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Defects in Fused Silica Glass and their Influence on Particle Formation during

Silica glassware is indispensable for the semiconductor manufacturing process e.g. plasma etcher parts. The
mechanism of particle formation from silica glassware during plasma etching has been systematically

investigated.

It was revealed that there exist many defects containing refractory oxides ZrO,, Al,O, in ordinary fused silica,
which are traced back to raw material natural quartz ore. Also, the defects tend to stand out in relief and to
release particles during plasma etching, because Zr and Al are obstinate elements against plasma corrosion. In
order to produce particlelless silica glass, it is important to select high quality raw materials and also to adopt
homogenizing technology to attenuate local impurity concentration in glass. Tosoh's flame fused silica glass is
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Plasma Etching

the best candidate for particlel less plasma etcher parts.
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Table[ [ Silica glass samples

Sample No. Process Raw Material
Sample 1 | Electrically Fused O
Sample 2 Flame Fused Natural A
Sample 3 Flame Fused Natural B
Sample 4 Flame Fused Synthetic
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Table O Typical chemical impurities in silica glassC] ppbC

Sample No. Al Li Na K Mg Ca Ti zr Fe
Sample 1 | 13,000 430 740 300 010 580 1,100 1,100 100
Sample 2 | 07,900 70 70 50 40 640 1,300 460 110
Sample 3 | 32,000 1,500 2,700 230 010 140 520 010 0O10
Sample 4 |0001180 [ 10 50 010 010 0©O10 <10 010 30

Fig.O O Defects in the silica glass observed by schlieren method

al] Sample0O electrical fusing
b0 SampledO flame fusinglnatural raw material A
c SampleOO flame fusingThigh purity synthetic raw material
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Table O Etching conditions

Electrode diameter @ 280mm0] 616cm?0]

Electrode gap 90mm
Etching gas CF,0 25sccm
O, 6sccm
Ar(d 125sccm
Base pressure 5x10" 3Pa
Etching pressure 14Pa
Power 50w 0.081WIcm?0
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Fig.O O Backscattered electron images of cross section of quartz sands. Zircon inclusion is indicated.
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Tabled O Composition of the defects in silica glass[] wt(J [

Si

O C Zr Al

Sample Process
Sample 1 | Electrically Fused
Sample 2 Flame Fused
Sample 3 Flame Fused

514 462 19 0.5 O
529 452 20 O O
537 446 15 ] 0.1

0 These compositions were measured from 10y m in diameter.

Tabled 00 Compositions of inclusions in natural raw material AC wt(] [

Analyzed point Zr Si O C Hf U Th Cl
Inclusion No. 1 50.4 21.3 21.9 021 34 0.9 O O
Inclusion No. 2 44.6 20.0 11.8 20.5 2.6 O O 0.4
Inclusion No. 3 49.5 19.9 18.1 (8.8 2.7 O 0.6 0.4
Theoretical composition of zircon | 49.8 153  34.9 0 0 O O O
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Fig.O0 O Residue on plasma etched surface of silica glass and its impurities

a0 Sampled O electrical fusing

b0 Sample O flame fusing [ natural raw material A
cO Sampled O flame fusing [ natural raw material B

O

6

O



00000o00ooo0osiig2o007d 7

12
r X} Samplel A

101 o
L {}} Sampled

“A-
L A } Sampled

L ———v——r—v"” I 1 1
0 5 10 15 20
Etching depth of silica glasstpy mO

Residue height of plasma etchingllpy mO
(o2}

Fig.O O Residue heights of plasma etching

al] SampleD O electrical fusing
b0 Sampled O flame fusing 0 natural raw material A
c SampleD O flame fusing 0 natural raw material B

Tabled O Boiling point of the fluoride

Fluoride SiFs  ZrF,  AlFs
IBoiling point] 0 O [186 932 1276
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