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Growth of ZnS nanocluster thin films by solution growth technique and investi-
gation of structural and optical properties
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Abstract In this study, the ZnS nanosized thin films that could be used for fabrication of blue light-emitting diodes,
electro-optic modulators, and n-window layers of solar cells were grown by the solution growth technique (SGT), and
their structural and optical properties were examined. Based on these results, the quantum size effects of ZnS were
systematically investigated. Governing factors related to the growth condition were the concentration of precursor
solution, growth temperature, concentration of aq. ammonia, and growth duration. X-ray diffraction patterns showed that
the Zn$ thin film obtained in this study had the cubic structure $-ZnS). When the growth temperature was 75°C, the
surface morphology and the grain size uniformity were the best. The energy band gaps of samples were determined
from the optical transmittance valued, and were shown to vary from 3.69 eV to 3.91 eV. These values were substantially
higher than 3.65eV of bulk ZnS, demonstrating that the quantum size effect of SGT grown ZnS is remarkable.
Photoluminescence (PL) peaks were observed at the positions corresponding to the lower energy than that to energy
band gap, illustrating that the surface states were induced by the ultra-fineness of grains in ZnS films. Particularly, for
the first time, it is reported for the SGT grown ZnS that the PL peaks were shifted depending on the grain size.
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Fig. 1. Xray diffraction pattern of ZnS precipitates ob-
tained from the mixed solution.

Table 1
Diffraction angles and hkl index obtained from XRD mea-
surements

Measured Cubic (B-ZnS)* Hexagonal (0-ZnS)*
angle (20) hkl angle (20) hkl angle (20) hkl
26.90 100
28.22 111 28.58 111 28.58 002
30.56 101
33.12 200
39.64 102
48.13 220 47.61 220 47.61 110
51.85 103
57.50 311 56.45 311 56.45 112

*angle (20) and hkl of the cubic and hexagonal phases were
obtamed from ref. [11].
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Fig. 2. Layer thickness plotted as a function of growth
time. (a) growth temperature 75°C, (b) 80°C, (c) 88°C.

A wslsieAlg By, 43R0t S et 43
B2 F58 7T ole AR 7MW Zn’t ol
3} S ol2e) g Fksle] AH o ZnS YA
7} kAL, 019} Bl FURF SRR AR
ol Fagh FeolA7t FRAAM YRARAIRE STkt
© &% A ZE&Fel mE Zelri{12]. Fig. 2004
ZFEsE AR dRIFoE Aol UEAL F453)
Z7HE 3 5 F7hge] vt E3lEE AR, ol
AAZE F7tl wgt EFFE Wollx] ZnS FAd=ol
T3] A0 webdae] Bad AR Zn’t ol
S2-0129] 7} §43) oigel 7IRIsH13]. Fig. e
o] A& SEMARIS 4t Fig. 3()= Fig 29
75°Cel 7%-ell, Fig. 3(bye Fig. 2] 88°Co] 7%l 3
FEG 2HEAN BRo] 2= 75°CE R A,
o] XUk Z w#dst YA Atz A& W ohet
YPrkrlolze] REE U #ATE & 4 vt v
ATt 88°CE E2 79 e #d=rt thE A8ty
dAE SR A¥E SVHEH AR FA 48
ohjz} grrlolze] BEY Aoz WolHes &
sk A2 70°C o3k A olWd HAEA
PR 2] oFoXA] ol ol B ATallA
Zo] AGAYSE ZnS nano YA S AHE
7% o] olFod F = HaYA AFewrt oF
70°C~T75°C Alole] dolate AL gt

2] Fig. 39 25E £ 847 o8 A" ZnS
viuke. M43t 2 nanometer(t nm~4 nm)e] YA
2 o]Rolx YIS £H3] & 5 U ¢ o=[9]
Zn o2& FHzolle oMAHIO|E 20&(CH,CO0) 5} A%t

4 K

(

L




202 Jongwon Lee, Sangchul Lim, Mansuk Kwak, In Yong Park, Seon Tai Kim and Yong Dae Choi

Fig. 3. SEM micrographs of samples in Fig. 2. Fig. 3(a) and 3(b) correspond to samples (a) and (c) in Fig. 2, respectively. A
marker represents 1 pm for both 3(a) and 3(b).
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Fig. 4. Optical transmittance of different growth time,
plotted as a function of emission wavelength.

Fig. 49] #5F3x A7E o83l YAMrtel=et A
270 2% blue-shift -2 red-shift o33, & oAl
=7 &7 d4E A7staAt sk Aot} o] 22 wiA
< EUZ Fig. 59= ZE5A<(optical absorption coef-
ficient) o] AFE Fol4x] hve] T2 BRI o8
AsiM= Fg. 49 3534% @ ol&slof sh=dl, 2%
s thE AolA el Fo] ARRE £ Qith

I1=1, exp(- at) oY)

A7) 19} L 4z B3 AR Axelr o= &
FAE, tv 2] Aotk ArdA = Fig. 401 F
ofd FEITo|rE AT Qe FHo|, T = F
o]z gloma Foidx] hvell W2 FFASF o ARk
T Jom, o] ug] AFF Fouiz|ete] #AE Fig. 590
ekl Zelth, agdla] & 4 xo] o2 hvell thalke



Growth of ZnS nanocluster thin films by solution growth technique and investigation of structural and optical properties 203

1 (a) 120 min | »
10 }-{® 80min ¥
(c) 15 min

o (x10° cm?)

4 /
0 L é \ L
20 25 30 35 40 45 50

Photon Energy (eV)

Fig. 5. Square of absorption coefficients of different growth
time, plotted as a function of photon energy.
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Fig. 6. Photoluminescence:intensity plotted as a function
of emission wavelength.
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