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Abstract: Morphology and structural analysis of photovoltaic cells based on GaAs before and after
high dose gamma radiation of 500 kGy was investigated. Cobalt-60 emitter was used as the syn-
thetic radioactive isotope. This radioactive form of cobalt is commonly used for space instruments
and devices testing. Atomic force microscopy (AFM) was used to study the morphology and rough-
ness differences. Cross-sectional investigation using transmission detector to thin layers observing
was performed. Also, with use of sputtering system of Secondary Ion Mass Spectroscopy (SIMS)
a detailed molecular and elemental information about the surface top layers was showed. Another
molecular and structural changes in the top layers using two optical methods of Raman spectroscopy
and spectrophotometry were also identified.

Keywords: GaAs, gamma radiation, AFM, STEM, SIMS, spectrophotometry

1 INTRODUCTION

It is known that Earth’s atmosphere is capable of absorbing the gamma radiation. Electromagnetic
radiation, such as gamma rays γ , is high penetration radiation that comes from the spontaneous
decay of radionuclides. The most commonly used radiation source for testing is 60Co or otherwise
called cobalt-60. It is widely used in sterilization and radiotherapy, but its use can also be found in
the testing of space equipment installed on various space objects. Cobalt-60 has a half-life of 5.27
years and generates two photons with energy of 1.17 MeV and 1.33 MeV. It decomposes into a stable
isotope of nickel-60 (60Ni) [1].

Because of the assumption that equipment operating in space, such as solar cells, will no longer be
serviced or changed, it is highly desirable to ensure and verify radiation hardnesses as many as pos-
sible methods for their smooth operation. The radiation hardness for devices of this type is normally
tested with Cobalt-60 [2].

2 MATERIALS AND METHODS

In this work, several dozen GaAs-based solar cells were irradiated using gamma rays. Irradiation took
place in the irradiation center Roztoky u Prahy in the Czech Republic at standard temperature and air
conditions. No shielding was used and the measurement was at a direct distance. Cobalt-60 was used
as the emitter and the dose absorbed by the solar cells was 500 kGy. The irradiation time was 21
days. By this exposure was simulated accelerated aging, which under normal conditions in the solar
system took several years. Several measurement methods have been used, which are described below,
allowing a better understanding of the behavior of the material after such strong irradiation [3].

Measurement of surface topography at the nanometer scale was investigated using NTEGRA Prima
microscope with semi-contact mode and scanning speed of 8.04 µm/s. The monocrystalline probes
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were used with a tip curvature of 10 nm, type NSG01. Morphological changes were examined before
and after irradiation, and so were other measurement methods. To reduce the probability of random
structures, the regions on the solar cell were scanned several times.

From the measured morphological data the roughness analysis and several informative surface pa-
rameters were performed. These parameters were calculated from the 10×10 µm scan area range.
The average height of features was selected as a parameter describing surface morphology; average
roughness Sa represents the total topology scale; kurtosis Sku parameters and skewness Ssk describing
a deviation from the normal distribution of the measured height points. In roughness analysis, fea-
tures are called surface irregularities. The overall reading of the altitude points in the surface analysis
of this PV cell was summarized in a histogram of features representing a typical bell-shaped curve.

Although the effects of such intense radiation that have been performed can have a severe and visible
impact on the material, scanning electron microscopy with transmission detector has been preferred
for detailed analysis and understanding. The lamellas with a thickness of 80 nm were prepared, and
the GaAs layer was examined. For this purpose, the FEI Helios NanoLab 660 microscope was used.
Bright-field (BF) mode has been selected for image generating. An unscattered electron beam is
selected by objective aperture, and scattered electrons are excluded. Surface areas, where are electron
absorbed, appears to be darker. Where are the electron transmitted from the area, appears to be
brighter. During the observation, the high voltage was set to 30 kV and the current to 50 pA [5].

Elemental and molecular information about the sample was given by SIMS with reflectron Time-
of-Flight mass analysis (TOF). The instrument system is called IONTOF TOF.SIMS 5. For this
analytical technique, a solid surface is bombarded by primary ions. Collision cascade is generated
after the primary ion energy is transferred to atoms through atomic collisions. Main investigated peaks
are: Ga+, Al+, Ti+, As+. As a primary beam, it was chosen ions of Bi3++ with the energy of 60 keV.
As a sputter beam, it was used reactive species of O2 with the energy of 2 keV and 100×100 µm
crater size.

The spectrophotometry spectra were measured in the range of UVA, VIS and NIR regions – 200 nm
to 1000 nm using the Optical Spectrometer Ocean optics JAZ 3-channel. The gold-coated wafer was
used as a calibration sample.

Another optical method used, was confocal Raman imaging performed by WITec alpha300 R sys-
tem. Where as a light source was set a 532 nm green laser with VIS spectrophotometer. Spectral
information was collected with 5 mW laser power as one single spectrum.

3 RESULTS

Atomic force microscopy measurement of the morphology on the sample after exposure (Figure 1b)
manifested itself in the form of higher surface segmentation. These surface changes described in
Table 1 may affect the differences in the optical parameters, but it depends mainly on its extent. The
most considerable differences against measurement in Figure 1a were observed in the case of higher
kurtosis Sku and skewness Ssk parameters. In histogram in Figure 1c can be seen a decrease in height
on average after irradiation. In the order of nanometers this can be considered a slight decrease. It
can be assumed that this change will not affect the optical properties on a large scale. It is important
to realize that the changes in the surface are in the order of nanometer units [6].

Table 1: Photovoltaic cell surface roughness parameters.

Average height [nm] Sa [nm] Sku [–] Ssk [–]
Before irradiation 7.220 2.133 0.085 0.133
After irradiation 5.561 1.521 2,233 1.046
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Figure 1: Surface morphology measured by AFM a) before and b) after irradiation; and the
c) height histogram of features for both cases.

Both Figures 2a and 2b show a cross-section of a thin lamella over several layers. At the top of the
sample – the colored layer – is carbon, which served only as a protective layer in the formation of
the lamella. The several modes to observe the lamella were used. A dark field is commonly used
to detect imperfections in a material, but in this case, it was best to observe using the bright field,
thanks to which was captured the most details of the layers for this type of the sample. As can be
seen, when measured by an electron microscope at a given scale, degradation does not manifest itself
to this extent. This can be considered an excellent result that has been reported after irradiation.

50 nm a) 50 nm b)

Figure 2: Cross-section visualised by STEM using bright field mode on thin lamella. The top metal
layers of the sample are visible a) before and b) after irradiation. The bottom darkest layer is GaAs.

The colored top layer serves as a protective carbon layer.

Figure 3 and 4 shows that a considerable amount of aluminium and titanium was found on the very
surface. Thanks to this layer, the cell also maintains its stability and its degradation is slowed down.

In most cases did not undergo significant changes for gallium and arsenide after irradiation, and the
solar cell thus retained its elemental composition for the most part. A slight difference can be seen in
the loss of Ga and As in the top layer in Figure 3c and 4c before and after the irradiation. This can
be confirmed by different distribution of thin layer of Al (Figure 4a) and especially Ti (Figure 4b)
layer, where the difference is most noticeable and where after irradiation is a significant diffusion of
the titanium layer into the material.

In roughness analysis, it was mentioned that when changing the surface parameter differences in
Table 1, some optical properties may change. One of the essential properties of a solar cell is its
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Figure 3: Three-dimensional view of protection layers of a) aluminum and b) titanium; and
c) distribution of the most important elements during sputtering with use of SIMS before irradiation.
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Figure 4: Visualisation of two protective layers of a) aluminum and b) titanium; and its
c) distribution after irradiation.

reflectance. This reflectance is described by the light spectrum in Figure 5, which is composed of
three parts. As can be seen, the two curves of the sample almost overlap both before and after
irradiation. Thus, it can be stated that gamma radiation minimally affects the performance of the cell
in terms of reflectance. The detected interference in the NIR region indicates the occurrence of the
existing thin layers described in Figure 3a, b and 4a, b. Intensity change and curve shift occurs due
to different thicknesses of the coating layers before and after irradiation. In the UVA light region is a
visible shift. The difference is apparent within 5 nm to 10 nm. Shift of the curve results in a change
in refractive index.
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Figure 5: Electromagnetic spectrum divided into three areas of light – ultraviolet, visible and
near-infrared. The reflectance of the solar cell before and after irradiation is shown in the spectrum.
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Several significant differences were observed in Figure 6 after irradiation of the sample in Raman
spectroscopy. For greater clarity, the spectra overlap to correctly compare differences between sam-
ples. The amount of material and atomic displacement from normal lattice positions are characterized
by a characteristic peak at 294 cm−1 of the GaAs longitudinal-optical mode, which rapidly lost its in-
tensity after irradiation of the sample. The purity of the material may also indicate the different
proportions and shape of the GaAs TO and AlAs LO modes, where less variation can be observed.
However, the sharpness of the peak remains relatively unchanged. An important role is played by the
ratio between GaAs TO and AlAs LO, which increased from 1:0.89 to 1:0.55 after irradiation. This
ratio indicates a difference in the aluminum, which was also observed in previous measurements [7].
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Figure 6: Two overlapping Raman spectra of the measured sample GaAs describing changes
before and after irradiation of 60Co. Difference between GaAs transverse-optical (TO) and AlAs
longitudinal-optical (LO) modes are marked by lines which indicates and measures their ratio.

4 CONCLUSION

Using extensive analytical analysis, several changes were observed on samples exposed to irradiation
with the radioactive isotope 60Co at a dose of 500 kGy. Such a high dose already reliably affects
the operation of some electrical devices, and it was, therefore, advisable to ascertain the impact it
would have on GaAs-based solar cells that are specifically designed for these purposes [8]. From the
above measurements, it was proved after irradiation, especially the diffusion of Ti and Al protective
metals deeper into the GaAs material. This phenomenon has been proven from SIMS measurements
(Figure 3 and 4) and spectrophotometry (Figure 5) in the NIR region on the difference of shifted
interferences. The changed refractive index mainly in the UVA region may then be affected by the
difference in PV cell morphology, which was in the range of several nanometer units (Figure 1c and
Table 1). Measured methods thus correlate with each other and confirm the results. It can be con-
cluded from the above measurements that after irradiation with gamma rays, many complex processes
take place which disrupts the atomic composition (Figure 6) and generally affects the entire structure
of the solar cell. This measured knowledge may serves as a base of great importance for the future
development of solar cells and their resistance to using in space conditions.
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