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ABSTRACT

In order to study the influence of post-annealing treatment on the frequency characteristics of the Li doped ZnO(Li:ZnO)
FBAR(Film Bulk Acoustic Resonator) device, we investigated the material and electrical properties of Li:ZnO films in the annealing
temperature range from 300 to 500°C. In our samples, as annealing temperature was increased, Li:ZnO films showed the improvement
of high c-axis orientation and resistance value with relieved stress and low surface roughness. In addition to, the return loss in the
frequency property of fabricated FBAR was improved by annealing treatment from 24.9 to 29.8 dB. From experimental results, the
optimum post-annealing temperature for FBAR is 500°C and it can obtain excellent Li:ZnO FBAR performance with stronger c-axis
factor.

orientation, smoother surface, relieved stress, and lower loss
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Fig. 1. The schematic diagram of single FBAR fabrication
processing.
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Table 1. Deposition Condition for the Li:ZnO Thin Films

Parameter Value
Target Li 125 at% doped ZnO
Asymmetric bipolar pulse DC
Power : 200 W
Power mode Frequency : 30 kHz -

Positive duty : 15%
Negative duty : 35%

Base pressure 6x10™ Pa

Deposition pressure 0.6 Pa

Sputtering gas Ar-10 scem, 0,-10 scem
Substrate temperature 25°C

Substrate distance 60 mm

Thickness 1 pm

Annealing temperature 300, 400, 500°C in O, ambient
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Fig. 2. XRD patterns of Li:ZnO film as a function of annealing
temperatures.
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Fig. 3. The deviation of Li:ZnO (002) peak as a function of

annealing temperatures.
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Table 2. The Structural Properties Calculated from XRD Patterns
of Li:ZnO Thin Films

Annealing temperature (°C) 300 400 500
Peak shift (degree) -0.24 -0.13 -0.06
c-axis lattice parameter 5.2824 5.2493 5.2286
Compressive stress (GPa) 6.7 39 2.1
FWHM (radian) 0.006632 0.005585 0.005236
Crystallite size (nm) 22.8468  27.1465  28.9672
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Fig. 4. The resistivity and roughness of Li:ZnO film as a
function of annealing temperatures.
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Fig. 5. The SEM images of Li:ZnO film as a function of annealing
temperatures: (a) annealed at 300°C, (b) annealed at
400°C, and (c) annealed at 500°C.
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Fig. 6. The frequency characteristics of Li:ZnO FBAR as a
function of annealing temperatures.
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Fig. 7. The loss factor of Li doped ZnO thin film according to
annealing temperatures.
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