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(A Study on the Effect of O annealing on Structural, Optical, and Electrical
Characteristics of Undoped ZnO Thin Films Deposited by Magnetron
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Abstract

In this paper, the effects of annealing conditions on the structural ((002) intensity, FWHM, d-spacing, grain size, (002)
peak position), optical (UV peak, UV peak position) and electrical properties (carrier concentrations, resistivity, mobility) of
Zn0O films were investigated. ZnO films were deposited onto SiO/Si substrates by RF magnetron sputtering from a ZnO
target. The substrate was not heated during deposition. ZnQ films were annealed in temperature ranges of 500~650T in
the Op flow for 5~20 min. The film average thicknesses were in the range of 291 nm. The surface morphologies and
structures of the samples were characterized by SEM and XRD, respectively. The optical properties were evaluated by
photoluminescence (PL) measurement at toom temperature (RT) using a He-Cd 325 nm laser. As the annealing
temperature and time vary, the following relations were also observed: (1) proportional relationships among UV intensity,
(002) intensity, and grain size exist, (2) UV intensity is inversely proportional to FWHM, (3) there is no special
relationship between UV intensity and electron carrier concentrations, (4) d-spacing is inversely proportional to (002) peak
position, (5) UV peak position in the range of 3.20~3.24 €V means that ZnO films have a n-type conductivity which was
consistent with that obtained from the electrical property, (6) the optimal conditions for the best optical and structural
characteristics were found to be oxygen fraction, (O/(Ox+Ar)) of 0.2, RF power of 240W, substrate temperature of RT,
annealing condition of 600°C for 20 min, and sputtering pressure of 20 mTorr.

Keywords : undoped ZnO films, structural, optical, and electrical properties, RF magnetron sputtering, O; annealing effect.

AN, ANER A& o] a3} (Hoseo University)

g ATaddy ANAAAFY T3 (Sungkyunkwan University)

# o) =EE 200835 IAUEnY AYor AT Xdg ol P IAFY (FHAHE: 2008-0094)
LA 2000d5¥15¢, FRLEY: 200936430

(521)



8 4 Yol oY ER AHEE

I.M B

4 SUe 28 F99A% FPD (Flat Panel
Display)®] ¥ wj$ S48 AFsta ¢k o)
] Aol M= TFT-LCDY PDPZE 7% 100914

of @ste iy dxEdo] AAFe] AEHAE A=
£ 7ledol EXsle Aol sxe PDPYE g
2] TFT-LCDY 7% ERX2E) 93] 2+7+9) pixel
o] FA8A Hed o] FF A @] 72k pixel
oA 100%¢] We @HEEx EiE gdo v}t =
& ELY Z¢ FEsiA &2 7% 24 g &) active
pixel FZUj4l passive pixel TZE Aty YE
AAolth. HT ofe{d FAlYE ddsr] 8 T4
§ M =4 E2(Transparent Conductive Oxide; TCO)
o dig dAvrt @38 APHm 9k TCO B4
HEHS B4 ITO, Zn0, CuD £} YT
I-VIZ St3E2M4 Zn0dts 2o 3¢
M & olfe 2 w3 A=A
F87] dEoltt ofF o143 LEAE
UV-#A27], =% 0YEd, g2gdols
Ao G+ 2 A} F AgH A n
4# W ZnO e (thin film)e] B4 E4& hexagonal
structuredl] c-axis W&o g A% g3 direct band
gap©| 32 eV~34 eVol9 exciton binding energy:
60 meVeltt, =3 doping& 8HA] olT n-type A4
o] dhkelo]l etk 2 ol et Yo EAjste
native defectsel 9% Aoz Ruxm b zno
el Yol oxygen vacancy(V,), zinc interstitial
(Zny), zinc anti-site(Zn,), oxygen interstitial(Oy), zinc
vacancy (Vz,)BHe native defects?} EA18kA =9 o]
Bl WE A7 FPEe ol B HoAgg
e whate) Pz YoMl defect formation
energy® ol g uwutel Ao wel #shdic)
ol71A wtere} dElE R X2 49 @ # gled,
A WAE defoltt.  olmE  Znol
conduction band®ll ¢ 2HE3 o= g ¢z}
o electron® ATTLEN donorst 2L E¥L F
. % ¥AE oxygen—rich HHE olmE Of, Vol
valence bandol =4 ZHE oluix] dhido] X
hole& AFH 22 acceptor} T2 FEE ). ¢
£ R low formation energy® #om oux] W=
o - ZH Ut stof shallow level defectsdh

=

&
] P
Hh g

t

zinc-rich

=1

2 F3E undoped ZnO Beio

TEH, B BYO olAlE a0l oiEt gt BAE 9

2ed Ve oEHde 28 deep level defect®
mid-band gap 24l 912" I84u hole killer2 2
Aok V& Zn0 e W] F3 Be] A=)
hatel] p-types $& hole dopants® FYIAR V,
s}e) AEgL g self-compensation® &2 n-type &
Aol JehA He Ao AR V9
compensation & p-type ZnO 2o
(stability) EAE A7)HA AT

HIole o8 7 42E$ E%(doping)st4d
n-type = p-typed] ZnO #ehe A=A 1)
S %(undoped) AEE ZnO¥terE Z&AF Fo O
Ne5el 7F28 o]48 oldH(annealing) 3EEH
n-type EE p-typed] ZnOwetg Aztete A7t
ol AHHT e} ¥ E dopingdA Fol: n-type
EAS 7MA ol native defectsol 2|3 Zolm &
£AAE /\}%5}7‘°ﬂb TR e "ol oluy] W
o & o ¥ ¥5E A3A Al GaFd =veAE
o] doping®Hth 18|32 ol d¥ FAHE APFHAA &=
U b B9l W) n-typeEAE Ad Zn0E
ptypel 2 WAATEZ AW E4AAE TEV
A= A (stability)o] BAAF ook gt 8B
2 A4l FAEA B AL M & EAF
g & 4 ok o)gdE A dE p-type doping
£ undoped® p-type ZnO ¥HEHAIFe g d3E
g Ed& va gl

a3y BEOE AAEYAA amealing®
undoped ZnO 4he] ARz %‘8”-‘3" B4 29

self-
Nl

3 A71HQ B s DA AHBAT} o] F
A e Wi AAH F9e XP-VM T R
CHI HA g3 e dAod. " B = dMe
H4Eg B 22 dolHE /A o BB
3t AdaaAd f AAHeE dysigo & 97

14 Zn0Y #8H EAE dusic JEvEHE
3%nmE 7|2 A UV intensity® AHES
olfE 325 nm7t 38 eVALEY AUAE Ve 33

(6522)

- 34 eVAEY] energy bandgap& 7Fd ZnO de}e]
29 & W iR ux F57 dolrt Zn0
Wol SA8tE 2HE levelE(shallow E deep level
o] #8H 434& F Jehd & ] WEoltk xd
nO¥trete] F8rd EAn 727 B4 HudAE
ZAFE7] SEte] Zn09 B8d E4& giRsts UV
intensity®] FH # (FE deep levelE Y intensityol



20004 79 TXIBHE =BA M 46 A SDHEATZ

Ex)

5L ESE
A% dANAT

vlgto} YEstA £)3 7n0s F24
X-ray Diffraction (XRD) &

om & ¥
B dFolM Zn0 g ZF3elE RF magnetron
sputtering & o] 2894 Targete ZnO(HA & 3
inch, 9.99% £52 AN)E ©] €3} 1, reaction gasEE
Ar(99999% £ 5N)T 0x(9099% <X 5N)E ol&

Ak 7182 dEy gagyeld S48 AT
glass & ¢ 500nm SiO71 TS o} &3 ) Si0, 7)
& n-type(100) Si 712 9}l thermal oxidation 4
SF 1050THN ¥R AAAA Fwisith RF
powere 200-240W, 3 Al ¢42& 20mtorr A% 9 g
& A B | 2EE M FAYT. Arg Y
ZE MseemE DAAT A, O FUHE 16scem e E

IRZAIIEE &89 OyAr Hl&S 02 [0; fraction(=
& 0212 AT B QA Algd #

02+A

AzAE % 1904 AN

nO ¥ehg F2 83 o T 3-zone furnaceE
o83 of'd ¥ (annealing)-& ATk o129 L O, gas
7175 Vmin A9 AAF O; gas TH)NA 119
HAL O #9471 shlA EEGENT ~650T)9 AZHG
B~208)¢] ¥EE FuA gy Axsgnh

Zn0 ¥rate] FA4)9 99 morphologys FE-SEM

E 1. 700 #ofel RxM, By MId MAS
o

of 4SHAE ATE undoped ZnO =Y
EXg ¢S H=H
Table 1. The process condition for the fabrication of
undoped ZnO thin  fim to explore
relationships among their structural, optical
and electrical properties.
substrate Si0Y/Si
Pworking 20 mTorr
deposition time 20 min
Ar 64 scem
gas
O 16 scem
O fraction 0.2
RF power 240 W
temp (TC) RT
sample rotation 5 rpm

(623)

o7 #Ast, 7n0 Hhetel ?fo— XRDE AR§8}o
209 peak #¥ FWHM & A4 TozAM 2ASY
k. EF Zn0 @ AF %k—- Yot 7] A3l
HP4145BE o] §3lod I-V &4 & s3sgtt. Zn0 8
2ol #38t JFL He-Cd 325 nm laser® 97|22

AHE-8 photoluminescence (PL) measurements H3H4
o8 Agdr EAsHn wuhe] AZA EA9
carrier %, mobility, AEEE  der Pauw

configuration® AHE8HE Hall 33 EAA 28-S ol&
sto] A} Ad2dA FREG & d7olA 7 g
WEY B4 @ 5% A AL Sample $E 1074
B4 Ee Hitghgs vehdnh

=

1)< I = U

]

B 19 AN FAzAE T3 AZS as- grown
AE ts] XRDZ FAT A& 18 194 BelFa
et 19 128E 202 2 34 ZnO%
oto] hexagonal wurzite 23 gley

;g Z

Py

ayTze =

oz Ze] & Hol2l cF WP FHL HIE @
/'\ oh:;},
2% 25 FHH 700 W) o9y LE(NRE 5

Fog nA)e] wE FrHel EA(UV intensity) ¥
FzA e EAEH(002) intensity, FWHM, d-spacing)
of sl JEhiz gtk I8 2 (we] wE" uv
intensity ¢t (002) intensity ¥3H= ojdy 24 ulz}
fAgon 600CHN 5 intensity 3 HWgE v

as-grown {34.25°}
1 ZnO (002)
==
G
z
0
=4 i
§]
E 4
| M
T T i
30 35 40 45 80
2 Theta (deg.)
o 1, HEE(as-grown) undoped ZnQ  #hete]
XRD &4
Fig. 1. XRD result of as-grown undoped ZnO thin
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