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Abstract Oxygenating port position directly affects the distribution of oxygen in the vacuum chamber, and then has
significant impact on the optical performance of the film. To study the influence of oxygenating port position on the
properties of HfO, films, the HfO, films are deposited on the silica substrates by electron beam evaporation
technology at two typical oxygenating port positions. Ultraviolet-visible spectrophotometer and X-ray photoelectron
spectrometer are employed to study the optical properties and the chemical components of HfO; films prepared at
different oxygenating port positions. The experimental results show that providing oxygenating port in the vicinity
of the substrate is more conducive to obtain good compactness and full oxidation of HfO, films. A simplified model
is established according to the configuration of the actual vacuum chamber. The turbulence model of k-e quadratic
equation is applied to carry on three-dimensional numerical simulation calculation on the distribution of oxygen in the
coating process. The theoretical calculation fits well with the experimental results.
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Table 1  Governing equations of k- model
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Fig. 2 Oxygen partial pressure changes with height under different oxygenating port positions.

(a) Oxygenating port up; (b) oxygenating port down

4 SLEEER 55N
4.1 HfO, FHPERIE & i

3 7R R 3 66 BE A R R 78 48 2 B HIO, R A 38 59335 . up 9 78 %0 1 78 35 A i . down
M A FEZE LRI . I R AT UE L A ) 78 48 1 A7 B Y HO, 3 I8 78 R L6 il B B R A8 1k 22 B AR
K5 WA /NTF 400 nm B, 7848 7R 3 R BRFIE B AR A9 HLEO, 38 A5 A4 W A A B /DN T 38 480 1 78 28 kTR 3 e o]
5 0 A W, AL IR AT B T 2 A AR T ) 2 B R 3 i 2 R R AT T L A B T
S S T S RN O R A i 2L W 4 R .

L— 2

90F 90t \
ES &
g 80 ¢ 80
hal g

70r —substrate 5701
= — down : aown

—up
a b —_
60 ( ) 1 ' 1 ] 60 ( ) n 1 n 1 up n 1
200 250 300 350 400 400 500 600 700 800 900 1000

Wavelength /nm Wavelength /nm

B3 REFEEAAE T HIO, MRS LK

Fig. 3 Transmission spectrum of HfO, thin films under different oxygenating port positions
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Fig. 4 Dispersion curves of HfO, thin films under different oxygenating port positions.

(a) Dispersion curve of refractive index; (b) dispersion curve of extinction coefficient
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Table 2 Percentage of hafnium and oxygen atoms

Hf /% 0/% O /Hf
Atomic percentage of up 33.57 66.43 1.98
Atomic percentage of down 34.80 65.20 1.87
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