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Mechanical Behavior of Spin-Coated Sb,S; light Absorption Thin Films
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Abstract: To measure the mechanical properties of SbySs, a two-component compound semiconductor used
in the light absorption layer of a solar cell, SbyS;3 thin films were formed on FTO glass using the spin coating
method. The spin-coated SbySs thin films were heat-treated at 200 °C in an Ar atmosphere for up to 1 hour
to form a thin film with continuous crystalline structures. A nanoindentation system was used to measure
the mechanical properties of the spin-coated SbyS; thin films, and the phenomena appearing during
indentation were analyzed. We used the continuous stiffness measurement (CSM) technique, and Young's
modulus and hardness measured with the indentation depth of 250 nm were about 53.1 GPa and 1.43 GPa,
respectively. The results were analyzed and compared with literature values, which varied from 40 GPa for
the nanowire forms of SbySs to 117 GPa, based upon simulation results. Since there are few studies on the
mechanical properties of spin-coated SbySs thin films, the results of this study are worthwhile. Besides, we
observed that the Sby,S; thin film had a little brittleness in the indentation test at higher load, and the
microstructure was pushed around the indenter depending on the degree of bonding to the FTO glass
substrate. This is a matter to be considered when making flexible devices in the future.
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1. B H3l 85 Ve At} [1]. CIGSA BFet Bjekd =] o)
=2 FAHES g8oe EElE In ¥ GaE diAs AL
Az)E 7uk glFhR 7} 2 ARow Bsly Alge] sk A7 lFEWA Cu-Zn-Sn-Se/S (CZTS)Al B FA

AHETS Fola HES ol A% WAE WAME de AV} B FRL Witk aehd, CZTSA BPEAE 2
A&7PsAoleie MM ofF Fa% BAIE SR v 582 ¥ 5 b B 24 7o) FAH BA
A 7] et ejAe] B A ol /1% uﬂ O Qlsle] Hzol 2, R SFE WA B
¢ A% AFER Cu-In-Ga-Se/S (CIGSYA| 3FoHe W= A7l ol ool 3 gltk. Td, Az Fgd] =& ¥
A BFAAE 1 AT ek SATh CIGSA Mt §% AS7PsA S ofF Fad 2491H YrHo
HAAE Bo HANG G2 b, 84 8% 2 2o 18] ATEH el AAHelT v Aol

d

= A uhey BddRe] Hi 882 dE9 Solar  7Fedh MIXIE FAE 7INEO R Sk B|HA] Az A
FrontierA}2] Cd free CISAl BRI ZMN 23.35%9] FX A= Bo] o]FoIx| L Q) [2,3].

Sb,S; BjHEe] 74 YaAhe AFdel FHsHl A5t
w183 A0]7] wiie) A&7Fs welA At Al 5ol
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Holt}, H. Koc 52 [11] ALYy AlEY oS FalA
Sb,S;9 BAAG] #I AFE HEIAL, L

. H. Koc 52 [11]
Adde] AlEdelAdolx SIESTA ¥ VASPE: =&
o]-§3te] Sb,S;e] 71A1F Al AsiA AFetii=l,
SIESTA Z= AFES 98|A= volume-conserving 7]
[12] |83}, VASP AL 9l8lA= strain-stress 2
AE o] &3lTt [13]. H. Koc 5& W3 A+ (B)2+
T A AT (G)e] AREE NS R Sh,S;0] 73
o] HArZ ARgsIen [14], 34 Ad BAS=
FE BFoA oF 47 GPa BEE AXMEJC HA &
ATe 7 FTA kel Aol Yot HiEF o=
75~80 GPaZ A=A S ©]ES Young’s modulus® 3t
Atsld oF 117 GPa A&ty BT TnEe e
B/G W& 1.755 7|%o 2 A5e 4 ¥ S 725t
A=, Sh,S:el A= B/IG7E 1.58~1.7HER HHS ¥
o RIS [14,15]. L. Jasulaneca & [5]2 Sb,S;
i=9lo]o] S anodic aluminium oxide (AAO) ¥1Z3 7]4k
o2 AZ3F F ‘n situ electricfield-induced mechanical
resonance’ W'H I} ‘static bending’ A¥S FaiA Hi-olo]

o19] Young’s modulusE =43} th. L. Jasulaneca 5

ox Hn Hi

A 588 A A 598 A15 (2021F 1Y)

[5]2 Sb,S; W=o}e]ole] Young’s moduluse He$}e]of
o] Al W JFS WA heF 35-40 GPa B2
SAEHATL B s

2 AFE ShyS; HHEE HIZE 7|Nke] A SE Wy
o2 AFAE E4 THE SnO, (Fluorine-doped Tin
Oxide, FTO) &2 7| :g3a & AAs =S 95l &
Agsted Az om o]e] 7AH AT WildHE
ol-gste] ST S, & AFolA w0zl Bhee)
TEE Tl 7 22 S8l A3t vheke] FEE At
starzp gt

Hed
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i
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Sb,S; vt ARE g AA| S FEIE (D)

312 (SbCly), E]© 824 (Thiourea, CHN,S) 2 wg <&
& (CH,0HYE E3sle] Az siint. 23 398 A4S
A7) 98] 9] 84S Hotplateol] X 80°CE wwt 3}
A A7 719ednh. 2~ FHS 01§43 & 33
S8 Ax3h= ShyS; ¥He] wlA|Z2Z Sbet SO H]Eo|
S

IS wed [16,17] & Aolrs ShCLoL H L a4
SHI7F 1290 A7A 84S ARgete] AlxE 2 ARSst
Atk Sb,S; T FH®I] el FTO 713 (15 Qsq)s
OME, WEkE ¥ FRTN 2SR AT 919
fAS AZE FTO 7139 4500 rpme] £E2 30% &
o =¥ =Y ¢ oy FE 2 AY T Ar 971,
200 °CollA 10 &<+ GAE] aflom olds 34S 43
HHEste] vleks- A 2T 48R G2 AAolM = &
A AZHE Hol WNZ7EA ST rAlTERE A
AAEm 7 2 XA 3] X E o]&ste] AEsIAT

A ZE SbyS; vHEre] 71A1A 54 vieRldlH o] Al
2~® (Nanoindenter® G200, KLA Co. USA)S AR&-3}e]
stk Age THCZRE 250 nme} 500 nm o]
2 4t HHyeE g E dAFdAe
continuous stiffness measurement (CSM) 7S ©]&3}
o] MIFE 0.056 (B Adde|d MY, (dh/di/me L
A3 (dP/df)/P (h=displacement, t=time, P=load) &
S EaiM de) & AA51HA] Nanoindenter XP™
load cell& AR&-3ste] ST [18,19]. Berkovich The|
OREE SRS ARESte] 40W ool o AF A
HARo R 7IAA 248 Tttt [20]. FARIARARA
< ol&3at] 4 I Foll BAFS o= dAdEE T
Alze] Wyl thete] AFsqit.
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Fig. 1. SEM micrograph and X-ray diffraction pattern of the spin-coated Sb,S; thin film. (a) and (b) Top-views of the spin-coated Sb,S; thin
film annealed for 10min and 1hour at 200 °C, respectively; (c) X-ray diffraction results of the spin-coated Sb,S; thin film.
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Fig. 2. SEM micrographs of nanoindentation tests by depth of 500 nm. (a) the films are piled up around indent; (b) It appears that the thin
film has been pushed toward the face of the indenter tip during the indentation (indicated by white arrows).
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Fig. 3. SEM micrographs of nanoindentation tests by depth of 250 nm. No pile-up events have been observed. (a) indents on Sb,S;

microstructure; (b) indents in between Sb,S; microstructures.
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Fig. 4. SEM images illustrating the mechanical behavior of the Sb,S; thin films. (a) A crack formed at the tip edge of the indentation. The
in-set in (a) is an enlarged crack with an in-lens secondary electron image; (b) In-lens secondary electron image showing the part where the
thin films were cracked and peeled off during the indentation experiment.
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Fig. 5. Nanoindentation results of spin-coated Sb,S; thin films. (a)
A representative load-displacement (L-D) curve. Deviations
obtained from several experiments are indicated by error bars
according to the indentation depth; (b) A representative graph
showing the change in modulus of elasticity according to the
indentation depth. Deviations are indicated by error bars.
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