Journal of the Korean Ceramic Society
Vol. 39, No. 10, pp. 928~934, 2002.

OOy EE AHEEO 2fsl HM&8t Gallium-doped ZnO
giatofl AHM TF H,0 Bgte] A8

SED . AKE* - XKD - O] WA - MEBI|* . UBS+
ol9ofm} 7Hel gt o] ZEHE setu)
*R A 8k 7)) B 28k
(20023 8¥ 8 H<m; 20023 99 28 %?l)

The Effect of Residual H,O Pressure on Gallium-doped ZnO Films
Deposited by Magnetron Sputtering

Pung Keun Song", Young Jun Kwon*, Jae Min Cha*, Byung Chul Lee*,
Bong Ki Ryu* and Kwang Ho Kim*
Department of Chemistry, College of Science and Engineering, Aoyama Gakuin University,
6-16-1 Chitosedai, Setagaya-ku, Tokyo 157-8572, Japan
*Department of Inorganic Materials Engineering, Pusan National University, Pusan 609-735, Korea
(Received August 8, 2002; Accepted September 28, 2002)

= =

Gag X ZEAIZ ZnO(GZO) BHeHE GZO Alete el g A3t 2§ vl EE AFEY o3 7|#HLE5(RT,
400°C), 7 Hy0 EH(Py,0; 1.61x107~2.2x107 Pa), Hy 7= A7K8.5%), AL E9) 2373 E(250, 1000G)5-<) thokgh =
AstolA ARATE 7)1H 7HE glo) 100% Arg AR A9, Pyt 1.61x107* PadllA] 22x107° Pa2 Z7} & o, v
gte] AAY Z7)E 24nmol A 3nmE AP on, HAFTL 3.0x10°0A 3.1x107 QemE A F7HEE Bgrh 18
W, 8.5% Hy& Ar 7h2el]l E@stel At As}, GZO utete] d713 §A4L Pyl 7 E78ta W) glo] vet
Wk B Aise] JAREE 2506914 1000GE S7H 39, GZO whe) A4 9 A713 S4L Pyost A
Slol A P4 Hyen, oJAL ezl Jduuie) 7hael wE uhEr ko) zhad s)Q1gta Azbgc

ABSTRACT

Gallium doped Zinc Oxide(GZO) films were deposited by dc magnetron sputtering usix_1§ a GZO ceramic target at various
conditions such as substrate temperature (RT, 400), residual water pressure (Py,o; 1.61x107~2.2% 107 Pa), introduction of H,
gas (8.5%) and different magnetic field strengths(250, 1000G). GZO films deposited without substrate heating showed clear
degradation in film crystallinity and electrical properties with increasing Py,o. The resistivity increased from 3.0x107° to
3.1x1072 Q cm and the grain size of the films decreased from 24 to 3 nm when Py, was increased from 1.61x107* t0 2.2%x107 Pa.
However, degradation in electrical properties with increasing Py, was not observed for the films deposited with introduction
of 8.5% H,. When magnetic field strength of the cathode increased from 250G to 1000G, crystallinity and electrical properties
of GZO films improved remarkably about all the Py,q. This result could be attributed to the decrease in film damage caused
by the decrease in plasma impedance.
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Fig. 1. Room temperature resistivity, Hall mobility and carrier
density of GZO films deposited using 100% Ar under
various residual water pressures (Py,o). Circles and
squares represent substrate temperature (T,) RT dnd
400°C, respectively.
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Fig. 2. XRD patterns of GZO films deposited using 100% Ar
under various water partial pressures (Py,0) at substrate
temperature (T) (a) RT and (b) 400°C.

A 3.0x10° em™”2 ZH7h Aagen, 2 A pE 33x
10° QemolA 3.1x107 Qem= 3A E718-8¢ Iuth.
T, 7)1 FR5(T) 400°ColM AHE BE, Py,oF 1.56x
107 P2l A 1.23x107° Pa2 Z/MAL W, p= 122 cm?”
Vsecol M 12.3 cm*/VsecZ, n= 6.1x10° cm™ A 5.9x
10° m™2 A9 UG gk BA7) Gi oo =
47x107° QemolM 5.1x107 Qemz 2 Wshe BFEA
oSkt

Fig. 2& &¥E 7FAZX4 100% Ar 7}aE Al
718 L% (a) A2, (b) 400°Ct ThEFSH Py, oollA] A2
GZO dtete] gk X-A IA-AXRD)Y & Aol
GZO vtehe 2w et 513 74g (002)He] C3F W
Fg st dFol BF HAT Ar 100%S] 735, Pu,oE
1.61x107* PadllA 220x107° Pa® Z7IAAHS o), vute)
(002)7¢] =3 e Ao, AAA} Alo]2+ 24 nm

HER LT

AN 3mmE 2A 22T & S UATH ol Py
F7tell wE GZO Hhehe] AR Ashe 4FFe] =
ot FHo FA e B BAY U st 47
HojZth 714 o] &9 FE o8 eploz Ry WaEd
29E e BAHY 2AGME A= ARy &F o
UA(FeV)E 7KL JleBg 7|d ¥ g% ¢ A
7182} (self diffusion)o] 7F53l7] Wiel] AA 3} Lxols}
NN= AHA ] weto] A oixE o D7t wo] Ytk
ulok gWo] F3sls & 2Ale 2¥H Uxbe] 39 g
g WElE] Wi, 29E k= MY P TRE
HE7] AT AllEZRA] gabatA] RItEg 23t HAA
Axe] F7HE f A7 2 A AL A o
X Az Fol Aok wetA, Fig. 19 SlojA Pyl 7}
o W& pe] Zae GZO R AR Alojze 74
of 71d@chky Aztejolch 4, 719 2= 400°ColA
AZg GZO urhe) 79, A-oA A&g GzOo ¥huka
vws) & wf, 232 AlolZ= F 40nm o)Jo® ubu}
o] ARl A F¥ HASE VeI o, oA
1% &9 Frte] E 27E Uxte] FHIKIo]
=2 HA7] WEelgtr Az HoRoh 8|3, Hhete
FAF AFOIRE Py WSt 2A AEIHA B ¢
At )AL Agte] 71 719 7|9 FHe F3
g BAe g3g f2A717] A ZgF ue

de <y iy e oo

—@— Ar 100%
10 b =8 HJArH,) 8.5%

Resistivity (Q cm)

21

10

Hall mobility (cm*Vsec)

1 020

Carrier density (cm™)

10"

0.5 15 2.5
Py,o (Pa) x10%

Fig. 3. Resistivity, Hall mobility and carrier density of GZO
films deposited using 100% Ar or introducion of 8.5%
H, without substrate heating under various residual
water pressures (Py,0).
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Fig. 4. XRD patterns of GZO films deposited with introduction
of 8.5% H, under various residual water pressures
(Py1,0) without substrate heating.
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Fig. 5. Absorption coefficient squared versus phton energy for
the GZO films deposited on fused silica glass substrate
using (a) 100% Ar, (b) introduction of 8.5% H, under
various residual water pressures (Py,o) without sub-
strate heating.
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Fig. 6. XRD patterns of GZO films deposited using (a) 100%
Ar, (b) introduction of H, under various water pressures
(Py1,0)- Films were prepared on non-heated substrate
under 1000G of cathode magnetic strength.
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Fig. 7. Electrical properties of GZO films deposited using
100% Ar or introduction of 8.5% H, without substrate
heating under two different magnetic field strengths.
Open and closed marks represent mignetic field
strengths of 1000G and 250G, respectively.
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