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Effects of the Post-deposition Treatments of Annealing and
Surface Sputter on the Surface Texture and
Electrical Characteristics of ZnO Thin Films
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Abstract

Effects of deposition parameters, post-deposition annealing atmmospheres, and surface
sputter on the surface morphology and electrical characteristics of ZnO thin films prepared
by rf-magnetron sputter techniques were investigated. The films, which were post-deposi-
tion annealed at 500°C in various atmospheres, exhihit a sheet resistance range from a few
GQ/0o to a few KQ/ 0O, charge carrier concentrations between 10%~10"%/cm’, and mobilities
between 10~40 cm’/Vsec. When the surface of the films was sputtered at particular con-
ditions, the surface area was increased, making the films more sensitive to heat-treatments
in particular atmospheres. Based on the chemical analysis of as-prepared and annealed films,
atomic defect types as well as its relations with the electrical characteristics of the films
were investigated.

LA B #2) 77] sFepaol} ClarkAlel] Wl =17k A3
AZArpb AFehd aka el g :«‘ol-:,«go]

L EFAE A ek 53] Zn09) AFEEe sbehEae] g
= WA} AN Aaglad & abaels] WSO Al AlEAjo] Spa)] MO o}
AFPgxe] AgAql Szl S8 dateldl  FHA A A13ED Aake AT BE Zn0Y 9
Z H3hd ’5}° '] = 5]'7‘“"1]»* ‘EQE t]% E_P__‘E AdA] TR st 273} olo] WE oA o
o] 4-2 7] HlM Zr)e WIHZ rlyer), A og Ak

85



86 AEA - 3

zo] b Zn0 WhTe] Ar] Ax e whehel w4
T2 QL WIS ce 5 sl gAY
FEEA 27 5 AL BArAplE Fuae)
oA Ar|Ade] B £ dErpe] B4
olth, && AXAE zhs Hhg k), o &
P LRI A, FAA] Zn0
Ao B MRS 2R, pavbsas)
o2t R EFALAE AuE s1AR o)
B3 ot ol Has 2 gloh

Zn0 dhke] AR feped sl AbgE o
AL Pz T2 Zn AAR) )23} 0 FFe2 A
PAAFTE7L B gleat, AT wgel
ofet =25 AR g isiA] At 2t §l
oh 2 bl o] Zn0 ARHES Ak A4
U RFHATOE o 45ky| $laM e g A
Hr) vpe] A7 A - b Ao vlals %
of Ag olel7h Fpolut, olE A5 wde 7t
49 siEtrdeld 724 AY Fo dE A7+
ol Pl EEE A o]t

2 dyeie 25w vk ER el
InO Here 49 o, 32 27, S5 F
se] Bl odAle] F4l7]el wef whete] w1
A7]4 5L Eostalct. dekd 2E
A, AR e 24 2o sjglor, o
dhe] mAHE APME olfsle] BAegm
oAA dAE o] e AT SAUSE 2A)S
gt FAY e} F4 F A ke g3}
4 B Fole), AAEAA A AdEE A
Y 3L Adsialan, o)Ee] vlA: 9%
& FApEIITh 59, ol ER4 544 WEE
AshebAl Sms} o] Fime] Waje} Abatste]
stoiet.

L

o

%
rﬁi_ﬂrﬂ,m
Bl

PR e

it
E,

<
2 4

2. &lEd

Fig. 1% ¥ -7lA] 2185} rf-magnetron 225
B AR sfreelh a2 Aol EAbEEE o] 4
e 107 torr 2 AW AFES $R1471 F Ar-0,
o] T3 E 20 ZEAR AR vl
FYAFch etA B2} #iate] Az 45cm, 0
Ar®] F98] 0%~50%, =2 A-F% 3 mtorr, =Y

5 -

B

o

P
51
e

=2 8 A

Vacuvm Chamber
L

Cooling Icabng
By

Thermaccuple I
Shulrer ﬂ

Spuiter Gas !
— e
 Target
¢
copling
L Magnet

Vacuom
Pumps (DF and RE)

"
Substale

Fig. 1. Schematic diagram of the RF magpetron sputt-
er system.
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Table 1. Deposition conditions of the ZnQ thin films

Deposition conditions Experimental range

Target (2"x1/6" Zn0
Substrate Slide glass
Sputter power (watt) 50~250 (rf)
Sputter gas Ar
Background pressure (torr) 107
Working pressure (torr) 107

Substrate temperature (°C) R.T.~500
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Fig. 2. XRD curves of the films as a function of de-
position lemperature. The films were deposited with a
sputter power of 250 W and argon sputter gas.
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Table 2. Sheet resistance of the ZpnO films annealed
in various atmospheres

Annegling condition Sheet resistance (M£/0)

0 atmosphere 2.0x10°
Air atmosphere 1.1x10°
a 20%10°
N; atmosphere 1.2x10
Ny-Hs atmosphere 2.0x107°

*a: no annealing treatment (as-prepared samples).
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Fig. 3. SEM images of the films. The samples were deposited at 200°C for 1 hour with a spulter power of 250
W (a), and then annealed at 500°C for 1 hour in (b) N, (C} N,+H, atmosphere, respectively.
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Fig. 4. Surface images of the films {a) AFM micro-
graph of as-prepared samples, (b} AFM micrograph
of surface-sputtered samples, The samples were depo-
sited at 200°C for 1 hour with a sputter power of 250
W, and then anmealed at 500°C for 1 hour in N,-H,
reduction atmospheres.
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Fig. 5. RBS curves of the films. Circles represent the
results from the samples deposited at 200°C for 1
hour with a sputfer power of 250 W, while squares in-
dicate those from the samples annealed, after having
been deposited at the previous condition, at 500°C for
1 hour in H,-N, reduction atmospheres.
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