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synthetic vitreous silica glass. In particular the
invention relates to the production of vitreous silica
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a transparent glass by sintering at high temperature in helium or under vacuum

(the two-stage process). As part of the latter process the soot body may be heated
in a chlorine-containing atmosphere prior to consolidation in order to dehydrate

and purify the product.

Direct deposition processes have the advantage that large ingots may be
manufactured with acceptable economy, and by suitable choice of deposition
conditions it is possible to incorporate controlled levels of hydrogen during the
deposition process. Such hydrogen-doped glass has been found to be resistant to
darkening under the influence of UV irradiation, which means that the glass
exhibits a prolonged lifetime in critical applications involving intense UV
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conditions it is possible to incorporate controlled
| evel s of hydrogen during the deposition process. Such

whyarogem doped gl ass has been found to be resPGr/aBR007000925

dar keni ng under the influence of UV irradiation, which
nmeans that the glass exhibits a prolonged lifetine in
critical applications involving intense Wirradiation.
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ingot,
“freezing” of the glass. Such bubbles are unacceptable in the final product.

Indeed, depending on the size of the eventual product or products to be
manufactured from a given ingot, one or more bubbles may dramatically reduce

the yield of useful product from the ingot.

This problem becomes increasingly serious as the size of a given ingot, or of the
product to be made therefrom, increases. Thus it is relatively easy to manufacture
a high quality bubble-free vitreous silica article of small dimensions, but as the size
of an ingot or product to be made therefrom increases, so does the risk of
incorporating one or more bubbles, and it becomes progressively more difficult
reliably and repeatedly to generate a bubble-free article. A typical large ingot of

today’s production may have a diameter (after machining to remove the crust of
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di mensi ons, but as the size of an ingot or product to
be made therefromincreases, .so does the risk of

i ncorporating one or nore bUBB]es, and it becones
progressively nore difficult reliably and repeatedly
to generate a bubble-free article. A typica
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a risk that one or nore bubbles may be formed during
t he deposition_process. There is therefore a need to
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autoclave under high pressure of inert gas of low solubility (e.g. argon) for
sufficient time to permit collapse and total dissolution of any contained bubbles
(as described, for example, in US 4,414,014). This process is commonty known as
hot isostatic pressing (FHIP).

This process has been used, for example, to eliminate small bubbles from flame-
fused vitreous silica, to be used to make substrate and cladding tubes for optical
fibre manufacture. However, when the process is applied to the relatively large
bubbles present in synthetic vitreous silica made by the direct deposition process,
it has been found that the product glass exhibits unacceptable stress birefringence

and inhomogeneity of refractive index in the region of the collapsed bubbles. For
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(as described, for exanple, in US 4,414,014). This
process is comonly known as hot isostatic pressing
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elimnate small bubbles fromflanefused vitreous

silica, to be used to nmake substrate and cl addi ng

tubes for optical fibre manufact ure. However, when the

process is applied to the relatively |arge bubbl es
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product). The invention provides, in one aspect, a

PrIRC @82nfif FrBGIdERNH 3GE Wspe@! aBprocess for the manufacture of a

substantially bubble-free article of synthetic vitreous silica, free from localised
variations in refractive index (striae) and suitable for optical applications, wherein
an ingot of synthetic vitreous silica containing unacceptable bubbles is submitted
to a first heat treatment process consisting of hot isostatic pressing at a
temperature in the range 1,250°C to 1,500°C at a pressure in the 1'a;11ge 10 MPa to
250 MPa, followed by a second heat treatment process at a lower pressure and at a
temperature in the range 1,550°C to 1,850°C. Preferably, the first heat treatment

process is carried out at a pressure in the range 50 to 120 MPa.
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substantially bubble-free article of synthetic
vitreous silica, free fromlocalised variations in

wo edoraetrvwve i ndex (striae) and suitable for ope¢T&B2007/000925

appl i cations, wherein an ingot of synthetic vitreous
silica containing unacceptable bubbles is submtted to

a first heat treatnent procesS consisting of hot
isostatic pressing at a tenperature in the range
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| ocalised variations in refractive index

In a further alternative aspect, the invention provides a substantially bubble-free
article of synthetic vitreous silica, frée from localised variations in refractive index
(striae) and suitable for optical applications, formed from a hot isostatically
pressed ingot which has been subjected to a second heat treatment process at

higher temperatures.

The article may, for example, be an optical component such as a window, a lens, or
a photomask substrate plate, of weight more than 25 kg, preferably more than
35 kg, and most preferably more than 45 kg.

The invention is hereinafter described in more detail by way of illustration only,

by way of the following practical examples.



10

15

20

25

30

(striae) and suitable for optical applications, forned
froma hot isostatically pressed ingot which has been

waoaet’ed to a second heat treatnment process BECT/BBI0E000925

tenperatures. The article may, for exanple, be an

opti cal conponent such as a window, a lens, or a

phot omask substrate pl ate, DP'meight nore than 25 kg,

preferably nore than 35 kg, and nost preferably nore

than 45 kg. The invention is hereinafter described in
ail by way of illustration only, by way of the

fol l owi ng practical exanples. Exanple 1 An ingot of
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R e R R
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The ingot was thus unsuitable for high quality optical applications.

Example 2

A second bubble-containing ingot was prepared by the direct deposition process
as in Example 1. This was treated by hot isostatic pressing at 1,400°C at pressure
of 104 MPa for a period of 90 minutes to remove the contained bubbles. The ingot
was then machined to remove superficial devitrification, to produce a cylindrical
body of dimensions diameter 320 mm and length 790 mm (weight 140 kg). The
ingot was thoroughly cleaned and placed in a high temperature furnace in a high
purity graphite mould of internal diameter 325 mm (chosen to prevent substantial
slumping or flow). The internal surface of the mould was coated with high purity
silicon carbide powder, of -80 US mesh to prevent adhesion of the silica to the
graphite, and facilitate removal of the silica after processing. The furnace was

evacuated and re-filled with argon, and then heated to a temperature of 1,750°C
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as in Exanple 1. This was treated by hot isostatic
pressing at 1,4000C at pressure of 104 MPa for a

w@eoraa77ed 90 m nutes to renove the contai ned PCbiBe®7/000925

The ingot was then machined to renove superfici al
devitrification, to produce a cylindrical body of

di nensi ons di aneter 320 nn1aﬁd'length 790 nmm (wei ght

140 kg). The ingot was thoroughly cleaned and pl aced

in a high tenperature furnace in a high purity

eple at histemperativier andhal a ghsagrressere 325 tomin{asipbsga (¢ DMPa),

: ' lUmi flow) . The internal
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th esjai e%/g %tlre{;\fg% eﬁ%e?m%\[l/% 39?Sr tc')%?af%f\ee foo ﬁﬂf% arty rﬂi’é’éf‘}e ap}g%caé‘lons,
segadiagehd manafetrasihiatahhdnsbywese pldi@n cut and

ground for interferonetry and birefringence

Eﬁasuggyent. From t hese neasurenents it was evi dent
Xa.

sharp changes in refractive index due to the
former exi stence of bubbles had been reduced in their

i Afefish bybblEhentanaal had i Besael qy?l the @ GMRs; F‘ rocess
stress birefringence and was suitable for ﬁlg gua |Ry
SR EXAMBISP} i Eif MeasdTeateschbphigostitec prsaifiganderthefconditions
b sk r-at e es.. Ex | e .3, A further
b e Sy ke r S le YRR piflet nd gt wes then
degsbiietlitoremoue esperfisial deEniitation, o prBHScNSylifBalE Body of
by hot is st%%i ressin? under the conditions
SURFIEE P ERE A B AR g oI TRUMEHEAPhES) blbbingst was
Theousgpt clmasdt Aen pirehi ned dign’ e ficial ..
dev?t???i%atipn,’to prgdﬁcg]gg%yq|ngr$%gﬁﬁ%35§u%%Cﬁ internal
diareqtes 4R snmi inrmehigh tsaperammreahunicenfidhin8O6almm favedsght mould

138 KGh-colhE 790k yas. t hor ou %gy cl eaned _and_pl aced

R S O B S R b U Rt BB P B Btignce was
4d@rupted and refifibg hiiﬂﬁ[fg&ﬁ,aahldrtﬁerf HeBaC®.a t?éﬁ'@)efd%ﬁl%r &31‘750°C for
surfagef the nmoul d was again coated with silicon

g xeHPdal omdsttes held Ef(g%’gegxpf_rattmaéof g pared ofdd minutes and
BV RGHAbREAE dediB0f drrogSh M-t .1 BN 0y ngaLed,!

at grrpfér ature of 1750(%%‘% gr( % whdiS A58 FRARE gravily to
fill the mould and form a glass body 440 mm diameter. After cooling the ingot
was removed from the mould and annealed in a separate furnace, and sections
were then cut and ground for interferometry and birefringence measurement.
From these measurements there was no evidence of sharp changes in refractive
index due to the former existence of bubbles. The ingot had an acceptably low
level of stress birefringence and was of a high optical quality as required for the

manufacture of photomask substrate plates.

It is thus clear that the secondary high temperature heat treatment was responsible
for eliminating the homogeneity defects which remained after the hot isostatic

pressing process. The flow of material which was a feature of Example 3 , and was
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cylindrical formof |arge dianeter, as required for
t he manufacture of one or nore wi ndows or |enses, it
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5. A process according to any preceding claim, wherein the secondary heat

treatment takes place at a pressure in the range 0.01 to 1 MPa.

6. A process according to any preceding claim, wherein the ingot weight

prior to hot isostatic pressing is more than 100 kg.

7. A process according to any preceding claim, wherein the ingot weight

prior to hot isostatic pressing is more than 200 kg.

8. A process according to any preceding claim, wherein the ingot weight

priorl to hot isostatic pressing is more than 300 kg.

9. A process according to any preceding claim, wherein the product is of a

quality suitable for the manufacture of one or more photomask substrate plates.



prior to hot isostatic pressing is nore than 300 kg.
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conpr|S|ng a W ndow, | ens or a photonmask substrate
mee from a hot 1sostat1caﬂy pressed ingot.

13.  An article according to any of claims 10 to 12, whose weight is greater than
25 kg.

14. An article according to any of claims 10 to 12, whose weight is greater than
45 kg.
15. An article according to any of claims 10 to 14, comprising a window, a lens

or a photomask substrate plate.



