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Particle Energy Regulation of Crystalline Alumina Films Sputtered at
Room Temperature by HiPIMS
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Abstract: Compared with amorphous alumina film, crystalline alumina film has better mechanical properties and wide band optical
transmittance. Based on the PEM feedback control method, the HiPIMS technology is introduced to realize the rapid preparation of
crystalline y-Al,O; films at room temperature. The discharge characteristics of HiPIMS are monitored by high voltage probe, current
probe sensor and digital oscilloscope. The time-averaged OES study is carried out by plasma emission monitor. The crystal structure,
grain size and cross-sectional morphology of the film are analyzed by X-ray diffractometer and scanning electron microscope. The
nanohardness and modulus of the film are measured by nanoindentation instrument. The results show that a large number of ionic
states appeared in the film-forming environment under HiPIMS conditions, mainly including Alll, Arll and even high-valent particle
OIV participating in the reaction. With the increase of sputtering voltage from 650 V to 800 V, the grain size gradually decreases from
18 nm to 8 nm, and the deposition rate increases from 27 nm / min to 55 nm / min. The substrate bias has a significant effect on the
deposition rate, microstructure and mechanical properties of the films. With the increase of substrate bias, the preferred orientation of
v-ALLO; changes from (422) to (311), and the highest hardness of 19.3 GPa is obtained under bias Us = =100 V. Through the design

and regulation of film-forming particle energy, the structure and properties of the film are further optimized, which laid a good
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foundation for the large-scale industrialization of functional film alumina.

Keywords: HiPIMS; alumina film; room temperature; crystallization induction; energy regulation
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Table 1 Deposition parameters for Al,O; thin films by
HiPIMS

Deposition parameters Content

Sputter gas Ar (purity: 99.999%) 120 ml / min

Reactive gas O, (purity: 99.999%) 0~20 ml / min

Base pressure / mPa 1.0

Working pressure / Pa 4.0x107"

Sputtering target Al (purity: 99.999%, ¢76.2 mm)
Pulse frequency / Hz 200

Pulse duration / ps 100

Pulse negative voltage / V 650, 700, 750, 800

Substrate bias / V 0. -50. -75. =100, —150. —-200

Al particle content (I51/ Ia;" ) 40% (PEM setpoint)
Rotational velocity / (r / min) 2

Distance (substrate to target) / mm 100

Deposition temperature /C <60 (without heating)
Deposition time / min 30
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Fig. 5 Cross sectional morphology of alumina films deposited
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under different HiIPIMS sputtering voltages
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Table 2 Deposition rates of alumina films under different

HiPIMS sputtering voltages

Sputtering voltage / V 650 700 750 800 MS

Deposition rate / (nm/ min) 27 40 48 55 36
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Fig. 6 Hardness and modulus of alumina films deposited

under different HIPIMS sputtering voltages
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Table 3 Deposition rate of alumina film under different

bias voltages
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