of the 

CUTJ 

Size of 

solar cell 

array 

AM1.5D 
Dish shaped 

module 

Concentrated 

ultra triple 

junction 

(CUTJ)design 

-- -- -- -- 
↑ by 

46% 

High 

radiability 

and low 

cost 

Silicon Solar Cell 

Thin Film[12] 

Plasmonic BR 

based on self 

assembled silver 

particle(AgNPs) 

Size & 

shape of 

nano 

particle 

--- --- --- -- -- -- -- ↑ 

Useful for 

the 

nanopattern

ed Ag-film-

based 

plasmonic 

BR 

Crystalline Si-

Solar Cell[1] 

Including The 

Lateral Optical 

System (i.e 

inserted in 

optical path) 

Eg of 

Junction 

material 

1 Sun --- --- -- -- -- -- 50% 

Higher 

Performanc

e Lower 

Cost 

C:Si solar cell[32] 

Rsheet 

fabricated by 

ion-implantation 

Front 

contact 

resistance, 

sheet R, 

ion-

implantati

on 

--- -- 
T-CAD 

Simulation 

37.6

3 
647 -- 

79.8

2% 
19.43 

FF is 

limited by 

contact 

resistance 

Thin film solar 

cell[22] 

Accounting the 

local defect 

Light 

trapping 

1 SUN 

AM1.5G 
2D 

Optical & 

electrical 

simulation 

using FEM in 

T-CAD 

 
7.71 -- 76.3 9.54 

Can be 

simulated 

for 3D 

structure 

Crystalline Si- 

wafer[38] 

Optimized print-

on-print 

technique used 

Finger 

width 
--- PoP --- -- -- -- -- 19.13 ---- 

Crystalline Si 

solar cell[30] 

ARC coating & 

textured wafer 

Thickness 

of ARC 

coating 

400nm to 

700nm 
--- --- -- 580 47 -- 9.62 

Poor 

performanc

e due to 

insufficient 

BSF 

Thin film 

crystalline Si 

wafer[37] 

Blaze grating 

along with a 

metal reflector at 

rear side 

Hight of 

grating 

800nm to 

1100nm 
2D 

Rigrours 

coupled wave 

analysis(RC

WA) &FEM 

-- -- -- -- 
↑ by 

40% 

Shadowing 

of 5% 

Crystalline Si 

solar cell[23] 

SiGe 

hetrojunction  

thin film solar 

cell with 

addition of 

Ge(i.e 

Si0.9Ge0.1) 

Concentrat

ion of Ge 
AM1.5 --- 

Measured 

with 

characterizati

on s/m 

(JASCO, YQ-

250Bx) 

-- -- -- -- 14 

Less 

sensitive to 

temp. than 

Si solar cell 

for real 

application 

Crystalline Si-

solar cell[24] 
Si with ZnO 

Energy 

gap, n/P 

doping, 

refractive 

index 

AM1.5 2D 

T-CAD (two 

dimensional 

CAD) 

-- 52.6 47 -- 19 Low cost 
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B. System/Module Modification 

INPUT PROCESS OUTPUT 

REMARK 
Refere

nce 

Wafer 

Modificat

ion done 
Parameter 

Irradiatio

n or 

spectrum 

Patte

rn or 

struct

ure 

Software/

Tech-

nique 

used 

Jsc(mA/cm2) 
Voc(m

V) 
Isc(A) FF η (%) 

Transp

arent Si 

solar 

cell[7] 

Attached 

it with a 

material 

of lower 

band gap 

by a 

dichroic 

mirror 

Concentrati

on, band 

gap 

AM1.5G 

radiated in 

1 SUN 

--- --- -- -- -- -- 6.4 

Better than 

previously 

reported η 

of 5.4% 

Si-

substrat

e[15] 

4-Junction 

(InGaAs,I

nGe-

AsP,GaAs

,Ga0.5In0.5

P) 

Band-gap 

of material 

1XAM0 

--- --- -- -- -- -- 

35.4 

Can be 

developed 

on low 

cost & Si 

substrate is 

mechanical

ly rebust 

15XAM0 39.8 

Boron 

doped 

P-type 

Si 

substrat

e[16] 

Phosphor

ous doped 

N-type Si 

solar cell 

buried 

contact 

Doping 

concentrati

on 

One-Sun 

radiation 

Textu

red 

front 

side 

& 

planer 

rear 

side 

IBBC(Inte

rdigited 

buried 

back side 

contact) 

37.9 664 -- 0.765 19.2 No grid 

shadowing 

loss and no 

co-planar 

interconne

ction 
28.4 658.8 -- 0.775 14.5 

Si-solar 

cell[28] 

3 jun. 

(AlGaAs/

GaAs/Ge) 

& 4 

jun.(AlGa

As/GaAs/

Ge/Ge) 

Band gap, 

thickness 

range, 

doping 

range 

AM1.5 

One Sun & 

constant 

density of 

0.1w/cm2 

--- 

PCID 

software 

using trial 

and error 

method 

-- 

43.69 609.8 2.069 20.69 Current 

mismatch 

in 3 

junction 

solar cell 
68.96 611.7 3.336 33.36 

Si-

Solar 

cell[4] 

InGaN 

epilayer 

Epilayer 

thickness 
AM0 --- --- 0.93 1.73 -- -- -- --- 

Si-solar 

cell[17] 

Back 

contacted 

solar cell 

with  

Oblique 

evolution 

of 

contacts 

Thickness AM1.5G -- OECO -- -- -- -- 

18.1 

Low cost 

17.4 
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IV. FINDINGS 

A. Findings For Solar Cell Design Modification: 

 Many hetro-junction designs were proposed such as 

Intermediate Band Solar Cell(IBSC) Design Using 

Highly Periodical Silicon Nanodisk Array, ZnO/cSi 

hetrojunction, 3-junction (AlGaAs/GaAs/Ge or 

InGaP/GaAs/Ge), 4-junction (AlGaAs/GaAs/Ge:Ge or 

InGaP/GaAs/InGaNAs/Ge or 

InGaAs/InGaAsP/GaAs/Ga0.5In0.5P ), Ultra Triple 

Junction and Nitride Cascade Quantum Well 

Design(InGaP/GaAs/MQW/Ge), Polymer Based Bulk 

Hetrojunction (P3HT:PCBM) Tandem solar cell Design 

etc among them maximum efficiency of 50% was 

estimated of Intermediate Band Solar Cell(IBSC) 

Design Using Highly Periodical Silicon Nanodisk 

Array by using 3D FEM and MQW technique in 

AM1.5(500 sun) but only 42% in 1 

sun.[10][11][28][29] 

 Although Dilute Nitride Cascade Quantum Well Design 

also showed the realistic estimate of efficiency of 

>40%, ultra triple junction design of 29% and 4-

junction solar cell design approached 33.36% whereas 

3-junction solar cell only approached only 

20.69%.[9][11] 

 An Optimized Multi-Junction Solar Cell Design Using 

Genetic Algorithm for the optimization were proposed 

and simulated in SILVACO(ATLAS) which resulted 

the fully optimized Triple Junction(InGaP/GaAs/Ge) 

efficiency of 32.47% although Quad 

Juntion(InGaP/GaAs/InGaAs/Ge) resulted fully 

optimized design efficiency of 34.16%.[11][34] 

 4-Junction(InGaAs/InGaAsP/GaAs/Ga0.5In0.5P) solar 

cell design using Wafer Bonding and Transfer 

Processes yield practical efficiency of 35.4% for 

1xAM0 and 39.8% for 15xAM0 whereas it showed 

theoretical efficiency of 41.6 for 1xAM0.[15] 

 Polymer Based Bulk Hetrojunction(P3HT:PCBM) 

Tandem solar cell Design was proposed to improve the 

efficiency of Organic cell i.e ideally 10.73% and further 

can be improved by introducing advanced light trapping 

management.[21] 

B. Findings for System/Module Modification: 

 Many system modifications were proposed by 

researchers such as A New Dense Array Version of the 

CUTJ (Concentrated ultra triple junction), Splitting 

Solar Cell Assemblies, Lateral Optical System 

integrated with solar cell design, Silicon HYBRID 

Module etc. 

 Lateral Optical System integrated with solar cell design 

(i.e designed for portable application) operates on 50% 

efficiency whereas Silicon HYBRID Module only 

provides the efficiency of 13.2% but at comparatively 

low cost. 

 Splitting Solar Cell Assemblies show photoelectric 

conversion efficiency of 38% under 2.8 SUN 

radiation condition whereas Solar Cell Design for 

Dense-Array Concentrator posses efficiency of 

31% under AM1.5D Sun condition. 

Comparative analysis on the basis of various parameter 

has been given below in tabular form. So that 

comparison of various techniques could be done more 

effectively. Main objectives is to improve efficiency 

but at reasonable cost. 

C. Strengths: 

 Ultra Triple junction (UTJ) can improve the cell 

efficiency up to 28%.[9] 

 Back-OECO cells with efficiencies of up to 20 % can 

be designed.[17] 

 MEMS Solar Cell Based on Microcantilever-

Photoinduced Bending technology may be used to 

harvest more energy in ultraviolet band.[20] 

 Intermediate Band Solar Cell Design Using Highly 

Periodical Silicon Nanodisk Array structure 

breakthroughs the Schockley-Queisser limit in Si 

solar cells.[33] 

D. Limitations: 

 Efficiency of Organic solar cell is very less i.e < 15%. 

 In HIHT (High intensity & high temperature)   

environment life of solar cell degrades.   

  Electricity cost per unit is high in case of solar cell. 

V. SCOPE OF WORK 

 In future this structure (solar cell) may be fabricated 

on a low cost mechanically robust Si substrate. 

 Ultra Triple junction (UTJ) can improve the cell 

efficiency up to 28%. 

 Excellent results of the n-type IBBC (Interdigited 

Backside Buried Contact) solar cells have been 

designed with efficiency of 19.2%. 

 In future Back-OECO cells with efficiencies of up to 

20 % can be designed. 

 Multi Junction solar cell can be designed using 

ATLAS (SILVACO). 

 Efficiency can be obtained >40% using Multi 

Quantum Well cell structure. 

 MEMS Solar Cell Based on Microcantilever-

Photoinduced Bending technology may be used to 

harvest more energy in ultraviolet band. 

 Intermediate Band Solar Cell Design Using Highly 

Periodical Silicon Nanodisk Array structure 

breakthroughs the Schockley-Queisser limit in Si 

solar cells. 

 In future simulation model can also be developed on PCID 

software and a dry process for texturing and improve the 

device performance by double anti-reflective coating, 

namely SiN/SiO2 stack. 

 Simple and effective structure design considering the 

manufacturing feasibility can be obtained near in future. 
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 In future modification in these cell structures can be done 

to improve the efficiency further because the maximum 

theoretical efficiency of multi-junction solar cells is 

86.8%. 

VI. Conclusion 

The detailed study of various techniques/approaches has been 

done with various input-output and process parameters 

concerning with the solar cell efficiency. Mainly we found two 

approaches (i) Solar cell design modification and (ii) 

System/Module modification, for efficiency improvement. In 

solar cell design modification various material, their 

heterojunction and the electrical properties has been studied in 

order to improve the efficiency. In solar cell design 

modification A four-junction cell design consisting of 

InGaAs/InGaAsP/GaAs, and Ga0.5ln0.5P sub cells that could 

reach 1xAMO efficiencies of 35.4% [15] and maximum 

theoretical estimated efficiency of 50 % can be achieved by 

IBSC design using highly periodically silicon nano disc 

array[33]. In System/module modification various techniques 

such as Spectrum splitting, Combining optical system with 

solar cell system etc has been studied to improve the 

performance and efficiency. Spectrum splitting technique 

divide the solar spectrum into three sub-ranges of 400-630nm, 

630-800nm and after 800nm respectively under the 0.5-6.0 

SUN radiation condition that attempted to overcome the 

physical limitation. The efficiency achieved through this 

method was of 38%[39]. Maximum efficiency of 50% was 

achieved through the integration of optical design with the 

solar cell design; this solar cell is named as VHESC (Very 

high efficiency solar cell) and designed for portable 

application.[1]  

VII. FUTURE SCOPE 

The demand of power will always on increase and it cannot be  

met only by thermal, wind, hydro power plants so Solar cell 

energy is needed. In future research work can be done in field 

Organic solar cell to improve its efficiency comparatively at 

lower cost. 
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