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PLASMA RESISTANT QUARTZ GLASS JIG 

FIELD OF THE INVENTIONF 

The present invention relates to a quartz glass jig 

excellent in the plasma 

characteristics, 

generating plasma. 

which is 

etching 

used 

DESCRIPTION OF THE RELATED ART 

Recently, for the surface 

resistant 

for an apparatus 

treatment of a 

semiconductor device such as a silicon wafer, etc., a 

treatment utilizing plasma has become frequently used. 

As the plasma treatment utilizing plasma, there are, for 

example, (i) a method of introducing a halogen-base 

corrosive gas such as a fluorine-base, a chlorine-base, 

etc., into a plasma-generating chamber, on the other hand 

introducing a microwave via a microwave-introducing 

window to form the plasma of the halogen-base corrosive 

gas existing in the chamber, and treating a semiconductor 

device, (ii) a method of introducing a halogen-base 

corrosive gas and a microwave in a hanging bell-form 

quartz glass-made bell jar to form the plasma of the 

halogen-corrosive gas, and treating a semiconductor 

device, and (iii) a ·method of depositing an insulating 

thin film, etc. on the surface of a semiconductor device, 

etc., an in each treatment, an apparatus of generating 

plasma is used. As a jig of the apparatus of generating 

such plasma, for example, a window material, a bell jar, 

a ring for shi~lding the apparatus, etc,. a jig prepared 

by a quartz glass is mostly used owing to the good 

electric characteristics and the high purity. The 

surface of the jig, which is brought into contact with 

-1-



plasma, is roughened to stabilize the etching speed and 

prevent deposits from being released. For the 

above-described roughening, a mechanical working method 

of grinding off a quartz glass surf ace such as a process 

of griding surface of a quartz glass, using a grindstone 

such as ceramic abrasive grains, diamond abrasive grains, 

silicon dioxide abrasive . grains, etc. and a process of 

sand-blasting surface of a quartz glass, using 

greencarbon grains, silicon dioxide grains etc., and a 

chemical working method of chmical treating stirface of a 

quartz glass have been used. But in the mechanical 

working method, there is a problem that simultaneously 

with roughening the quartz glass surface, the generation 

of microcrack occurs, the microcrack is attacked by 

radicals formed in the plasma, the microcrack portions 

only are etched to form abnormally large holes, and in 

the . worst case, the breakage of the quartz glass jig 

starts from that portions. Also, there is a problem that 

impurities sometimes enter the microcracks formed by the 

mechanical working method, and the impurities are 

volatized at the treatment of a semiconductor element to 

contaminate the semiconductor device. 

Recently, it has been confirmed that in the 

above-described plasma, together with the generation of 

the ions and radicals, abnormally intense ul toraviolet 

and electron rays are emitted from the gas. Natural 

quartz glass sometimes contains many bubbles and thus has 

the fault that even when the surface is roughened by the 

chemical treatment, which does not generate microcracks, 

the surface thereof is deteriorated by the abnormally 

intense ultoraviolet and electron rays, when the bubbles 

are released and exposed on the surface, the 
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deterioration greatly proceeds at the bubble portion to 

generate particles, which attach onto the semiconductor 

device to deteriorate electric characteristics, 

particularly dielectric breakdown characteristics. 

SUMMARY OF THE INVENTION 

As the results of making intensive investigations 

under these circumstances, the present inventors have 

found that by making the surface roughness Ra of the 

quarts glass surface of the jig from 5 µ, m to 0. 05 µ, m, 

making the content of bubbles in the quarts glass 0 or 1 

as the bubble classification by DIN, and the number of 

microcracks of the surfaces 500 microcracks/cm2 or less, a 

quartz glass jig, which does not generate an abnormal 

etching and particles, and can produce well semiconductor 

devices. Furthermore, by increasing the content of a 

hydrogen molecules in the quartz glass to at least 5 X 1016 

molecules/cm3
, a quartz glass jig shows less deterioration 

of the surface of the jig by the abnormally intense 

ultoraviolet and electron rays, and reduction of electric 

characteristics by attaching particles onto the surface 

of a semiconductor device. Additionally, by establishing 

the double refraction amount of the quartz glass to 

70nm/cm or lower, and fictive temperature of the quartz 

glass to the range of from 800 to 1200°C, a quartz glass 

jig, which shows a greatly less deteriorattion by etching 

by the abnormally intense ultoraviolet and electron rays, 

gives less entrance of impurities by releasing of 

bubbles, and can carry out well the treatment of 

semiconductor devices, is obtained, and the present 

invention has been accomplished. 

The object of the invention is to provide a quarts 
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glass jig excellent in the plasma etching resistant 

characteristics, which gives less abnormal etching and 

less deterioration of the surface of the quartz glass, 

and does not give contamination of semiconductor devices 

by entrance of impurities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a microphotograph of 100 magnifications of 

the surf ace of the quartz glass chemical treated in 

Example 1 after etching with 5% HF for 2 hours. 

Fig. 2 is a microphotograph of 100 magnifications 

of the surf ace of a sand-basted quartz glass after 

etching with 5% HF for 2 hours. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention attaining the above-described 

object is a plasma resistant quartz glass jig that is 

used for an apparatus generating plasma, wherein the 

surf ace roughness Ra of the quartz glass surf ace is from 

5 µ m to 0. 05 µ m, the content of bubbles in the glass is 

0 or 1 as the bubble classification by DIN, and the 

number of microcracks of the surface is 500 

microcracks/cm2 or less. 

The quartz glass jig of the invention is the jig 

prepared by a natural or synthetic quartz glass and inner 

surface thereof, which is brought into contact with 

plasma, is roughened in the range of from 5 µ m to 0. 05 

µ m as the surface roughness of Ra for stabilizing the 

etching speed and preventing release of deposits. When 

the surf ace roughness Ra exceeds 5 µ m, the radicals and 

ions generated in plasma locally attack concaved portions 

and abnormal etching proceeds. Also, when the surface 
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roughness Ra is less than 0. 05 µ m, there is a danger 

that secondary products (for example, particles, etc. ) 

formed by a plasma are liable to be . released from the 

surfac.e to reduce the characteristics of the semi­

conductor device. 

Also, in the quartz glass of the invention, it is 

better that the content of bubbles is 0 or 1 as the 

bubble classification by DIN. And the quartz glass is 

also homogenous such that the double refraction amount is 

not higher than 70 nm/cm. When the content of bubbles 

exceeds the above-described range, the bubbles are eroded 

by the radicals and ions generated by the plasma and 

released, and the deterioration further proceeds by the 

abnormally intense radiations and electron rays in 

succession thereof to form large holes and to generate 

particles. The term that the content of bubbles is 0 or 

1 as the bubble classification by DIN described above is 

that according to DIN {Deutsher Industrie Norm) 58927, 

the total cross sections (cm2
) of the bubbles existing in 

100 cm3 are from O to 0.03 when the classification is 0, 

and are from 0.03 to 0.10 when the classification is 1. 

Also, when the double ·refraction amount of the quartz 

glass exceeds the above-described range, the increase of 

the density of the quartz glass proceeds by the 

abnormally intense ultraviolet rays and electron rays 

irradiated to the twisted portion and microcracks become 

large. For effectively preventing the increase of the 

density of the quartz glass by the abnormally intense 

ultraviolet rays and electron rays, it is better that the 

fictive temperature of the quartz glass is established to 

the range of from 800 to 1200 °C • By establishing the 

fictive temperature to the dabove-described range, the 
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density of the quartz glass is lowered to relax the 

structure, by the irradiation of the abnormally intense 

ultraviolet rays and electron rays, defects are hard to 

generate and the increase of the density can be 

prevented. As the quartz glass wherein the bubble 

classification by DIN is 0 or 1 and the double refraction 

amount is in the above-descreibed range, there is 

suitably a synthetic quartz glass obtained by hydrolyzing 

a silicon compound in the vapor phase. Also, the 

establishment of the fictive temperature of the quartz 

glass is carried out by heating the quartz glass to a 

temperature of from 800 to 1200"C for a definite time. 

The measurement of the fictive temperature is by a laser 

Raman method. 

Furthermore, it is important that in the quartz 

glass jig of the invention, the number of microcracks of 

the surface is not more than microcracks/cm2. When the 

number of microcracks of the surface of the jig exceeds 

the above-described range, the proceed of etching becomes 

faster by attacking by the radicals generated in the 

plasma, the microcracks become large, and in the worst 

case, the breakage of the quartz glass starts from that 

portion. The quartz glass jig wherein the above­

described nu~ber of the microcracks is not more than 500 

microcracks/cm2 can be prepared by a chemical treatment 

such as the method of immersing a quartz glass jig in a 

solution of hydrofluoric acid, ammonium fluoride and 

acetic acid to deposit fine crystals of ammonium 

silicof luoride as described in Japanese Patent Laid-Open 

No. 273339/1998 or the method of forming the thin film of 

silicone, etc., on the surface of a quartz glass jig and 

applying an etching treatment with an aqueous solution of 
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hydrofluoric acid as described in Japanese Patent Laid­

Open No.106225/1999. In the case of roughening by the 

chemical treatment, it is important to control the 

reaction of the etching chemical(s) and the quartz glass, 

and particularly, in the case of a synthetic quartz 

glass, the temperature management of the chemical 

solution is important and it is better to control the 

temperature of the chemical solution in the range of 20°C 

± 2 "C When the temperature becomes out of the 

above-described temperature range, the surface roughness 

Ra of the quartz glass surface cannot be made from 5 µm 

to O. 05 µ m. The number of the microcracks of the 

quartz glass surface can be measured by observing the 

microphotograph. 

In addition to the above-described matters, in the 

quartz glass jig of the invention, the hydrogen molecule 

concentration is at least 5 X 1016 molecules/cm3
• By having 

the hydrogen molecule concentration, the formation of the 

E' center absorption bond is restrained, the inner strain 

in the network structure of the quartz glass is removed, 

the break of the Si - o bond by the abnormally intense 

ultraviolet rays and electron rays in the plasma becomes 

less, the increase of the density of the quartz glass is 

restrained, and the generation of large microcracks and 

the generation of particles become less. The above­

described hydrogen molecule concentration is obtained by 

controlling the hydrogen molecular weight in a flame at 

the production of the quartz glass or by treating the 

quartz glass in a hydrogen gas atmosphere of a normal 

pressure or under pressure at a temperature of from 100 

to 900"C for from 1 to 100 hours, and the measurement is 

by a laser Raman method. 
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In the quartz glass jig of the irtvention, a fine 

roughness is formed on the surface as described above, 

which largely acts on the transmittance of ultraviolet 

rays. When the transmittance is small, the quartz glass 

surface is deteriorated by ultraviolet rays. 

Particularly, The Si - O bond of the quartz glass is 

broken by abnormally intense ultraviolet rays and 

electron rays simultaneously generating with the radicals 

and the ions in the plasma to form a defect, the density 

becomes high, microcracks become large, the etching speed 

is greatly accelerated, and large holes are formed. For 

preventing the occurrence of the deterioration of the 

quartz glass by ultraviolet rays, it is better that the 

inner transmittance of the quartz glass is at least 80% 

as the transmittance of ultraviolet rays, and the 

apparent transmittance is from 30 to 85%. It is 

impossible that the appearent transmittance exceeds 85% 

because the surface becomes rough, and also, when the 

apparent transmittance is less than 30%, it cannot be 

prevented surf ace of the quartz glass from becoming 

precise. The above-described inner transmittance means 

the transmittance, which does not contain the reflection 

loss at the outer surface of the quartz glass, and the 

transmittance containing the reflection loss is called an 

apparent transmittance. 

The quartz glass jig of the invention is prepared 

by a natural or synthetic quartz glass as described 

above, and a synthetic quartz glass, which has less 

content of bubbles and can be easily obtained as a quartz 

glass having a high homogeneity, is particularly 

preferred. 

Then, the invention is explained in detail by the 
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practical exampies but the examples are shown for 

illustration and the invention is not limited to those 

examples. 

Example 1 

A quartz glass having a surface roughnes Ra of 0.5 

µ m and Rmax of 2 µ m was prepared by a chemical treatment 

of immersing the synthetic quartz glass having the bubble 

classification by DIN of 0 in a chemical treatment liquid 

of about 24% by weight of an aqueous solution of 50% 

hydrofluoric acid, about 17% by weight of ammonium 

fluoride, about 35% by weight of 100% acetic acid, and 

about 24% by weight of water to deposit the fine crystals 

of ammonium silicofluoride. In the quartz glass, 

microcracks did not exist. The quartz glass was worked 

to form the material for a microwave-introducing window 

of a plasma apparatus having an output of 1 KW and into 

which the gases of CF,/02 were introduced. Then, Si 

wafers were placed in the plasma apparatus, plasma was 

generated, and the etching treatment of Si wafers was 

carried out, and in this case, 5000 Si wafers were 

treated but an abnormal increase of particles could not 

be confirmed. 

Comparative Example 1 

By carrying out the chemical treatment by the same 

method as Example 1 except that a natural quartz glass 

wherein the bubble classification by DIN was 2 was 

immersed in the chemical treatment liquid used in Example 

1, a window material was prepared. When the etching 

treatment of Si wafers as in Example 1 was carried out, 

at the case of treating 2000 Si wafers, an abnormal 

generation of particles was confirmed. 
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Example 2 

By hydrolyzing silicon tetrachloride in the vapor 

phase, a synthetic quartz glass, wherein the hydrogen 

molecule concentration was 15 X 1016 molecules/cm1 and the 

bubble classification by DIN was O, was obtained. Then, 

using the quartz glass, a window· material of a plasma­

generating apparatus was prepared, and the window 

material was immersed in a chemical treatment liquid of 

about 24% by weight of 50% hydrofluoric acid, about 17% 

by weight of ammonium fluoride, about 35% by weight of 

100% acetic acid, and about 24% by weight of water to 

deposit fine crystals of ammonium silicofluoride, whereby 

the quartz glass-made window material, wherein the 

surface roughness Ra was O. 5 µ m and Rmax was 2 µ m, was 

obtained. The photograph in the case of etching the 

quartz glass subjecte~ to the above-described chemical 

treatment with 5% hydrofluoric acid for 2 hours is shown 

in Fig. 1. As shown in Fig. 1, in the quartz glass, 

microcracks did not exist. Using the window material 

obtained, as the microwave-introducing window material of 

a plasma-generating apparatus having an output of 1 KW, 

into which gases of CF4/02 were introduced, and etching 

treatment of silicon wafers was carried out. In this 

case, 10,000 silicon wafers were treated but an abnormal 

increase of particles was not confirmed. 

Comparative Example 2 

The surf ace of a natural quartz glass wherein the 

bubble classification by DIN was 2 was subjected to a 

sand-blast with Sic particles of #180. On the surface of 

the quartz glass obtained, from 10,000 to 100,000 

microcracks/cm3 existed as shown in Fig. 2. Fig. 2 shows 

the photograph in the case of etching the quartz glass 
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subjected to the above-described chemiba1 treatment with 

5% hydrofluoric acid for 2 hours. using the quartz glass, 

a quartz glass window material was prepared, and when the 

etching treatment of Si wafers was carried out as in 

Example 1, from the first, particles were generated and 

the etching treatment could not be carried out. 

Comparative Example 3 

By following the same procedure as Example 2 except 
. . 

that a synthetic quartz glass having a hydrogen molecule 

concentration of 3 X 1016 molecules/cm3 in Example 2 was 

used, a quartz glass-made window material was prepared 

and when the etching treatment of silicon wafers was 

carried out, at the treatment of 5000 silicon wafers, an 

abnormal increase of particles was confirmed. 

Example 3 

A synthetic quartz glass obtained by hydrolyzing 

silicon tetrachloride in the vapor phase as in Example 2 

was subjected to a homogenization treatment of 1000 °C to 

obtain a synthetic quartz glass having a double 

refraction amount of 20 nm/cm. The synthetic quartz 

glass was subjected to a hydrogen doping treatment. 

Then, by applying the chemical treatment as in Example 2, 

a synthetic quartz glass having the surface roughness Ra 

of 0. 5 µ m, and Rmax of 2 µ m was obtained. A window 

material was prepared with the synthetic quartz glass, 

and after heating to 1100°Cfor 20 hours, the material was 

gradually cooled. The fictive temperature of the quartz 

glass-made window material obtained was 1100 °C • In a 

plasma apparatus using the synthetic quartz glass-made 

window material, which had an output of 1 KW and into 

which gases of CF4/02 were introduced, an etching 

treatment of silicon wafers was carried out. When 7,000 
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silicon wafers were treated, an abnormal increase of 

particles was not confirmed. 

Comparative Example 4 

When the double refraction amount and the fictive 

temperature were measured about the quartz glass, in 

which the homogenization treatment and the fictive 

temperature were not established in Example 2, the double 

refraction amount of 200 nm/cm and the fictive 

temperature was 1300°C. Using the quartz glass, a quartz 

glass-made window material was prepared, the material was 

mounted on a plasma apparatus having an output of 1 KW, 

into which gases of CF4/02 were introduced as in Example 

2, and an etching treatment of silicon wafers was carried 

out. When 1000 silicon wafers were treated, an abnormal 

increase of particles was confirmed. 

{Advantage of the Invention) 

The quartz glass jig of the invention is the jig, 

wherein the surface roughness Ra is from 5 µ m to 0. 05 µ 

m, the content of bubbles is 0 or · 1 as the bubble 

classification by DIN, and the number of microcracks of 

the front surface is not more than 500 microcracks/cm2
, 

and the quartz glass jig is used as the jig for an 

apparatus of . generating plasma, the occurrence of 

abnormal etching and the generation of particles are less 

and good semiconductor devicess can be produced. 
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WHAT IS CLAIMED IS: 

1. A plasma resistant quartz glass jig that is used 

for an apparatus generating plasma, characterized in that 

the surface roughness Ra of the quartz glass surface is 

in a range of from 5 µ m to 0. 05 µ m, the content of 

bubbles in the glass is 0 or 1 as bubble classification 

by DIN, and the number of microcracks of the surface is 

not more than 500 microcracks/cm3
• 

2. The plasma resistant quartz glass jig according 

to claim 1, wherein the hydrogen molecule concentration 

of the quartz glass is at least 5 X 1016 molecules/cm3
• 

3. The plasma resistant quartz glass jig according 

to claim 1 or 2, wherein the double refraction amount of 

the quartz glass is not more than 70 nm/cm, and the 

fictive temperature of the quartz glass is established in 

the range of from 800 to 1, 200 °C • 

4. The plasma resistant quartz glass jig according 

to claim 1 to 3, wherein the inner transmittance for an 

ultraviolet ray of 200 nm is at least 80% and the 

apparent transmittance is from 30 % to 85 %. 

5. The plasma resistant quartz glass jig according 

to claim 1 to 4, wherein the quartz glass is a synthetic 

quartz glass obtained by hydrolyzing a silicon compound 

in a gaseous phase. 
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