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Abstract

In this work, we carried out a chemical etching on
glass substrates, initially cleaned, with a solution
containing hydrofluoric acid buffered with
ammonium fluoride and water at different
concentrations from 0 to 100 % to have an
isotropic etching. The aim of this chemical etching
is to create a textured surface on glass substrates,
which affect the surface roughness of thin films. So,
in order to achieve better photovoltaic properties
Sh,S; thin films have been deposited on etched
glass substrates by vacuum thermal evaporation
technique at substrate temperature Ts = 300 K. The
total and diffuse reflection spectra determined in
the spectral range 300 —1800 nm using UV-Vis-
NIR spectrophotometer allow us to extract the
surface roughness of the Sh,S; films. It has been
shown that the surface roughness of etched glass
substrates vary greatly depending on the F- ions
concentration of the solution and the etching time.
This procedure to grow highly oriented Sb2S3 thin
films is very important since we know that well
crystallization and orientation of the films affects
the solar cells conversion efficiency.

1. Introduction

Recently, Sb,S; is a member of V2-VI3
semiconductor materials family. In recent years, a
large number of studies have been devoted to the
physical properties of chalcogenides thin films due
to their wide applications in optoelectronic devices
[1, 2]. Among the available chalcogenides, pure
and doped Sh,S; thin films are used in solar energy
conversion, thermoelectric cooling technologies
and as photoconductive target for vidicon type of
television camera [3, 4]. Due to these potential
applications, it is fundamental to study in detail the
structural, electrical and optical properties of this
material.

Recently, researchers become interested in
producing this material in thin film form. In
particular, most of the works give attention to the
structural and electrical properties of the Sb,S;
material. Sh,S; thin films has been grown using
several methods [5, 6] as the chemical bath
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deposition [7, 8], the sol-gel method [9], vacuum
evaporation method [10, 11].

One way to improve the efficiency of solar
cells is the texturing of the surfaces of substrates on
which thin films are deposited and this in order to
inhibit the reflection of sunlight. Currently, a
versatile solution are used for burning and more
common for etching glass substrates is the solution
of potassium oxide KOH [12]. For better
performance of the cell, new techniques in the
process of texturing have been developed. For
example, the wet etching was used for the
modification of surface of glasses for the electronic
applications [13].

The aim of this work is the study the effect of
the surface texturing of the substrate on the
properties of the Sb,S; thin films. We present
results relating to the structural and optical
properties of amorphous antimony sulfide thin
films deposited on rough substrates made by the
thermal evaporation method. The glass substrates
were chemically etched by a solution of NH4/HF.
The analyses of these properties depend strongly of
the [F] concentration.

2. Experimental procedures

The chemical cleaning, also called wet
etching, makes itself by chemical attack in aqueous
solution, acidic or basic solution partially diluted,
the more used solution is the hydrofluoric acid
(HF), in some cases stamped by the fluoride of
ammonium (NH4F), this solution is named in the
literature (BOE: Buffered Oxide Etch) [14].

We choose a solution of hydrofluoric acid
stamped by the ammonium fluoride and water
(HF/NH4F/H,O) permitting to have an isotropic
reaction. The aim of this reaction is to create a
superficial profile, a texturing on the glass
substrates which influences the roughness, the
microstructure, the adhesion and therefore, the
physical and chemical properties of the layers. So,
we prepare a set of solutions having different
concentration of the anion (F’), by varying the
factor of dilution (d) from 0% to 100% of acid (the
volume ratio of HF/H,0).
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Using the texturing glass substrates,
Sbh2S3 thin films were deposited by single source
thermal evaporation method [7]. Crushed powder
of the Sh,S; ingot was used as raw material for the
thermal evaporation and a Tantale crucible was
used as evaporator source. The pressure of the
chamber during evaporation was about 10°® Torr.
The substrate temperature Ts = 300 K was
measured using a Chromel-Alumel thermocouple
in contact with substrate surface. The obtained
films adhere well to the substrates.

The structure of the Sb,S; thin films was
determined by means of X-ray diffraction (XRD)
using a D8 Advance diffractometer with CuKa
radiation (A=1.5418 A). The surface morphology
was carried out using a scanning electron
microscope (type Philips XL30) and the roughness
of the films were examined by means of
atomic force microscopy (AFM) type Vecco
model D3100. The optical characteristics were
determined at normal incidence in the spectral
range 300 to 1800 nm wusing a Shimadzu
UV/Vis/INIR  spectrophotometer.  The  film
thicknesses were found to be in the range 470-650
nm. The conductivity type of the Sh,S; thin films
was determined by the hot probe method. All the
films are highly compensated.

3. Results and discussion

3.1.Structural and morphological properties
X-ray diffractograms have been obtained for all the
samples before and after annealing. In figure 1,
Sh,S; thin films deposited on substrate etched at
different concentrations of the [F] were presented.
It can be observed that the samples obtained after
evaporation were globally amorphous. Those
samples deposited at temperature Ts = 300 K
present similar spectra to the above samples but
with a slight decrease for the rough layers.

The micrographs in figure 2 show the surface states
of Sh,S; layers deposited on a substrate slightly
attacked (25 % figure 2.a) and strongly attacked
(100 % figure 2.b) by the acid solution. We see
clearly the important effect of the concentration of
attack substrates on the growth of layers of Sbh,S;
material. The material is adhering to a substrate
attacked.

o

v S

Figure 2. SEM Micrographs of 8283 thin films as-

i 1000 £ deposited with different F~ % concentration: (a) for 25 %

[ 800 & and (b) for 100 %.

F 600 2

" 100 & We studied the surface morphologies of the
WM [ £ Sh,S; films by Atomic Force Microscopy
M_-ZOO . (AFM). Figure 3 shows the AFM images of
ol -OBB: 096 NH,F samples. The measured Rms is given in table 1. It
c G 259%NH4F is clear from the table that the average
£ D D: 50 % NHyF roughness decreases by increasing the
10 20 30 4 % o F E: 75% NHy4F concentration of F ions. The root mean square
Bragg angle 20 () F: 100 % NH,F (Rms) values of surface roughness were found

Figure 1. XRD patterns of Sh,S; thin films as-deposited
with different F~ % concentration

between 22.86 and 6.84 nm.
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X 0.500 pm/div
z 200.000 nm/div

X 0.500 pm/div
z 200.000, nm/fdiy

X 0.500 pm/div
Z 200.000 nm/div

X 0.500 pm/div
z 200.000 nm/div

Figure 3. AFM Micrographs of Sh,S; thin films as-deposited with different F~ % concentration: (a) for 25 %, (b) for 50 %,
(c) for 75 % and (b) for 100 %.

3.2. Optical properties
3.2.1Roughness of texturing glass substrates

B: is half the acceptance angle of the measuring

instrument.
10

Figure 4 shows the spectra of the total reflection 9 © Rt 0 %NHgF
and diffuse of the texturing glass substrates. These 8 ° Ry 25%NHF
spectra show an increase in the diffuse reflection 7 * Rt S0%NHqF
with the concentration of F ions. However, there 56 o Ry 5% NH4F
. . . 9 « Ry 100 % NHF

was a slight decrease in total reflection. ;5
To calculate the surface roughness of the films [ o Ry 0%NHgF
deposited on texturing glass substrates, we applied a3 {0 R 25 % NHgF
the following expression [15]; 2 & Rg 50 % NHgF
2 2 d o Ry 75% NHgF
ol (]S et )] 0 Y

300 600 900 1200 1500 1800

where;

Rs is the specular reflection and Ry is the total
reflection,

Rs: the specular reflection corresponds to a smooth
surface; the roughness is almost zero,

o and u: are the average roughness of the
irregularities respectively the highest and the
lowest,

A: is the wavelength of the incident radiation,

Wavelength (nm)
Figure 4. Total and diffuse reflection spectra of the
texturing glass substrates.
The total reflection Rt can be written as the sum of
Rs and Ry (diffuse reflection). The first term of
Eq. (1) describes the coherent part of the reflection,
while the second term represents the incoherent
part. The second term can be neglected and the
expression is simplified to a new expression, where
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C is a constant from the spatial fluctuations of the 3.2.3 Optical transmission and reflection
optical constants [15]: spectrum
Lol B __ (4o oC @) It can be seen that for deposited Sh,S; thin films,
R, 22 the transmittance decreases when the [F7]
The slope of Ln (R:/Rs) versus (1/A2) gives the concentration increases. This decrease_ become_s
surface roughness of texturing glass substrates more important at the strong concentration of [F]
(Table 1). _(Flgure 6.a). On the other hand, the rgflectlons
Table 1 Roughness of texturing glass substrates and increase when the [F-] concentration increases
Sh,S, layers at different HF concentration. (Figure 6-2)- Th'ﬁ feature‘tr?a?h be eXp|a|tneS_ byt:]het
; o increase of roughness wi e concentration tha
Roughness o Concentration HF (%) can be responsible for the anomalous decrease of
(nm) 0 10 25 50 75 100 optical transmittance. Also, an increase of grain
Glasses 0 195 535 828 10.69 14.92 boundaries with the concentration is at the origin of
Sh,S; layers 2286 1723 12.65 1085 833 6.84 the destructive inte_rference an_d as a consequence of
(AFM) : : ' ' : ' the decrease of optical transmittance.
SbaSs 1ayers »3 54 1765 1375 931 545 5.72 10
(calculate) €]

o 0% NHgF

o 25% NHgF
“® . 50 9% NHgF
o 75% NHgF
+ 100 % NHgF

We studied the variation this roughness as a _
function of the concentration of [F]. According to S60
the shape of the curve (Figure 5.a), we note that +

roughness strongly increases by increasing the [F]
concentration. 8 @ F FR

o) < )
omty RN < Dy
o N Ny a i)
j0.) o%ﬁ O by

S5

<SHy,
&Ry

3.2.2 Roughness calculation of the Sh,S; 0 —————t
layers 400 600 800 1000 1200 1400 1600 1800

By the same procedure described above, we Wavelength (nm)
represent the curves of Ln (R+/Rs) = f (1/A%) [18] to

obtain the roughness o of the Sb,S; layers 50 o Ry 0% NH,F
deposited on texturing glass substrates (Table 1). (b) a ) o Ry 25% NH,F
According to the shape of the curve (Figure 5.b), 401 A%g%w" & & Ry50% NHF
we note that the roughness str_ongly decrease by o Ry 75% NHyF
increasing the [F] concentration. These results 9 301 o ) S+ Ry 100% NHF
confirm the results found by the analysis of surface ;Es ® i%ﬁmom Ay 2

morphologies of the Sh2S3 films analyzed by &2 %‘?%@ ‘2%5”% 5 o Ra0%NHgF
AFM. In addition we note that the roughness’s of o Rq25% NHF
the Sh,S; layers are higher than those of the 101 7 & Rg50% NHyF
texturing glass substrates for the concentration of o Ry 75% NH4F
[F] less than 50 mmol.I* (Figure 5). After what the Rq 100% NH,F

0 . 1 T t : ¥ %
roughness’s of the texturing glass substrates 400 600 800 1000 1200 1400 1600 1800

Wavelength (nm)
25
r.. Figure .6 Transmission and reflection spectra for as-

204 - deposited Sh,S; thin films with different F~ %
— *. concentration: (a) transmission (b) total and diffuse
g 15 ..(/a) reflection.
° *. o
g 104 _ . 3.2.4 Absorption coefficients
< ’ f&/ ' The variation of the absorption coefficient was
3 5 o k% (D) calculated by the following relation [16]:
S 1 (1-R)’

o == L[] ®
0 d T

0 20 40 60 80 100 120 where d is the film thickness, R and T are the
Concentration (HF) (mmol I7) reflection  and  transmission  coefficients,
Figure 5. Roughness of attacked (a): glasses and (b): respectively. The absorption cqefﬁcwnt a_ev_aluated

Sh,S; layers with different F~ % concentration. from the measurements of optical transmission and

reflection through the thin film is shown in figure
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.7. Relatively high absorption coefficients between Plotting (ahv)?® versus photon energy, hv, gives way
10* cm™ and 10° cm™ were found. to two direct allowed transition Eg; and Eg, as
observed in figure 8. The first energy gap Egl is
related to the direct optical transition whereas the

10° second Eg, confirms the amorphous phase of the
film.
M’%}Wﬁﬁﬁ
5 | Table 2 Direct energy gap Eg and Thickness of Sb,S;
N 10 0 % NH4F layers at different HF concentration.
\n £ o 259% NHyF :
§ | “¢ ¢ ~ 50 % NHaF Concen(t[;a)“on HFE 0 10 25 50 75 100
o o o 0
= cC ° 75% NH4F hick 600 589 602 562 536 600
o + 100 % NHZF Thickness (nm)
E Eg, (eV) 186 1.78 176 1.70 1.65 1.86
10* +/—/————————
17 18 19 20 21 22 23 24 25 Eg (eV) 198 187 185 180 179 198

hv (eV)
Figure 7. Absorption coefficients of Sb,S; thin films
with different F~ % concentration.

1,5x10™ 3x10™ 6,0x10"°
- 11 o 0 S
S 1,010 S 2x107 ] ol 0
§ 0% NHgF § 25 % NH4F g 4.0x10 50 9% NH4F
% kS 2
N; 5,0x10"1 y N'; 1x10™ o 2,0x10"°
£ £ 2
: J | * Eg1 o2 g 0
0,0 - 04 v v 0,0 . y .
1,7 18 19 20 21 22 1,75 180 185 19 19 1,70 1,75 1,80 1,85 1,90 1,95
hv (eV) hv (eV) hv (eV)
2,0x10" 5x10™
11
. 15x10" 75 % NH,F + 4x10 100 % NH4F
§ £ 3x10™
> 1,0x10" >
o & 2x10"
> 10 >
.\%/ 5,0x10 % 1X1011
f T £ T T 0 - r r r r
168 174 180 186 192 1098 1,62 1,68 1,74 1,80 1,86 1,92 1,98
hv (eV) hv (eV)
Figure 8 Relation ship between (ahv)? and photon energy of Sb,S; thin films with different F~ % concentration.
2,1
t\
The two allowed direct transitions Eg; and Eg, *x Egp
decrease from 1.86 to 1.65 eV and from 1.98 to 2'0'1.‘ B Ey
1.79 eV respectively with increasing the [F] Lo ; *.
concentration (Figure 9 and Table 2). The band gap s ] N
(=1.65-2 eV) covers the maximum scan of the 2 . .
visible and near infrared ranges of the solar wer e Tk
spectrum [17- 19]. 17 e —
1,6 T T T T T
0 20 60 80 100 120

40 -1
Concentration (HF) (mmol [ )

Figure 9. Direct energy gap Eg versus the F* %
concentration.
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4. Conclusion [18] O. Savadogo, K. C. Manda, Solar Energy Mater,

The effects of chemical etching of substrates on the [ng';i”lvcl;e_:_'s 826’\%519?' ‘;'Z'n ;lj'éir?]'pos V. M. Garica. P
structural _and optical properties of Sh,S; thin films K. Nair, J. Electrochem. Soc. 145 (1‘998), op. 2113.
were studied. It can be observed that the samples 2120.

obtained after evaporation have an amorphous

structure. We also note that the attacked Sb,S;

layers presented roughness more significant than

those of the substrates attacked for the weak and

average concentration of [F7], what it is conversely

for the strong concentration. Only with average

concentration the croissence of the Sh,S; material

achieves the texture of surface. Relatively high

absorption coefficients between 10* cm™ and 10°

cm™ were calculated. Two direct energy transitions

which lie between 1.65-2.00 eV ranges were

found. These characteristics reported in this work

make the Sh,S; a potential candidate as absorber

material in solar cells applications.
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