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A Study on the Deposition Characteristics of ZnO Piezoelectric Thin
Film Bulk Acoustic Resonator

(Seung Hyuk Choi and Jong Sung Kim’)

Abstract

ZnO thin films were deposited on Al and Pt electrodes by an RF reactive sputtering system for the

fabrication of FBAR

temperature on their c-axis preferred orientation was

(film bulk acoustic wave resonator),

and the effect of thermal
investigated. SEM experiments show that

treatment

columnar structure of ZnO thin films were grown with c-axis normal to electrode material, and XRD

experiments show that both ZnO films were grown with (002) plane preferred orientation, but larger

diffraction peak was observed with Pt electrode.

The peak intensity increased with higher thermal

treatment temperature, but c-axis preferred orientation was diminished. The surface roughness of Al

thin film was higher than that of Pt, and these affect the surface roughness of ZnO film deposited on

the electrode. Though the preferred orientation with respect to Pt(111) plane was

improved with

higher thermal treatment temperature, this could not improve the c-axis orientation of ZnO film.
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XRD(X-ray
diffraction), SEM(Scanning Electron Microscope),
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mTorr, 7183 EA9 Az 25 cm 2A2E F3
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Table 1. Sputtering conditions of ZnO thin films.

Deposition parameter Conditions
RF power 213 W

Working pressure 15 mTorr

Ar/Oq 13/13 sccm
Rotation speed 15 rpm
Distance 10 cm
Time 195 min

gAee) ne FE 54
& #Esyl A8 FFHE PYTL, Al ZnO/Al

ZnO/PY/Ti WA R E WE A7 2 A Z+zE 200,
400 Tz €AY sttt A=
05 T/s, AFAIZHE 308, falling rate® 2 C
/min® 2 A A e surface
profilometer (a-step, Tencor) & &4
2 Zdstgd. 48 F 4 AN8EE XRD
(Rigaku), SPM (PSIA, XE-100), SEM (Akashi
Co)o 2 EA39rt XRDE CuKaXd (A=1542
A) I Ni filter® A2, 40kVx20mAol A
2°/min¢] ZA3 A0t SPMe g ke

RMS (root mean square) surface roughness® %
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ad 1. PYTI F AlS ¥Xa 2% w2 59
SPM &4 © (a) Pt/Ti as deposited, (b)
Pt/Ti 200C, (¢) Pt/Ti 400C, (d) Al as
deposited, (e) Al 2007, (f) Al 400°C.
Fig. 1. SPM images of Pt/Ti and Al thin films

as a function of thermal treatment
temperature: (a) Pt/Ti as deposited, (b)
Pt/Ti 200C, (c) Pt/Ti 400C, (d) Al as

deposited, (e) Al 2007TC, (f) Al 400<C.

718

ad 2. ZnO/Pt/Ti 3} ZnO/Al2] Gx7] L&X4
w2 %H SPM 4 : (a) ZnO/PY/Ti as
deposited, (b) ZnO/Pt/Ti 200C, (¢
ZnO/Pt/Ti 400C (d) ZnO/Al as
deposited, (e) ZnO/Al 200°C,(f) ZnO/Al
4007C.

Fig. 2. SPM images of ZnO/Pt/Ti and

ZnO/Al thin as a function of
thermal treat ment temperature: (a)
ZnO/Pt/Ti as deposited, (b) ZnO/Pt/Ti
200C, (c) ZnO /Pt/Ti 400C, (d) ZnO/
Al as deposited, (e) ZnO/Al 2007C, ()
ZnO/Al 400°C.
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Table 2. Surface roughness of Pt, Al electrodes
and ZnO films as

ZnO ko) dA ¥
747,

tlo

a function of
thermal treatment temperature.

As deposited 200 C | 400 C

Pt/Ti 104 157 16.5
Al 387 394 378
ZnO/Al 155 175 192
ZnO/Pt/Ti 126 133 140

gebd dHe %, ged

Z
AME B 43T A EW ARG BFE
Aol W Fastch

(a

(d)

(c)

a3 3. ZnO/PYTid ¥4 2 9 SEM g4
(a), (b) as deposited, (c), (d) 400 C
A EA7 F.

Fig. 3. Surface and cross-sectional SEM

micrographs of ZnO/Pt/Ti : (a), (b) as
deposited,
at 400 T.

(c), (d) thermal treatment
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(a) XRD patterns and (b) rocking curve
of ZnO/Pt films as a function of
thermal treatment temperature.

Fig. 5.
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Fig. 6. (a) XRD pattermns and (b) rocking curve

of ZnO/Al films as a function of

thermal treatment temperature.
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Fig. 7. (a) XRD patterns and (b) rocking curve

of Pt films as a function of thermal

treatment temperature.
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