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Structural studies of zinc oxide films grown by RF magnetron sputtering
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Abstract

The main purpose of this study consists of researching the piezoelectric characteristics of ZnO films grown by RF magnetron sputtering
in reactive plasma. In this way the influence of deposition parameters, such as RF power and plasma oxygen content, on the structural and
morphological properties of the films are analyzed.

ZnO films are grown on SiglSi(1 0 0) substrate using a zinc oxide target. Different RF powers (from 50 to 200 W) and reactive plasmas
(from 5 to 15% of oxygen content) have been tested and optimized to produce good quality films suitable for fabricating surface acoustic
wave (SAW) devices.

Crystalline structures and morphological characteristics of the films are investigated by X-ray diffraction (XRD) and atomic force microscopy
(AFM), respectively.

SAW devices are fabricated with “IDT(AI)/ZnO/SPSSi” configuration. The frequency response of these devices is measured for their
characterization.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Zinc oxide films are piezoelectric when the crystallites
have thec-axis perpendicular to the substrate. As a piezoelec-
Piezoelectric materials commonly used in SAW devices tric material it has been used in surface acoustic wave (SAW)
are single crystalline substrates (quartz, lithium tantalite and filters/resonators, bulk acoustic wave filters/resonators, mi-
lithium niobite) [1,2], but they are not compatible with the crosensors, microactuators and acousto-optic dejac6p
integrated circuit (IC) technology. In general, polycrystalline ZnO films can be obtained us-
SAW devices based on piezoelectric thin films and real- ing a variety of deposition methods (sol—-gel process, spray
ized on silicon substrates present several advantages over thpyrolysis, molecular beam deposition, chemical vapour de-
conventional devices: low power consumption, reduction of position and sputtering) being sputtering the most commonly
cost and circuit miniaturization and integratift4]. used[7,8]. Sputtering technique allows to obtain uniform
Among recently developed piezoelectric material thin films with good orientation on different substrates at a mod-
films, ZnO is considered as a very promising material for erate deposition temperature and it is also compatible with
developing SAW sensors on silicon due to its high piezoelec- the IC technology9,10].
tric coupling factor. In this paper, we investigate the effect of RF power and
plasma oxygen content on the properties of ZnO films grown

- _ by reactive magnetron sputtering and their possible applica-
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Table 1 trasonically cleaned in acetone and ethanol during 10 min,
Sputtering parameters and deposition rate rinsed in deionized water, and subsequently dried with
Tsubstrate h (mm) Power % O (in Udeposition flowing nitrogen before being introduced in the sputtering
(°C) (W) plasma) (nm/min) system.
250 50 50 B 17 Before starting the deposition process, the target is pre-
10 15 sputtered for 10 min to remove any contaminant from its sur-
250 50 100 15’5 120 face and reach stable conditions. The distance between target
250 50 150 15 55 and substrate is 50 mm. The ratio of argon (99.999% purity) to
250 50 200 15 64 oxygen (99.999% purity) is controlled by the electronic mass

flow controllers. During film growth, the deposition temper-
ature is maintained at 25C. The substrate temperature is
monitored using a thermocouple placed near the substrate.
The thickness of films is about 243n and it is measured
with a Nanospec (AFT 200) interferometer.

XRD (Siemens D500) and AFM (Digital Instruments-

morphology of the films is characterized by atomic force mi-
croscopy (AFM).

Appropriate deposition conditions must be achieved to ob-
tain a good quality of ZnO films for fabricating SAW devices:

ZnO films have to be piezoelectric (orientation growth along Nano Scope Ill) measurements have allowed to determine

the [00 2] direction) and low surface roughness to allow a h llini dth ¢ hol el
ood wave transmission and avoid increasing the propaga-t e crystallinity and the surface morphology, respectively.
9 SAW devices with “IDT/ZnO/substrate (SpOSi)” con-

tion losses. . . . : .
. . . » figuration are fabricated. IDTs are realized in Al by sputter-
Finally, SAW devices with "IDT(Al)/ZnO/substrate” con ing. The thickness is 200 nm and they are patterned using

figuration are fabricated. Their frequency response is mea-_>". hini he f :
sured by a network analyzer a micromachining process. The frequency response is mea-
' sured with a network analyzer (HP 8510B).

2. Experimental
3. Results and discussions

ZnO films are deposited on SjESi(100) by RF mag-
netron sputtering method using a zinc oxide target (99.99%  In order to investigate the effect of RF power on the prop-
purity) in a reactive plasma (oxygen and argon mixed). The erties of ZnO, a series of samples were grown at different RF
sputtering parameters are showrTable 1 powers (50, 100, 150 and 200 W) in an Ar plasma with 15%

The (100) silicon wafers used in this work are first O,.Fig. 1shows the XRD of theses samples deposited at sev-
cleaned by standard techniques and then thermally oxidizederal RF powers in reactive plasma. The peak at abcut34
to obtain a Jum thick SiQ layer. Next, the wafers are ul-  responds to the diffraction from the (00 2) plane of the ZnO.
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Fig. 1. X-ray diffraction patterns of ZnO films deposited at different RF powers in a 15%4ztive plasma.
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