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Abstract-This paper describes latest achievement in solar cell
and Antenna. More improvement in efficiency due to integrate solar
cell with microchip antenna is known as SOLANT.First a solar cell,
solar cell with simple tuning circuit and solar cell with microstrip
antenna are simulated by using Electronic work bench.The voltage,
current, power results are the proof for integration of solar cell with
microstrip antenna. In other way a Solar cell antenna was simulated
in ADS with the range of 1.5 GHz to 5.5. GHz band width. The
simulation done by using copper, Mesh, AgHT-4(AgHT line of
transparent, highly conductive coated films) and AgHT-8 for
compression. The reflection co-efficient, Gain, Power output and
Beam width are simulated and plotted in 2D and 3D. The AgHT-4
antenna give better results than others, because AgHT-4 is more
transparent conducting film. So that the AgHT-4 antenna is a basic
plate form for designing solar cell antenna ie SOLANT. The
SOLANT is used for mobile communication , vehicular
application,Bluetooth, wireless environmental monitoring and other
applications. The solar cell and antenna function with costs
reduction. The resonance frequency of the SOLANT depends on the
patch size. Therefore SOLPLANT used trans receive RF signal and
also generate the direct current.

Keywords- Microstrip antenna, solar cell, simulation, mobile
communication, vehicular  application , SOLANT.

I. INTRODUCTION

The Solar cell convert light energy in to electrical
energy. Several solar cell available in the market .Latest
achievement in solar cell is Panasonic solar cell power
warning lights. Voltage, Current, .Power and Presentation of
efficiency given by 3.4 V, 14.5 mA, 49.3 mw/Cm2 and 49.3%.
More improvement in efficiency due to integrate solar cell and
microstrip antenna[1].We take microstrip antenna a basic tool
also called patch antenna to design the SOLANT [2]. The
radiating elements and the feed lines are usually photo etched
on the dielectric substrate. That Solar cell integrate with
microstrip antenna is known as SOLANT. First a solar cell,
solar cell with simple tuning circuit and solar cell with
microstrip antenna are simulated by using Electronic work
bench.The voltage, current, power results are the proof for
integration of solar cell with microstrip antenna. We analysis of
copper, meshed, AgHT-4 (AgHT line of transparent, highly
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conductive coated films) and AgHT-8 patch antenna to find out
efficient SOLANT. The antenna parameter like reflection co-
efficient, Gain, Power, Beam width are simulated and
plotted. Now we conclude AgHT-4 antenna give  better
performance than copper patch, meshed patch antenna and
AgHT-8, because AgHT-4 is more transparent conducting
film than others. So that the AgHT-4 antenna is a basic plate
form for designing solar cell antenna ie SOLANT.

The simulation made by ADS simulation software in 2D ,3D
view. The SOLANT is used for mobile, vehicular, Bluetooth,
wireless  environmental ~— monitoring,  online  building
observations and extraterrestrial field of application like
satellites. Therefore SOLANT used trans receive RF signal and
also generate the direct current.

ILINTEGRATION OF SOLAR CELL WITH MICROSTRIP
ANTENNA

A. Solar Cell Equvelent circuit Desigine and testing

PV cell can be modeled as a current source in parallel
with diode .When there is no light present to generate any
current,the PV cell behaves like a diode.As the intensity of
incident light increases,current is generated by the PV
cell.In an ideal cell,the total current I is equal to the current I,
generated by the photoelectric effect minus the diode current
Ip,according to the equation.

=11 1p=1 lo(€T-1)----m-- (1)

Where |, is the saturation current of the diode,q is the
the elementary charge 1.6x10™*° Coulombs,k is a contant of
value 1.38x10%*” T is the cell temperature in Kelvin,and
V is the measured cell voltage.Expanding the equation
gives the simplified circuit model.Where n is the diode
ideality factor,and Rs and Rgy represents the series and shunt
resistances .

1=1,1p=1lo(€3V RIMKT 1) \/ 4] Rg/Rgpy ---nnmmmmmmeee (2)

The short circuit current Isc
|(at V:O)=ISC (3)
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Isc=Imax=l (4)

The open circuit voltage Voc

V(at 1=0)=Voc ®)
Voc =Vuax (6)
Power (P)
P=VI 7)
Efficiency(n)
n =Pout/P;, 8)
NMvax  =Pmax/Pin )

Pin is taken as the product of the irradiance of
the incident light, measured in W/m?(or)1000 W/m?
The Solar cell equivalent circuit is drawn in

electronic work bench simulated and tested. We vary
the shunt resistance (Rsh) , series (Rs) values to got

different current(l), voltage(V), Power(P)
values.
RS
0'?'1'8‘:”1 I| A II
< Rsh .
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Figure 1. EquivaEnt circuit for Simulation of Solar Cell.

Using electronic work bench, the solar cell characteristics are
simulated and one set of values in current, voltage and power
872.8mA, 8.706mV and 7.5985968 mW are plotted in fig
2.Maximum power for an V-1 Sweep, The power produced by
the cell in Watts can be easily calculated along the V-I sweep
by the equation P=IV.lsc and Voc points, the power will
be zero and the maximum value for Power will occur between
two.
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Figure 2. VI Sweep of solar cell.

Form I-V Sweep solar property satisfies. Isc and Voc points,
the power will be zero and the maximum value for
Power will occur between two.

B. Integration of solar cell with Simple antenna tuning circuit

Simple tuning circuit link with Generator example
for trans receive is integrated with solar cell to give SOLANT.
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Figure 3 Simulation of Solar Cell integration with Simple antenna tuning
circuit using Electronics Work bench

The Solar cell integration with Simple antenna tuning circuit is
designed and tested in electronics work bench. The resultant
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current, voltage and power values are 876.7mA, 8.766mv and
7.6851522 mW respectively.

C. Integration of Solar Cell with Microstrip Antenna

Microstrip Antenna equvelent circuit linked with
solar cell to give the SOLANT. The simulation done
by using electronic work bench.

Figure 4 Simulation of Solar Cell Integration with microstrip
Antenna using Electronics Work bench
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The Solar cell Integration with microstrip Antenna[3][4] is design
in Electronics work Bench.The current ,voltage and power
value given 3.723A, 36.28 mVand P=135.07044mW

I.SOLAR CELL INTEGRATION WITH MICROSTRIP
ANTENNA FOR DIFFERENT MATERIALS

er+1 er—1

Ereff = + + 14 12h/W] . (10)

The common equation used to design the patch antenna
dielectric layer called Perspex. Patch width height values
dispense up on the above equation.

A. SOLANT Design With Copper Patch

The ADS Simulation results of the SOLANT design with
Copper Patch .After simulation the patch can like a grid mesh
formed over the copper patch.

Figure 5 copper patch ADS Layout(lp=19mm,wtx=19 mm)
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Figure 6 SOLANT with copper patch Subtracte layers (Perspex
substrate of  thickness=3mm, e=2.6,tan3=0.015,Frequency
Band=1.5GHz-5.5 GHz, Sample point=40,port impedance=50Q) and
Layout layers.[5-7]

Copper patch Subtract layers and Layout layers are design
by putting the values in the above windows.

31 Simulation Control:4 ==

stimulus
Select a frequency plan from list to editor define 2 new one

Frequency Flans Edit/Define Frequency Plan
Npts/Step Sweep Type
Adaptive -

Type F start F stop

5.5000 GHz

Adaptive

40 max

Sample Paints Limit
0

Paste [ Update | [ Add to Frequency PlanList |

Solution Files Data Display

] Reuse files from the

P eins sirlaton

Open data display when
aimi lntion camelares

Figure 7 The ADS simulation select frequency plan for copper Patch

The simulation select frequency ,sampling points put in the

above window. We have to get the Reflection co-efficient
graph.
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Figure 8 Reflection co-efficient of Solant with copper patch in ADS(S11)
From the Reflection co-efficient graph the copper patch

radiate at 4.7 GHz Because the return loss -30 dB is very
low.
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General 2D Settings
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Available Ports e
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Visualization Type Phase
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Figure 9 Radiation pattern control for copper patch with 2 D View

From the pattern control window we put a port impedance

Figure 12 Solant with copper patch in ADS 3 D View
to get 2 D graph.

The 3D layout can be shown from the above .The

Linear P olanization layer arrangement are clearly given.
- - Circular Polarizatior F'f-:-“.er 5
TTTTTTITTT =i£$.‘.*n‘|lli ﬁéé.‘._:_:ﬁl.ii

Figure 10 Radiation Pastern of SOLANT with copper patch in ADS 2 D
View

From the Radiation Pastern we have to find the Beam
width vales

® Radiation Pattern Control:4

o Figure 13 Radiation Pattern of Solant with copper patch in ADS 3 D View
General
E— From 3 D Radiation Pattern, we have to get the Antenna
Avallable Ports Port 1 Exciation parameters that can be shown from the following
Select Frequency [GHz] P1:1V0deg (50 Ohm +j0 Chm) Amplitude d|agram
15 - 1 [v v
Visualization Type Phase
. 1] |deg - |
2 Data Display @ Antenna Parameters [ [E3a]
@ 3D Visualization Port 1 Impedance
Real Power radiated (Watts) 1,19493e-05
¥ Open display when 50 |Ohm - | Effective angle (Steradians) 2.65286
computation campieted. Imaginary Directivity(dB) 6.73862
0 [om ~] Gain (dB) 2.97315
Maximim intensity (Watts/Steradian) 4,4874e-06
Angle of U Max (theta, phi) 1] (1]
| comput= | [ cancel | [ rHep | E(theta) max (mag,nhase) 0.00310862 158.864 a0
E{phi) max (mag,phase) 0.0580633 158.894
Elx) max {mag,phase) 0.00310862 158.864 BO
Figure 11 Radiation pattern control for copper patch with 3 D View E(y) max (mag,phase) 0.0580633 158.834
E{z) max (mag,phase) o ] a0
From the pattern control window we put a port impedance 0
to get 3 D view and the 3 D graph.

Figure 14 Radiation Pattern of Solant with copper patch Antenna parameters

To study the above parameter, we have to compare
other results using different materials like Mesh,AgHT -
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4and AgHT-8.
B. SOLANT Design with Mesh Patch

The ADS Simulation results of SOLANT Design With
Meshed Patch [11-13]. This technology consists of changing
the microstrip patch antenna from a solid sheet of metal to a
wire mesh. The ADS Simulation results of the SOLANT
design with Meshed Patch.After simulation the Meshed
patch can like a double grid mesh.

Figure 15 Solant Mesh patch ADS Layout(lp=19mm,wtx=19 mm)
[8-10]

Mame: APWL1_lay

Select a substrate layer to edit OR define a new layer:

GND

W Create/Modify Substrate:4 |=

Substrate Layers Layout Layers
Select a layout layer to map to the substrate
Layer Mapping
Substrate Layers
FreeSpace Mame cond -]
------- -STRIP- cond

Model Sheet (No Expansion) -]

Overlap Precedence 0

Figure 16 Solant with Mesh patch Subtracte layers (Perspex substrate of
thickness=3mm, er=2.6,tan3=0.015,Frequency Band=1.5GHz-5.5
GHz,Sample point=40,port impedance=50Q) and
Layout layers. [5-7]

Mesh patch Subtract layers and Layout layers are design by
putting the values in the above windows
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Figurel7 The ADS simulation select frequency plan for mesh Patch

The simulation select frequency ,sampling points put in the
above window. We have to get the Reflection co-efficient
graph.
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Figure 18 Reflection co-efficient of Solant with Mesh patch in ADS(S11)

From the Reflection co-efficient graph the Mesh patch
radiate at 4.4 GHz Because the return loss -27 dB is very
low

" Radiation Pattern Control:2 s

General 2D Settings
Excitation
Awvailable Ports

- Port 1 Excitation
P1:1V0 deg (50 Ohm +j0 Ohm }

Select Frequency [GHz] Amplitude
[15 =] 1 v -]
visualization Type Phase
a |deq -

@ 20 Data Display

30 Visualization Port 1 Impedance

Real

¥ open display when 50 [ohm  +]
computation completad. Imaginary
o [ohm -]
Compute Apply Cancel Help
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Figure 19 Radiation pattern control for Mesh patch with 2 D view

From the pattern control window we put a port impedance
to get 2 D graph.
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Figure 20 Radiation Pastern of Solant with Mesh patch in ADS 2 D View

From the Radiation Pastern we have to find the Beam

width vales
& Radiation Pattern Control:4 02
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Figure 21 Radiation pattern control for Mesh patch with 3 D View

From the pattern control window we put a port impedance
to get 3 D view and the 3 D graph.

Figure 22 Solant with Mesh patch in ADS 3 D View

The 3D layout can be shown from the above .The
layer arrangement are clearly given.
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Figure 23 Radiation Pattern of Solant with Mesh patch in ADS 3 D View

From 3 D Radiation Pattern ,we have to get the Antenna
parameters that can be shown from the following diagram.

9 Antenna Parameters @ =SS
Power radiated (Watts) 1.50615e-05

Effective angle (Steradians) 264873

Directivity(dB) 6.76172

Gain (dB) -0.832934

Maximim intensity (Watts/Steradian) 5.68631e-06

Angle of U Max (theta, phi) 1] 0

E(theta) max (mag,phase) 0.0474574 130.743 an

E(phi) max (mag,phase) 0.0450378 -45,2542

E(x) max (mag,phase) 0.0654323 130.744 1)
E(y) max (mag,phase) 0.,0017392 130.686

E(z) max (mag,phase) 0 0 30

e

Figure 24 Radiation Pattern of Solant with copper patch
Antenna parameters

To study the above parameter, we have to compare
other results using different materials like
copper,AgHT-4 and AgHT-8.

C.SOLANT Design With AgHT-4 Patch

The AgHT-4 optically transparent conductive film used for
the transparent radiator. The ADS Simulation results of the
SOLANT design with AgHT-4 Patch .After simulation the
patch can like a grid mesh formed over the AgHT-4 patch.
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Figure 25 Solant with AgHT-4 patch Al yout(lp=19
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MName: SURESH_lay

Select a substrate layer to edit OR define 3 new layer:

Substrate Layers Thickness Substrate Layer Name
FreeSpace 3 mm - Perspex
Perspex ! )
T GND S Permittivity (Er) permeability (MUr)
Re, Loss Tangent - [R.e. Loss Tangent -
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Figure 26 Solant with Aght-4 patch Subtracte layers (Perspex substrate of
thickness=3mm, er=2.6,tan3=0.015,Frequency Band=1.5GHz-5.5
GHz,Sample point=40,port impedance=50Q2) and Layout layers.[5-7]
AgHT-4 patch Subtract layers and Layout layers are

design by putting the values in the above windows.
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Edit/Define Frequency Plan
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Sample Points Limit
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Figure 27 The ADS simulation select frequency plan for AgHT-4 Patch

The simulation select frequency ,sampling points put in the
above window. We have to get the Reflection co-efficient
graph.
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Figure 28 Reflection co-efficient of Solant with AgHT-4- patch in
ADS(S11)

From the Reflection co-efficient graph the copper patch
radiate at 4.6 GHz Because the return loss -32 dB is very

low
' Radiation Pattern Contralil £x]
General 2D Settings
Excitation
Available Ports L
. Port 1 Exditation
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Figure 29 Radiation pattern control for AQHT-4 patch with 2 D View

From the pattern control window we put a port impedance to
get 2 D graph.
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Figure 30 Radiation Pastern of Solant with AgHT-4 patch in ADS 2 D
View

From the Radiation Pastern we have to find the Beam width
vales
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Figure 31 Radiation pattern control for AgHT-4 patch with 3 D View

From the pattern control window we put a port impedance
to get 3 D view and the 3 D graph.
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other results using different materials |
and AgHT- 8.

mesh formed over the AgHT-8 patch.

Figure 32Solant with AgHT-4 patch in ADS 3 D View
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The 3D layout can be shown from the above .The

layer arrangement are clearly given. Figure 35 SOLANT with AGHT-8 patch ADS

Name: SILVER lay

Select a substrate layer to edit OR define a new layer:

Substrate Layers Thickness

FreeSpace 3 mm
Perspex
IEEITTET GIND 4411111 Permittivity (Er)

Re, Loss Tangent
Real

2.6

Loss Tangent
0.015

Figure 33 Radiation Pattern of Solant with AgHT-4 patch in ADS 3 D view SuseaELiven,| Layodtiayes

Select & layout layer to map to the substrate

ike Copper,Mesh,

D.SOLANT Design With AgHT-8 Patch
The ADS Simulation results of the SOLANT design with
AgHT-8 Patch .After simulation the patch can like a grid

IR R R RN

LR RN
AR R R EE R
LR RN
LR R RN
trttt e

Layout(Ip=19mm,wtx=19 mm)

Substrate Layer Name
- Perspex
Permeability (MUr)
- Re, Loss Tangent -
Real
1

Loss Tangent
o

From 3 D Radiation Pattern ,we have to get the Antenna Later Happing

. . Substrate Layers
parameters that can be shown from the following diagram. Freespace
rrrrrrr -STRIP- cond AgHT-8

Perspex  [VIA| hole

Model

cond v ‘

Sheet (No Expansion) v |

7 GND J// 111
9 Antenna Parameters @ = Lo |l Thidmess 1 um - ‘
Power radiated (Watts) 0.00013238 Material Perfect Conductor . ‘
Effective angle (Steradians) 2.67606
Directivity(dB) 6.71713
Gain (dB) -2,.74455 Overlap Precedence 0 = %‘&21'
Maximim intensity (Watts/Steradian) 4.9468e-05 =
Angle of U Max (theta, phi) [i] i} Info
E(thets) max (mag,phase) 0.0694737 86.6075 . Layoutlayer mapped as STRIP
Ef{phi) max (mag,phase) 0,180127 -93.3972
E{x) max (mag,phase) OEEEYD AR a Figure 36 Solant with AgHT-8 patch Subtracte layers (Perspex substrate of
Ey) max (mag,phase) T RG] thickness=3mm, er=2.6,tan6=0.015,Frequency Band=1.5GHz-5.5
E(e) max (mag,phase) o o 10 GHz,Sample point=40,port impedance=50€2) and
Layout layers.[5-7]
i
oK AgHT-8 patch Subtract layers and Layout layers are

design by putting the values in the above windows.

Figure 34 Radiation Pattern of Solant with AgHT-4 patch
Antenna parameters

To study the above parameter, we have to compare
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& Simulation Controkl @

Stimulus

Select a frequency plan from list to edit or define a new one

Frequency Plans

Edit/Define Frequency Plan

Type F start F stop Npts/Step SweepType
Adaptive 15000 GHz 55000 GHz 40 max [adaptive |

Start

15 GHz «
Stop

5.5 GHz -
Sample Points Limit

40

Cut Paste [ Update ] | Add to Freguency Plan List |

Figure 37 The ADS simulation select frequency plan for AgHT-8 Patch

The simulation select frequency ,sampling points put in the
above window. We have to get the Reflection co-
efficient graph.
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Figure 38 Reflection co-efficient of Solant with AgHT-8- patch in
ADS(S11)
From the Reflection co-efficient graph the copper patch

radiate at 4.6 GHz Because the return loss -24 dB is very
low.
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Figure 39 Radiation pattern control for AgHT-8 patch with 2 D View
From the pattern control window we put a port impedance to
get 2 D graph.

Figure 40 Radiation Pastern of Solant with AgHT-8 patch in ADS 2 D
View

From the Radiation Pastern we have to find the Beam
width vales
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Figure 41 Radiation pattern control for AgHT-8 patch with 3 D View
From the pattern control window we put a port impedance to
get 3 D view and the 3 D graph.

Figure 42 Solant with AgHT-8 patch in ADS 3 D View

The 3D layout can be shown from the above .The layer
arrangement are clearly given.

S |

ih ADS 3 D View

T

Figure 43 Radiation Pattern of 'Solant’ with AgHT-8"5

From 3 D Radiation Pattern ,we have to get the Antenna
parameters that can be shown from the following
diagram.
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Figure 44 Radiation Pattern of Solant with AgHT-8 patch
Antenna parameters
To study the above parameter, we have to compare other
results using different materials like Copper,Mesh, and
AgHT-4.

V.

|l E--AE )|

[o]

NG

COMPARISION OF TEST RESULS OF COPPER,

MESH,AGHT-4,AGHT-8 SOLANT.

A.Reflection co-efficient of all SOLANT

Reflection co-efficient values of all
are tabulated.

SOLANT

From the table the comparative graph can be

drawn
F(Ghz) COPPER | MESH AgHT-4 | AgHT-8

1.5 0 0 0 0
1.8 -0.5 -0.5 -0.4 -0.5
2.2 -0.6 -0.6 -0.5 -0.6
2.8 -0.8 -0.8 -0.8 -0.8
35 -0.9 -0.9 -0.9 -0.9
3.8 -2 -1.8 -2 -1.8
4.2 -2.2 -5 -2.2 -3
4.4 -6 -27 -6 -6
4.6 -29 -26 -32 -24
4.7 -30 -2 -30 -14
4.8 -10 -1.8 -10 -6

5 -2 -1 -4 -3
5.5 -1 -0.9 -1 -1

From the table the comparative graph can be drawn

COMPARISONOF ADS SIMULATED REFLECTION OO-EFFICIENTS AGAINST Sq ¢
PARAMETER FORVARIES MATERIALS

1

2 s w T‘Fﬂ

Plot Area | —S=MEeSH SDLANT

AgHT-4 SOLAN

T

= AgHT-8 SOLAN

T

Magnitude in dBs

Figure 45 Comparison of reflection co-efficient for different SOLANT

Frequency in GHz

The above graph return loss is very less for AQHT-4 SOLANT
than compare to other SOLANT .So the return loss -32 is
very low radiation is very high. We conclude AgHT-4 is best

than others.

B. Gain of all SOLANT
Gain values of all SOLANT are tabulated

F(GHz) | AgHT-4 | COPPER | MESH | AgHT-8
1.8 0.1 0.1 0.15 0.1
2.2 0.2 0.15 0.16 0.2
2.8 0.3 0.16 0.2 0.22
3.5 1 1 0.9 1
3.8 2 2 1 2
4.2 3 4 5 3
4.4 7 6 27 6
4.6 32 14 5 24
4.7 7 30 10
4.8 6 10 6

From the table the comparative graph can be drawn

Comparison of ADS Simulated Gain for Varies Materials

Lt

[

W COPFERSOLANT

f

l

WIESH SOLANT

T~ |

Gain in dBs

—agHTS sam;’._é.?ﬁ g
2 B s

Frequency in GHz

Figure 46 Comparison of Gain for different SOLANT
is very high for AgHT-4 SOLANT

The above graph gain

than compare to other SOLANT .So the gain 32dB is very
high radiation is very high. We conclude AgHT-4 is best
than others.

C. Power of all SOLANT
From the test values the comparative graph can be drawn in

to way AgHT-4 gives high power. So that AgHT-4 is a best
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Figure 47 Comparison of Power for different SOLANT

D. Beam Width of all SOLANT
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From the test values the comparative graph can be drawn in to
way AgHT-4,8 gives high Beam Width .
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Figure 48 Comparison of Beam Width for different SOLANT

So that AgHT-4 is a best one, because AgHT-4 dominate in
three comparison among four.
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V. CONCLUSIONS

A Solar cell simulated by using Electronic work
bench, the voltage, current, power values are noted and
tabulated.Polt the graph voltage verses current and voltage
verses  power  values.This is  satisfy the  solar
character.Similarly do it for solar cell with simple tuning
circuit and solar cell with microstrip antenna.The voltage,
current, power values are compare with single solar cell. The
voltage, current, power values are higher than single solar
cell.It is the proof for integration of solar cell with microstrip
antenna. In other way a Solar cell antenna was simulated in
ADS with the range of 1.5 GHz to 5.5. GHz band width. In the
layer arrangement ground plate, solar cell, Perspex and AgHT-
4 layers are simulated.The same method followed by other
materials like copper, Mesh and AgHT-8 for compression.
The reflection co-efficient, Gain, Power output and Beam
width are simulated and plotted in 2D and 3D. The AgHT-4
give better result in reflection co-efficient, Gain, Power output
and Beam width. Now we conclude AgHT-4 antenna give
better performance than copper patch, meshed patch antenna
and AgHT-8 from the results, because AgHT-4 is more
transparent conducting film. So that the AgHT-4 antenna is a
basic plate form for designing solar cell antenna ie SOLANT.
The SOLANT is used for  mobile , vehicular,Bluetooth,
wireless  environmental — monitoring, online  building
observations and extraterrestrial field of application like
satellites. The solar cell and antenna function with costs
reduction. The resonance frequency of the SOLANT depends
on the patch size. Therefore SOLANT used trans receive RF
signal and also generate the direct current.
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