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Abstract: Znic sulfide (ZnS) thin films were deposited on glass substrates by radio frequency magnetron
sputtering. The substrate temperature varied from room temperature (RT) to 500C. The structural and
optical properties of ZnS films were studied by X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), energy dispersive analysis of X-ray (EDAX) and UV-visible transmission spectra.
The XRD analyses reveal that ZnS films have cubic structures with (111) preferential orientation,
whereas the diffraction patterns sharpen with the increase in substrate temperatures. The FESEM images
indicate that ZnS films deposited at 400C have nano-sized grains with a grain size of~ 67 nm. The
films exhibit relatively high transmittance of 80% in the visible region, with an energy band gap of 3.71
eV. One obvious result is that the energy band gap of the film increases with increasing the substrate

temperatures.
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1. M &2

CdS (cadmium sulfide)= ©|2HY WoeiFAX
¢l CIGS (copper indium gallium deselenide) $}
CdTe (cadmium telluride) 7]%F El}AA ] F3
HH 202 ALEEHE M f93 EH42 A $l
o dukH oz CIGS 2t "gdR o AL&EE CdS
B3 %L CBD (chemical bath deposition) 22 A
z59, TAL FYE =F 22 5S4 F4
FARoE op7|H e HeHE EAe 2 dFE @
AA 48e nsd Adser 2 AA2 XY g9
[1,2). ZnS (zinc sulfide)E ©]& & CdSe E=AAL
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HEAE 5+ e A vHFez MY 9 42
Baso] 2. ZnSt ALdA oA W= Yo
37 eV 1 AH Hol¥ n-type I-VIF 3}FE Bx
AZA Qe o HF quA g $+8 F5F34E& 54
22 CIGSS o|F4ES 348 35 SAUZY A
7} Az, F =AY AAAYS € dBFAF] A
o] Fol naEE Gy efFdA AFo] 7MY @
ofvjgt Fl=F9 HA EAE sidstz 71E9 vy
ZEY $5% 45E Ad UA ¢339 Al 7t
%3 [3).

ZnSatete] 22 CBD, MBE (molecular beam
epitaxy), MOCVD (metal oxide chemical wvapor

deposition), ALE (atomic layer epitaxy), RF



A7|AAA BN =R, 4248 A9E pp. 760-765, 20113 9¥: BEFHE F 761

magnetron sputtering 5, "¢ TG4 E WP 2 o F
oA 9ot [4-8]. ©] Fel RF "I EE £2HEF
YHe vmy A7} rdstn, FAHow, v &
A -0 43, ¥& $FE ddH Fio| &9
g AdE 7HA L o

£ dF99AE RF sl2vEE 29HYPIYE AS
o #2718 fol ZnS g FEASHAR, G
7BeE WEd Mg e 72 94 3¢y 5L
A7EA .

2 A8 9

2 4YdAME RF vl2HEE 29EHYPe=2 {
g 71% $°l ZnS HHE AFAZY. A AHEE
B A7 29x, 574 1/4A9AY ZnS (99.99%)E
A AF AWe 2EHE YT oFH gz
& AHg3td 7] AFE 3x10° TorrZ wj713tg 2,
AWEY JtA2E 2T (99.999%) 7tAE #FA
o]7]1& &3 AU 71#4o2E 547 05 mm,
dol7l 15 mm x 15 mm ¢ 29 #3 (coming
E2000)8 AH&3tgzn, 299 3F HAA9 {7182
AAE 7 Y3t olAE, vge, FHTY £ME Z
Z 158 B¢ 289 AHE AAsden, Ax 7t
2E& o]&3 EHY F71E AAFAY A A=
g 71Bnse A WY 71nEgd FFHQT, 3x10°
Torre] €48 Ar 7t2 ES17194 120 We] RF %
Ak 2089 Az F¢ F& HUT 19y A B
9 AYE oy 4¥L T34 HH FAH 21
5 mm2 2AI}NR, 7% 2=F FE& (room
temperature, RT)olA ¥ 100, 200, 300, 400, 500C
2 WA ZY. A EHe o EFL AAsY] A3
o 108 F¢ 4 2HEHYPE TP Fo & 29
HEYE& 33,

39 v Fx3y EA st X-4d
34 (XRD; BRUKER; D8 ADVANCE) &3¢ +#
stgx, A4 %2 FAE9Z (FESEM; HITACHIL
S-4800)2.2 dtute] M EE PFAL #FNT F
g A AELE X-4d B3 B47& (EDAX;
HORIBA; 7593-H) ©]&3t%t}.

BH EAL AA-7tAF £3A (SHIMADZU,
UV-1800)8 A3t 3399 200-1,100 nmol A F
F&€ 2383, F3en M= F dquyAE AL
s

i =1 [=}
Y&

3. 3% ¥ 3@

a2y 1€ Y94 7jgex ¥z FiAE ZnS ¥
o] X-Ad 23d Hdg vegd Aoy, EE ¥
3z z7d #AQde] 20~ (2849° +£0.01) F2oA4
(111) €< H =27t B35 cubic 2RATFZEE 743
< BAZEY, ol A4 urge] (11DH i3 %
Aty g 7HA 9 Z|gEdd HyPsiA AFEHAS
< 9ugct. ZnS wete FF A o cubic
(zinc blende) 273 FZ9} hexagonal (wurzite) 23
FZ 2 cubic#} hexagonal ¢ EAH Y= 2AF
Zg 714 4 %o Liu:= CBDHA o3 A=8
ZnS ¥ cubic# hexagonal ¢ EHE AL B3
3l 3, Daranfedt ultrasonic spraydel o3 A3
A7l ZnS 9oto] hexagonald& 7HAR &€ UE
Wi [9,10]. '

2 AFoME cubic 2R 9o & Ao W3
t 33" + A ZnSE CIS 7)% CulnS; 2%
HFAAe 45302 437 HHE F+54
chalcopyrite CulnS: ¢ (112) Hel i3] HRAL7}
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Fig. 1. XRD pattern of ZnS films grown at various
substrate temperatures from RT to 500TC.
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€ AFdA YeEbd cubic 2B 729 (111) B
CulnSz9] (112) Hell i3 ABA S} AAAFo] Z
g ol 2FH vlaYEE 2HEHY Yoz
349 ZnS Wete] CIS 71 detejFAA Y B3
o2 HFFYL RAEY. 7% 2=7 F7HEd we
(111) "elA 84 & w39 Arle FAHe= F
7R, 400CAA Hoigtd =233 ¥4, 7|
B&27t 500CA AMzd g 3E Jas Jd
Aoz 3A F2d}e BHFS b o AL %
% B & F7IUd A% sulfided] A FEol
ZIQste Aoz AlgdET [12]

ZlMLE W3 wE AAYYPY AVIE B3I
#3ted XRD %4 Z3}E A83t9 Scherrer 4 (1)
d o3 dete] Y AV)|E AdsAT [13].

0-9)

tes Beosé

(1

A X-49 B (0154 nm), BE 20049 ZnS
et XRD #HAAIL BtAE (¢4 Fogb), &
Bragg A& Uit 7182 Agd ot A
Zz9 AN HAE ge Fade AFE UdeguN
1, F&dAA F3e v HFE AFYEY IA7)e
91 nm o|th 7|¥LE F7td] wal 100C (27.2
nm), 200C (35.7 nm), 300TC (44.6 nm), 400C (59.5
nm) 2 243 7] £ 78L& F ddo #
H, 500CeA Alzd uete] 43 4AY 7=
255 nm 2 #A2%E Ao =y XRD AW
o] Anodx dAFHE ol AAE ZnSutute
ARAY A NVt FAH 9%L oA Ao
2 Jedn, dete] 3z EA4L WY B4
$13t FESEM 33 EDAX £4¢ #3939t

Table 1. Estimated FWHM and particle size of ZnS
films grown at various substrate temperatures.

T. FWHM Crystallite Grain size

(C)  value (deg)  size by XRD (nm) by FESEM (nm)
RT 0945 9.1 123

100 0315 212 297

200 0240 3BT 384

300 0.92 446 456

400 0144 595 674

50 0336 255 271

Fig. 2. FESEM image of ZnS films grown at various
substrate temperatures: (a) RT, (b) 100, (¢) 200T, (d)
300°C, (e) 400°C, and (f) 500, respectively.

(a) (b)

Fig. 3. Cross-sectional FESEM images of ZnS films
grown at different substrate temperatures: (a) 100C and
{b) 400C.

29 2& 7|92 WsiAA A7 gete n)
4 W 342 FESEM 22 #33 ZAso|t, %
g goe SAE 29 39 JeEhlA. AN F
gl AEe FHE ul$ e A4 QR 45
2 2XHo AR AHTZ9 A AEE YE
Aok, 7| E7F 100CTAA 400CR F7Hgol e
ARANE F7Eged, #d&sn AW} ¥H F
ZE& YAsd 71B8ex FUhd wE ARAY ¥LE
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BoFEc XRD Adgees &3 AAYEY 3
7l vl MY A3 A2FYH9 Ave di Ao
7b ey &= ¥std oF AdAHL FIsAG.
4 (D€ B3 4 FHY Z7l8} FESEM ZFd
% vlm A= ¥ 14 ®E718Hd

E 25 994 718e=dA 33 ZnS drute
33y 74 4EE EDAX BEA& 53 veld 33
olty. 400C olde] 7|B2EAA FHF A|He 7
2 39 zinctt AAHoZ BZEF sulfided] atomic
%E HAFEd 7|#LE Agol o3 #Y znicd
atomic %= ZAsAch e, 7R =7 400T oA
Az wete] ¢, sulfide?] FAH|7 &5 A
g2t FdAHez F7dtd HEgFEH  FAn
(Zn/S= 1.04) "% 2HE 232 Yehdd ol
gtabo] QAP W3 T /RL5 dEHE R
Fe 432 Algg.

aY 4= 7|WLE F7to] wE ZnS uwrete Fg
53 2¥EY HIE veld Ao|t), 400 nm °] ¢
o] 93 JdA FFs s EFZFYE vgy J9
Apolol A WEALE = A W9l b AAdel o ¥4
He Rolo, F3E 943 §a 7% Alel9 AA
Ho| Feyoz vjuE Ao HAYEE ¢y
o [14]. oA Fag e Yyg gL
400 nm FHolAM 65%2 AdHeoz FA Z2AHEHY
12, &% g 93 F FHEe FAHez F7}
A, 400CAA AzY AHe HF F3L 80%
olgez tg 7|BLxoAM FIE ARG L
#F E3ee Ve £ 70L& E Fold o
F4ae 22 dYAE 7HAE 933 d9eg o
3kt #4, 500CeAAM AFzQ AHe) F F3}e
€ 400 nm HFUE AYY RE AF d9dlN
A Jeht XRD 3Ad A, FESEM o984 g,
EDAX 233 2 ASE B Fo

Table 2. Chemical composition of ZnS films grown at
various substrate temperatures.

T, Zn 5 s
(T)  (atomic %) (atomic %} ratio
RT 547 45.25 1.21
100 5432 4568 1.19
200 5340 46.60 117
300 529 4705 112
400  50.97 49.03 1.04
500 5712 42.83 1.33
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Fig. 4. Transmittance vs. wavelength spectra of ZnS
films grown at various substrate temperatures.
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Fig. 5. Plot of (chv)? vs. photon energy (hv) for ZnS
films grown at various substrate temperatures.

29y 58 toF J|BLE Wl wE ZnS 9
o] %3 W= 7} dUXE £ 29EY 24 2
Ig EYE Jehd Aol FE FFATF o 53
€ T9 WAlE RE EESH, 45 4 29 2ol F
¢ + g (151

T = (1- R)’ exp(—ad) 2

A8 4 (A d £ oo FAE dehdin, &
T9 249 g FAY =2 27 o T
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FEL g 4 33 2o & + U
T=exp(—ad) (3)

4714 4 (39 Fdd AI=2IE HIA AL
H, ETAT o € 4% 4 @ Ze] FHIAH.

_ ~In(7)
—a (4)

Fid BE ZnS v £ d 9 HEHL 15
nm 2 39U 222 FF4AF o o YA #
2k YA () 9 4E BAlE Tauc formulad] ¢
3} A4 G2 ZJ4E & o (16].

ahv=A(hv— E)" (5)

A& 9EH EAF gddE A5eld, v & 4
A2A (photon)®] VA& EHSR, E = 3% W
= AU E YedY. Y Hold wxEAe A,
n=1/2 EE 3/2 22 n o] Fo|R}

E AN Z2g ZnStete] n=1/2 2 <A
Aoz o gg AEINL, 7|BEE W34 wgE
EFF AF (ehw)? A A dUYA (k) 8 2YH==R
et E #L F71ee F59 4994 HA
8 71€71¢ e HAE 19, (ew)?=00°] HE AH
7 e doz ARFHAD.

Ao A A wete] F3tE W= Y gy
355 eV °lm, ¥xa8 2x7F Zz 100T, 2007,
300C, 400, 500C2 F71gel wel M= 7 o=
EF 360 eV, 364 eV, 366 eV, 371 eV, 3.76 eVE
dojAles AE Ao gty 7#eEst oe
o] B B L | Aoz Agdd,

4. d B

E dFdAMe RF vl EE 2HEPHE ALE
3o fE71% $d ZnS =g Fisn JUex
W3le g F2 9 3944 E4HL A7
XRD &3 ZAMYzyE, Azd 2 g (111) ¢
A oz AAH cubic AP FEE FAH UL
< ¢ F AN A H3ag AdFy ZeE 40T
AA Huzge JeEhA, 500TANE s3 A7

7} #4389 EDAX #4723, & F7td o
Zn/Sel Y7} FAEHURL, 400TAA Zn/S= 1.4 2
Yety 3atkE o] 2439t FESEM o|n)|
g AAY 379 BN Adx o9 2L YL X
o Fd. 3% 574 2¥EY &3 FAY = ZnS
gtete] JF F TR 7|BLE F7ho) o} g4
HAR, F8F W P = HolAE ARE dE
T AT olHE 2AE ugoeR ZnS ue A
d A 7@} vt F2H g 3¢y 54
d 4% nAEe F2F FHARSLYE A3

g2l &

of £EE BAURT A4 G&ATH W)
Jael ATEA.
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