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The wide substitution of conventional types of energy by solar energy lies in the rate of devel-
oping solar cell technology. Silicon is still the mostly used element for solar cell production, so
efforts are directed to the improvement of physical properties of silicon structures. There are
several trends in the development of solar cells, but mainly two directions are indicated: the
improvement of the conventional solar cell characteristics based on semiconductor materials,
and exploring the possibilities of using some new materials. The aim of this paper is to present
some different approaches of improvement of solar cell properties through the investigation
of radiation effects on the main solar cell characteristics.
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INTRODUCTION

Faced with an alarming increase of energy con-
sumption on one side and very limiting amounts of
available conventional energy sources on the other,
scientists have turned to the most promising, renew-
able energy sources. Possibilities for the application of
solar systems based on photovoltaic (PV) conversion
of solar energy are very wide, primarily because of
their relatively low cost and very important fact that
solar energy is the most acceptable source of electrical
energy from the environmental point of view. Re-
cently, increased investments in the development of
PV technology have been observed worldwide. How-
ever, as every other energy source, PV technology has
some limitations and disadvantages, primarily
connected to their low efficiency.

Silicon solar cells belong to a wide group of
semiconductor detector devices, though somewhat
specific in its design (larger than most of the detec-
tors). Regardless of very high standards in the produc-
tion of electronic devices, all of them are more or less
prone to the effects of aging even if they are not ex-
posed to extreme (hostile) working conditions. One of
the most limiting factors for all kinds of detectors is
their noise, such as frequency dependent genera-
tion-recombination noise, burst noise and 1/f noise.
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That is why lowering noise is important for obtaining
good quality detectors. It is known that low frequency
noise (1/fand burst noise) manifests as random fluctu-
ation of the output current or voltage, leading to lower-
ing of the efficiency of the device. Various experi-
ments suggest [ 1, 2] that the origin of this noise is the
fluctuation of the number of free charge carriers con-
nected to the existence of the traps located in the vicin-
ity or directly in the junction area, or the fluctuation of
the mobility of charge carriers. In both cases these
fluctuations arise from the interactions of carriers with
defects, surface states, and impurities that are either in-
troduced during manufacturing of the device or as a
consequence of the hostile working conditions (radia-
tion, high temperature, humidity). Because of the large
surface to volume ratio, surface effects are expected to
be a major cause of 1/fnoise, so good quality contacts
are of great importance. Silicides belong to a very
promising group of materials with low resistivity and
good temperature stability and are used for fabrication
ofreliable and reproducible contacts. Even so, surface
effects such as surface recombination fluctuations in
carrier mobility, the concentration of surface states,
etc., have great influence on frequency dependent
noise in silicides too. It has been found [3-5] that the
ion implantation of As™ ions in the formation of sili-
cides could improve the electrical characteristics of
silicides regarding their noise level.

The common source of noise that is connected to
the hostile working conditions is radiation. Solar cells,
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the basic elements for PV conversion of solar energy,
are especially susceptible to radiation damage, primar-
ily due to their large surface. The lifetime of the solar
cell is restricted by the degree of radiation damage that
the cell receives. This is an important factor that affects
the performance of the solar cell in practical applica-
tions. The permanent damage in solar cell materials is
caused by the collisions of incident radiation particles
with atoms in the crystalline lattice, which are displaced
from their positions. These defects degrade the trans-
port properties of the material and particularly the mi-
nority carrier lifetime [6-9]. This lifetime decrease pro-
duces the degradation of the parameters of the cell
ultimately leading to an increase of the noise level. The
interaction between vacancies, self-interstitials, impu-
rities, and dopants in Si leads to the formation of unde-
sirable point defects such as recombination and com-
pensator centers which affect performance of solar
cells, especially in space. The introduction of radia-
tion-induced recombination centers reduces the minor-
ity carrier lifetime in the base layer of the p-n junction
increasing series resistance. After very high doses of ra-
diation series the resistance of the base layer could be so
high that most of the power generated by the device is
dissipated by its own internal resistance [10-13]. How-
ever, small doses of radiation carefully introduced and
monitored could have some beneficial effects on the de-
vice performance due to the possible relaxation of crys-
tal lattice, leading to the lowering of series resistance.

Factors that influence the internal parameters of
solar cells such as series and parallel resistance lead to
changes in efficiency and maximum generated power
in a solar cell. The capability of a solar cell to convert
solar energy into electrical depends on various funda-
mental and technological parameters. Variations from
the ideal case of current transport could be represented
by the ideality factor [ 14] that could be easily obtained
from current-voltage (I-V) characteristics of solar
cells. The non-ideal behaviour of the device is re-
flected in the values of n greater than 1, and that is the
result of the presence of different transport mecha-
nisms that can contribute to the diode current. The de-
termination of the dominant current mechanism is
very difficult because the relative magnitude of these
components depends on various parameters such as
density of the interface states, the concentration of the
impurities and defects, the height of the potential bar-
rier, device voltage, and device temperature. The de-
pendence of the maximum power on the ideality factor
can be observed in fig. 1. Considering that the maxi-
mum power point depends on the resistance (and
ideality factor as well), series and parallel resistance
should be maintained at such values to obtain the max-
imum efficiency.

Since the relatively low efficiency of solar cells
based on the conventional semiconducting materials
such as Si, GaAs, and InP is the main limitation to PV
applications, the investigations are now directed to the
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Figure 1. Simulation of the dependence of P-V character-
istics on the ideality factor

development of new materials, primarily organic mol-
ecules and polymers. PV technology based on silicon
semiconductors and similar materials has shown cer-
tain limitations and disadvantages so a novel approach
in the investigations of materials for PV conversion is
needed. Namely, at the beginning of the 21% century a
new type of organic PV low cost cells was developed.
Solar cells based on organic materials use the process
of photosynthesis in plants that leads to photochemical
processes. It is estimated that the production cost of
this cells will be between 10% and 20% of the cost of
solar cells produced in conventional way.

Also, conducting and semiconducting polymers
are considered as possible materials for solar cell pro-
duction. New technologies in this field have given great
contribution in the development of nanophotovoltaic
cells with increased efficiency.

EXPERIMENTAL PROCEDURE

The investigations of frequency dependent 1/f
noise in silicides included the studies of arsenic ion
implantation effects on the frequency noise level char-
acteristics of TiN/Ti contacts on p-type Si. lon implan-
tation with As* ions, annealing and electrical charac-
terization were performed on 45 samples. The
implantation of arsenic was performed at 350 keV
with the dose range between 10" ions/cm? to 10'°
ions/cm?. Thermal treatment was performed at tem-
perature with the mean value of 800 °C for 20 minutes.
The structural analysis of TiN/Ti/Si samples was per-
formed by Rutherford backscattering spectrometry
(RBS), with a 1.5 MeV He" ion beam at normal inci-
dence and the detector position at 160 °C. Noise level
measurements were performed with the measurement
equipment consisting of the multichannel analyzer
ND-100, low noise pre-amplifier, and amplifier (stan-
dard ORTEC equipment). MAESTRO II code was
used for automatic energy calibration. Frequency
noise measurements were performed at room tempera-
ture.
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Experimental measurements concerning solar
cells were carried out on the commercially available
solar cells based on encapsulated monocrystalline sili-
con from different manufacturers. The solar cells were
irradiated with a Pu-Be point neutron source. A mix-
ture of 238Pu with beryllium is a good source of neu-
trons, through a nuclear reaction in which °Be absorbs
an alpha particle from 2*Pu and forms '>C with the
emission of a neutron. This neutron source provides a
broad beam of emitted neutrons up to about 11 MeV
with an intensity maximum of about 5 MeV. The
samples were in direct contact with the source, and the
maximum dose rate was dD/dt = 0.36 mGy/h. Cur-
rent-voltage data were used for the characterization of
the properties of solar cells. Standard measurement
equipment was used to measure [-V curve for two illu-
mination levels of 32 W/m? and 58 W/m? after every
irradiation step.

Combined measurement uncertainty was less
than 5% for all measurements performed within the
experiment [15, 16].

RESULTS AND DISCUSSION
Noise measurements

The measurements of 1/fnoise in this type of sili-
cides have shown that As ion implantation of different
doses could have an impact on quality of silicides as
contacts. Structural RBS analysis has shown that ion
implantation did not induce redistribution of compo-
nents for lower implantation doses (fig. 2). The spectra
indicate that the entire titanium layer has interdiffused
with the silicon substrate. The presence of the TiSi,
and TiSi, phase in the implanted samples has been ob-
served. In all cases the top TiN layer remains unaf-
fected, but for higher doses of implantation (10!
ions/cm?) a disordered structure has been registered.
This corresponds to the amorphization of the silicon
substrate, which is moving deeper with the ion dose,
showing that the physical properties of TiN/Ti/Si are
influenced by the implantation.
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Figure 2. RBS spectra of TiN/Ti/Si samples

This influence has been confirmed by noise level
measurements (all of the samples exhibit similar be-
haviour). Noise spectra have been measured for differ-
ent time constants 7 (frequency range © ~ 1/f) of the
low noise amplifier. The implantation doses have dif-
ferent effects for different frequency ranges. In the fre-
quency range of 15-26 kHz (time constant of 6-10 ps)
the ion dose of 10'¢ ions/cm? gives better results than
an unimplanted sample, but in the range beyond 80
kHz (time constant lower than 2 ps), it produces
greater noise compared to an unimplanted sample (fig.
3). However, the ion dose of 5-10'% ions/cm? shows the
best results for the entire measuring range, suggesting
that this dose of implantation induces a more homoge-
neous silicidation and the formation of Ti-Si phase
with a lower concentration of crystal defects (after an-
nealing). The lower concentration of point defects and
dislocations and a more homogeneous silicide/silicon
interface results in a lower frequency noise level of the
analyzed structures. Also, previous results have
shown [4] that the noise level was lower for the sam-
ples implanted after annealing. This suggests that ther-
mal treatment induces the relaxation of the crystal lat-
tice and the improvement of the crystal structure of the
silicides.
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Figure 3. Frequency noise level for TiN/Ti/Si samples

Effects of irradiation

Surprisingly, effects similar to the annealing
have been observed in some solar cells after irradia-
tion. Although the negative influence of radiation on
electrical characteristics of the semiconducting de-
vices is a well known and thoroughly investigated fact,
especially when working in hostile conditions, in
some cases irradiation could improve cell characteris-
tics.

Radiation damage due to neutrons is, as men-
tioned before, primarily connected to the displacement
of silicon atoms from their lattice sites in the crystal-
line silicon solar cells, leading to the destruction and
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distortion of local lattice structure and formation of de-
fects. If, under the influence of neutrons, stable defects
are made, they could, together with impurity atoms,
donors and for example implanted atoms, form com-
plex defects acting as recombination sites or traps, sig-
nificantly decreasing minority carrier lifetime. This
lifetime decrease produces the degradation of the elec-
trical parameters of the cell, such as series resistance
(R,), output current and finally efficiency (u). The
high level of series resistance usually indicates the
presence of impurity atoms and defects localized in the
depletion region acting as traps for recombination or
tunneling effects, increasing dark current of the cell.
Moreover, shallow recombination centers in the vicin-
ity of conducting zone enhance tunneling effect, fur-
ther degrading output characteristics of the cell by in-
creasing noise level (especially burst noise that is
connected to the presence of excess current).

Such negative impact of neutron radiation has
been observed in this experiment, as could be seen in
fig. 4.
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Figure 4. Dependence of the series resistance on doses for
two illumination levels

However, after the initial increase of series resis-
tance, for both illumination levels and for higher irra-
diation doses the decrease of R, has been observed.
This decrease is very significant from the solar cell de-
sign standpoint because it indicates the possible benef-
icent influence of low doses of irradiation, even with
neutrons. It could be explained by the fact that during
the fabrication process of any semiconducting device
structural defects and impurities that have been un-
avoidably made produce tension in the crystal lattice.
The low doses of radiation could act similarly to an-
nealing, relaxing the lattice structure and decreasing
series resistance.

This is especially important because the other
parameters of solar cells (voltage in the maximum
power point V, and fill factor ff) have shown the simi-
lar tendencies (figs. 5 and 6). Namely, after the first de-
terioration due to the exposure to radiation an increase
was observed with an increase of the irradiation dose
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Figure 5. Dependence of the voltage in the maximum
power point on doses
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Figure 6. Dependence of the fill factor on doses for two
illumination levels

for both parameters. Since some other influences (ex-
cept radiation) that could affect voltage in the
maximum power point were present at the low level of
illumination, measurements at 32 W/m? for V,, were
omitted.

Although somewhat unexpected, this behavior
could be explained by the fact that impurities and de-
fects in the crystal structure which are unavoidable in
the production process create certain tension of the
crystal lattice. Some irradiation doses could lead, simi-
lar to the annealing, to the relaxation of the crystal
structure and the decease of series resistance. Consid-
ering the fact that maximum power and fill factor di-
rectly influence efficiency of the solar cells, their in-
crease leads to an increase in efficiency.

CONCLUSIONS

The concept of the sustained development as
well as the economic crisis has promoted the investi-
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gations of the renewable energy sources, especially
solar energy. Considered environmentally clean
(non-polluting) and available in unlimited amounts,
solar energy is the most promising energy source of
the future (from the current standpoint). As has been
shown in this paper, lowering noise level in solar cells
based on silicon could be one way of improvement of
solar cell characteristics. It has been established that
both physical and electrical properties of used silicides
are influenced by the implantation doses. As could be
expected, higher doses result in the degradation of
electrical characteristics (via increasing noise level).
But the results of frequency noise measurements indi-
cate that ion implantation could successfully be ap-
plied in order to achieve a more homogeneous
silicidation, if carefully optimized dose (in our case
5-10" jons/cm?) is used. This dose of As" ions has
been proved to be optimal for the fabrication of
low-resistivity and low-noise contacts. Another way
of obtaining solar cells with better output characteris-
tics is exposure to relatively low doses of radiation
(neutron, in this case). The observed improvement of
the characteristics indicates that there is a possibility
of using irradiation for enhancement of the solar cells
quality.

Finally, a new category of materials based on the
organic and polymer materials has recently emerged,
and it is expected that they could successfully compete
(in characteristics and low cost) with conventional in-
organic semiconducting materials.
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Munowm P. 3IPABKOBWh, Anekcanapa U. BACUh, Panosan /b. PATIOCAB/BEBU,
Muiom Jb. BYJUCHH, [Ipegpar B. OCMOKPOBU'h

YTUIAJ 3PAYEILA HA OCOBMHE COJAPHUX REIUJA

PacnocTpameHa 3aMeHa KOHBEHIIMOHAJIHE EHEPrUje CONApHOM EHEPIrHjoM JIEKU Y CTOIH
pa3Boja TexHoJioruje conapHux henuja. Cunuiujym je u fakme Hajuenrhe KopuitheHn eJIeMEHT 3a U3pajy
conapHrX heimja, ma ce HANOPH YIIaxy y HMoOOJbIame (PU3MYKNX KapaKTEpUCTHKA CHIIUIIN]YMCKUX
cTpykTypa. [1ocTOju HEKOINKO pa3InIUTHAX TPEHIOBA Y pa3Bojy cojapHux hemnmja, ajau yriiaBHOM Ce MOTY
Pa3JIMKOBATH ABa MPaBIia: TOOOJbIIAE KapaKTePHUCTHKA KOHBEHIMOHATHNX collapHuX henuja 6a3upanux
Ha MTOJIYTPOBONHMYKUM MaTepHjajiuMa 1 ICTpaskuBame MoryhHOCTH prMeHe HOBHUX MaTepwmjana. Lnim
OBOT pajia je fa MPeACTaBH pa3lInIWTe IMPHUCTYIe y MOOOJbIIamy ocobmHa comapHux henmmja Kpo3
UCTpaKuBame eekaTa 3pauciha Ha IIaBHe KapaKTepUCTHKE colapHux hemmja.

Kwyune peuu: conapua heauja, utym, cuauyuou, 3paderse




