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Abstract: GaAs solar cell with graded band gap layer in the back region is analyzed as a function of
the electric field created by band gap gradient and the base thickness. Studies are reported at AM 1.5,
and unity solar concentration. The optimum thickness of the base region is determined. The
performance of the cell strongly depends on the electric field. Comparison with the GaAs cell
including high-low junction at the back surface show that the use of back surface field created by
graded band gap improve the performance of the GaAs conventional cell. Copyright © 2010 IFSA.

Keywords: Graded band gap, GaAs solar cell, Back surface field.

1. Introduction

Attempt to improve the performance of solar cells has been the aim of several papers. Further
improvements of the device performance require an accurate knowledge about the electronic and
optical loss.

The attention of researchers has been directed towards the development of graded band gap AlGaAs
solar cells with high efficiency since long [1- 4]. Konagai and al studied p-p-n graded band gap solar
cell, this interesting proposal looking at the improvement of the spectral response of the GaAs cell.
Studies have been conducted to increase efficiency through the establishment of the built-in field in the
emitter or base to improve spectral response [1]. A graded band gap has been used to decrease the dark
current of GaAs solar cell [5]. In this work, the n/p-GaAs solar cell with band-gap gradient at the back
surface is theoretically analyzed. Some Authors demonstrate that heterojunction back surface field
significantly improves the performance of the n/p cell [7, 8]. Gale and al showed experimentally that
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heterojunction back surface field improves the open circuit voltage in GaAs solar cells. Demoulin et al.
suggested that this improvement is due to lower recombination velocity of heterojunction BSF. They
derived a theoretical expression for the effective back surface velocity, Spp’, it was used to calculate
Voc for heterojunction back surface field. In this paper we report on a similar study using GaAs solar
cell with (BSF) created by AlGaAs graded band gap semiconductor over one suns, the temperature
equal to 300 K, and under AM1.5 spectral conditions. The results of this study are presented in Section
4.

2. Analysis

In this part, spectra of collection efficiency are calculated by solving continuity equations. The
configuration treated is shown in Fig. 1.

o Window

o s Emitter (n-GaAs)_________
d

[

Base (p-GaAs)
o Y
Graded band gap layer
dgf------
v

Fig. 1. A schematic diagram of the structure of GaAs cell with band gap gradient in the back region.

2.1. The Holes Current in the n Region

The continuity equation for excess hole in the n region:

d’Ap Ap
P x> _T_+g1(7"x)=0a (1)

p

D

g, (A, x) =T a(r) exp(-a(A)x)

where Apis the excess hole concentration, Dpthe diffusion constant for holes, T, the holes lifetime and

I is the Incident photon flux at surface. The general solution of equation (1) is easily found,

X X Q
Ap = A exp(—) + Bexp(——) + =2 exp(—a(A)x),
p Xp(LP) xp( LP) D, xp(—ou(A)x) (2)
. a(A)1
With > =D t_, and =—— 70
p pp QO a(}b)z _L2p
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The short circuit current j,cp is given by
dAp

Jo, =—€D —
scp p dX .

1

3.2. The Electrons Current in the p Region
3.2.1. p-GaAs Layer

Without the electric field in the p-GaAs, the continuity equation is expressed by

d*An, An
sy + 2, (4, x)=0, 3)
dx T

n

D

g,(A, x)=1,0(h)exp(—a(r)x), where I, =1, exp(-ad,)

and An, is the excess electrons concentration in p-GaAs layer. D is the diffusion constant for electrons
and 7 the electrons lifetime. The general solution of equation (3) is given by

An, =C,exp( )+ C exp(— )+ %exp(—a@x) , @
where Q, = —%
a(r)” -1

3.2.2. p-AlGaAs Graded Band Gap Layer

The continuity equation for excess electrons in the Graded-band-gap layer is

2
D, &y g A g =0, (5)
dx dx T,
The electric field is given by
B Eg,, —Eg,,
d, —d,

where An,is the excess electrons concentration in the graded band gap layer, and g,(x,A)is given by

[3]. The general solution of equation (5) is easily found:

1 2

An, = C, exp(X,x) +C, exp(X,x) +ﬁ(Q3<x) exp(X,%) + Q, () exp(X, X))
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where
1 X 1 X
Qs (x) ==~ [exp(-X; X)gs (x, 1)dx and Q, (x) =—— [ exp(-X,x)g; (x, 1)dx
n 0 n 0

The constants C,,C,,C;and C,can be determined from the following boundary conditions

An,(x)=0 x=d,
p, 4Am _p ANy L, x=d,
dx dx
AE
An, = An, exp(— kTC ) x =d,
D, dA)I:z +u,EAn, =S n, x=d,

The short circuit current densities into the p-n junction are then determined by the minority gradient at
the junction

I —eD dAn,

scn n
dX x=d,

The generation current in space charge region j, is given by [9]. The total photocurrent at a given
wavelength is:

Jph = Jscn + Jscp + Jdr

The total current of such a device under illumination is simply a summation of the dark current (J,)

and the photocurrent (J ), given as

I=J, -1,

ph

4. Results
4.1. Photocurrent and Open- circuit Voltage Vo

The photocurrent of n-GaAs / p-GaAs/ p- AlyGa;x as solar cell is examined as a function of base
thickness p-GaAs, and value of electric field in the graded band gap region. Fig. 2 shows that the
photocurrent increase with electric field, and attains a maximum at base thickness between 1.2 and
1.8 um. At low thickness; graded band gap layer contributed in the total photocurrent. The electric
field prevents the charge carriers from recombination at the back side. If base thickness increase, the
photons cannot arrive the graded layer, there is no generation of the photocarriers, so the improvement
due to the electric field is the same that the high-low junction inclusion at the back of solar cell (BSF).
The same variation is observed for open circuit voltage (Fig. 3).

61



Sensors & Transducers Journal, Vol. 119, Issue 8, August 2010, pp. 58-64

83 T T T T T T
-I-"-"_"‘ 4
- g
230 | ﬁv‘?ww%\@ 4
e gy E
oL FRs ﬂm:ﬁ:gzgﬁﬁ e
Py = x. L
7o | oo 4
T
g
265 | A —c—E=0Vvem™ -
_ o ]
£ < o L E =500 Vem'
T /;,/ ——E =700 Vem’” 7
255 F g —<—E =1000 Vem i
/ E=1500Vem
#a @ —+—E=3000 Vem™' 1
245 / E
=]
240 1 1 1 1 1 1 1 1
a 1 z 3 4 5 [} T g

(d,d )um)

Fig. 2. Plot of photocurrent vs. base thickness (ds;-d,) for different value of electric field
in the back region of the GaAs cell.
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Fig. 3. Plot of open circuit vs. base thickness (d;-d,) for different value of electric field
in the back region of the GaAs cell.

4.2. Efficiency

Improvement in efficiency n due to electric field is expected from the above results regarding
photocurrent and Voc this is studied by plotting different graphs for the efficiency against base
thickness for different value of electric field crated by graded band gap in the back region of solar cell.
Fig. 4 shows variation of efficiency n with base thickness up to 0.1 pm for different value of electric
field. It seems most favorable effect of electric field in back region. Fig. 5 shows the efficiency
obtained from the present model and the efficiency of n/p GaAs cell heterojunction back surface field.
At low base thickness, the electric field created by band gap gradient also increases the efficiency of
the cell compared with the cell based on GaAs with heterojunction back surface filed (n-GaAs/p-
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GaAs/p'- Aly3GagsAs). In the case of higher base thickness, the analytical model of
(n-GaAs/p-GaAs/p - Al xGay_As) solar cell and the GaAs n/p cell with heterojunction back surface
filed shows that the tow model predict a similar efficiency.
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Fig. 4. Plot of efficiency vs. base thickness (ds;-d,) for different value of electric field
in the back region of the GaAs cell.
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Fig. 5. Comparison of the efficiency of GaAs cell with band gap gradient Al,Ga,,As in the back region from
present model and the efficiency of the GaAs cell with heterojunction BSF (Aly3Gag;As).
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5. Discussion

A schematic band diagram is shown in Fig. 1. The GaAs cell is made in the normal way, but the back
layer of the cell is made from the graded band gap AlGaAs semiconductors. The electric field created
by band gap gradient tends to confine minority carriers (electrons) in the base and graded gap regions
and helps to drive them toward the junction. The electric field keeps minority carriers away from the
back ohmic contact and increases their chances of being collected, especially when the thickness of the
base region is small compared to the effective diffusion length. The electric field prevents the charge
carriers from recombination at the back side. Therefore, the short-circuit current density will increase.
The open-circuit voltage is also increased due to increased short-circuit current and decreased
recombination current at the back contact.

Fig. 2 and 3 show the tradeoff between the open circuit voltage and photocurrent as the base thickness
and several values of electric fields. Notice that when the base thickness was low; the open circuit
voltage and the photocurrent was increased. The cell efficiency is shown to have a greater dependence
on the electric field in the back region Fig. 4. It has been proved that the solar cells incorporating
graded composition layers on the back region considerably improve their performance compared to n-
p-p’ back-surface field heterojunction solar cell.

6. Conclusion

Theoretical analysis studies are reported for the GaAs-AlGaAs graded band gap in the back region at
300 K, AM 1.5, and unity solar concentration, predicts other important feature which is not manifested
in uniform semiconductors. This paper shows that the elimination of the bulk and surface
recombination losses in the base with electrical field increases the conversion efficiency. An optimized
design is obtained by maximizing conversion efficiency. Structure parameters on the GaAs cell with
graded band gap gradient of the back region optimized values is investigated to show the behavior of
the performance characteristics. The results of the paper show that conversion efficiency is sensitive to
those structure parameters which give important to electric field in the back region.
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