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Structural and optical properties of ZnO thin
films grown by radio—frequency magnetron

sputtering with a powder target
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ABSTRACT

Structural and optical properties of ZnO thin films
grown by radio—frequency magnetron sputtering

with a powder target

Jung-Ho Sun
Advisor : Prof. Hyon-Chol Kang Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

This paper reports the structural and optical properties of ZnQO/glass thin
films grown by radio—frequency magnetron sputtering with a powder
target. In contrast to ZnO ceramic target typically used, a ZnO raw
powder target was sputtered in this study. ZnO grew with the (0002)
preferred orientation along the surface normal direction. Initially, the
surface of ZnO thin films was flat considerably and then it became rough
as the thickness increased. The optical transmittance was as high as 83%
in the range of 400-1000 nm. The bandgap energy of 3.23 eV at the 220

nm thick sample was estimated.
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Fig. 3. sputter deposition system
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Table 1. Sputter

yield (atom/ion)

Target Ag || Al || Au || C Cr ||Cu || Fe || Ge || Mo || Nb Ni
Sputter yield || 34 || 12 |28 |02 || 13 |23 || 13| 12 ||09 || 065 | L5
Target Pd || Pt || Re || Rh || S1 Ta || Th || T1 || U W Zr
Sputter yield || 24 || 16 [|09 || 15|05 |06 || 07 [|06 || 1.0 || 0.6 0.75
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Fig .10. Photograph illustrates the sequence to produce the

ZnO powder target. The sintered ceramic target typically used

is also shown(left)
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Fig 11. XRR curves of the 54 nm and 118 nm thick ZnO samples. The interference
patterns are observed clearly. The sample thickness can be estimated from the

period of the interference fringes
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Fig .12. AFM image of (a) 54 nm thick sample and
(b) 220 nm thick sample. The morphology is changed
from the flat layered structure to the 3-dimensional
islands structure. (c¢) The line profiles were obtained
from the AFM images in (b) and (c)
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3. ZnO vtvte] XRD 54

52§k ZnO/glass ¥tehe] 22 SA4& 4st7] 9ste] 54 % XRD 4
= Fig 13 Yetldct. RE AJ#H A 22 o] Bragg 32 3220
=34.1°)uto] #=E 0|, ©] Bragg ¥ = hexagonal 7-%2 ZnO(0002)°]
th o] ZnO Hheto]l :He] FAREoR @7 (0002)He] wa=E Atk A
S gmgttt. ZnOE wurtzite 732 7HA =4, 7PF AW =) & AA Yo
HEE (0002 0]tk BB thAA ZnO et A #3¥= (1010)(20=31.73°)4
ot} (1011)(20=36.21°) WL #ZH¥ A ¢kkrh 54 nm T AFe]A =
- ofstal W P ¥A YJEHE Koty FAE FFgHel wet
Bragg ¥=+ v As|A 1 § sFolx= A3s vedinh a7 AVle
7n0 ZA 2 oFo wlEsha, FWHM(full width at the hall maximum)<
Zn0O AAHel 7| Wiy fﬂ]f?}r/]r. 7ZnO(0002) Bragg ¥ =9 3|ddelS 1Ivt
F Gaussian FH 9] XYooz Rdlgste FWHM=S 735t Scherrer’'s W
AAB1E A&ste] 53 Z2AHHY =A7V|E Fig 13 veErysdth
Scherrer’s W42 & ol o} o] Ve 4 9t}

—

B 0.94x)
 FWHM X cosf *
o7l Al B ZnO Hhete] Hat AA Y Av|olal, e AMEH x-4 ]
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A EE 34.16°714] Wit o= c-AAAS U 52664 AFE 52469 Ao w
FashE verdith, 853 AAGS g BEe] bulk AR S c-AAET,
52069 ARt & grolth ol ZnO wto] Z3 #AFo| A straind Wil 9
ow, o] straine FA7F F7hgtel wet A4 o estE e AEES etk
EoAFoA] A" 7Ee v HE glass 7]Fol7] wliEo] 7]#3} ZnO B
o] AAE LA 2% misfit straine A9 glth HE RFE plasmacl ¢]3s}¢]
713 &7t SAET ofKE FUFek] SkAIRE, 2ol A SRS 7] wiel
thermal strain®] 3% vjvjg RHo =z oSHr}. ugbd ZnO/glass BHe]
straine ZnO Yx=Z2 A Hel texturing?] 23 growth strain¥ 7FsAlo] %
=tk ZnO ¥kl A 8l 3 wako v o] AA4Y =77 10715 nmA =

- 2ZH7] el Zbzke] AR Y Atolddle AAZAABA T Be A 2%
o] EAFrh(AHA, (0002) Bragg ¥ =HoA] =A% O-rocking 419
FWHM-2 12° AXZX4 mosaic +X7} vl-$ =) Growth straine =57
o FAslar, BE AA s a] &3 #zEth 3 RE sputtering©ll
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Fig .13. (a) XRD patterns measured at 54, 84, 118, 220 nm thick samples,
respectively. Only the ZnO(0002) Bragg peak was detected. (b) Domain size,
that is estimated using the Scherrer’s equation, as a function of the film

thickness
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4. 7n0 Hrube] Her 54

Fig 15& 57 W3le w& ZnO/glass ¥Hete] UV-VIS FE 3= F4L

UERAT 2E AlECA 360 nm <A 9] NBE F5 o] #5E3AT 54, 84,
118 nm A9 Al A9 UV F57F 45.4%, 34.6%, 17.3% % el
ol ZnO Htto] FE3] FAA KA 100% FFHA &k wEelth &
Aol BEDY TE T=Aecrp(—at)2 X8I F J=0[33], 7] A=
AE, o BEY FFEAFOIT 360 nm PHUVE H)el RSt g
FFNEE aFste] 53 FFAFE 0.0151920.003250] T 74A A G A
oA el 99 (IF=400nm-1000nm) 2] FF FFH=E Z7H 91.1%,
86.1%, 885%, 92.7%°]t}t. ol ITOV 73 FAe] ZnO wte] FF -
o} A FAolth 7k EA FHlA FEle] Hols HguE e ubuko]
EH w7 e A Abolo] AR ofgh M 9§ Flolth o]
= AFM¥ XRRS &34 &3%el 2 % Ado] wf¢ & AdFo] 9l

&2 uEIt BRRES FEAF Aolel AN TR FEAFE
Fig 165} o] @4 oA §52 1ed 4¥ wABAS kel Zn0
wpeke] Bk E, & 78 g dth24]. 5, Fig 16 oA x-Z# o] vt=2 Eyel
AR Fig 169 F4E @A nz wAS Pl 9L 20mm ¥

AZ 7HA = ZnO BFEFe] Eg= o 323 eVolth
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Fig .15. Optical transmittance curves in the range of 300-1000 nm. NBE near 360
nm was observed clearly. Samples <200 nm in thickness is too thin to block the

UV lights completely
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