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Electrical Characterization and Metal Contacts of ZnO Thin Films
Grown by the PLD Method
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Abstract

In this study, metal/ZnQO contacts were thermally annealed at different temperatures (as-dep., 4007C,
6007C, 800°C, 1000T) for the investigation of electrical properties, and surface and interface
characteristics. The analysis of the element composition and the chemical bonding state of the surface
was made by the XPS(X-ray photoelectron spectroscopy). An attempt was made to establish the electrical
property-microstructure  relationship for the (Ti, Au)/ZnO. The Ti/ZnO contact exhibits an ohmic
characteristics with a relatively high contact resistance of 474%10" Qoer after an annealing at 400C.
The contact showed a schottky characteristics when the samples were annealed at higher temperature
than 400C. The transition from the ohmic to schottky characteristics was contributed from the
formation of the oxide layers as was confirmed by the peaks for O-O and Ti-O bondings in XPS
analysis. For the Au/ZnO contact the lowest contact resistance was obtained from the as-deposited
sample. The resistance was slowly increased with annealing temperature up to 600C. The ohmic
characteristics were maintained even for 600°C annealing. The XPS analysis showed that the Au-O

intensity was dramatically decreased with temperature above 600T.

Key Words : ZnO (zinc oxide), TLM (transmission line measurement), Current-voltage,
XPS (x-ray photoelectron spectroscopy), Band bending
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Fig. 9. Atomic % of elements extracted from
the interfaces of metal/ZnQO contact: (a)
Ti/ZnO and (b) Au/ZnO contacts.

ol ZnO EUH Au F£FE ZFFI89e o
Aol Aurl At et & Wh8EA] ghol AWl A
HEE 29 Yo] gE& 2T uia) AgA
o2 AL olfolt). o|HE HAAE B A7 A
NE BA BEHA A2A Hae Agge]



dE3 O ooz A8 L=/ ASHA F7t
4 AS JE2AYEe] Frste A%S Ved A
d239 dx&n 9ok Ti/ZnO PEAINE HE
He gae i atomic%st Zn 2 Tidl H] 3
4338 gol AxgedH ol#HF EEEC 4AE
wol A F3& A, FHd o] @
Astm HAAHoz FTUHAAHE PATY H=Ev
99 AL fEstd AR olExE AF3I
A2A ste EY AHEZ FEslu, 20 £97)
VBMZ o2 ojFgd mE W= e F/i2 X
e gele] A7zt F7kste ] dEe))

4. 4 E

B dpoMe dAg xdd ©& (Ti, Au)/ZnO
HAgne A& Asle ZHe 94 24 ¢
sty 4% AdE RAMId9T TVZnO HEL
as—dep.d AE 2 400 CTolA dx8 & MZAA
o9 EAS G oen o 2x FHANE 2
T9 Z7ts @A AFAG AT 400 T
AX dAeE & HETS #E: I ALL 474x107
Qcr 2 ZAHAT. 600 T €4y 2EdAE=
AF-Age =g E40) &7 EHoz HHF
A AwZnOF el Ao e as-dep.® HE2H
Bl 600 TolM dxzd YE2HE 29 548
g3 od As-dep. MEANA 713 & HEA
86.95x10° QanNe dATh. (Ti, Au)/ZnOe 7
Ho| Aol HA7|H AFH WIHE XPS ¥FHozi
H #3539 dgduixe H= #9 A% 2 A
Azle] datg A st

dAre 2

B oATE 20004E BAUtE AARF Wil

AT #AF ALNYez FAHYeH oo 7
Ag =44,

o 28

1] V. Gupta and A Mansingh, "Influence of
postdeposition annealing on the structural and optical
properties of sputtered zinc oxide film”, ] Appl
Phys., Vol. 80, No. 2, p. 1063, 1996.

[2] G. C. Park, H. D. Chung, W. J. Jeong, and
Y. T. Yoo, "Characteristics of ZnQ thin
films prepared by photo-CVD", &=# 7] A}

HO

23

A7) AR A 5 5+3 =F=], Vol. 15, No. |, January 2002.

A £33
1992.

[3] J. D. Lee, K. W. Jung, S. C. K, and J. T.
Song, "Electrical properties of ZnQO/sapphire
piezoelectric transducer by RF magnetron
sputtering”, A7) AAANE 53] 19953 A &
s =&, p. 22, 1995.

[4] S. H Yi, Y. K. Sung, and J. K. Kim, "A
properties of ZnO thin film deposited by mag
netron sputtering and its resistivity and mic-
rostructure due to annealing”, A7) AR A 838

=4, Vol 10, No. 2, p. 126, 1997.

[6] W. Faschinger, S. Ferreira, and H. Sitter,
"Doping limitations in wide gap II-VI
compounds by Fermi level pinning”, J. of
Crystal Growth, Vol. 151, p. 267, 1995.

[61] M. R. Park and W. A. Anderson, "Ohmic
contacts to n-type and p-type ZnSe”,
Solid-State Electronics, Vol. 43, p. 113, 1999,

[71 W. Schokley, Report No. Al-TOR-64-207,
Air Force Atomic Lab., Wright-Patterson
Air Force Base, 1964.

[8] S.M. Sze, "Physics of Semiconductor Devices,
Chap. 5", John Wiley&Sons, 1981.

[9] S. Liang, H Sheng, Y. Liu, Z. Huo, Y. Lu, and H
Shen, "ZnO schottky ultraviolet photodetectors”, J.
Crystal Growth, Vol. 225, p. 110, 2001.

[10] T. Minami, S. Takata, Yamamahi, and T.
Kawamura, "Metal-semiconductor electrolurminescent
diodes in ZnO single crystal”, Jpn J. Appl. Phys,
Vol. 18 No. 8 p. 1617, 197.

[11] P. J. Gellings and H. J. M. Bouwmeester,

"The CRC Handbook of Solid State

Electrochemistry”, CRC Press. 1996.

L. C. Feldman and J. W. Mayer,

"Fundamentals of Surface and Thin Film

Analysis”, North-Holland New York, 1986.

A Mang, K Reimann, and St. Riidenackc, "Band

gaps, crystal-field splitting, spin-orhit coupling,

and excition binding energies in Zn0O under
hydrostatic pressure”, Solid State Commuication,

Vol. 94, No. 4, p. 51, 19%.

[14] T. Ohno and K. Shiraishi,
ing with hydrogen plasma for low-defect-
density ZnSe homoepitaxial growth”, Phys.
Rev. B, Vol. 42, No. 17, p. 11194, 1990.

1992& A% =&Y, p 117,

[12]

[13]

"Surface clean



