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EFFECT OF SUBSTRATE MODIFICATION ON PROPERTIES OF THERMALLY
EVAPORATED BARIUM DISILICIDE THIN-FILMS
Mai Thi Kieu Lien

Abstract: Orthorhombic BaSi; films were grown successfully on flat and modified Ge substrates the by
thermal evaporation method at 500 °C with an a-Si supply layer. The obtained results showed that within
a short etching time t. (less than 15 min), the substrate modification had a negligible impact on improving
the crystalline quality and optical properties of the BaSi; films in comparison with using flat substrate.
When t. is 15 min, the crystalline quality as well as optical properties were improved significantly.
However, the crystalline quality degraded whereas the optical properties was still improved as t. > 15 min.
Therefore, we chose t. of 15 min as the optimized condition for surface modification of Ge substrate.
Photoresponse properties of evaporated BaSi, films on modified (with te = 15 min) and flat Ge substrates
showed that the film grown on the former has better properties than that on the latter. We also confirmed the
bandgap of thermally-evaporated BaSi; films at 1.29 eV. These results suggest the potential application of
the BaSi, thin-film evaporated on modified Ge substrate as an absorber for thin-film solar cells.
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1. Introduction

A solar cell is known as a device that converts
sunlight directly into electrical energy. At present,
silicon (Si) is the most used material in solar cell
manufacturing thanks to some of its remarkable features,
such as safety, stability, and earth-abundance. However,
this material has two main drawbacks, which are high
manufacturing costs due to the required thick film and a
slightly small band-gap for a single-junction solar cell
[1]. In order to overcome these drawbacks, other
semiconductors such as cadmium telluride (CdTe) [2, 3]
and copper indium gallium diselenide (CIGS) [4, 5]
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have received much attention. Thin-film solar cells
based on these semiconductors have already been
commercialized. However, these materials still cannot
meet the global deployment due to the lack of some
important  properties such as earth-abundant,

environment-friendly, and inexpensive components.
Therefore, it is necessary to explore new or alternative
materials which meet all of the requirements for state-
of-the-art solar cell applications. Barium disilicide
(BaSiz) is a promising candidate thanks to its
remarkable features such as abundant and inexpensive
components of Ba and Si, a suitable band gap of
approximately 1.3 eV [6-11], high absorption
coefficient (~3x10* cm™ at 1.5 eV) [9, 11, 12], long
minority carrier diffusion length and lifetime (~10 pm
and ~14 us, respectively) [13, 14]. At atmospheric
pressure, orthorhombic BaSi, is the most suitable
structure for utilization in photovoltaics [15].

For practical application of BaSi. on large-scale area,
thermal evaporation (TE) is a suitable method. This is
because TE is the simple method which can reduce the
deposition time thanks to the high deposition rate and still
ensure to produce the uniform thin-film. Using the TE
method, the BaSi, thin-film was successfully grown on
various flat substrates such as Si [16 - 18], glass [12],
CaF; [19], and Ge [20]. Using Ge as a substrate for
growing BaSi, has some advantages. Firstly, the thermal
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expansion coefficient of Ge is close to that of BaSiy,
which may reduce cracks formation in BaSi, grown at
high temperature. Secondly, BaSi,/Ge heterojunction
solar cells might absorb light in a wide wavelength range
due to the small band gap of Ge. Modifying the substrate
surface before growing BaSi, has an impact on reducing
light reflection and increasing absorption, which is a key
issue in improving optoelectronic device performance.

In this study, we worked on the Ge substrate and
modified its surface by means of a simple method. Since
the vapor composition produced from BaSi» source is
Ba-rich at the initial stage [12, 16], it is necessary to
supply Si atoms at this stage to achieve stoichiometric
BaSi, film. Therefore, an amorphous Si (a-Si) supply
layer is deposited prior to the growth of BaSi; film. The
purpose of this study is to grow and characterize
properties of orthorhombic BaSi: films on modified Ge
substrates. In order to show the advantage of substrate
modification, we compare the properties of BaSi, grown
on modified substrates with those on flat ones. The
substrate modification condition is also optimized.

2. Experimental procedure

P-type (100) Ge (p = 1-10 Q-cm) substrates, after
having been cleaned with acetone and deionized water
(DI), were dipped into a diluted HNO3 (70%) solution to
form domes on the surface. The dipping time varied
from 5 to 20 mins. Then, the substrates were dipped into
a diluted HF (5%) solution for 3 min to remove the
oxide layer. After cleaning with DI water, the substrates
were loaded into a RF sputtering chamber for deposition
of a 50 nm-thick-a-Si supply layer at a substrate
temperature of 300 °C. After that, 200 nm-thick-BaSi;
films were evaporated at a substrate temperature of 500 °C
and a base pressure of 1.0x10° mbar. For comparison,
BaSi, films were also grown on flat substrates under the
same condition. Figure 1 shows cross-sectional
illustrations of the fabricated BaSi, films on modified
and flat Ge substrates.

BaSi, L asi
p-Ge (100) p-Ge (100)
~ p=1+10 Qem ~ (= p =1+10 Qcm ~
| =500 pm | | 1=500 pm |
(@) (b)

22

Figure 1. Cross-sectional illustrations of the fabricated
BasSi; films on (a) flat and (b) modified Ge substrates

Surface and interface morphologies as well as
thickness of the evaporated film were observed by
scanning electron microscopy (SEM; JEOL JSM-7001-FA).
The crystalline property of BaSi, films was estimated by
means of Raman spectroscopy (Tokyo Instruments
Nanofinder) using Ar* ion laser with an excitation
wavelength of 488 nm. For optical properties
characterization, we employed a JASCO Ubest V-570
spectrophotometer to obtain the reflectance (R) and
transmittance (T) spectra from the samples. The
absorptance (A) spectra were obtained using A=1-R-T.
In order to investigate the vertical photocurrent, an 80-
nm-thick indium tin oxide (ITO) and 200-nm-thick Al
were deposited on the surface of the BaSi; film and the
backside of Ge substrate, respectively. The photocurrent
was measured by a lock-in technique using a 450 W
xenon and 400 W halogen lamps with a monochromator
to produce a monochromatic light with a constant power
of 50 pW/cm?,

3.Results and discussions

Figure 2 shows the SEM side and cross-sectional
views of the evaporated BaSi; films on flat and
modified Ge substrates at various etching times te. In
Fig. 2(a), it can be seen that the evaporated BaSi, film
has a smooth surface and no crack formation on the
surface as well as along the thickness. For the films
grown on modified substrates, the dome morphology of
Ge substrate after the evaporation of BaSi, films
remains the same as before. The a-Si supply layer is
almost consumed, which reveals the relatively smooth
and clear BaSi»/Ge interface for all of the samples. As
shown in the insets of Figs. 2(b)-(e), the height and
diameter of the domes increase with te. At te of 20 min,
the BaSi, film surface becomes rough due to the
increase in porosity. Under the same evaporation
condition of BaSi, film, the higher and larger domes
were, the larger BaSiy/Ge interface area and more
porous BaSi, film were obtained. The large interface
area can reduce the in-plane film stress which is the
cause of micro-crack formation when evaporating at
high temperature [12,18] but increase the porosity (and
thus crystal defects) of the film. Therefore, we should
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consider the trade-off between them and optimize t.

when employing the modified substrate.

Figure 2. SEM side and cross-sectional views of BaSi; films grown on (a) flat and modified Ge
substrates at different etching times: (b) 5 min, (¢) 10 min, (d) 15 min, and (e) 20 min

The Raman spectra of the evaporated BaSi, films
on flat and modified Ge substrates at various t. are
shown in Fig. 3(a). The observed peaks are identified as
the vibration modes of [Sis]* anion in BaSi,, suggesting
that all films are orthorhombic BaSi, [21-24]. Figure
3(b) shows the full width at half-maximum (FWHM)
values of A; mode, which are used as a measure of
crystalline quality. The lower value of FWHM, the
better crystalline quality of the film. It can be seen that
FWHMs of the films on the modified substrates are
smaller than that on the flat one, indicating that the
films grown on the former have a better quality than that
on the latter. It can be explained by the reduction of the
film stress when evaporating on the modified substrates
at a high temperature due to the increase in interface
area, in comparison with evaporating on the flat
substrate. For the films grown on the modified
substrates, FWHM seems to be unchanged with te until
10 min, suggesting that 10 min is not a critical t. for
improving crystalline quality. FWHM, then, decreases
with t. up to 15 min and increases beyond it. This
suggests that 15 min is the optimum t. for the
modification of the Ge substrate in improving crystalline
quality of the evaporated BaSi,. At the longer etching
time (i.e. te = 20 min), due to the increase in porosity and
therefore crystal defects as mentioned previously, the
crystalline quality of the film begins to degrade.
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Figure 3. (a) Raman spectra and (b) FWHM of A; mode
of BaSi films grown on flat and modified Ge substrates
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Figure 4. Absorptance A spectra of BaSi; films grown
on flat and modified Ge substrates

Figure 4 shows the absorptance A spectra of the
evaporated BaSi> films on flat and modified Ge
substrates at various te. It is obvious that As of the films
with te of 5 and 10 mins are almost the same as that on
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flat substrate. This indicates that the slight substrate
modification has no effect on increasing the absorption
of BaSi; films. On the other hand, As of the films grown
with t. of 15 and 20 mins are higher than that on flat
substrate. This suggests that the light trapping effect
works well when t. is equal or more than 15 min.

From the above results, etching time was optimized
at 15min, considering the trade-off between crystalline
quality and optical properties.
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Figure 5. Photoresponse spectra of 1TO/BaSi,/p-Ge
(modified with te = 15 min and flat)/Al structures under
forward and reverse bias voltages of 3V

Figure 5 shows the photoresponse properties of
ITO/BaSi./p-Ge (modified with t. = 15 min and flat)/Al
structures under forward and reverse bias voltages of 3
V. The photocurrent is generated by the light absorption
and electron-hole pairs separation by electric field. For
BaSio/modified Ge, the photoresponsivity can be
observed clearly whereas that for BaSi./flat Ge is very
weak and noisy. This suggests that the crystalline
quality and/or interface property of BaSi,/modified Ge
is better than that of BaSiy/flat Ge. It can be explained
by the increase in interface area and reduction of film
stress when evaporating BaSi, on modified Ge at high
temperature in comparison with that on flat Ge as
mentioned previously. The result is confirmed by
Raman spectra analysis. Moreover, the result also shows
the effect of substrate modification on enhancing the
absorption by light trapping, which is confirmed by
optical properties measurement. The onset of
photocurrent is at photon energy of 1.29 eV, which is
supposed as the band-gap value of BaSis.

4. Conclusion

Orthorhombic BaSi, films were grown successfully
on flat and modified Ge substrates by the TE method at
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500 °C with an a-Si supply layer. The obtained results
showed that, at short etching time te (less than 15 min),
the substrate modification had a negligible impact on
improving the crystalline quality and optical properties
of the BaSi, films in comparison with using a flat
substrate. When te is 15 min, the crystalline quality as
well as optical properties was improved significantly.
Therefore, we chose t. of 15 min as the optimized
condition for surface modification of Ge substrate.
Photoresponse properties of evaporated BaSi, films on
modified (with t¢ = 15 min) and flat Ge substrates
showed that the film grown on the former had better
properties than that on the latter. We also confirmed the
bandgap of thermally-evaporated BaSi, films at 1.29
eV. These results suggest the potential application of the
BaSi, thin-film be evaporated on modified Ge substrate
as an absorber for thin-film solar cells.
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ANH HUONG CUA SU PIEU CHINH PE PEN CAC TINH CHAT
CUA MANG MONG BARI PISILIC BOC BAY NHIET

Tém tét: Trong nghién clru ndy, ching t6i da ché tao thanh céng mang méng BaSi, ¢ cAu trdc tinh thé hé thoi trén dé Ge
phang va dé& Ge duoc didu chinh bing phwong phap béc bay nhiét & 500 °C st dung I&p cung c&p nguyén tir Si. Cac két qua dat
dwoc cho thay, véi thoi gian didu chinh dé t. ngan (nhd hon 15 phat), sy didu chinh dé khong cé tac dung dang ké trong viéc cai
thién chét lwong két tinh va céc tinh chét quang hoc clia mang BaSi, so véi duing dé phéng. Khi t. = 15 phut, chat lwong két tinh cling
nhw céc tinh chat quang dwoc cai thién dang k&. Tuy nhién, chat lwgng két tinh bi suy giam trong khi cac tinh chat quang van dwoc
cai thién khi t. > 15 pht. Vi thé, ching t6i chon t. = 15 phut 1a thei gian t6i wu cho sy didu chinh b& mat dé& Ge. Cac tinh chét hdi dap
quang hoc clia mang BaSi, trén dé Ge dwoc didu chinh (v&i t. = 15 phat) va trén dé Ge phang cho thdy mang ché tao trén dé dwoc
didu chinh c6 tinh chét tét hon so véi trén dé phang. Tir phép do hdi dap quang hoc, ching téi ciing xac dinh dwoc viing cdm cla
BaSi, 1a 1,29 eV. Cac két qua nay goi mé tiém nang (ng dung clia mang méng BaSi, bc bay trén dé Ge dwoc didu chinh nhw 1a
chét hap thu trong ché tao pin mat trevi.

Tir khéa: Bari Disilic; ban dan hop chét véi silic; boc bay nhiét; sy diéu chinh dé; tinh chét quang hoc; hdi dap quang hoc; dé Ge.
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