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BLANK FOR AN OPTICAL MEMBER AS WELL AS
VESSEL AND METHOD OF PRODUCING THE
SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a blank for an
optical member of quartz glass which includes a contour of
the optical member with an overdimension and has a surface
which is defined by a lower side, an upper side opposite the
lower side and spaced apart therefrom and by an outer edge
extending around a center axis.

[0002] Furthermore, the present invention relates to a
vessel for heat-treating a cylindrical blank for an optical
member of synthetic quartz glass, which includes the con-
tour of said optical member with an overdimension and
comprises an interior for receiving said blank and SiO,
powder for filling intermediate spaces, said interior having
a removable upper side and a lower side opposite said upper
side and spaced apart therefrom, and an outer edge connect-
ing upper side and lower side and extending around a center
axis.

[0003] Moreover, the invention relates to a method for
producing a blank for an optical member of quartz glass,
comprising a step of providing said blank which includes the
contour of the optical member to be produced with an
overdimension and has a surface which is defined by a lower
side, an upper side opposite said lower side and spaced apart
therefrom and by an outer edge extending around a center
axis, and of subjecting said blank to a thermal treatment and
subsequently cooling the same.

BACKGROUND

[0004] Conventionally, the technology of optical lithogra-
phy comprising transferring a pattern on a photomask to a
wafer by using a laser radiation has been widely used in the
aligners for producing semiconductor integrated circuits
because of its advantage in process cost as compared with
other technologies using electron beam or an X-ray.

[0005] Recently, as the LSIs increase their fineness and the
degree of integration, light sources having shorter wave-
length are being used for the exposure, and there have been
practically used an aligner using an i line (having a wave-
length of 365 nm) which enables the formation of patterns
0.4 to 0.5 um in pattern line widths, or a KrF excimer laser
(emitting a radiation 248.3 nm in wavelength) which enables
patterns 0.25 to 0.35 um in pattern line widths. More
recently, an ArF excimer laser (emitting a radiation 193.4 nm
in wavelength), which enables the formation of patterns 0.13
to 0.2 um 1n pattern line widths, has been developed, and the
study to bring it in practical use is under way. However, the
optical members for use in the ArF excimer laser litho-
graphic apparatuses demand that they satisfy, at a never
required high level, a further increased uniformity, high
transmitting properties, an excellent resistance against laser
radiations, etc.

[0006] As a material for an optical member satisfying the
requirements above, a synthetic quartz glass of high purity
is being used, and improvements in the optical transmittance
and the resistance against laser radiations of such a material
have been made by optimizing the production conditions,
and, at the same time, a further improvement in optical
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characteristics such as uniformity and birefringence is being
made. Among them, the improvement in uniformity and the
reduction of birefringence can be realized only by applying
a heat treatment (annealing treatment) accompanying a
gradual cooling in the production process of the optical
member to thereby remove the stress of the quartz glass. As
such a heat treatment, a method comprising holding the
quartz glass inside the heating furnace at a high temperature
for a long duration of time has been believed to be a general
method.

[0007] However, on lowering the temperature during the
annealing treatment above, temperature distribution gener-
ates between the central portion and the outer peripheral
portion of the object being treated. Such a temperature
distribution remains as a difference in density even after the
completion of the annealing treatment, and this led to an
insufficient improvement concerning the distribution in
refractive index and the birefringence.

[0008] Accordingly, in order to further improve the dis-
tribution in refractive index and the birefringence of a quartz
glass, there has been proposed a method of applying the
annealing treatment to the object while placing it inside a
ring, a vessel, or a powder; the aim of which being control-
ling the temperature distribution by decreasing the rate of
lowering the temperature for the outer periphery of the
object. This method can surely improve the distribution in
refractive index and the birefringence of a quartz glass to a
certain degree, but the effect was found still unsatisfactory.

[0009] A blank of the generic type and a method of
producing the same are known from EP-A 401 845. The
production of a lens for a microlithographic device is
described therein. To this end a rod-shaped ingot of synthetic
quartz glass is cut down into a number of plate-shaped
blanks, an optical member being normally obtained from
each of the blanks. In comparison with the outer contour of
the optical member to be produced, each of the blanks is
provided with an overdimension which is removed in the
course of the further manufacturing process.

[0010] The homogeneity of the quartz glass blank depends
on both a uniform chemical composition and a homoge-
neous distribution of the so-called “fictive temperature”
across the blank. The fictive temperature is a parameter
which characterizes the specific network structure of the
quartz glass. A standard measuring method for determining
the fictive temperature on the basis of a measurement of the
Raman scattering intensity at a wave number of about 606
cm™ is described in “Ch. Pfleiderer et al.: “The UV-induced
210 nm absorption band in fused silica with different thermal
history and stoichiometry”; J. Non-Cryst. Solids 159 (1993)
145-143”.

[0011] To reduce mechanical stresses within the plate-
shaped blank and to achieve a homogeneous distribution of
the fictive temperature, the blank is normally annealed with
great care. EP-A 401 845 suggests an annealing program in
which the blank is subjected to a holding time for 50 hours
at a temperature of about 1100° C. and is subsequently
cooled in a slow cooling step at a cooling rate of 2°/h to 900°
C. and then in a closed furnace to room temperature. During
such a temperature treatment local changes in the chemical
composition of the blank, in particular in the areas near the
surface, may occur because of an outdiffusion of compo-
nents. In this respect a particularly long annealing time of
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the blank for setting a distribution of the fictive temperature
that is as uniform possible may even have a disadvantageous
effect on the homogeneity of the blank.

[0012] The surface of the known blank is defined by an
even lower side, an even upper side opposite thereto and by
an outer cylindrical surface which connects upper side and
lower side. The surface surrounds the contour of the member
with an overdimension. An increase in the overdimension
alone does not constitute a preferred measure for reducing
outdiffusion from the area of the contour of the member
during annealing, for larger dimensions of the blank require
longer annealing times to ensure a uniform distribution of
the fictive temperature within the contour of the member.
Longer annealing times increase the manufacturing costs,
which in turn promotes outdiffusion. Moreover, a large
overdimension entails higher manufacturing costs because
of larger losses in material.

SUMMARY OF THE INVENTION

[0013] Tt is therefore the object of the present invention to
provide a blank from which optical members of a high
homogeneity can be made. It is a further object of the
invention to provide a vessel for heat treatment and a heat
treatment method capable of efficiently heat-treating a syn-
thetic quartz glass for optical use and improved in homo-
geneity.

[0014] As for the blank, this object starting from the
above-mentioned blank is achieved according to the inven-
tion in that there is provided a surrounding thickened portion
which begins in the area of the outer edge and extends
towards the center axis and in which the distance between
lower side and upper side is larger than in the area of the
center axis.

[0015] As has already been mentioned, the homogeneity
of the quartz glass is substantially determined by the distri-
bution of the fictive temperature on the one hand and by the
distribution of the chemical components of the quartz glass
on the other hand. Some of the chemical components to be
paid attention to with respect to homogeneity are the
hydroxyl groups (OH), the Si—H groups (SiH) and molecu-
larly dissolved hydrogen (H,). A basic prerequisite for
homogeneous quartz glass is that said components are
homogeneously distributed within the SiO, network. The
local concentration of the components OH, Si—H and H, at
any desired point “X” within the blank is obtained due to a
balanced reaction which can be described as follows:

Si—O—Si+H,~——>Si—OH+Si—H 1)

[0016] The position of the equilibrium depends on the
temperature, the OH—, SiH—and the hydrogen concentra-
tion. Apart from the local temperature, particular attention
must here be paid to the local hydrogen concentration
because this concentration can be strongly influenced by
outdiffusion during annealing on account of the high diffu-
sion constant of hydrogen in quartz glass, whereas the OH
concentration is hardly influenced by the annealing process.

[0017] The invention exploits the finding that the position
of the chemical equilibrium according to equation (1) has
not only direct impacts on the homogeneity of the quartz
glass, but also influences the setting of the fictive tempera-
ture. It has been found that a homogeneous distribution of
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the fictive temperature can only be achieved if the position
of the balanced reaction (1) is homogeneously distributed at
the same time.

[0018] Since both the fictive temperature and the chemical
equilibrium according to (1) depend on the concentration of
the participating components and also on the absolute tem-
perature, an ideal temperature distribution is one that is as
homogeneous as possible at any time during annealing (in
particular during the cooling phase), on the boundary con-
dition that the absolute concentrations of said chemical
components are also homogeneously distributed in the blank
at the beginning of the process. However, the setting of the
equilibrium distribution of temperature and hydrogen is
counteracted by the heat conduction of the blank on the one
hand and by the diffusion of hydrogen in quartz glass on the
other hand.

[0019] Nevertheless, the cylindrical plate geometry of the
blank which has so far been standard during temperature
treatment can also be improved under these boundary con-
ditions, for the plate geometry is not suited for achieving a
homogeneous distribution of said components and a homo-
geneous temperature distribution in the area of the contour
of the member for the following reasons:

[0020] 1. When a quartz glass blank is cooled, a
temperature gradient is automatically obtained
which ascends from the interior to the exterior and
descends in said direction during the heating-up
phase. Therefore, a locally different chemical equi-
librium according to equation (1) is automatically
obtained within the quartz glass blank in dependence
upon the local temperature.

[0021] 2. In the course of the temperature treatment
the hydrogen content decreases because of outdiffu-
sion within the quartz glass blank (unless outdiffu-
sion is counteracted, e.g. by maintaining a suffi-
ciently high partial H, pressure in the ambient
atmosphere). In this process the areas of the quartz
glass blank near the surface are first depleted with
formation of a concentration gradient from the inte-
rior to the exterior, which also results in a locally
different setting of the chemical equilibrium (1).

[0022] 3. A temperature gradient according to 1. as
well as a concentration gradient and, as a conse-
quence, a locally different chemical equilibrium (1)
according to 2. result in a locally different viscosity.
The viscosity, in turn, has also an effect on the setting
of the local network structure of the quartz glass and
thus on the fictive temperature, so that local differ-
ences in the viscosity curve over time also result in
an inhomogeneous distribution of the fictive tem-
perature.

[0023] The effects described under 1. to 3. (temperature
gradient, concentration gradient, locally different viscosity
curve), which are disadvantageous with respect to homoge-
neity, are reduced in the method according to the invention
by a thickened portion extending around the outer edge.
Within this thickened portion the distance between lower
side and upper side, and thus the distance between the
contour of the member and the free surface, is larger than in
the area of the center axis of the blank. The thickened
portion begins in the area of the outer edge, i.e. directly on
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or slightly behind the same, and extends from there over the
whole surface of the blank or a part thereof towards the
center axis.

[0024] “Contour of the member” means the area of the
blank which is reduced by the overdimension and from
which the optical member is made in the end. The contour
of the member is of a rectangular shape surrounding the
dimensions of the optical member.

[0025] The thickened portion forms part of the overdi-
mension of the blank. According to the invention the over-
dimension is here larger on the peripheral portion than in the
central portion. It has been found that smaller temperature
gradients are formed in the area of the contour of the
member due to such an accumulation of quartz glass mass in
the peripheral portion of the blank during cooling in the
process of the temperature treatment. Peripheral effects
which may promote an outdiffusion of hydrogen are mini-
mized because a substantial part of the mass of the blank is
concentrated in the peripheral portion. The diffusion of
hydrogen out of the area of the member contour is thereby
reduced, resulting in this portion in a smaller gradient of the
hydrogen concentration. In the end the thickened portion
does not significantly increase the overall mass of the blank
and the material factor because the additional overdimension
can substantially be limited to the edge of the blank.

[0026] The geometry of the outer edge of the blank is not
decisive for the success of the teaching according to the
invention. The outer edge will normally form the edge
between upper side or lower side and an outer cylindrical
surface; however, it can e.g. also constitute an inwardly or
outwardly curved or tapering lateral boundary of the blank.

[0027] The thickness of the thickened portion is larger in
the area of the outer edge than in the area of the center axis.
Accordingly, the distance between lower side and upper side
decreases from the edge to the interior. The distance may be
shortened in one or several steps. However, it has been found
to be of particular advantage when the distance between
lower side and upper side decreases continuously across the
thickened portion when viewed from the outer edge towards
the center axis. Thus, the thickened portion decreases con-
tinuously from the outside to the inside over at least a part
of the surface of the blank. The continuity of the decrease in
the thickened portion counteracts the formation of sudden
changes in temperature or concentration within the blank, in
particular within the contour of the member. Moreover, the
material factor is thereby kept low.

[0028] 1t has turned out to be of particular advantage when
the distance decreases faster (more) than linearly. The
decrease is e.g. in accordance with an exponential or para-
bolic function. The thickened portion is here a concave
curve from the outside to the inside (hereinafter called
“concave annealing form™). It has been found that a concave
annealing form during heating and cooling yields a tem-
perature profile which is particularly homogeneous in time
and space and has a small gradient within the contour of the
member. In comparison with the known blank in the form of
a cylinder-shaped plate, as described at the outset, a concave
annealing form yields a smaller time change in the heat flow
and thus a more homogeneous temperature profile along any
desired radial axis within the blank. This is not only an
important precondition for the production of low-stress
blanks, but also for a homogeneous extension of the position
of the chemical equilibrium according to equation (1).

Sep. 5, 2002

[0029] TItis true that a spatial temperature gradient can also
not be avoided in the case of a concave annealing form.
However, on account of the more uniform heat flow during
cooling or heating, the maximum temperature difference in
the area of the contour of the member is much smaller in the
case of a concave annealing form than in a plate-like
preform, so that a rather flat temperature distribution is
obtained. At the same time, this constitutes a suitable
precondition for a more homogeneous distribution of the
position of the equilibrium (1) within the contour of the
member.

[0030] Furthermore, the formation of a gradient of the
hydrogen concentration can also not be prevented in the case
of a concave annealing form. Nevertheless, a concave
annealing form within the contour of the member yields a
more homogeneous hydrogen distribution than in the case of
a plate-like form. This can be attributed to the fact that the
concave annealing form leads to an extension of the mean
diffusion path length together with an adjustment of the
diffusion path lengths along any radial axes within the blank.
In comparison with the plate-like form, this results in a
narrower distribution of the diffusion path lengths.

[0031] In the final analysis, all of these points contribute
to the fact that with a concave annealing form the position
of the equilibrium (1) along any radial axis within the blank,
and thus also the distribution of the fictive temperature and
the viscosity curve over time along said axis, are more
homogeneous than in a plate-shaped blank.

[0032] Instead of the above-explained exponential or para-
bolic decrease in the distance between lower side and upper
side across the thickened portion, the distance in an alter-
native, but equally preferred embodiment of the blank of the
invention decreases linearly (hereinafter also called linear
annealing form). With a temperature treatment using a linear
annealing form, the effects regarding the formation of a
smaller gradient of the temperature and hydrogen concen-
tration within the blank, and the distribution of the position
of the equilibrium (1) within the contour of the member are
smaller than in the case of the concave annealing form, but
the linear annealing form is easier to manufacture and
therefore particularly suited for applications of the optical
member where lower demands are made on optical homo-
geneity.

[0033] Preferably, the thickened portion begins on the
outer edge. As a result, overdimension and thus material
factor and manufacturing costs can be kept small.

[0034] Furthermore, it has been found to be of advantage
when the thickened portion extends from the center axis to
the outer edge. This results in a simplified manufacture of
the blank, and geometrical steps and accompanying sudden
changes in physical and chemical parameters, which might
contribute to optical inhomogeneities, are avoided. More-
over, the above-explained advantageous effect of the thick-
ened portion with respect to a reduction of temperature
gradient, concentration gradient and locally different viscos-
ity curve within the contour of the member can be observed
over the whole cross-section thereof.

[0035] An embodiment of the blank is preferred in which
the lower side and the upper side are provided with a
thickened portion. The thickened portions facing one
another at the lower side and the upper side are normally of
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a similar or ideally identical geometry. In the last-mentioned
case the blank exhibits mirror symmetry, the mirror plane
extending in a direction perpendicular to the center axis and
in the center between lower side and upper side. The
symmetry of the blank facilitates an adjustment of the
homogeneity in the optical member, in particular the adjust-
ment of a symmetrical curve of the refractive index.

[0036] As for the vessel, the above object is achieved
according to the invention starting from the above-men-
tioned vessel in that said upper side and said lower side in
the area of said center axis have a higher thermal conduction
than in the area of said outer edge.

[0037] The vessel for heat-treating synthetic quartz glass
for optical use according to the present invention is utilized
for the heat treatment of a synthetic quartz glass blank as an
object to be treated, said synthetic quartz glass blank being
enclosed inside said vessel in such a manner that SiO,
powder is filled therein and subjected to heat treatment in a
heating furnace; wherein, the space for enclosing the syn-
thetic quartz glass object is flat and cylindrical in shape, and,
when seen the vessel as a whole with flat cylindrical
synthetic quartz glass to be treated being enclosed and with
Si0, powder filling the interstices, the degree of heat emis-
sion at the center is set higher or lower than that of the
surroundings in order to exhibit the function described
hereinafter. Since a conventionally employed heating fur-
nace is readily applicable, further explanation thereof is
omitted hereinafter.

[0038] The cooling rate during annealing of a quartz glass
blank is made non uniform by the vessel according to the
invention. This shows advantageous effects with respect to
the formation of a smaller gradient of the temperature and
the hydrogen concentration within the blank and with
respect to the distribution of the position of the equilibrium
within the contour of the optical member to be produced
from it. In this respect reference is made to the above
explanations regarding the blank of the invention and the
preferred developments thereof.

[0039] (1) The vessel according to the invention is a
vessel for heat-treating a cylindrical blank for an
optical member of synthetic quartz glass, which
includes the contour of said optical member with an
overdimension and comprises an interior for receiv-
ing said blank and SiO, powder for filling interme-
diate spaces, said interior having a removable upper
side and a lower side opposite said upper side and
spaced apart therefrom, and an outer edge connect-
ing upper side and lower side and extending around
a center axis, characterized in that said upper side
and said lower side in the area of said center axis
have a higher thermal conduction than in the area of
said outer edge.

[0040] It shows the features according to the fol-
lowing preferred embodiments

[0041] (2) The vessel described in (1), wherein lower
side and upper side in the area of said outer edge
have a larger wall thickness than in the area of said
center axis.

[0042] (3) The vessel described in (2), wherein upper
side and lower side are each equipped with a sur-
rounding thickened portion which begins in the area
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of said outer edge and extends towards said center
axis and in which the wall thickness is greater than
in the area of said center axis.

[0043] (4) The vessel described in (3), wherein the
wall thickness of lower side and upper side decreases
continuously across said thickened portion when
viewed from said outer edge towards said center
axis.

[0044] (5) The vessel described in (4), wherein said
wall thickness decreases faster than linearly.

[0045] (6) The vessel described in (4), wherein said
wall thickness decreases linearly.

[0046] (7) The vessel described in (3), wherein the
wall thickness of lower side and upper side decreases
in steps across said thickened portion when viewed
from said outer edge towards said center axis.

[0047] (8) The vessel described in (2), wherein the
wall thickness of upper side and lower side is
reduced by recesses whose number, depth or width is
each time larger in the area of said center axis than
in the area of said outer edge, with the proviso that
said upper side and said lower side have a higher
thermal conduction in the area of said center axis
than in the area of said outer edge.

[0048] (9) The vessel described in (1), wherein said
interior is defined by walls of quartz glass.

[0049] (10) The vessel described in (9), wherein said
upper side and said lower side are made from quartz
glass of a higher thermal conductivity, and said outer
edge from quartz glass of a lower thermal conduc-
tivity.

[0050] (11) The vessel described in (1), wherein said
Si0, powder is a synthetically produced SiO, pow-
der having a sodium content of less than 30 wt. ppb.

[0051] (12) The vessel described in (1), wherein said
Si0, powder is a synthetically produced SiO, pow-
der having a hydrogen content of at least 1.0x10*°
molecules/cm®.

[0052] (13) The vessel described in (1), wherein the
outer diameter of said upper side is smaller than the
inner diameter of said outer edge.

[0053] As for the method, the above-mentioned object
starting from the above-mentioned method is achieved
according to the invention in that measures are provided
which during cooling keep the heat conduction in the area of
said outer edge lower than in the area around said center
axis.

[0054] The method shows the advantageous effects with
respect to the formation of a smaller gradient of the tem-
perature and the hydrogen concentration within the blank
and with respect to the distribution of the position of the
equilibrium (1) within the contour of the member. In this
respect reference is made to the above explanations regard-
ing the blank of the invention and the preferred develop-
ments thereof.

[0055] According to a first aspect of the method, the
measures which during cooling keep the heat conduction in
the area of said outer edge lower than in the area around said



US 2002/0122902 A1

center axis consist in using a blank as described above,
which is a blank for an optical member of quartz glass which
includes a contour of said optical member with an overdi-
mension and the surface of which is defined by a lower side,
an upper side opposite said lower side and spaced apart
therefrom and by an outer edge extending around a center
axis. The blank is characterized by that there is provided a
surrounding thickened portion which begins in the area of
said outer edge and extends towards said center axis, and in
which the distance between lower side and upper side is
greater than in the area of said center axis.

[0056] The blank according to the invention is character-
ized by a surrounding thickened portion which begins in the
area of the outer edge and extends in the direction of the
center axis and in which the distance between lower side and
upper side is greater than in the area of the center axis of the
blank. When a blank of such a configuration is subjected to
an annealing treatment for eliminating mechanical stresses,
the thickened portion develops advantageous effects with
respect to the formation of a smaller gradient of the tem-
perature and the hydrogen concentration within the blank
and with respect to the distribution of the position of the
equilibrium (1) within the contour of the member. In this
respect reference is made to the above explanations regard-
ing the blank of the invention and the preferred develop-
ments thereof.

[0057] According to a second aspect of the method, the
measures which during cooling keep the heat conduction in
the area of said outer edge lower than in the area are
measures consist in introducing said blank into a vessel as
described above, which is a vessel for heat-treating a cylin-
drical blank for an optical member of synthetic quartz glass,
which includes the contour of said optical member with an
overdimension and comprises an interior for receiving said
blank and SiO, powder for filling intermediate spaces, said
interior having a removable upper side and a lower side
opposite said upper side and spaced apart therefrom, and an
outer edge connecting upper side and lower side and extend-
ing around a center axis, wherein said upper side and said
lower side in the area of said center axis have a higher
thermal conduction than in the area of said outer edge. The
preferred method additionally comprises filling intermediate
spaces between said blank and said vessel with SiO, powder
and in subjecting said blank surrounded by said SiO, powder
in said vessel to a thermal treatment by introducing said
vessel into a furnace and by heating and subsequently
cooling the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] The invention shall now be explained in more
detail with reference to embodiments and a drawing. The
drawing is a schematic illustration showing in detail in

[0059] FIG. 1 A diagram showing a heat treatment vessel
according to an embodiment of the present invention
together with a synthetic quartz glass body to be treated and
with SiO, powder, wherein (A) shows a vertical cross
section view, and FIG. 1(B) shows a cross section view
taken along line B-B in FIG. 1(A),

[0060] FIG. 2 A diagram showing the temperature distri-
bution with cooling obtained on the case according to the
present invention and in a prior art example, wherein (A)
shows a case of the present example and (B) shows a case
of a prior art example,
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[0061] FIG. 3 A diagram showing the fluctuation in
refractive index An of a synthetic quartz glass for optical use
achievable in the present example and in a prior art example,
wherein (A) shows a case of the present example and (B)
shows a case of a prior art example,

[0062] FIG. 4 A vertical cross section of a heat treatment
vessel according to another embodiment of the present
example,

[0063] FIG. 5 A vertical cross section of a heat treatment
vessel according to a still other embodiment of the present
example,

[0064] FIG. 6 A vertical cross section of a heat treatment
vessel according to a yet other embodiment of the present
example,

[0065] FIG. 7 A diagram showing an example of a tem-
perature profile employed in the heat treatment method for
a synthetic quartz glass for optical use according to the
present invention,

[0066] FIG. 8 A vertical cross section of a heat treatment
vessel used in Example 1,

[0067] FIG. 9 A vertical cross section of a heat treatment
vessel used in Example 2,

[0068] FIG. 10 A vertical cross section of a heat treatment
vessel used in Example 3,

[0069] FIG. 11 A diagram showing the table provided
therein the optical properties and the like for the Examples
and Comparative Examples,

[0070] FIG. 12 a first embodiment of a blank according to
the invention for an optical member, in a side view,

[0071] FIG. 13 a blank for an optical member according
to the prior art, in a side view,

[0072] FIG. 14 a second embodiment of a blank accord-
ing to the invention for an optical member, in a side view,
and

[0073] FIG. 15 a further embodiment of a blank according
to the invention for an optical member, in a side view.

Detailed Description

[0074] Referring to the attached drawings, a specific
example of the vessel 10 for use in the heat treatment is
described below.

[0075] Referring to FIG. 1, the vessel 10 for heat treat-
ment comprising a cylindrical enclosing space 10a similar to
the flat cylindrical synthetic quartz glass blank G to be
enclosed therein, and is equipped with a circular side wall
12, a bottom plate 14 constituting a bottom wall, and a lid
16 constituting an upper wall. The circular side wall 12 and
the bottom plate 14 may be provided separated or integrated
into a monolithic body.

[0076] The volume of the enclosing space 10a of the
vessel 10 for heat treatment is provided 1.5 times or larger
than the volume of the synthetic quartz glass blank to be
treated, and particularly preferably, it is provided at a
volume 2 to 10 times as large as that of the synthetic quartz
glass blank.
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[0077] Since the synthetic quartz glass blank G to be
treated is provided at a diameter of from 50 to 200 mm and
a thickness of about 30 to 200 mm, the volume of the space
10a for enclosing the object is, preferably, in a range of from
450 to 250000 cm’.

[0078] The bottom plate 14 and the 1id 16 above each have
a concave lens-like shape on one side. The curved plane of
the concave plane provided on one side may be a secondary
curved plane, a spherical plane, or an aspheric plane. The
degree of concave of the spherical plane is determined by
measuring the rate of heat emission of various portions on
cooling, i.e., the difference in cooling rate. This is described
hereinafter.

[0079] The Na content of the vessel 10 for heat treatment
preferably contains Na at a concentration of 100 ppb or less,
particularly preferably 40 ppb or less, and further preferably,
5 ppb or less. Although the amount of Na that reaches the
synthetic quartz glass blank G is limited because Na dis-
charged from the vessel, etc., is mostly trapped by the SiO,
powder described hereinafter, the Na content of the vessel 10
above is preferably limited in the range above.

[0080] Further, in the present invention, the vessel 10 for
heat treatment above is filled with SiO, powder 20 (see FIG.
1) in such a manner that it covers the surroundings of the
synthetic quartz glass blank G that is the object to be treated.
As the SiO, powder, there can be used a SiO, powder doped
with hydrogen, which is obtained by previously subjecting
the powder to a high pressure hydrogen treatment. In this
case, the concentration of hydrogen molecules that are
dissolved in the hydrogen-doped SiO, powder is preferably
1x10*® molecules/cm® or higher, particularly preferably, 2 to
5x10"° molecules/cm?®, in average. The concentration of the
dissolved hydrogen molecules may be taken by the average
over the entire SiO, powder, and hence, the powder thus
doped with hydrogen may be used mixed with a powder not
doped with hydrogen.

[0081] The SiO, powder is provided to prevent hydrogen
molecules from escaping from the synthetic quartz glass
blank G that is heat treated as the object of the heat
treatment. The total weight of the SiO, powder above
preferably accounts for 25% or more, more preferably, for
50 to 200%, of the total weight of the synthetic quartz glass
blank to be treated. If the total weight of the SiO, powder
above should account for less than 25%, it becomes difficult
to sufficiently achieve the object of preventing the discharge
of hydrogen molecules from the synthetic quartz glass
blank; if the total weight should exceed 200%, industrial
excess generates as to impair the efficiency of the process.

[0082] The Na content of the SiO, powder above is
preferably 30 ppb or lower, and particularly preferably, 10
ppb or lower. Although it is better for the lower the content
of Na, the lower limit at present is about 5 ppb.

[0083] The SiO, powder above consists of particles in
which 95% by weight or more thereof have a particle
diameter in a range of, preferably, from about 0.1 to 1,000
um, and more preferably, in a range of from about 0.5 to 500
um. If a particle with a size more than 1000 um should be
mixed, there is fear of making it impossible to dissolve
sufficient amount of hydrogen molecules into a part of the
powder during the high pressure hydrogen treatment; on the
other hand, if a particle with a size less than 0.1 gm should
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be mixed, there occurs a problem in handling, and this is not
preferred. Furthermore, if the particle size of the powder
becomes too large, it becomes difficult to achieve a suffi-
ciently high packing density; hence, it is preferred that a
powder containing particles exceeding 1,000 um in particle
diameter is not used. By also taking this point into consid-
eration, it is preferred not to use a powder containing
particles exceeding 1,000 um in particle diameter. However,
powders differing in particle size may be mixed so long as
the particle diameter falls within a range of from 0.1 to 1000
um, and it is more preferred to use a powder having a wider
range in particle diameter, because such a powder often
increases the packing properties. However, the effect of the
present invention can be achieved so long as the particle
diameter of the SiO, powder used substantially falls within
the range above. More specifically, there is no practical
problem even if less than 5% of the entire weight of the SiO,
powder above should fall outside of the particle size range
defined above.

[0084] In view of the conditions above, it is particularly
preferred that the SiO, powder above is a synthetic quartz
glass powder.

[0085] The method for heat treating a synthetic quartz
glass for optical use by performing a heat treatment in the
heating furnace according to the present invention comprises
using the vessel for heat treatment described above, while
covering the surroundings of the synthetic quartz glass blank
to be treated with SiO, powder. The heat treatment may be
carried out in air. The temperature and the time of retention,
the heating rate, the cooling rate, and other thermal treat-
ment conditions may be set similar to those generally used
in an ordinary heat treatment.

[0086] In accordance with the present invention, there can
be obtained a synthetic quartz glass for optical use having a
fluctuation in refractive index An of 1.0x107° or less along
the direction of the radius. Such an effect is achieved in the
present invention, because, as is shown by dots and lines in
FIG. 2(A), the use of the vessel for heat treatment above
achieves an approximately uniform cooling rate in the
direction of the radius (of the entire structure inclusive of the
vessel for heat treatment, the synthetic quartz glass blank,
and the SiO, powder) during cooling. In contrast to this, in
case of using a vessel having a bottom plate and a lid of a
uniform thickness, as shown in FIG. 2(B), the cooling rate
generally tends to become higher for the surroundings as
compared with the central portion while the density of the
material increases towards the peripheral portions. Hence,
the fluctuation in refractive index An increases as is shown
in FIG. 3(A). In accordance to the present invention, on the
contrary, the fluctuation in refractive index An can be
minimized as shown in FIG. 3(B).

[0087] As described above, in accordance with the present
invention, the fluctuation in refractive index An along the
direction of the radius of the synthetic quartz glass for
optical use can be controlled by controlling the cooling rate
in each of the portions. Thus, in case of using a plurality of
glasses in combination, they can be assembled in such a
manner to correct the fluctuation in refractive index An of
other glasses.

[0088] To set the cooling rate of the synthetic quartz glass
blank to be treated (i.e., of the entire structure inclusive of
the vessel for heat treatment, the synthetic quartz glass
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blank, and the SiO, powder) uniform along the direction of
radius during cooling by a method other than that described
above, the cross section of the bottom plate 14a and the lid
16a may be provided in a step-wise morphology as shown
in FIG. 4; otherwise, as shown in FIG. 5, there can be
employed means such as providing slits 22a and 22b to the
central portion of the bottom plate 14a and the lid 16a.

[0089] Furthermore, as shown in FIG. 6, the diameter of
the bottom wall 14¢ and the upper wall 16¢c may be set
slightly smaller than the inner diameter of the side wall 124,
while constituting the bottom wall 14¢ and the upper wall
14c with a quartz glass having a relatively high degree of
heat emission and employing a quartz glass having a rela-
tively low degree of heat emission for the side wall 12a. As
a quartz glass having a relatively high degree of heat
emission, there can be mentioned a transparent quartz glass,
and, as a quartz glass having a relatively low degree of heat
emission, there can be mentioned an opaque quartz glass.

[0090] In case the bottom plate and the lid are provided at
a uniform thickness, the present inventors knew through
experience that, depending on the temperature conditions
and the like during cooling, there occurs a case in which the
cooling rate at the central portion of the synthetic quartz
glass blank to be treated becomes higher.

[0091] Insuch a case, it is preferred to control the cooling
rate by setting the thickness and the like of the bottom plate
and the lid reversed to the case above.

[0092] More specifically, in enclosing the flat cylindrical
synthetic quartz glass blank to be treated in the vessel with
Si0, powder filling the interstices and considering the whole
structure, the degree of heat emission of the central portion
may be set higher than that of the peripheral portion depend-
ing on the cooling conditions. In such a case, for instance,
the bottom wall and the upper wall may be provided in a
convex shape, the thickness of the central portions of the
bottom wall and the upper wall is increased in a step-wise
manner toward the center portion, or the thickness of the
central portions of the bottom wall and the upper wall may
be set larger than that of the peripheral portions. Otherwise,
in case of a shape shown in FIG. 6 above, the bottom wall
and the upper wall may be constructed from a quartz glass
having a relatively high degree of heat emission while
constructing the side wall with a quartz glass having a
relatively low degree of heat emission.

[0093] The synthetic quartz glass for optical use available
by the present invention contains dissolved hydrogen mol-
ecules at a concentration of 2.0x10'7 molecules/cm® or
higher, and yields an initial transmittance of 99.7% or higher
for a radiation 193.4 nm in wavelength. Particularly prefer-
ably, the concentration of dissolved hydrogen molecules is
5x10*7 molecules/cm® or higher. If the concentration of
dissolved hydrogen molecules should be lower than 2x10"7
molecules/cm?, the desired resistance against laser radiation
cannot be achieved. The upper limit of the concentration of
the dissolved hydrogen molecules at present is approxi-
mately 5x10*° molecules/cm®.

[0094] In the synthetic quartz glass for optical use avail-
able by the present invention, the content of Na is preferably
10 ppb or lower, and particularly preferably, 5 ppb or lower.
The fluctuation in refractive index An along the direction of
radius is preferably 1.0x107° or lower.
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[0095] An embodiment for practicing the present inven-
tion is described more specifically below by partly making
reference to the drawings. However, it should be understood
that the size, materials, shapes, relative arrangement, etc.,
that are described in the embodiment below are provided
simply as examples or explanatory means unless otherwise
described, and are by no means limiting the present inven-
tion.

[0096] As samples of synthetic quartz glass for use as an
optical member, four synthetic quartz glass bodies (objects
to be treated) each 200 mm in outer diameter and 60 mm in
thickness prepared by direct method were prepared. The
synthetic quartz glass bodies all contained Na at a concen-
tration of 5 ppb or lower and hydrogen molecules (H,) at a
concentration of 1.8x10'® molecules/cm?®, and yielded an
initial transmittance of 99.8% for a radiation 193.4 nm in
wavelength. These samples were treated in the air in the
following manner in accordance with the temperature profile
shown in FIG. 7.

EXAMPLE 1

[0097] Referring to FIG. 8, there was used a synthetic
quartz glass vessel, which comprises a bottom plate 14 and
a lid 16 each provided with a concave (spherical) lens shape
on one side and having an outer diameter of 250 mm, a
maximum thickness of 40 mm and a minimum thickness of
15 mm, and provided with a side wall 5 mm in thickness. A
synthetic quartz glass body, i.e., the object of the treatment,
was placed at the center of the vessel, and 2.9 kg of powder
consisting of particles 63 to 710 um in size was filled to bury
the synthetic quartz glass body. Then, the heat treatment
above was applied to the synthetic quartz glass body. More
specifically, the synthetic quartz glass body was subjected to
heat treatment by placing it in a heat treatment furnace in the
state shown in FIG. 8. Thus, the total weight of the synthetic
quartz glass powder accounted for 70% of the weight of the
synthetic quartz glass body.

EXAMPLE 2

[0098] As shown in FIG. 9, a synthetic quartz glass body
was subjected to a heat treatment in a manner similar to
Example 1 above except for using a vessel comprising a
bottom plate 14 and a lid 16 having a step-wise shape on one
side.

EXAMPLE 3

[0099] As shown in FIG. 10, a synthetic quartz glass body
was subjected to a heat treatment in a manner similar to
Example 1 above except for using a vessel comprising a
bottom plate 14 and a lid 16 each provided with slits on one
side (at a slit interval of 5 mm for the portion corresponding
from the center to a radius of 50 mm, at a slit interval of 10
mm for the portion 50 to 80 mm in radius, at a slit interval
of 15 mm for the portion 80 to 110 mm in radius, and no slits
for the portion exceeding 110 mm in radius).

Comparative Example 1

[0100] A synthetic quartz glass body was subjected to a
heat treatment in a manner similar to Example 1 above
except for using a vessel comprising a bottom plate and a lid
with a uniform thickness of 15 mm instead of the bottom
plate and the lid described above.
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Comparative Example 2

[0101] A synthetic quartz glass body was subjected to a
heat treatment in a manner similar to Example 1 above
except for using a vessel comprising a bottom plate and a lid
with a uniform thickness of 40 mm instead of the bottom
plate and the lid described above.

[0102] Then, measurements were performed on the heat
treated synthetic quartz glass objects obtained in the
Examples and Comparative Examples above to obtain the
fluctuation in refractive index An before and after the heat
treatment, the birefringence after the heat treatment, an
initial transmittance for a radiation 193.4 nm in wavelength,
the concentration of hydrogen molecules (H,) after the heat
treatment, and the concentration of Na impurity.

[0103] The table given in FIG. 11 clearly reads that, in the
synthetic quartz glass for optical use obtained as the object
of the treatment in accordance with the Examples 1-3, the
fluctuation in refractive index An is minimized to 0.9x107°
or even lower for the synthetic quartz glass G subjected to
heat treatment. In contrast to this, the fluctuation in refrac-
tive index An for the synthetic quartz glass G subjected to
heat treatment in accordance with the Comparative
Examples was found to be as large as 1.7x107° or even
higher. Furthermore, the birefringence of the synthetic
quartz glass G subjected to heat treatment in accordance
with the Examples 1-3 was lowered to a value 0.45 nm/cm
or even lower. In contrast to this, the birefringence of the
synthetic quartz glass G subjected to heat treatment in
accordance with the Comparative Examples was found to be
as large as 1.4 nm/cm or even higher. In the Examples 1-3
and Comparative Examples, the other characteristics were
approximately the same; the initial transmittance for a
radiation 193.4 nm in wavelength was each 99.8%, the
concentration of hydrogen molecules (H,) after the heat
treatment was each about 5x10"7 molecules/cm>, and the Na
concentration was each 2 ppb.

[0104] This method is extremely economical because it
allows reuse of the vessel and the quartz powder. Referring
now to the blanks shown in FIGS. 12 to 15:

[0105] Blanks 31, 32, 33, 34 which are made from quartz
glass and shown in FIGS. 12 to 15 are each substantially
disc-shaped and configured to be rotationally symmetrical
about a center axis 35. Furthermore, blanks 31, 32,33, 34 arc
each in mirror symmetry along a mirror plane 36 extending
in a direction perpendicular to the center axis 35 and the
sheet plane. Each of blanks 31, 32, 33, 34 has an upper side
37, a lower side 38 and an outer edge 39. They include an
inner portion with a contour 40 of the optical member to be
produced from the blank, the member being surrounded on
all sides with an overdimension 41. The distance between
lower side 38 and upper side 37 in the area of the outer edge
39 is marked by a distance arrow A in each instance.

[0106] FIG. 13 illustrates a blank 32 as has so far been in
use for producing lenses for microlithography. Blank 32 is
characterized by a simple plate-shaped cylindrical geometry
with an even upper side 37 and an even lower side 38. The
distance between lower side 38 and upper side 37 is constant
across the whole plate. During the annealing process for
reducing mechanical stresses (in particular during cooling),
such a geometry of the blank creates distinct temperature
gradients from the surface to the interior, in particular from
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edge 39 to the interior; these can also be noticed within the
area of the contour 40 of the member. In dependence upon
the local temperature within the blank 32, this is accompa-
nied by a locally different chemical equilibrium according to
equation (1). Moreover, in the course of the temperature
treatment the hydrogen content decreases because of out-
diffusion, resulting in a concentration gradient from the
interior to the exterior, which is again most strongly felt in
the area of the edge 39 and accompanied by impacts within
the contour 40 of the member. This concentration gradient
also results in locally different settings of the chemical
equilibrium (1) and of the viscosity. As a result, within the
contour 40 there are areas of a different fictive temperature
and of a different chemical composition which in the end
appear as inhomogeneities, normally as refractive index
variations, of the optical member.

[0107] In the blank 31 which is schematically shown in
FIG. 12, the formation of such inhomogeneities is mini-
mized during annealing because of the special geometry of
the blank. The blank 31 according to the invention is
equipped with a concavely inwardly curved upper side 37
and an also concavely inwardly curved lower side 38
(concave annealing form). With such a geometry, the dis-
tance “A” between lower side 38 and upper side 37
decreases continuously from the edge 39 towards the center
axis 35. The blank 31 has an outer diameter of 300 mm. The
distance A between upper side and lower side in the area of
the center axis 5 is 80 mm, and it is 165 mm in the arca of
the outer edge 39. The concave inner curvature, starting at
the center line 35, can be described by the following
mathematical function:

y=40+0.02x[mm]

[0108] The contour 40 of the member has the shape of a
round even plate with an outer diameter of 250 mm and a
thickness of 40 mm.

[0109] Thus, when compared with the blank 32 shown in
FIG. 13, the blank 31 is characterized by a thickened portion
42 which decreases from the outer edge 39 to the inside. In
particular in the area of the outer edge 39, this constitutes an
increase in the overdimension 41, which is also present
otherwise.

[0110] Thanks to the thickened portion 42, a flatter tem-
perature gradient and a more homogeneous temperature
profile than in blank 32 are achieved during the heating and
cooling phases. At the same time, a more homogeneous
curve of the position of the chemical equilibrium according
to equation (1) within the contour 40 of the member is
achieved in the blank 31 on account of the thickened portion
42.

[0111] Moreover, the thickened portion 42 prevents hydro-
gen from diffusing out of the peripheral portions 39 of the
blank 31, whereby the mean diffusion path length is simul-
taneously extended on the whole. The concave shape of the
surface of blank 31, in particular, accomplishes an adapta-
tion of the diffusion path lengths within the blank 31 and a
narrow distribution of the diffusion path lengths so that,
despite an outdiffusion of hydrogen during annealing of the
blank 31, a flatter gradient of the hydrogen concentration is
obtained within the contour 40 of the member.

[0112] On the whole, a comparatively constant position of
the chemical equilibrium (1) and thus a homogeneous dis-
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tribution of the fictive temperature are achieved in the blank
31 within the contour 40 of the member.

[0113] FIGS. 14 and 15 show modifications of the ideal
“concave annealing form” illustrated in FIG. 12. In the
blank 33 according to FIG. 14, there is provided a thickened
portion 42 within which the distance “A” between upper
side 37 and lower side 38 decreases linearly from the outer
edge 39 to an area around the center axis 35. In the blank 34
according to FIG. 15, there is provided a thickened portion
42 which is dumbbell-shaped in the illustrated cross-section.
The effect of the thickened portions 42 illustrated in FIGS.
14 and 15 with respect to the setting of a high homogeneity
in the area of the member contour 40 during annealing of
blanks 33 and 34 is comparable with the blank 31 shown in
FIG. 12.

[0114] During annealing (in particular during cooling)
using a blank 31,33,34 according to the present invention,
one obtains—in the area of the member contour 40—a flat
temperature gradient, a flat gradient of the hydrogen con-
centration, a flat distribution of the position of the above-
indicated chemical equilibrium (1), as well as locally similar
time curves of the viscosity. This is accompanied by a high
degree of homogeneity within the member contour 40.

[0115] Pressing, forming and melting processes using suit-
able forms are particularly suited for producing blanks 31,
33 and 34.

[0116] From the results above, the effect of the present
invention can be clearly understood.

[0117] The methods for measuring the physical properties
and the like as described in Examples and Comparative
Examples are as follows.

[0118] (1) Method for measuring the concentration of
hydrogen molecules: A method as described in V. S.
Khotimchenko et al., J. Appl. Spectrosc., 46, 632-
635 (1987) was employed.

[0119] (2) Method for measuring Na impurity con-
centration: A method using flameless atomic absorp-
tion spectroscopy was used.

[0120] (3) Method for measuring the initial transmit-
tance for a radiation 193.4 nm in wavelength: A
measurement method comprising obtaining an
apparent transmittance T % for a sample thickness of
10 mm, and calculating the value in accordance with
(T/90.68)x100, by using the value 90.68% obtained
by subtracting the loss due to Rayleigh scattering
0.18% from the theoretical transmittance 90.68% of
a quartz glass for a radiation 193.4 nm in wave-
length.

[0121] (4) Method for measuring the fluctuation in
refractive index An: A measuring method according
to optical interference method using a He—Ne laser
(emitting radiation at a wavelength of 633 nm) as
light source was used. In the measurement above, the
values are given for an area 180 mm in diameter.

[0122] (5) Method for measuring birefringence: A
retardation measuring method using a polarizer
strain meter was used.

[0123] (6) Method for measuring the particle diam-
eter of the synthetic quartz glass powder: The pow-
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der was classified by using JIS standardized sieves
having Nylon screens with apertures of 53 um and
710 pm.

What is claimed is:

1. A blank for an optical member of quartz glass which
includes a contour of said optical member with an overdi-
mension and the surface of which is defined by a lower side,
an upper side opposite said lower side and spaced apart
therefrom and by an outer edge extending around a center
axis, characterized in that there is provided a surrounding
thickened portion (32) which begins in the area of said outer
edge (39) and extends towards said center axis (35), and in
which the distance between lower side (38) and upper side
(37) is greater than in the area of said center axis (35).

2. The blank according to claim 1, characterized in that
said distance between lower side (38) and upper side (37)
across said thickened portion (42) decreases continuously
when viewed from said outer edge (39) towards said center
axis (35).

3. The blank according to claim 2, characterized in that
said distance decreases faster than linearly.

4. The blank according to claim 2, characterized in that
said distance decreases linearly.

5. The blank according to any one of the preceding claims,
characterized in that said thickened portion (42) begins at
said outer edge (39).

6. The blank according to any one of the preceding claims,
characterized in that said thickened portion (42) extends
from said center axis (35) to said outer edge (39).

7. The blank according to any one of the preceding claims,
characterized in that said lower side (38) and said upper side
(37) are provided with a thickened portion (42).

8. A vessel for heat-treating a cylindrical blank for an
optical member of synthetic quartz glass, which includes the
contour of said optical member with an overdimension and
comprises an interior for receiving said blank and SiO,
powder for filling intermediate spaces, said interior having
a removable upper side and a lower side opposite said upper
side and spaced apart therefrom, and an outer edge connect-
ing upper side and lower side and extending around a center
axis, characterized in that said upper side and said lower side
in the area of said center axis have a higher thermal
conduction than in the area of said outer edge.

9. The vessel according to claim &, characterized in that
lower side and upper side in the area of said outer edge have
a larger wall thickness than in the area of said center axis.

10. The vessel according to claim 9, characterized in that
upper side and lower side are each equipped with a sur-
rounding thickened portion which begins in the area of said
outer edge and extends towards said center axis and in which
the wall thickness is greater than in the area of said center
axis.

11. The vessel according to claim 10, characterized in that
the wall thickness of lower side and upper side decreases
continuously across said thickened portion when viewed
from said outer edge towards said center axis.

12. The vessel according to claim 11, characterized in that
said wall thickness decreases faster than linearly.

13. The vessel according to claim 11, characterized in that
said wall thickness decreases linearly.

14. The vessel according to claim 10, characterized in that
the wall thickness of lower side and upper side decreases in
steps across said thickened portion when viewed from said
outer edge towards said center axis.
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15. The vessel according to claim 9, characterized in that
the wall thickness of upper side and lower side is reduced by
recesses whose number, depth or width is each time larger
in the area of said center axis than in the area of said outer
edge, with the proviso that said upper side and said lower
side have a higher thermal conduction in the area of said
center axis than in the area of said outer edge.

16. The vessel according to any one of the preceding
claims 8 to 15, characterized in that said interior is defined
by walls of quartz glass.

17. The vessel according to claim 16, characterized in that
said upper side and said lower side are made from quartz
glass of a higher thermal conductivity, and said outer edge
from quartz glass of a lower thermal conductivity.

18. The vessel according to any one of the preceding
claims 8 to 17, characterized in that said SiO, powder is a
synthetically produced SiO, powder having a sodium con-
tent of less than 30 wt. ppb.

19. The vessel according to any one of the preceding
claims 8 to 18, characterized in that said SiO, powder is a
synthetically produced SiO, powder having a hydrogen
content of at leas t 1.0x10" molecules/cm”.

20. The vessel according to any one of the preceding
claims 8 to 19, characterized in that the outer diameter of
said upper side is smaller than the inner diameter of said
outer edge.

21. Amethod for producing a blank for an optical member
of quartz glass, comprising a step of providing said blank
which includes the contour of the optical member to be
produced with an overdimension and has a surface which is
defined by a lower side, an upper side opposite said lower
side and spaced apart therefrom and by an outer edge
extending around a center axis, and of subjecting said blank
to a thermal treatment and subsequently cooling the same,
characterized in that measures are provided which during
cooling keep the heat conduction in the area of said outer
edge lower than in the area around said center axis.

22. The method according to claim 21, characterized in
that the measures consist in using a preform according to any
one of claims 1 to 7 as said blank.

23. The method according to claim 21, characterized in
that the measures consist in introducing said blank into a
vessel according to any one of claims 8 to 20, in filling
intermediate spaces between said blank and said vessel with
Si0, powder and in subjecting said blank surrounded by said
SiO, powder in said vessel to a thermal treatment by
introducing said vessel into a furnace and by heating and
subsequently cooling the same.

24. A blank for an optical member of quartz glass, said
blank comprising:

a contour portion with a contour of said optical member,
and

an overdimension portion surrounding said contour por-
tion, said overdimension portion having a surface
including a lower side, an upper side opposite said
lower side and spaced at a varying distance therefrom,
and an outwardly disposed outer surface extending
about a center axis of the blank,

said overdimension portion including a thickened portion
which extends from said outer surface towards said
center axis, said thickened portion varying in thickness
so that the distance between the lower side and the
upper side in an area adjacent the outer surface is
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greater than the distance between the lower side and the
upper side in an area of said center axis.

25. The blank according to claim 24, wherein the distance
between lower side and upper side across said thickened
portion decreases continuously inwardly towards said center
axis.

26. The blank according to claim 25, wherein said dis-
tance decreases faster than linearly relative to inward posi-
tion on the blank.

27. The blank according to claim 25, wherein said dis-
tance decreases linearly relative to inward position on the
blank.

28. The blank according to claim 24, wherein said thick-
ened portion begins at said outer surface.

29. The blank according to claim 25, wherein said thick-
ened portion begins at said outer surface.

30. The blank according to claim 24, wherein said thick-
ened portion extends from said center axis to said outer
surface.

31. The blank according to claim 25, wherein said thick-
ened portion extends from said center axis to said outer
surface.

32. The blank according to claim 24, wherein said thick-
ened portion is adjacent the upper side and a second thick-
ened portion is provided adjacent the lower side, both of the
thickened portions being thicker outwardly of the blank than
in the area of the center axis thereof.

33. A vessel for heat-treating a cylindrical blank for an
optical member of synthetic quartz glass, said blank includ-
ing a contour portion with a contour of said optical member,
and

an overdimension portion surrounding said contour por-
tion, said vessel comprising a removable upper side and
a lower side opposite said upper side and spaced apart
therefrom, and an outer edge connecting upper side and
lower side and extending around a center axis, said
upper side, said lower side and said outer edge defining
an interior of the vessel receiving therein said blank and
Si0, powder for filling intermediate spaces surround-
ing the blank in said interior, said upper side and said
lower side have a higher thermal conduction in an area
of said center axis than in an area adjacent said outer
edge.

34. The vessel according to claim 33, wherein the lower
side and the upper side have a greater wall thickness in the
area adjacent said outer edge than in the area of said center
axis.

35. The vessel according to claim 34, wherein the upper
side and the lower side each have a surrounding thickened
portion which begins in the area of said outer edge and
extends towards said center axis, said thickened portions
having a wall thickness greater adjacent the outer edge than
in the area of said center axis.

36. The vessel according to claim 35, wherein the wall
thickness of the lower side and the upper side decreases
continuously across said thickened portion inwardly from
said outer edge towards said center axis.

37. The vessel according to claim 36, wherein said wall
thickness decreases faster than linearly relative to inward
position in the vessel.

38. The vessel according to claim 36, wherein said wall
thickness decreases linearly relative to inward position in the
vessel.
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39. The vessel according to claim 35, wherein the wall
thickness of lower side and upper side decreases in steps
across said thickened portion from said outer edge towards
said center axis.

40. The vessel according to claim 34, wherein the wall
thickness of upper side and lower side is reduced by recesses
therein that are greater in number, depth or width in the area
of said center axis than in the area of said outer edge, such
that said upper side and said lower side have a higher
thermal conduction in the area of said center axis than in the
area of said outer edge.

41. The vessel according to claim 33, wherein said interior
is defined by walls of quartz glass.

42. The vessel according to claim 41, wherein said upper
side and said lower side are made from quartz glass of a
higher thermal conductivity, and said outer edge from quartz
glass of a lower thermal conductivity.

43. The vessel according to claim 33, wherein said SiO,
powder is a synthetically produced SiO, powder having a
sodium content of less than 30 wt. ppb.

44. The vessel according to claim 33, wherein said SiO,
powder is a synthetically produced SiO, powder having a
hydrogen content of at least 1.0x10*° molecules/cm”.

45. The vessel according to claim 33, wherein said upper
side has an outer diameter and the outer edge has an inner
diameter, the outer diameter of said upper side being smaller
than the inner diameter of said outer edge.

46. A method for producing a blank for an optical member
of quartz glass, said method comprising:

providing said blank which includes a contour portion for
the contour of the optical member to be produced and
an overdimension portion that has a surface which is
defined by a lower side, an upper side opposite said
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lower side and spaced apart therefrom, and an outer
edge extending around a center axis, and

subjecting said blank to a thermal treatment; and

subsequently cooling the blank, wherein measures are
provided which, during cooling, keep heat conduction
in adjacent said outer edge lower than in an area around
said center axis.

47. The method according to claim 46, wherein the
measures comprise use of a preform as said blank wherein
said overdimension portion includes a thickened portion
which extends from said outer edge towards said center axis,
said thickened portion varying in thickness so that the
distance between the lower side and the upper side in an area
adjacent the outer edge is greater than the distance between
the lower side and the upper side in an area of said center
axis.

48. The method according to claim 46, wherein the
measures comprise

introducing said blank into a vessel having a removable
upper side and a lower side opposite said upper side and
spaced apart therefrom, and an outer edge connecting
upper side and lower side and extending around a
center axis, said upper side, said lower side and said
outer edge defining an interior of the vessel receiving
therein said blank, said upper side and said lower side
have a higher thermal conduction in an area of said
center axis than in an area adjacent said outer edge,

filling intermediate spaces between said blank and said
vessel with SiO, powder, and

subjecting said blank surrounded by said SiO, powder in
said vessel to a thermal treatment by introducing said
vessel into a furnace and heating and subsequently
cooling the vessel.
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