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Effect of the Sulfurization Temperature and Annealing Time of E-Beam Evaporated
Sn Precursors on the Growth of SnS, Thin Films
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Abstract: We prepared SnS, thin films on both sodalime glass (SLG) and molybdenum(Mo)/SLG substrates by a
two-step process using a Sn precursor followed by sulfur reaction in rapid therma annealing (RTA) at different
sulfurization temperatures (Ts = 200°C, 230°C, 250°C, and 300°C) and annealing times (ts = 10 min and 30 min). The
single SnS phase was dominant for 200°C <T«<250°C, while an additional phase of SnS, was appeared at Ts=250°C
alongside SnS. The SnS grains in al the samples showed strong growth aong the preferred [040] direction. The
band-gap energy (Eg) of the films was estimated to be 1.24 eV.
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2 A39] Sn A1LA|(precursor) B2 Mo (800
nm)/SLG (soda-lime glass) 7]& Qo] AR ==
W(e-beam evaporation)g ©o|&3sto AArstict. A
AR FAI A1 Auo) 71 gRle 7x10° Torr
@t drobd Akl ARESE Sn (99.999%, iTASCO)9]
FUEL 445 A/secot], AN ZX7](quartz
crystal monitor: QCM)2 &35ty Sn ALA| ut
o] FAl= 500 nm=z 1AYSEITE. SnS, #Ere] &=
A= 900~1,150 nm@A oW, Sn ALAE SE5BAY
(rapid thermal processing: RTP) AMB{o]|A] Stsidh-2
(sulfurization)g &5to] AASIATHZ-TA 578 (two-
step process)].
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Fig. 1. Schematic of rapid therma processing chamber of
using elemental sulfur power.
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(field emission scanning electron microscope)it
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SnS,/Mo/SLG d€tate] 2mof mg ©Hol 44 3
Ef(morphology)& SEM& o|&sto] &SI EA
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oigt Auks Z2b 7 29F 29 30 e

. =200°C , 10 min

Ts=230°C,10 min

Fig. 2. Cross-sectiond SEM images of SnS, films fabricated
with the various annealing temperatures for a fixed annealing

time, ts=10 min.

s= 200°C, 30 min T, =230°C, 30 min

Fig. 3. Cross-sectiona SEM images of SnS, films fabricated
with the various annealing temperatures for a fixed annealing

time, ts=30 min.
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Fig. 4. XRD spectra obtained from SnS, films prepared at
the various annealing temperatures for a fixed annealing time,

ts=10 min.



A7 1R 2 stel=wAl, AI30d Allle pp. 734-739, 2017'd 11E: AN & 737

= sc8 s 5 . _ —
8 S§Ecig T 8 ¥c8%
300°C,30min
= g i
= HE |
; |2 :
= g 250°C, 30min
‘@ a G 3
9 _j f ‘ % \
= P i 230°C,30min
200°C,30min
Y T v T v T T T T T T
10 20 30 40 50 60 70

2-theta (deg)

Fig. 5. XRD spectra obtained from SnS; films prepared at the
various annealing temperatures for a fixed annealing time, ts=
30 min.
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Fig. 6. Raman spectra for the SnS/Mo/SLG films grown at Ts =
200°C, 230°C, 250°C, 300°C, and t. = 10, 30 min.
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Fig. 7. Composition ratio of ShS vs. sulfurization temperatures, Te.
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Fig. 8. Graph of photon energy vs. (athv)? of SnS/SLG thin
film prepared at Ts=200~250°C and ts=10 min, 30 min.
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