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Abstract In this study, the plasma resistance of LaF; films deposited on glass was evaluated using the Radio Frequency —
Ion Beam Assisted Deposition (RF-IBAD) method. Based on the CF,+ Ar plasma etching rate, the LaF; film showed
excellent plasma resistance, which was about 10 times lower than that of quartz glass and about 2 times lower than that of
alumina. This is interpreted as being due to the fact that the LaF; film effectively suppresses the reaction with the CF,
plasma and has low volatility due to its high melting point (2,327°C). Therefore, the LaF; film has better plasma resistance
than conventional quartz glass and ceramics, and is likely to be used as an etching protection material for semiconductor
process components.
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2.1. LaF; film
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Fig. 1. Internal view of the RBC-1100 RF-IBAD system
(RBC-1100, ULVAC, Korea) showcasing its chamber design
and key components used for ion beam-assisted deposition.

Table 1

Conditions of the RF-IBAD
Parameters Condition
Base pressure (torr) 1.0x10°
Working pressure (torr) 25x%107°
Temperature (°C) 200
Deposition rate (A/sec) 5

WAE o83l 1.6um FA°| LaF,5 S2sIAtH(Fig.

D). JF AWA LaF, 5 &HHY = SUAIA 7|3
o] FAI5IH o, RF-IBAD Z7-& Table 10 A|A|= o]
At

2.2. Plasma resistance

A% LaF,9) Zak=zrl Ha4 H7K= CF, + Ar+ 0,
7} E3HE 7kes olgdled 18O 21859 VFoE A

Table 2
Conditions of the plasma etching
Parameters Condition
RF power (W) 600
RF power, bias (W) 200
CF, (SCCM) 30
Ar (SCCM) 5
0, (SCCM) 10
Pressure (mTorr) 30
Time (min) 10, 30 and 60

[Input gate / ICP generator / Etching area]

Fig. 2. External view of the ICP-Etcher, highlighting key func-
tional areas: input gate (red), ICP generator (purple), and etch-
ing area (blue).
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Fig. 3. X-ray diffraction analysis of LaF; film glass: structural comparison with fluocerite (La).
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Fig. 4. Surface roughness profiles of LaF; film glass samples,

quartz glass, and alumina after etching with fluorocarbon plasma
and Ar* ions: (a) quartz glass, (b) alumina, (c) LaF; film glass.
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Fig. 5. Etching rates of LaF; film glass samples with respect to
the plasma exposure time and comparison with the etching rates
of uncoated quartz glass, polycrystalline alumina.
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Fig. 6. Surface roughness (R,) of the LaF; film glass samples

with respect to the plasma exposure time and comparison with

the surface roughness of uncoated quartz glass, polycrystalline
alumina.
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(a) as-received

(b)30min

Fig. 8. Surface microstructures of LaF, film glass, quartz glass,
and alumina; all scale bars represent 10 um. (a) before etching,
(b) after etching.
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Fig. 9. Cross-sectional microstructures of the LaF; film glass
samples before and after plasma etching; all the scale bars rep-
resent 1 um. (a) before etching, (b) after etching.
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