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ON THERMAL STABILITY OF ANTIMONY THIN FILMS
FOR SOLAR CELLS APPLICATIONS

Antimony has received considerable attention due to structural archetype for a variety of sulfide and
sulfosalt minerals. In this work Sb thin films with thickness of ~ 300 — 400 nm were grown by radio
frequency magnetron sputtering, in order to use as a precursor to synthesize chalcogenide semiconduc-
tors for solar cells applications. It was shown the influence of annealing temperatures to the structure
of the as-deposited Sb films. Antimony thin films were deposited on a glass substrate and subsequently
were annealed at different temperatures 300°C, 400°C, 500°C in argon gas ambient. Structural charac-
terization of the films analyzed by Raman scattering spectroscopy, two different excitation wavelengths
were used: 532, 632.8 nm. Raman bands both the symmetric (A, ) and nonsymmetrical (E) phonons
were identified. Transmittance measurements and morphology studies of the films showed stability of
annealed films at temperatures at 400 °C and the results of Raman spectroscopy showed their high
polycrystalline structure.

Key words: antimony thin films, RF magnetron sputtering, RTP, Raman spectra.
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KyH anemeTTepiHAE KOAAQHY YLUIH )KYKa aHTUMOHUYM
KAObIKLLIAAAPbIHBIH, XXbIAY TYPAKTbIABIFbI

Cypbma (Sb) epTypAai cyabdma, xxeHe CyAb(OTTaAFaH MUHEPAAAAPFA KYPbIABIMABIK apXeTUMNTEPAIH
apKacblHAQ YAKEH KOHIA 0OeAiHAI. Bya >xymbicTa KaabiHAbiFbl 300-400 HM 6oAaTbiH >kyka Sb
KabbIpLIaKTapbl PAAMOXMIAIK  MarHeTPOHAbI Lialliblpay SAICIMEH ©CiM, OAapAbl KaAbLIOTEHWATI
>KapTblAai ©TKI3riTEPAT OHAIPY XXK8HE 0OAapAbl KYH 6aTapesiAapbl CaAaCbiHAQ KOAAAHY YLLiH MPeKypcop
peTiHAE MaAaAaHy MakcaTblHAQ >KacaAAbl. TYHAbIpbIAFaH Sb KabbiKaAapbIHbIH, KYPbIAbIMbIHA >KaHY
TemrnepaTtypacbiHbIH, acepi KepceTiareH. Sb >kyka nAeHKaAapbl LWbiHbl Cy6cTpaTTapFa KOMbIAbIM, aproH
opTacbiHAA 8pTYpPAI Temnepatypaaa: 300 °C, 400 °C, 500 °C kbi3ablpyfa yiubipaabl. KabbikwarapAbliH
KYPBIABIMABIK, cMMaTTamacbl PamaH CrneKkTpOCKOMUSICbIH ManAaAaHa OTbIPbIM, €Ki TYPAi TOAKbIH
Y3bIHAbIFbI 532, 632,8 HM ManAaAaHbIn TaAAQHAbI. Eki cMmeTpusAbl (A1g) JKOHE aCCUMETPUSIAbIK, (Eg)
(hOHOHAAPABIH aPAAAC LALLIbIPAHK bl GEAAECTEPI aHbIKTAAAbI. TaCbIMAAAQY CNEKTPI MEH MOP(OAOTUSIABIK,
3epTTeyaepai eawey 400 °C Temniepatypa Ke3iHAE MAEHKAAApPAbIH TYPAKTbIAbIFbIH KOPCETTi >KeHe
PamaH cnekTpoCKOMNMSCbIHbIH, HOTUXKEAEPi OAAPABIH, >KOFapbl MOAMKPUCTAAABI KYPbIABIMbIH KOPCETTI.

Tyiin cesaep: cypbma >kKyka KabblpllakTapbl, MarHeTPOHAbI Liallblpay, Te3 MiCeTiH neL,
KOMOMHAUMSIABIK, bIAbIPAY CMEKTP.
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TepMM‘leCKaﬂ YCTOﬁHMBOCTb TOHKUX MA€HOK aHTUMOHUU
AAS NTPUMEHEHUA B COAHEYHbIX DA€MEHTaXxX

Cypbma (Sh) noaAyumaa 3HauMTEAbHOE BHMMaHMWE M3-32 CTPYKTYPHOrO apxetura AAs PasAMUHbIX
CYAb(UAHBIX M CYAb(DOCOALTOBbIX MMHEpPaAAOB. B 3Ton paborte TOHKME MAeHKM Sb TOAWMHON ~
300-400 HM BbIpaWMBAAUCL METOAOM PAAMOYACTOTHONO MArHEeTPOHHOrO PacChbIAEHUS C LEeAblO
MCMOAb30BaHMS MX B KauyeCTBe MPeKypcopa AAS MOAYHEHMS XaAbKOT€HMAHbIX MOAYNPOBOAHMKOB M
MX MPUMEHEHMS B 0OAACTU COAHEYHbIX IAEMEHTOB. BbIAO MOKa3aHO BAMSIHME TemrepaTyp OTXKMra Ha
CTPYKTYPY OCaKAEHHbIX MAeHOK Sb. ToHkue naeHku Sb GbiAM OCaXKAEHbI HA CTEKASIHHbIE MOAAOXKKM
M B AAAbHENLIEM MOABEP>KEHbI OTXKMIYy MpW pasAMuHbIX Temnepatypax: 300 °C, 400 °C, 500
°C B aproHoBoi cpeae. CIpyKTYpHYIO XapaKTEPUCTMKY MAEHOK MPOAHAAM3MPOBAAM C MOMOLLbIO
CMEeKTPOCKONMUN KOMOMHALIMOHHOIO paccesiHWs CBEeTa, MPW MCMOAb30BaHWM ABYX PasHbIX AAMH BOAH
BO30OYy>KAeHus:: 532, 632,8 HM. bbian VlAeHTVICbVIU,leOBaHbI MOAOCbI KOMOMHALIMOHHOIO paccesiHuns
KaK CUMMETPUUHBIX (A, ), Tak 1 HecummeTpuuHbIX (E) (hOHOHOB. M3MepeHusi CriekTpoB NpormycKaHms
1 MopdoAornyeckmne MCCAeAOBaHVIS{ MNAEHOK MOKa3aAM CTaGMABHOCTb OTOXOKEHHbIX MACHOK npu
Temneparypax 400 °C, a pe3yAbTaTbl CMEKTPOCKOMUM KOMOMHALMOHHOIO pacCesiHusi MoKasaAm Mx
BbICOKYIO MOAMKPUCTAAANYECKYIO CTPYKTYPY.

KAtoueBble cAOBa: TOHKME MAEHKM CYypbMbl, MarHETPOHHOE pacrblAeHWE, NMedb ObICTPOro OTXKMIA,

CMeKTPbl KOMOWMHALMOHHOTO paccesiHms.

Introduction

Thin film solar cells (SC) based on CIGS
(copper indium gallium selenide), CdTe (cadmium
telluride) have been extensively studied due to their
semiconducting properties and they were always
cheaper than first generation SC due to technology
of producing. CIGS and CdTe has reached solar
cells achieving certified solar energy conversion
efficiencies of 20.81 and 20.4%, respectively.
However, researches on photovoltaic area are aimed
at reducing the cost, which include raw material and
the manufacturing process. The scarcity of In and
Ga in CIGS and high toxity of Cd in CdTe made
research to search for alternative materials. As an
alternative material in last decades high interest is
caused by such compounds based on Sb such as
antimony selenide Sb,Se,, stibnite Sb.S,, copper
antimony sulfide CuSb_ S antimony telluride
Sb,Te,. Among the listed structures Sb,Se, appears
to be a promising candidate for photovoltalc because
of the following advantageous features: Sb,Se, has
an ideal low-band-gap value (1.2—1.0 e¢V) and a
high optical absorption coefficient (around 10° cm™!
near the absorption onset) [1, 2], which permits a
strong visible—near-infrared sunlight absorption.
The constituent elements of Sb and Se in Sb,Se,
are relatively earth-abundant, inexpensive, and
low-toxic. Antimony can be grown on different

substrates. For example antimony forms an abrupt
interface with III-V semiconductors such as InP or
GaAs [3] without chemical reactions. Also, on the
Si [111] substrate films were polycrystalline and
displayed a preferential orientation about the (111)
axis in a direction perpendicular to the film plane
of the substrate [4]. Also, there are several studies
on changes in structure characteristics with growth
pressure [5, 6]. Like other semi-metals of the group
V-A, antimony crystallizes at ambient conditions in
the trigonal A7 structure (space group R3 m, No.
166) [7].

One of the most important discoveries in the
field of solid-state physics and chemistry is that
the properties of a body depend directly on the
microstructure, i.e. from the chemical composition,
the bounding nature (atomic structure), and body
dimensions in one, two or three directions. Other
words, if one of the set of parameters changes,
then the properties of the body also changes. In this
work we analyzed the influence of the annealing
temperatures to the structure of the Sb films using
Raman scattering spectroscopy.

Experimental methods
Antimony thin films were deposited by radio

frequency magnetron sputtering technique from Sb
target onto the glass maintained at room temperature
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at sputtering pressure 5* 10~ mbar. The Sb target was
made by powdering of the bulk material and then
annealing of the powder at about 700 °C in furnace
for rapid thermal processing (RTP). Sputtered thin
films (thickness of ~500-600 nm) were annealed at
different temperatures in the RTP furnace at 300 °C,
400 °C, 500 °C in Ar ambient (300 sccm) during 10
minutes at maximum temperatures. The morphology
of'the films were studied on SEM (JEOL). Transmit-
tance spectra of antimony films were measured on
the QEX10 Quantum Efficiency/Spectral Response
(SR) with a measurement range of 190-1100 nm.
The Raman spectroscopy (RS) measurements were
done using Solver Spectrum. The RS were analyzed
by a single-stage spectrograph with a multichannel
CCD detector and excited with the 532 nm line of an
Ar-ion laser and with the 632.8 nm HeNe /aser. The
surface of the specimen was focused with the help
of 100x objective with a laser spot diameter of ~1
um when an HeNe laser line (632.8 nm) is used as
excitation source and ~0,72 pum when an HeNe laser
line (632.8 nm).
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Results and discussion

Morphology and transmittance studies. The
morphology of antimony films annealed at different
temperatures from 300 °C to 500 °C is shown in figure
1 a, b. The surface of the specimens annealed at 300
°C and 400 °C are smooth and no visual changes after
annealing, their thickness remained in its original
form, which demonstrates the stability of the films
at about 400 °C. Also, the stability of the antimony
thin films confirmed by transmittance spectroscopy.
The results of transmittance measurements are
illustrated in figure 2. The transmittance spectra of
the as-deposited and annealed films at 300°C and
400°C can be divided into two parts, from 300 nm
to 400 nm and from 400 nm to 1100 nm. In part
300-400 nm spectra films has highly transparency.
From 400 nm absorbance of the annealed films goes
up because of a higher orderliness of the crystal
structure. In case of film obtained at 500 °C became
almost transparence (fig.2), there is remains of
antimony on top of glass can be observed (fig.1 ¢).
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Figure 1 — SEM of antimony films prepared at different annealing temperature

Structure analysis. The A7 structure of Sb-I
is trigonal, with six atoms per hexagonal unit cell
occupying the 6c¢ position (fig.3). Changes in a
condition of growth lead to lattice distortions. The
structure is rhombohedral distortion of simple cubic
structure, which forms layers of atoms arranged
along the hexagonal axis. Two distortion modes
lead from the parent cubic-primitive (cP1) to the A7
(hR2) structure: a rhombohedra elongation along a
cubic [111] direction and a pairing of the original
cubic (111) lattice planes. Atoms in red mark
opposite corners of the distorted cube. According to

ISSN 1563-0315
eISSN 2663-2276

the group-theory there are two Raman active modes
for the A7 structure at ambient-pressure: A, mode
at 150 cm™ and a two-fold degenerated E, mode at
115cm™.

Our thin films were investigated with two
different excitation wavelengths: 532 nm, 632.8
nm. RS from 50 to 350 cm” under different
excitation wavelengths. The laser power for each
laser wavelength are the same 50 mW, integration
time were kept at 60s for both red and green laser
lines. All spectra were measured through a 100X
objective.
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Figure 2 — Transmittance spectra of as-deposited and annealed

at different temperatures antimony films

In figure 4 shown Raman spectra of our work
and adapted literature data of polycrystalline and
amorphous antimony recorded at room temperature
[6, 8]. Since the spectra have different intensities,
for correct comparison spectra of the testing samples
were divided by maximum intense peak, for each
spectra maximum is different at about 150 cm™.
The E. mode at 115 cm! identified in the red laser
line. The reason of sensitivity of Sb-I phase on the
excitation wavelength either high integration time
or dependence of Raman scattering efficiencies

Figure 3 — Crystal structure of Sb-I
(hexagonal setting) [6]

well-known 1/A* (A is the excitation wavelength)
[9]. Proceeding from the last assumption, more
phonon modes should be identified with less exciting
wavelength. The Raman spectroscopy results of
annealed samples at temperatures of 300 and 400
°C confirm the morphology and transmittance
spectroscopy study results of the films. The crystal
structure of the films is polycrystalline with the A7
structure showed two peaks at 115 cm —1 and 150 cm
— 1, in agreement with [5, 10], whereas amorphous
antimony phonon (a-Sb) modes at ~ 145-150 cm™! [8].
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Figure 4 — Raman spectra of antimony
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Conclusion

Thin films of antimony have been grown on glass
substrate using RF magnetron sputtering technique
and then annealed at different temperatures in order
to test stability of the film structure. Analyzes of
the transmission spectra and the study of surface
morphology showed the stability of thin films of
antimony up to 400 °C, which confirmed by high
quality Raman spectroscopy measurements. The
data obtained by the Raman spectroscopy method
are in good agreement with the literature data
obtained from high-purity antimony powders,
which are Alg mode at 150 cm™! and a two-fold

degenerated E. mode at 115 ¢cm™!. In the future,
the films will serve as precursors for chalcogenide
structures.
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