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ABSTRACT: Single-phased SnS thin films have been prepared by RF magnetron sputtering at various deposition pressures. The effect
of deposition pressure on the structural and optical properties of polycrystalline SnS thin films was studied using X-ray diffraction (XRD),
field-emission scanning electron microscopy (FE-SEM), X-ray photoelectron spectroscopy (XPS) and ultraviolet-visible-near infrared
(UV-Vis-NIR) spectrophotometer. The XRD analysis revealed the orthorhombic structure of the SnS thin films oriented along the (111)
plane direction. As the deposition pressure was increased from 5 mTorr to 15 mTorr, the intensity of the peak on the (111) plane increased,
and the intensity decreased under the condition of 20 mTorr. The binding energy difference at the Sn 3ds,, and S 2p;,, core levels was
about 324.5 eV, indicating that the SnS thin film was prepared as a pure Sn-S phase. The optical properties of the SnS thin films indicate
the presence of direct allowed transitions with corresponding energy band gap in the rang 1.47-1.57 eV.
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1.1~1.4 eVo] W= 74 o X|(band gap energy), 10"*~10" cm®
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evaporation)'”, 12|31 RF (radio frequency) U} 1Y EZ A
E{ % (magnetron sputtering)'"7 W F-o] theFel 3P 02 A

*Corresponding author: dhhwang@silla.ac.kr Z =}

(©) 2020 by Korea Photovoltaic Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

33



34 S.I. Son et al. / Current Photovoltaic Research 8(1) 33-38 (2020)

A 74 WAt o uh2 i, ALD W © & A %5k SnS 1}
9 F o8 H4ot giofHR 9] A&(PCE)o] 7MY e
4.63% (20149) 5 71 =31, 12U ALD 374 9] w$- e
aph S2} et A ofop & A 0.2 2|2 HcH?. ALD

wpat vl ste] An el WS B FA SEE HYoR

)

Hhak A 2 54 o) AlZHE AAB] W& 4= Atk o]of T2,
7|k 2ot A e uhe] 9 F2F Fah 22 of 2] 3 W
o Aloj7} golsta' Y, F AT EAJS 717l vk L) =
Alo17} 418 o] o] et'®2). s}A|qk 24|(Sn) BN} 3l
A(H,S) 7 0] Bfeh4] B35 ]85 Hh8-Ad AT E| F(reactive
sputtering) R © 2 A 2351 SnS HFaf e R A] 9] 5-8-20.26%
2015y, 18] 31 H(single) SnS A €] E}Z1 3} RF wpL
YEE AHE Y 345 283 SnS vhat jof x| 9] a2
0.38% (2019)! Vo] Bx}a}c}. AW E]E 24 O 2 A 23} SnS-
T2 7|uE R A o] W 580 11E A SnS vkt AJ 2o
gk 52 7] 0] HAjoll A 2-& 4= Qlrt.

2 Atol A= SnS HFERZ T SnS EFZlS ARE-SHRF 1L
YEE AHEY HOR [a]7|3 Aol AlzsklaL, 52 4™
O] Wzlof| w2 22 Wl FohA 5445 dopH it

2, Alaidhy

RF 01| EE A B H #0225 x 25 mm’® 5.7] 2] 22014
3]-5-2](Soda-lime glass, SLG) 7] ¢]of] SnS BFr2- AAFA 7]
ok fre] 7o) ek mpgof| A Iy sh= mlA| YAk 1 B
=2 AAB] Y5k SHF<(deionized water), O} E(acetone),
of|gk-&(ethanol), Z1&] 31 o}o] A3 2 U5 -2(isopropyl alcohol)
O 2 Z}7E SR 25 Al A2 A st 2SukA| A o] 2
BH 7% HHS 2Ny 7HAF O s] 23t 5, A
A1- 22 AI7471(UV ozone cleaner)of| 2027+ Al sto] 2HF H
718 A A SnS T E}ZI(2 inch, 4N, TASCO)-2 7|
© 238 100 mm A2)S $A5H A ofl Wakom s,
B2 EX} H3Z(turbo molecular pump, TMP)E A5} A
H(chamber) 9] 7] 215 ¢}22-3.3x10 *Torr 1|RFO. 2 vl 7]
SFQATh SnS B Al o] WAl 34 272 Table 10f Le}

Table 1. Experimental details of SnS thin films

Parameter Condition
Substrate temperature (°C) 300
Ar gas flow (sccm) 20
Base pressure (Torr) 3.3x10°

Deposition pressure (mTorr) 5,10, 15, 20
RF Power (W) 60
Pre-deposition time (min) 20
Deposition time (min) 20

At

SnS Hpuko] A5 X-A1 314 EA R (X-ray diffracto-
meter, XRD, Rigaku, Ultima V) 2. & &-013}9] 11, SnS whuto]
B A= A AR FAPAARE E] i (field-emission
scanning electron microscopy, FE-SEM, TESCAN, MIRA 3)
O 2 WSt A F4-HR] WA FS747](4-point probe
system, CMT-SR2000N) 2 &4 3}9c}. SnS Hl2ho] slslafk=
2l =}7} Ael|(valence state)=X-A1 AR} E53HH(X-ray photo-
electron spectroscopy, XPS, Thermo Scientific, K-Alpha+) S 2
2489,

SnS ko] 33514 £442 600 nmojlA| 2000 nm ] T HOE
75 219  Ad-7FAJHA-2 A @) A(ultraviolet-visible-near infrared,
UV-Vis-NIR) 34 33 #|(spectrophotometer, JASCO, V-570)
= AFgsto] 245911, 245§ ASabsorption coeffi-
cient, @) 2 A3 SnS HHke] Wi 7} o1 22 B7Fekch
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Al AP A (orthorhombic) 2 AZ(JCPDS No. 39-0354)2}
3™ 74w}l 20 = 31.6°0] gk (111)H A7k
(preferred orientation)-2 215}t S2F ¢4 0] 5 mTorrof| 4]
15 mTorr7}4] “¢5-etol| whe} 5= 2] F(main peak) Q1 (111)H0]
ot 34 w] 2.0) A M7= F71eE AL o =2 SE A Y
2120 mTorrof| A= Faxl= A e HolFSlch S2F e
-2 SnS Hpake] A4 7 =7]+=XRD Zv}E HHC & Scherrer
7 Aol th Q) sto] AlAFeFRIAL, 1 AXHE Table 2] LERHSL
E]_ZZ)‘
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Fig. 1. XRD patterns of SnS thin fiims grown at various
deposition pressures
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Table 2. The structural parameters of SnS thin films grown at
various deposition pressures

Table 3. Structural and electrical properties of SnS thin films
grown at various deposition pressures

Py FWHM Value Crystallite Size Py Thickness Growth rate o0
(mTorr) (degree) (nm) (mTorr) (nm) (nm/min) (Qcm)
5 0.427 20.2 05 780.6 39.5 214.9
10 0.420 214 10 854.9 411 170.3
15 0.389 222 15 922.4 41.6 169.8
20 0.415 20.8 20 890.9 38.9 181.1

Fig. 2. Surface FE-SEM images of SnS thin films grown at
various deposition pressures

Fig. 3. Cross-sectional FE-SEM images of SnS thin films grown
at various deposition pressures
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3 7V Bl 27 skod 3 ABAY W S AJR) IR of) A A o gk
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800~900 nm A =91 AL Hojzch 24 otelo] 5 mTorroﬂ/\‘]
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Fig. 4. Wide scan XPS spectrum of the SnS thin film grown at
the Py of 15 mTorr
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Fig. 5. XPS spectra of SnS thin films grown at various deposition
pressures: (a) S 2p, and (b) Sn 3d peaks

Table 4. XPS properties of SnS thin films grown at various
deposition pressures

Working | Binding energy (eV) Sn—S
: Sn/S
Pressure bonding ratio
(mTorr) Sn 3ds;2 | S 2p32 energy (eV)
05 485.61 161.14 324.47 0.83
10 485.63 161.17 324.46 0.95
15 485.78 161.26 324.52 1.03
20 485.72 161.25 324.47 1.04

BAE]QIck Sn 3dsp 2] AFSHA el (oxidation state)~= Sn (485.
0eV) Y5 7|50 2 tf2f0.7 eV o] A ol H 4] 2to| & 7HA]H,
S 2p3n b= theF 324.5 eV O] A7t of| U 2] ZJo] & Ho|E3iek 5
2}t o] 5mTorrof| 4] 15 mTorr 2 F7Fek] w2} Sn 3ds, 2] =
e & AR oUA o8 &3 o533l o w2 ¢Eel
20 mTorrof| A<= o] @ Rt = W= A} o x| Z.0 & o]55}3]
T} S 2psp3tof Bl TRk -FrARSE 3 e itk

S Hasof] 3k Sn 420 Hl&-& S2}F ¢F o] S mTorrof A 15
mTorr2 Z71e% 3181k 2(stoichiometry) o] L33F3 A,
20 mTorr2] 98] © & ZF=2 Sno| FX 5K Sn-rich) 3}t 24
U it o] 218t XPS A1E 5310, 15 mTorr 2] Z2F ¢
of| A A| 23t SnS vhifo] 7]ef 57g Z7dof| 4] A| %3t SnS Hhd)
H] T]% <=4x(pure) 3t Sn-S 4 7HA] = A ERlSHT

= @ o

== o=" o

U3t Z2F 2ol A A7FAI7] SnS Bfate] 3 Evl-g Ag)
E¥ 9 of| 2] M= 742 Figs. 6, 79 LFeR 2ick Fig. 6.2 3}
of, T2t §heo] S7HdE Rk A E-o] Ao 999
o g o] ok A & 4k ol Ate SA U Y
S7Foll T2 SnS Bheke] A7 A (crystallinity) 4 2 BFHo]
A F7H2 QIgh & W &%= 3 Hphoton) &] W=7} 2o}
2 Zlof] 7]1Q18HH D, SnS "o of| L 2] HiE 7L Evkg Ag]

EYOogHE AL Tl AL aZ A(hv-E,)" Aol g1 ste] A
ABFATPO. 0§74, A= AkN(constant), hi= ZA AR
(Planck’s constant), V= 3FA} F=3t4x(frequency of light), E, =
3} o 2] W= F(optical energy band gap), 12| 1 n-& o]
&-E{(transition probability)©]c}.

7] #o|(direct transition) Q1 -, n=22] 3}-8 Ho|(allowed
transition) 2} n = 2/3 2] F*] A o](forbidden transition) g+ 7}
At} 7HY A o|(indirect transition) Q] 749, 3] Zo] W 4]
o]0 7 7¥2tn =123k n=1/30|c¥”. Fig. 7¢] 345} vl = 74
]2 o] 4] band-edge 2] a 22 A4 544 Ho(direct
allowed transition) 2] Z}Ql n =20 & A*|el= AL Hoj&r}t
) Z22p ok wisfo] k2 Sns whate] ok wls 742 ghv=00.
2 @)AK(extrapolation) 3t 332} o X|(hv)ol] Ti-S(versus)h=
(ahvy* Zroll tiate] 214l o 2 AN(fitting) &t 2= (plot) 2 24
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Fig. 6. Optical transmittance spectra of SnS thin films grown at
various deposition pressures
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Fig. 7. Plot (ahv)? versus photon energy (hv) of SnS thin films
grown at various deposition pressures
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Hx]=1.56 eVolr], 10 mTorrof|Al=1.49 ¢ =)
24 oFg el 15 mTorr2} 20 mTorroﬂ/\i
of W= 7] o712 Kol

v,
AZE 7FASH1.47 eV
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