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Abstract - The rapid increase in green house gases has led to the total imbalance in the current climatic conditions. The use 
of non-sustainable energy and the increasing threats in the emissions of these fuels has motivated us to come up with 
efficient solar cell without using conventional photovoltaics or silicon cells. This paper is proposing the idea about 
implementation of both phononic interactions and plasmonic interactions phenomena in a single hybrid solar cell. Initially 
we have outlined a development of solar cells deviating from traditional technology. We have then explained about the 
incorporation of plasmonic and phononic interaction principles and then we have mentioned about few design architectures 
that can be adapted. The unique high solar spectrum factor of our proposed solar cells has been explained. Qualitative 
analysis for the high efficiency of this solar cell has been mentioned. Finally the application part of these kind of hybrid solar 
cells have been justified.  
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I. INTRODUCTION 
 
Supply of low cost, environmentally friendly energy 
sources has become one of the challenges in the 
society today. The populous function is increasing 
day by day. Solar energy can be the best solution to 
meet this energy supply demand. The idealization 
theory of supply of power is going to be towards 
adapting a smaller scale power-plant. With this 
idealization theory, power to all can be ensured, at 
least light to everyone can be guaranteed. Over 
1.75x105 TW (Terra Watts) of solar radiations strikes 
the earth’s surface but the current world usage is 
estimated around 14TW[2]. It implies solar energy is 
alone enough to feed the whole world. But the 
effective conversion of the solar energy into electrical 
energy is the challenge. Certainly silicon cells are not 
the solution because of its poor efficiency and poor 
conversion rate. Above all that, the silicon cells are 
sensitive to only 13-16% of the solar spectrum 
reaching the earth. So the possible solutions for this 
are: quantum dot solar cells and solar cells based on 
inelastic interactions. The field of solar cells 
technology is rapidly expanding, the need of 
deviation in technology from conventional solar cell 
technology has become inevitable. Quantum dot cells 
has wide scope in the future. But when it comes to  
ultrathin films hybrid solar cells based on plasmonics, 
phononics and cathodoluminiscence can reach the 
idealization approach of solar cells conversion and 
efficiency factor. The newly discovered property of 
carbon nanotubes, that is generation of electrons upon 
passing the thermal wave is an electron entertaining 
property.  
 
II. PRINCIPLE OF HYBRID SOLAR CELL 
There are certain inelastic interaction phenomena in 
modern physics. Photon and electron carries energy, 

if this energy is transferred to the material or 
specimen, several phenomena can take place as 
follows: i) Bremsstrahlung, ii) Secondary electron, 
iii) Phonons, iv) Plasmons.[3] 

 
We have incorporated the principles of both phonons 
and plasmons in the design.Phonons are the collective 
oscillations of the atoms in a crystal lattice. This can 
be initiated by the uptake of energy from the 
photon(solar radiations). If an incident photon strikes 
an atom, part of its energy is transferred to that atom, 
owing to vibration of atom. As all the atoms in a 
crystal are bonded to each other, the vibration of one 
atom is experienced by the other atoms, which leads 
to vibration of others therefore the energy absorbed 
from the photon is transmitted over a large volume. 
The combined effect of these vibrations causes the 
specimen to heat up. When the heat thus generated is 
transferred to single walled carbon nanotubes, the 
thermal waves breaks the vanderwaals forces and 
thus electrons also travel along which are responsible 
for generation of electric current.  
 
Carbon nanotubes are nano structures which are ultra-
microscopic. They have diameters in nanometric 
scale. They resemble honeycomb structure. There are 
two types in CNTs, Single Walled Nanotubes and 
Multi Walled Nanotubes. But Single Walled 
Nanotubes have quite more importance as their 
properties change uniquely. They have unique 
electrical and electronic properties. They have a 
varying band gap of about 0 to 2ev and their electrical 
conductivity can show metallic or semiconductor 
behaviour.[6] 
When photonic beam passes through an congregation 
of free electrons, the energy is transferred. This 
energy can bring about collective oscillations inside 
the electron gas that are knows as plasmons. 
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Plasmonic phenomena is the most occurring inelastic 
interaction in any material with free or weakly bound 
electron. 
 
III. DESIGN AND MATERIALS LIBRARY 
 
3.1 DESIGN 
The primary design of the circuit proposed by us 
follows like this.   A plasmonic surface on the top 
layer and a phononic surface on the bottom layer are 
separated by either a capacitor or an insulating 
material. When a ray in the range of near IR , mid IR 
or visible regionstrikes the plasmonic surface, a 
voltage is induced on the surface because of the 
change in charge density of the nanoparticle which is 
deposited on the surface and as an effect of this the 
surface illuminates. When a sun ray from far infrared 
and a part of ultraviolet region strikes on a phononic 
surface because of atomic vibration in the crystal, 
material is heated. When this heat is conducted 
through the carbon nanotube voltage is induced 
because of the movement of electrons. Upon this 
some amount of heat is generated by plasmonic 
surface can also be utilized by phononic which adds 
up to the atomic vibration. With this principle an 
entire IR spectrum and visible region spectrum can be 
used to convert into electricity by two different 
phenomena. The circuit from the 2 converting sources 
(plasmonic and phononic) is shorted and used to 
charge the battery. Currently there is no battery 
technology developed to store the charge induced 
from plasmonic source. In future if this technology is 
developed, it would become an efficient way to store 
the charge. 
 

 
Table 1. Notations for the materials used. 

 
SL 
No Circuit Explanation 

1 

 

It’s the 
conventional 
design of the 

hybrid 
photonic 

solar cell. An 
insulator is 

used between 
the two 

sources so 
that the 

phononic 
sensitive rays 

must pass 
through the 
insulator. 

2 

 

In this 
variational 
design no 

insulator is 
used between 

Plasmonic 
and phononic 
surfaces. Tiny 

air gap is 
provided. 

Two 
capacitors are 
used for two 

sources 
which are 

connected to 
battery for 
charging. 

3 

 

In this design, 
the capacitor 

is used in 
series 

combination. 
The two 

sources are 
placed 

alongside. 
Table 2.Hybrid cell designs. 

 
3.2MATERIAL LIBRARY 
1) Plasmonic Source: 
Plasmonic materials usually are metals or metal-like 
materials that exhibit negative real permittivity. 
Silver and Gold nano particles can be used for 
excitation. Silicon sandwich, Graphene, Superlattice 
and PMMA are some of the plasmonic materials 
which can accommodate surface plasmons. 
The new exciting material is PMMA which can be an 
ideal substrate in the design we have adapted.  
 
Description of PMMA: 
 

1. PMMA stands for Poly(methyl methacrylate). This  is 
having commercial name like acrylic or acrylic glass. 
These are also known by the trade names like 
Acrylite, Perspex, Plexiglas and Lucite. PMMA is a 
transparent thermoplastic which is used in sheet form. 
PMMA has a density of about 1.16–1.20 g/cm3, 
which is 50% lesser that of glass[10]. 

2. PMMA has the ability to transmit about 90%-92% of 
visible light for over thickness of 3mm.It has a 
refractive index of 1.4905 at 589.3nm and hence it 
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can give a reflection of up to 4% from each of it 
surfaces. It has ability to filter UV light of 
wavelength below 300nm.Coatings or additives can 
be added to improve absorption in the 300-400 nm 
range. PMMA blocks IR of longer wavelengths of up 
to 25,000 nm and allows IR of wavelength of up to 
2,800 nm. Colored PMMA passes specific IR wave 
lengths while blocks the visible light[1]. 
Negative real permittivity: Few metals act like 
plasma at higher frequencies. The plasma state can be 
initiated when the conduction electrons are free to 
flow around and the heavier ions almost remains 
stationary. In this case when electromagnetic waves 
are incident, resonance frequency is attained. Usually 
below the resonance frequency, the electrons follow 
the slowly oscillating waves. The currents which are 
excited can properly cancel out the incident waves 
thus the metal behaves as a good conductor.[5] 

 
2)Phononic Source: 
A material with high crystalline and strong 
interactions, composed of light atoms such as 
diamond and graphene is expected to have large 
phonon conductivity.[4]Graphene can be the ideal 
phononic conductor/material in our design.  
 
Description of Graphene: 
       Graphene is a two dimensional allotrope of 
carbon. It is of atomic scale and is densely packed in 
a regular hexagonal pattern. It has got sp2 orbital 
hybridization and it is composed of atoms. Graphene 
has got great atomic structure to have large phononic 
conductivity.[9] 

 
Figure 1.Proposed design of the Hybrid solar cell. 

 
Figure 2.Top view giving description about plasmonic surface. 

 
Figure 3Front view showing all the layers of the principle 

design. 

 
Figure 4Design of plasmonic surface if mirrors are adapted. 
This can be achieved by placing group of small mirrors with 

gaps placed in a solar tile or a solar roof design above a 
plasmonic surface so that the surface illuminations can be 

trapped and can be further converted into electricity either by 
a plasmonic or phononic surface. 

 
IV. SOLAR SPECTRUM FACTOR/ DEVICE 
SENSITIVITY FACTOR 
 
The percentage of solar spectrum to which the device 
is sensitive to convert light or heat to electricity.  
For example a commercial photovoltaic cell is 
sensitive to 400-500nm only. It means though the 
input power on the earth by solar spectrum is 10W 
the device's maximum receiving capacity is 2-3 W 
only. So the output of these kind of cells would be 
only around 0.6W max if 20% efficiency is 
considered. So the solar spectrum factor will be 
2/10=0.2. 
But in our device the plasmonic materials with optical 
gradient is sensitive to near IR and 60% of visible 
range. The plasmonic material without optical 
gradient is sensitive to near IR and 30% of visible 
range.  
And phononic material is sensitive to middle and far 
IR regions and a part of UV region (~35%).  
Implies the combination of these two in the design is 
sensitive to 60% of visible region and IR region and 
35% of UV region. But the major contribution is by 
IR and visible light ranges. So the device is sensitive 
to 70-85% of the solar spectrum in the ideal 
approaches. Thus the solar spectrum factor will be 
8.5W/10W = 0.85. Therefore the maximum receiving 
capacity is tripled in these hybrid cells when 
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compared to ideal commercial photovoltaic cells. 
Thus the cell is 85% sensitive or reactive. 
 
V. SOLAR CELL EFFICIENCY 
 
It follows the Orthodox definition, the ratio of output 
power from the cell to the input power from the solar 
radiations. Where input power is incident power and 
output power is electricity which has been converted 
from the incident power.[7] 

For the efficiency calculations certain international 
standards have been stated for input power 
considerations. The input power is 1 kW/m2 that is 
100 mW/cm2. Therefore the input power for a 10 × 
10 cm2 cell is 10 W. We assume that the standard 
exposing area of each cell is 100x100 mm2.  
The factors influencing the efficiency of a solar cell 
are:  Temperature of the cell, spectrum and intensity 
of the incident solar radiations. Therefore, it is 
necessary to control the conditions under which the 
efficiency is being measured. So that we can compare 
the performance results with other cells also. Solar 
cells on earth are measured under Air Mass 1.5 
conditions and at a temperature of 298K. Solar cells 
which are meant for space use are measured under 
Air Mass 0 conditions. Efficiency is calculated  for an 
area of 100mm2 cell with an input power of 
100mW/cm2.[8] 

 

Pop = Voc.Isc.F 
Efficiency = Pop/Pip 
Where: 
Voc is the open circuit voltage 
Isc is the short circuit current 
F is the fill factor 
 
Table 3.Sample calculations of efficiencies using the 
above formula  

 
 
5.1Qualitative Analysis of Efficiency 
 
 The only energy lost from the ray is because of 
surface illuminations which are very small, about 5% 
of the incident ray energy from a plasmonic surface 
as explained in the section 3.1. So about 95% of the 
energy of the ray can be converted into electrical 
energy. When a sunlight ray from far IR and a part of 
UV region strikes on a phononic surface because of 
atomic vibration in the crystal, material is heated. 
When this thermal pulse is conducted through the 
carbon nanotube, voltage is induced because of the 
movement of electrons. The complete energy of the 
ray is going to be utilized by the phononic surface to 
convert it into heat. If the precised carbon nanotube 
mat is used for conduction of heat, the conversion 

efficiency can be expected upto 85% since the single 
walled carbon nanotubes are held up by covalent 
bonding mostly sp2 hybridization. Though sp2 
hybridization is a strong bond but it is highly 
directional. In a particular direction the bonds are 
easy to break so the electrons can be excited. On 
orienting the CNT mat in the weaker bond strength 
direction 85% conversion efficiency can be expected. 
Thus an overall efficiency of 0.95 X 0.85 = 81.25% 
can be expected in ideal cases with a fill factor of 0.8. 
However very newly discovered property of carbon 
nanotubes must be deeply investigated and can be 
enhanced to much more high conversion efficiencies 
in the future by adapting proper bond strength and 
diameter while manufacturing CNT mats. 
 
VI. APPLICATIONS 
 
This type of solar cells can be adapted in Solar 
panels, solar tiles, solar roofs and solar wall 
templates. They can be adapted in automobiles, ships, 
also can be implemented in portable chargers for 
electronic devices. 
 
CONCLUSION AND OUTLOOK 
 
The proposed design has been successfully analysed 
for efficiency and solarspectrum factor, and it is 
found to be  82% and 0.85 respectively. In future, 
fabrication of such solar cells with hybrid design of 
phononic and plasmonic excitations will yield better 
practical results. The solar spectrum factor can be 
further increased using right combination of 
materials.  The newly discovered electron 
entertaining property of carbon nanotubes and high 
solar spectrum factor because of varying chirality can 
alone replace the silicon cells. By using mirrors in the 
sufficiently placed solar panels, the efficiency can 
exceed 100% in the proposed hybrid cell design. 
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