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ABSTRACT - The performance of solar cells has improved quidklyecent years, the latest research focusesinrcéfis, multijunction
cells, solar cells of the group IlI-V compoundsn@am cells, etc. In the present work, numericalgtions are developed, using SENTAURUS
TCAD as a tool, in order to obtain a solar cell midohsed on Galium Arsenide (GaAs). This solar @@litesponds to the so-called "Thin Films"
due to the fact that can make layers thinner theamauld have if we work with conventional semicoatdus, such as; Silicon or Germanium; thus
opening the possibility of placing the cell as p layer within a tandem solar cell configuratiorthrnéompounds of group 1lI-V. That is why two
types of simulations are performed with respetiéocontact of the rear contact; one correspontietoell with a lower contact equal to the length
of the cell and the other with a small contact af In addition, the cell undergoes an optimizapoocess by modifying the geometry and doping
of the layers that comprise it, in order to impratgeperformance. To achieve this objective, thiaihconditions and the appropriate simulation
parameters must be determined, which have beectegland corroborated with the literature, allowirsgo arrive at coherent results and optimal
models of solar cell design through numerical satiahs.

Keywords- Solar cells, AIGaAs-GaAs, solar energy, numeridaedutations, TCAD, Sentaurus, optical simulatiorgatiical
simulation.

RESUMEN- Las prestaciones de las celdas solares han mejoipiftamente en los Gltimos afios, las Gltimas liy@siones se centran en
las celdas delgadas (thin films), celdas multijiorctceldas solares con compuestos del grupo lidéldas tipo Tandem, etc. En el presente
trabajo, se desarrollan simulaciones numéricasidssSENTAURUS TCAD como herramienta, con el finotkéener un modelo de celda solar
basada en Arseniuro de Galio (GaAs), esta celda sotresponde a las denominadas “Thin Films” debidue se pueden realizar capas mucho
mas delgadas que las que tendriamos si trabajaanaemiconductores convencionales, como; SilicBeomanio; abriendo asi la posibilidad de
colocar a la celda como una capa superior denttmdeconfiguracién de celda solar tipo Tandem ampiestos del grupo 1lI-V. Es por ello
que se realizan dos tipos de simulaciones respéciontacto de la parte inferior; una correspontie@elda con un contacto inferior igual a la
longitud de la celda y la otra con un contacto pégude Jum. Ademas, la celda se somete a un proceso deipgtidn mediante la modificacion
de la geometria y el dopaje de las capas que farcoan, con el fin de mejorar su rendimiento. Rarder lograr este objetivo se deben determinar
las condiciones iniciales y los parametros de snigh adecuados, los cuales han sido selecciomadmsroborados con la literatura,
permitiéndonos llegar a resultados coherentes yefoedptimos de disefio de celdas solares medimntdasiones numéricas.

Palabras clave- Celdas solares, AlGaAs-GaAs, energia solar, simates numéricas, TCAD, Sentaurus, simulacion 6ptica
simulacioén eléctrica.

1. Introduction

The Sun is a big fusion reactor, it consists madaily 1.1 Solar Radiation
four hydrogen atoms melted into one helium atonthén Every hot body gives off radiation to its sumdings,
center of the Sun the pressure—-temperature conslitio according to Planck’s Law of Radiation. The amaaint
are such that nuclear fusion can take place. Thieriu power continuously radiated by the sun is
temperatures in this process are around 15 million Psu=3,845x10°%W, but the Earth only receives a small
degrees Celsius [1]. Some characteristics of Sen ar fraction [2]. To calculate this value, we assuntese is
summarized on table 1.
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a sphere around the Sun with a radigsdsg as shown
in figure 1.

Table 1 Characteristics of the sun [3]

Propertie Values

Diamete Dsw=1.3 X1 km
Mass ms=1933 x 1?7 Kg
Surface temperatu Tsu=5578 K
Temperature at cen 15000000

Psu=3845 x 1026 V
dse=149600000 Kr

Energy radiatio
Mean distance Si-Eartt

At the position of the Earth, the power density ban
calculated as shown in Equation 1. The result387
W.m? denotes the irradiance outside the Earth's
atmosphere and it is called the solar constant.
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Figure 1. Solar radiation at the Earth’s position
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This value can be measured outside the Earth’s
atmosphere on a surface perpendicular to the solar
radiation.

1.2 Solar spectrum

The solar spectrum denotes the composition of the
light and the variation of the total irradiance doehe
wavelengths. The typical measured values of ramfiati
are usually lower than the solar constant, dueotoes
factors of the atmosphere, as reflection of ligittie
atmosphere, absorption in the atmosphere (mainly O
H,, O, G and CQ), Rayleigh scattering and Mie
scattering [4].

The absorption of light is selective and affects/on
some parts of the spectrum, is caused by the pes#n
different gases in the atmosphere, like water vapor
ozone and carbon dioxide. Ozone absorbs radiatittn w
wavelengths below 300nm. Raylengh scattering is
provoked by the presence of molecular air partialitis

diameters smaller than the wavelength of light.r&mo
the light wavelength grater the Rayleigh scatterivige
scattering, in the other hand, is caused by dutsic|zs
and air pollution. In this case, the diameter o th
particles is larger than the wavelength of lightieM
scattering changes with the location, there istgpe of
scattering at mountains and there is a differemt fo
industrial regions [5].

The most important factor that determines the solar
irradiance is the distance that sunlight has teetra
though the atmosphere. When the sun is at thehzeéine
distance is the shortest. The ratio of a path lenfithe
sunlight to this minimal distance is known as thsi€al
Air Mass [6]. Thus, the effect is greater, longerthe
path of the light. When the sun is at its zenith diptical
air mass is unity an the spectrum is called thenaiss 1
(AM1) spectrum, as shown in figure 2. When the isun
at a different angle with the zenith, the air masgiven
by equation 2.

1

AM = cos(0)

()

AM1 AM1.15

AM1.5

AM(d) AM4

Figure 2. Air mass as a function & angle.

In an easier way, we can say that the term AM 1.5
means the light has traveled 1.5 times the distamce
comparison to the vertical path through the atmesph
The Figure 3 shows the spectrum outside the atnepsph
(AM 0) and at the surface of the Earth (AM 1.5)eTh
spectrum describes the composition of the light thed
contribution of the different wavelengths to thdato
irradiance.
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Figure 2. AMO and AM1 spectrum, at sun height of 41,8° [7].
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Some characteristics of the solar spectrum are:

e The 7% of irradiation outside the atmospherethe.
AMO, falls in the ultraviolet range and the 47%dal
in the visible range.

e The AM 1.5 spectrum is reduced due to the
absorption.

Because of the existence of many companies and

laboratories that develop solar cells and photaiolt
systems, it is necessary to establish the conditigith
which comparing the performance of the differeraiso
cells and photovoltaic modules. These conditiorslae
standard test conditions(STC), characterized by:

e Irradiance of 1 367W.rh

e AML.5 spectrum

e and a cell temperature of 25° C.

The AML1.5 is defined in the International Standard
IEC 60904-3[8]. STC and the AM 1.5 spectrum araluse
all over the world in industry and laboratories.

The incident radiation from the sun is the basisafb
life on the Earth. Solar energy generation is the
availability of transform sun light into any othferm of
energy, e.g. green plants, and some other organisens
sunlight to synthesize foods from carbon dioxidel an
water in a process called photosynthesis. Humamsota
directly transform the energy, but we use deviaes t
mechanically or chemically convert it.

Photovoltaic energy conversion in general words can
be explained as the technology that generatesriebdct
power measured in Watts(W) from semiconductors
when they are illuminated by photons [9].

The work is focused on to get the optical and
electrical characteristics of two-dimensional(2Djgte
junction GaAs solar cell by using numerical simialas
to develop and optimize semiconductor processing

technologies and devices by means $éntaurus
Technology Computer-Aided Desi@iCAD) [10] tools.

The process starts defining the geometrical stractu
and materials, then we obtain the generation @oahd
insert those result in a process, called V isuadt t
extracts and filters the data to show graphicsyesr
band diagrams and profiles of the figures of mearit
evaluate the solar cell performance. Finally, ideprto
get an optimized GaAs solar cell, additional sirtiales
have been done, changing the geometric and doping
levels of the layers of the cell.

The simulated electrical characteristics include th
light current—voltage (I-V) characteristics (usigl1.5
solar spectrum) and the energy band diagram. The
optical characteristics that are obtained are the
reflectance spectra, the spectral current densitidshe
guantum efficiency spectra (at short-circuit cutren
density).

1.3 Photovoltaic energy convertion in a GaAs solar
cell

As we know, a solar cell structure consists of an
absorber layer, in which the photons of an incident
radiation are efficiently absorbed resulting inreation
of electron-hole pairs. In order to separate the
photogenerated electrons and holes from each dtteer,
socalled “semi-permeable membranes” are attached to
the both sides of the absorber [11].

p-AlGaAs substrate

Figure 4. Photovoltaic effect in a GaAs solar cell.



A gallium-arsenide (GaAs) solar cell have a
passivating Alluminum Gallium Arsenide (AlGaAs)
layer that covers the top surface and preventsutace
recombination of minority carriers (electrons) frohe
emitter but transmits most of the incident lighttie
emitter layer where most of the power is generaasd,
sketched in figure 4.

1.4 GaAs Solar cell features

Solar cell based iAlGaAs-GaAslloys are used at
high-efficiency, they are related with the semicactdrs
of the IlI-V group, because these are made with
compounds of elements from the column Il and hia
periodic tableGaAsis alloyed withAl to give the ternary
compoundAl,Ga;xAs compound that was analized and
simulated in this paper.

The characteristics of Gallium Arsenide (GaAs) have
made of it, a photovoltaic material of interest.eTh
bandgap of GaAs is 1.42 eV at 300K. This is veyriye
ideal for a photovoltaic device operating in outaso
spectrum. Therefore, GaAs solar cells can operate
at higher temperatures than silicon (Si) cells anel
expected to be very radiant resistant, furthern@aés
solar cells have higher electron mobility and highe
saturation velocity [12].
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Figure 5. Photovoltaic effect in a GaAs solar cell.

The direct bandgap of the GaAs causes in the rahteri
a high optical absorption coefficient. This cod#itt
indicates how far the light of a particular wavejncan
penetrate before that it have been absorbed. aterial
with a low absorption coefficient, light is poorly
absorbed, additional if the material is thin, ibhd® seen
as a transparent layer [12]. The for GaAs risey v

steppy at the band eddge-(0,88:m) to values grater than
104cmt, in contrast with the gradually rise of the
absorption coefficient for silicon. We can seecdbeves
of optical absorption vs. wavelength for the both o
materials in figure 5.

About GaAs solar cells, there are some investigatio
with several techniques and processes to studgetise
In [13] an introduction to the concept of opticalipling
matrix is presented, to account a photon recydfiferts
in a numerical model of a GaAs solar cell. Therefor
some techniques to separate a Ill-V solar celcsira
from its underlying GaAs, are presented in [14].

1.5 Simulation software

Sentaurus is a TCAD software, developed by
Synopsys, which solves the diffusion and transport
equations, to modeling the structural propertied an
electrical behavior of semiconductor devices. édding
semiconductor companies use Synopsys TCAD tools
throughout the technology development cycle. TCAD
tools allow engineers to explore new design altéres,
test the quality of passivation layers, varying the
lifetimes of charges executing simulations. Also is
possible to evaluate, characterize, and optimize th
process.

2. GaAs solar cell based analysis
In 1970 a Russian group reported a heterojunction
solar cell consisting of a p-type emitter @61 AlkAS,
grown on an-typebase of GaAs. It means that the layer
can be made thick and heavily doped reducing thesse
resistance and reduce the surface recombinatign [12
The solar cell that is analyzed and simulated is a
GaAs based. It use two layers of an antirefleatneaging
(ARC), the first one is a MgF2 layer and the secone
a TiO, layer. The bulk is GaAs based with two differents
levels of doping, dividing the bulk in a emitterdaa
base. The caracteristics ans parameters for eahiaha
are introduced in thedevicescript of the software. To
reduce the recombination losses, a front surfael fi
(fsf), is used, and a back surface field (bsf) matle
AlGaAs. A preliminary sketch of the solar cell lsosvn
in figure 6.



Front contacts

cAP ARC Table 2. Details of solar cell structure to simulate
p-GaAs S MgF
p-AlGaAs FSF
p-Gals Region Material ~ Thicknessfim)  Doping(cnt®
cap GaAs 0,2 -1,06%
fsf AlGaAs 0,04 -2,008
emitter GaAs 0,8 -9,00e
base GaAs 3,2 1,08e
n-AlGaAs bsf AlGaAs 0,2 5,008
buffer GaAs 0,35 2,008
contacts  Aluminium 1
Figure 6. Schematic of the GaAs solar cell. Electrons and size should be much finer than the needed to solve

holes are extracted through the front contact hadack

the electrical behavior, in the device. Even the
contact.

considerations of sizing and shape are differeneéch
one. Regarding the optical analysis, it is impdrtan
considering the effects of surface texturing ovee t
charge collection but is sufficient enough to takeok

only in a portion that characterized the full soga
roughness instead of unnecessary modeling the whole
device area. Taking the case of a solar cell feagur
finger as front contact and a back contact in thele
rear, it is sufficiently just modeling a small resfive
portion of the structure, that is typically half tie

2.1 The architecture of GaAs-AlGaAs solar cell

TCAD simulator requires some dimensions: lengths,
shape geometry, mesh, and doping profiles. Thedzmd
of GaAs is close to the optimum Eg for single jumrct
solar cells whose maximum efficiency is above 30%
[15]. A sketch of the model is shown in figure 6.

Note that the structure has been studied under BM1.
solar spectrum, with P=0,1W/ém and at room

temperature T = 300K. symmetry element in two dimensions, and a quarter o

The GaAs solar cell structure includes a "buffer no oummetry element in three dimensions as is stiow
layer” of n-dopedGaAs, even though such a buffer layer figure 7

is not needed theoretically. It was been included f
practical reasons, because the doping level and the
surface quality of the GaAs wafer actually avaidivhve
been found to lack adequate control. Furthermdre, t
higher n+ doping level in the GaAs substrate rathan

in the n- doped buffer layer allow easier fabricatof

the back contact. The important characteristic&GafAs
cells are: a thin (AlIGaAs) fsf layer less than @ and

a diffused electrical junction less than Qrh deep.

This ensures low optical absorption losses and
minimizes the surface-recombination characterisfic
GaAs surfaces and the latter ensures increaseatioadi
hardness [17]. The detail of thickness and dopavgls
from figure6, used for simulations are specified in table

- Front Contact

Boron P~

Back Contact

—
Finger Contacts Back Contacts

Figure 7. Simulation domain. Left side, 3D simulation
domain selection. Right side, 2D resulting simolatiomain.

The electric-simulation domain is usually Bgthan
the optical one and requires another meshing girate
The meshing procedure starts by creating a coaiség
the whole structure followed by the addition ofefin
meshing refinements near to the junctions and metal
contacts, as well as, in the uppermost part ofithéce,
where most of the generation occurs. In figures3, i

2.2 Simulation domains and mesh definition

The method of simulation adopted for this work
consists in evaluate independently the optical and
electric simulations. For instance, the meshingltg®n



sketched a mesh for the simulation domain fromrégu

ARC

Figure 8. Mesh definition for a piece of the simulation
domain.

3. Optical simulation results
In order to obtain the optical characteristics hie t
simulation, we have to calculate the topics listene
below:
e Optical intensity, absorbed photon density and
optical generation rate using TMM solver.
» Optical intensity, absorbed photon density and
optical generation rate using Raytracing solver.
e Integrated optical generation rate, which is used
subsequently in Sentaurus Visual to compute the
photogenerated current densigh(mA/crf).
» Reflectance, transmitance and absorbance.
+ Terminal current density(mA/cm)

3.1 Optical generation profiles

Simulation of PV devices under illumination regsire
a source file numerically coupling, by SentaurusADC
to the simulation domain that contains the geometry
structure, mesh and optical physics information of
materials to calculate the photogeneration rate of
electron-hole pairs by solving the transport equmeti
The solar spectrum file sweeps the wavelength of
incident sunlight from (300 nm) up to (1200 nm)nggi
the conventional one-sun AM1.5d spectrum with an
incident power of 1000 W.tndefined in a file with two-
columns format. The first column contains the
wavelength inpm and the second one contains the
intensity in Wen. This file is calculated based on the
air mass 1.5 global tilted irradiance, by the spéct
radiation model called SMARTS v 2.9.2 with inputs
chosen per international standard IEC 60904-3-E8P, [
as shown in figure 9. The simulator also calculates

reflectance, transmittance, and absorbance ascadnn
of the wavelengthi{.

Air mass 1.5 global tilted irradiance, calculated with SMARTS v 2.9.2
T T T T

T
— Wavelength limits:
I AV min. wavelength: 300 nm —
= iwavelength interval } max. wavelength: 1200 nm
c @ G— Wavelength inverval: 40 nm
a T ~ ':. ....... Integrated over the range 300-1220 nm:
E .. Intensity: 841,9Wm?
= 15 F %o, Photon flux:  2,943E+17cms? -
I ®ee Photon current: 47,16 mA cm?
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Figure 9. Air mass 1.5 global tilted irradiance.

The absorption coefficient is computed from and
Wavelength X) according tax= (4xn/A).K. It determines
how far inside a material the light, with a partiou
wavelength, can penetrate before being absorbed to
create electron-holes pairs. Semiconductor masec&ah
only absorb energy from particles that have sufiti
energy to excite an electron from the valence haride
conduction band.

3.2 Optical results using the Transfer Matrix
Method (TMM)

The TMM solver computes the optical intensity by
taking into account the interference effects due to
standing waves or by neglecting the phase andfirer,
the interference effects. Neglecting the phaseait v
only for large layer thicknesses (depending on the
extinction coefficient). It is assumed, in the micofethe
optical generation rate, monochromatic plane wawts
arbitrary angles of incidence and polarization estat
penetrating a number of planar, parallel layers.

These matrices are functions of the complex wave
impedance¥j given byZj=nj.cos(@j) in the case of E
polarization (TE) and b¥j = nj/cos@)) in the case of H
polarization (TM). Herenj denotes the complex index of
refraction andjj is the complex counterpart of the angle
of refraction (o.sin@o)=nj.sin(d))).

In the figures 10 and 11, are presented the optical
generation rate and the optical generation prufi@aAs
solar cell as a function of depth.
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Figure 10. Optical generation rate for a full metallizedrre
contact.
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Figure 11. Optical generation profile for a full metallized
rear contact.
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Figure 12. Optical generation rate for a 5um rear contact.

The blue-colored region below the front contact
finger indicates that the optical generation rategro in
the region since it is not illuminated. The optical
generation profile shows that the optical genenataie
decreases as a function of depth.
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Two simulations have been done, one for the case inFigure 13. Optical generation profile for a 5um rear contac

which the whole rear surface is completely metedliz
figure 10 and figure 11, and the others for theeasich
considers a rear contact ®m, as shown in figures 12
and 13.

In both of the results we have present the effettieo
bsf as a hole at the end of the curve. In the oasell
metallized rear contact, it presents the effect dtill
aluminum metallized rear contact as a kind of
perturbations near to the back contact. In therathse,
the effect of the rear contact is almost imperdé@ti

In order to have a confront between the two optical
generation profiles, the data is then post procesyy
Matlab. The figure 14 shows the confront between th
two optical generation profiles.
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Figure 14. Optical generation profiles TMM-based.

3.3 Optical results using the “Raytracer” algorithm

In the section of the simulator called Sentaurus
Device, each material has a complex refractive xnde
section defined in the parameter file. The raytraoéver
uses a recursive algorithm that starts with a soafcays
and it builds a binary tree that tracks the tragsmn and
reflection of the rays. A reflection-transmissiaogess
occurs at interfaces with refractive index diffezes.
The obtained results are shown in figures 15, TGrid
18.

6.471er18

Optical Generation

1079437

o e X(’.lm) e i
Figure 15. Optical generation rate for a ful metalized rear
contact. Raytracing method.

In the region over and under the cell there are als
simulated the pieces of ambient that are usedraose
for the rays. The rays starts at a height o2 %ver the
cell.

Optical Generation ——

Optical Generation
7 v

y(pum)

Figure 16. Optical generation rate for a ful metalized rear
contact.

The results of Raytracing are in the same range tha
the results of the TMM process. With this resulescan
say the both of the methods can work for the model
solar cell under the optical analysis. In the Raggr2D
simulation there are oscillations and random valies
optical generation due to the nature and behayitne
incident rays. Finally, in order to have the effetthe
metalization on the cell, a confront between thtcap
generation with full metalized back contact and the
contact of 5um, is presented.
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Figure 17. Optical generation rate for a 5um rear contact.
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Figure 18. Optical generation profile for a 5um rear contact
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Figure 19. Optical generation between the full metalized
back contact against 5um back contact.

4. Electrical simulation results
The |-V characteristics of the illuminated solall ce

are simulated by ramping the anode voltage. Thexe a
two ramps, the goal voltage for the first ramp stidne
less than Vmpp. The goal voltage for the secondoram
should be greater thaWoc Since bothPmy (and,
therefore Vmpy andVocare unknown before starting the
simulation, the goal voltages for both ramps areseh
iteratively. Initially, the simulation runs with guessed

4.1 Impact of the total width in the solar cell

The first attempt to optimize the model is to cheng
the total pitch of the cell, to determine the heisith to
continue with the others optimization changes. F/ed0
shows the efficiency and FF against the lengthhef t
pitch. According to figure 20, the best lengtiB&bum
the efficiency tend to go up until ti25um Around the
325um the efficiency becomes constant but the Fill
Factor decreases, as show in figure 21.

The best trade-off between the conversion efficy
and the Fill Factor FF take place at a total width
325um.

24.08
24.06
24.04

24.02

23.98

Conversion eficiency (%)

23.96

23.94
250 275 300 325 350 375 400 425 450

Total width (um)

Figure 20. Convertion effiency vs Cell width.
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value of Vmpp and then looks at the computed P-V Figure 21.Effect of the width in the solar cell performance.

characteristics to establish a better approximaton
Vinpp



4.2 Impact of the FSF layer in the solar cell
The Figure 22 shows the behavioJafas a function

of the AlGaAsfsf layer thickness, in order to determine

the advantage of using thin FSF layers.

Two different experiment have been done about the

FSF layer, one rewarding the doping of the layekthe
other one changing the thickness of the fsf lafygure
23.
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Figure 22. Conversion efficiency.
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Figure 23. Short-circuit current.

4.3 Impact of the base layer

To study the influence of the base layer,the thesisn
of the latter is varied betweepnrh and $um [19] and the
doping level from 1x18cm? to 2x13%m?®. The other
parameters are configured as shown in table 3.

Table 3.Layer configuration for the GaAs solar cell

Region Cell Thicknesspm)  Doping(cnt®
width(pm)
cap 5 0,2 -1,00€
fsf 325 0,04 -2,008
emitter 325 0,8 -9,00é
bsf 325 0,2 5,008
buffer 325 0,35 2,008

According to the figure 24, the best conversion
efficiency is around 2m, but depending on the doping,
it has different values. For a doping level of 1@+ile
have an efficiency around 22,5%. Then with a doping
level of 2e+17 and the thickness qin2 the conversion
efficiency of the cell arrives to his maximum value
24,7%. But if the doping continues to incremeng th
efficiency decrements, as the example, with a dppin
level of 5e+17 the efficiency is 23,5%.

19 = 1E+016
—e—SE+016
18 16017
—— 2E+017
——5E+017
16 1E+018

Conversion efliciency (%)
3

1 2 3 4 5 6 7 8 9

Base thickness (um)

Figure 24.Base thickness effect.

Photons with lower energy which are absorbed with
base layer are sensitive to the layer thickness and
absorption coefficient. The base layer thick ism2
enough to absorb as much photons as possible aed lo
doing concentration level in order to improve the
collection of photo-generated carriers. Figure Bavss
the effect of doping level on the conversion eéfiay.
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Figure 25.Base doping level effect.

4.4 Impact of the Emitter layer

5. Optimized model
The optimized geometrical parameter and the results
are presented in the table 4 and table 5, respégctiv

Table 4.Optimized GaAs solar cell results

In one hand, the intention of the heavily dopinghe
emitter layers is to improve its conductivity. But,the
other hand, the thickness of the base and the eemitt
should exceed the incident photon’s absorptiontkeng

Figures 26 and 27 show the efficiency versus thpendp
and thickness of the emitter layer. The doping

Region Layer Thicknesspgm)  Doping(cnt®
width(pm)

cap 5 0,2 -1,008

fsf 325 0,02 -2,008
emitter 325 0,9 -1,008

bsf 325 0,2 5,008
buffer 325 0,35 2,008
Rear Jsc Voc(V) Jph FF(%) n(%)
contact (mA/cm?) (mA/cm?)
width

(um)

5 28,27 1,024 29,01 84,56 24,47
325 28,3 1,023 29,01 84,85 24,58

concentration level of the base and the emittekttgss
change quickly the efficiency of the cell.

g
>
Q
=
QL
L
=
7]
s A =8~ 0.1um
® == 0.3um
g 2 0.5um
S = 0.7Um
° 1 == 0.8um

0.9um
18
-1E+017

-5E+017 -9E+017

-1E+018

5E+018
Doping level of emitter layer (/lcm3)

Figure 26. Emitter doping level effect.
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Figure 27. Thickness of emitter effect.

5.1 Light J-V characteristics

The I-V and P-V characteristics of the illuminated
cell are presented in Figure 28. The power deiditiie
cell is also computed usirfg = JV. The fill factor and
the power conversion efficiency are also compuide:
obtained values for the 2D optimized cell, congitgr
the full metalized contact approach ardsc =
28,3mA/crhandJph = 29,09mA/cR) instead of, for the
5um back contact approach, the results ale¢ =
28,27mA/crh and Jph = 29,01mA/cf The value of
Jse<Jphbecause all the photon generated carriers cannot
be collected at the electrodes, due to recombimatio
losses.

Current Density [mA/cm?)
Power Density [mW/cm?)

o 05 1
Bias Voltage [V]

Figure 28.Light I-V and P-V characteristics of full metalized
back contact GaAs solar cell.
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[4]

5.2 Energy band diagram

The energy band diagram of the solar cell is pibtte
using the conduction band energy, the valence band
energy and the electron and hole quasi-Fermi egergi
from thePlot section in thesdeviceSenturus’script. The
Figure 29, shows the band diagram for the optimized
GaAs solar cell at the short-circuit current densit

(5]

(6]
: [7]
(8]

Energy [eV]
o

* ‘ [9]

0 2 4
¥ fum]

Figure 29. Energy band diagram of GaAs solar cell at short
circuit current density.

[10]
[11]

[12]
6. Conclusions

TCAD modeling is a powerful and helpful tool that [13]
reduce the time of manufacturing and speed up the
optimization processes of solar cell. It allowst td® [14]

concept designs before the implementation, imptbee
old ones or simply optimized a designed model. An
optimized AlGaAs-GaAs solar cell was designed. The
two approaches, were simulated. The first one,
considered a full metallized back contact and dw®sd
one using a smaller back contact ghbin order to be
implemented as a top cell in a tandem solar cell
approach. Some special characteristics that maikes t
kind of cells specials are the high efficiency ahé
capability to develop thinner lower weight solalise

Two important characteristics are needed for GaAs
solar cell, a thin AlGaAs fsf layer less thanGybthick
and a diffused electrical junction less thanu@hSdeep,
to ensure optical absorption losses and minimibes t
surface recombinations. The characteristics offtitle
metalized back contact are better because of tigebi
area of the back contact to collect electrons.

[15]
[16]
[17]

(18]

[19]
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