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Proton Irradiation and Thermal Annealing of GaAs Solar Cells
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Abstract: The investigation on proton irradiation and thermal annealing of AlGaAs/GaAs solar cells has been
reported. The energy of the proton irradiation is 325keV and the fluences are ranging from 5X 10" to 1X10"%em™ >
It is demonstrated that the irradiation-induced degradation in the photovoltaic performance of the solar cells exists

mainly in the short circuit current and the irradiation damage can be partly recovered by low temperature annealing

at 200°C. In addition, it is found that the borosilicate cover glass has an obvious protection effect against the proton

irradiation.
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1 Introduction

Much attention has been paid to GaAs solar
cells in recent years, owing to their advantages in
space applications, compared with silicon solar
cells, such as greater radiation hardness, which is
very important for their application in the space
environment.

The AlGaAs/GaAs solar cells have been
studied for many years. The conversion efficiency
of AlGaAs/GaAs solar cells prepared by using a
multi-wafers LPE technique was obtained to be
19.34% ( AMO, 4.4cm’, 25C) in 1996, while
that of the cells prepared by MOCVD technique
was up to 21.95%( AMO, 2em X 2em, 25°C) in
1999 with a typical IV characteristic shown in
Fig. 1. In order to understand the change in the
photovoltaic parameters of the cells in space

application, it is important to study the irradiation
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effect on the performance of AlGaAs/GaAs solar
cells, which is induced by high energy particles,
especially the high energy electrons and protons'”
3MeV electron irradiation experiments and 625keV
proton irradiation experiments on AlGaAs/GaAs
solar cells have been performed in the past

| 5.6]

years Due to the great fluence of proton

irradiation used in our previous work that is

1 X 10" to 5 X 10" e¢m™ % the

photovoltaic performance of the solar cells was

ranging from

completely destroyed by the
irradiation'®’.

nearly proton
Therefore, a new set of proton
irradiation experiments has been carried out on
AlGaAs/GaAs solar cells with a proton energy of

325keV and much

ranging from 5X 10" to 1X10"em™’, the annealing

lower irradiation fluences
effect on irradiated solar cells have also been
conducted. The main results obtained in the recent
proton irradiation and annealing experiments are

reported in this paper.
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FIG. 1
MOCVD  GaAs
Parameters of Vo= 1.039V, J.o= 33.97mA/em?®, FF=
0.851 and M= 21.95% (AMO, 136. 7TmW /em’, 2em X
2em)

Typical Illuminated IV Characteristics of

Solar Cells with Photovoltaic

2 Experiments

2.1 Preparation of GaAs Solar Cells

GaAs solar cells used in this study were
grown by using a multi-wafers LPE technique and
a two-step epitaxial process'", with a p* AL:Gai- .-
As/p" -GaAs/n-GaAs/n" -GaAs
n" -substrate is Si-doped with the concentration of

1X10%em™ " and orientation of (100).The n-buffer

layer and the p" -Al:Gai-« As window layer are

substrate. The

grown via two different processes and doped by Sn
and Zn separately. T he concentration and thickness
of n-buffer layer are 2X10"em™ " and about 20um,
respectively, while those of p* -AL:Gai- :As window
layer are 2 X 10® em™" and 0. 5um, respectively,
when the composition of Al, x, is about 0.8. The
p’ -GaAs emitter layer is formed in the n-buffer
layer due to Zn atoms diffusing from AlGaAs layer
during the epitaxial growth process for the window
layer. The concentration of p" -GaAs layer is 2 X
10"¢m™ ", and the thickness, varying from 0. Sum to
2. 5pm, depends on the growth temperature.

The contacts are formed by photolithography,

vacuum evaporation and electroplating. The front
contact is TiAu and the back contact is AuGeNi.
The antireflection coating is an anodized film of
AlGaAs layer, formed by using electron—chemical
GaAs

irradiation experiments are specially designed, with

method. The solar cells used in the

the area of 0. 5em X 0. Sem. Though the conversion
efficiency can reach 20.03% ( AMO, 25C). the
average efficiencies of the cells used for irradiation

experiments are 16% (AMO) or so.

2.2 Irradiation Experiments

The proton irradiation experiments were
performed at room temperature with ion-
implantation  equipment in  Beijing Normal

University. The energy of the proton adopted was
325keV and the fluences ranged from 5X 10" to 1
X10%em™ .

Two groups of samples were irradiated at the
same time. The samples in Group one have small
junction-depth of about 1.4um, while those in
Group two have larger junction-depths of about
2. 6pm. In the irradiation experiments, four samples
with larger junction-depths and six with small
junction-depths were covered by borosilicate glass,
which were used to test the protection effect of

borosilicate glass against the proton irradiation.
2.3 Thermal Annealing

Investigation on the thermal annealing
behavior of the proton irradiated cells is of every
significance'”. Thermal annealing experiments
have been made for all irradiated GaAs solar cells
to test the recovery ability of radiation damage by
thermal annealing in N: flow at a relatively low

temperature (from 150°C to 300C) for 30min.

3. Measurements and Results

3.1 Photovoltaic Performance Measurement

The IV characteristics of the GaAs solar cells

were measured with a solar simulator ( AMO,
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100mW /em®, 1Sun) before and after irradiation.
All the photovoltaic parameters of the cells after
irradiation, including the open circuit voltage
(V) , short circuit current ([7.), fill factor (FF),
and conversion efficiency (M) were normalized by
the initial values for the purpose of comparison.

In comparison with the results of electron
irradiation experiments'”, the proton irradiation
causes more serious damages in the GaAs solar
cells. Figures 2(a), (b) and (c¢) demonstrate the
normalized values of Ve, /. and FF, respectively, as
a function of the proton irradiation fluences of 5X
10""—1X10"cm™* for both the shallow and deep
junction cells. It is seen that the photovoltaic
parameters of the shallow junction cells are not
degraded significantly due to the proton
irradiation. even when the fluence of proton is up
to 5X10”%em™ %, but the photovoltaic parameters of
the deep junction cells decrease obviously with the

proton fluences, especially the normalized [« of the
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FIG. 2 Changes of Normalized Photovoltaic

Parameters of the 325keV Proton Irradiated GaAs
Solar Cells of Shallow and Deep Junction with Proton
Fluences (a) Open Circuit Voltage: (b) Short Circuit

Current: (¢) Fill Factor The in the legend
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(’gl

T - ”
means ‘With cover glass protection”.

deep junction cells are lowered down to 0. 2 even at
the low fluence of 5 X 10" em™ . However, the
borosilicate glass exhibits an excellent protection

the T he

normalized [ of all cells covered by borosilicate

effect against proton irradiation.
glass is not changed obviously in the whole fluence
range for both types of cells, as shown in Fig. 2

(b).
Figures 3(a), (b) and (¢) show the effect of

thermal annealing at 200°C

parameters of Ve, I« and

irradiated cells, respectively.

normalized . of the shallow

on the photovoltaic
FF of the proton-—
the

junction cells, which

It is seen that

have been irradiated at the proton fluence of 12X
10" em™? first and then annealed, recovers from
about 0.3 to 0.7, while the normalized I.c of the
deep iunction cells is not obviously improved by
the annealing at 200°C. It is unexpected that the
normalized FF of some cells are recovered beyond 1

after the annealing, seen in Fig. 3(c).
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FIG. 3 Effect of Thermal Annealing at 200°C
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3.2 Calculation of Relative Damage Coefficient

The relative damage coefficient (D) of the
proton irradiation to the electron irradiation is

- 7
defined as follows'",

) = Fu(r) /Fy(r). (1
where F.(r) is the electron irradiation fluences,
Fy(r) denotes the proton irradiation fluence at the
same normalized damage values (r) of the
photovoltaic parameters. From the value of I«
reported above for 325keV proton irradiation and

3MeV

irradiation'”’, the relative damage coefficient D of

in our previous work for electron
the GaAs solar cells is deduced to be about 100,
with the norma-ized damage value (r) of I,

ranging from 0.9 to 0.7.

4 Discussion and Conclusion

Some experimental results need to be
discussed further. Firstly, the thermal annealing
effect on the irradiated cells is stronger than what
we expect. For deep junction cells, some normalized
values of FF are beyond 1, as shown in Fig. 3(c).
Similar results have also been obtained in the study
of electron irradiation on GaAs solar cells'”, as can
be explained as follows: the thermal annealing
process can not only eliminate all electrically active
irradiation induced-damage centers, but also
improve the perfection of the material lattice. As a
result, the fill factor of the cells is increased. In
addition, the contact resistance of the cells is also
decreased after annealing, which can contribute to
the increase in the efficiency of solar cells. Though
this phenomenon is similar to that reported in our
previous work', it is not consistent with the
results of DLTS measurements'®. This might be
due to the the reason that some deep levels induced
by proton irradiation are not electrically active. We
will investigate the cause of this effect further.
The second phenomenon under discussion is
the protection effect of borosilicate glass against

irradiation. It is seen clearly from Fig. 2 (b) that

the protection effect of borosilicate glass is obvious
in proton irradiation. T he normalized /s of the cells
covered by borosilicate glass decreases rather small
( dot line). But in electron irradiation, the
protection effect of borosilicate glass is not
significant, as published before'™. It may be due to
the fact that the electrons have small mass, so the
incident electrons can penetrate much deeper than
protons. It is reported that the penetrating depth of
3MeV electrons is about lem, which is much
greater than the thickness of the borosilicate glass,
therefore the cover glass (0.5mm thick) can not
protect GaAs cells from electron irradiation.
However, due to the great mass, the proton can
only penetrate GaAs materials a few microns
(#m), so the borosilicate cover glass of 0. 5mm is
thick enough to protect the GaAs solar cells
against the proton irradiation.
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