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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention is directed to an appara-
tus and method for preparing high aspect ratio articles
by vapor deposition. More specifically, the presentinven-
tion is directed to an apparatus and method for preparing
high aspect ratio articles by vapor deposition on male
mandrels.

[0002] Chemical vapor deposition (CVD) has been
used to provide various materials either in freestanding
bulk form or as a layered coating on a substrate. CVD
methods of providing zinc sulfide layers and articles are
described in commonly assigned U.S. Pat. Nos.
4,978,577 and 5,686,195, and in references cited therein.
Generally, the previous methods of producing bulk ma-
terial by CVD processing have provided solid shapes,
the surfaces of which are then machined to their final
article form. Replication techniques for producing "near-
net shape parts" which minimize machining are suggest-
ed and some results described in Goela et al., "CVD Rep-
lication for Optics Applications", SPIE Proc., 1047, pages
198-210 (1989). A replication process for producing sil-
icon carbide articles described in U.S. Pat. No. 4,997,678
provides anin situ applied coating of carbon on a polished
pre-shaped substrate prior to initiating the chemical va-
por deposition of silicon carbide to form an article repli-
cating a surface of the substrate.

[0003] While the techniques described in the above
references have produced near-net shape articles, there
continues to be a need for a precision replication tech-
nique which will provide precisely shaped articles, such
as optical components, without the need for final machin-
ing of the optical surfaces. The techniques described in
U.S. Pat. No. 4,997,678 provide relatively good replicas,
however, the carbon rich film used therein is applied in
situ at the beginning of each production deposit. Such
does not provide an opportunity to measure or otherwise
verify the dimensions of the film prior to commencing the
production run, and allows uneven growth of the carbon
rich film to result in uncontrolled deviations in the repli-
cated article. Moreover, the carbon rich film tends to ad-
here to the surface of the replica when such is separated
from the substrate. These characteristics tend to limit the
ability of this technique to replicate the finish of the sub-
strate.

[0004] Techniques that provide precision replication
of, and facile release from, a substrate are particularly
needed. For instance, infrared sensors used for naviga-
tion, guidance and targeting on aircraft and missiles re-
quire protection from the elements by transmissive win-
dows or domes. Preferably such windows or domes are
provided in a shape which minimizes aerodynamic drag
while avoiding transmission irregularities. In a missile,
the preferred location is in the nose. A spherical dome
at this location produces considerable drag which can be
significantly reduced by factors of two or more by the use
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of an extended generally conical shaped dome. The fab-
rication of such a dome, however, is made difficult, or
evenimpossible, when machining of the interior surfaces
of the dome is required since the functionality of the re-
quired apparatus decreases as the diameter of the cone
decreases and its length is extended. The precision rep-
lication of such interior surface of a dome on a reusable
mandrel, such that machining or polishing of such surface
is not required, would provide significant fabrication ad-
vantages. Certain CVD produced bulk materials, such
as zinc sulfide and zinc selenide, however, due to their
thermal expansion characteristics and those of their pre-
ferred mandrel materials, have not previously been pro-
duced on the exterior surfaces of a curved male mandrel.
Instead when such materials have been used to produce
curved products, they have been fabricated by deposits
formed on the interior surfaces of curved female man-
drels, whereby the interior surfaces of such curved arti-
cles require considerable machining to provide their re-
quired final figure and finish.

[0005] Production of zinc sulfide and zinc selenide
shaped parts such as domes is described in U.S. Pat.
No. 5,453,233 to Teverosky et al. In this method, the
material is deposited on a female mandrel as shown in
Figure 2. Figure 2 shows a schematic of an isolation fix-
ture 30 with multiple female mandrels 32. Reactants 34
pass from a gas injector 36 toward exhaust 38. Each
mandrel 32 is fabricated with a figure that is negative of
the actual part being produced. In this configuration, the
outer surface ofthe dome is produced in a near-net shape
by the CVD process. For this configuration to succeed,
the thermal expansion coefficient of the mandrel prefer-
ably is less than that of the material being deposited. The
female configuration is preferred over the male configu-
ration because the mandrel does not stick out in the flow
of reactants 34 and convection currents 40 effecting the
flow pattern in the deposition area. The method is very
effective in producing domes of aspect ratios (AR) < 0.5.
The aspect ratio, which is also known as fineness ratio,
is defined as the ratio of the dome length to its diameter.
See also "Replication of Conformal Surfaces by Chemi-
cal Vapor Deposition" by Goela et al., page 315, lines
2-3, presented at the U.S. Air Force Academy on April
24-27, 2000.

[0006] Ifan AR ofequaltoorgreaterthan0.5isdesired,
the above method can be used to produce zinc sulfide
domes by the CVD process but the above method does
not yield domes of satisfactory quality. This is due to the
following reasons: (1) the thickness of the material de-
posited at the dome base is larger than at the apex re-
ducing the effective diameter of the opening in the female
mandrel; (2) the thicker deposit at the base makes it dif-
ficult to remove the deposit from the isolation fixture; (3)
the quality of the material deposited at the dome apex
gets degraded when the deposition thickness is large.
Accordingly, better methods are desired to deposit high
quality shaped parts of high aspect ratios.

[0007] U.S. pat. No. 6,042,758 to Goela and assigned
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to CVD, Inc. discloses a process for preparing dimen-
sionally precise articles by chemical deposition. The '758
patent discloses that a female mandrel is preferred for
preparing articles with high aspect ratios (column 4, lines
1-2). The ratio as defined in the '758 patent is the ratio
of the article’s diameter to its height (or length) (column
4,lines 3-4). Male mandrels are preferred when an article
with an aspect ratio of less than 2 is desired (column 4,
lines 4-5).

When the aspect ratio is determined by length to diam-
eter, the aspect ratio is less than 0.5. However, the '758
patent does not address the problems associated with
preparing domes having aspect ratios greater than 0.5
as discussed above. The '758 patent also does not dis-
close the orientation of mandrels in a vapor deposition
chamber to obtain high aspect ratio domes.

[0008] A paper by Goela et al. Entitled "Fabrication of
Conformal ZnS Domes by Chemical Vapor Deposition”
presented at the SPIE meeting at Orlando, FL on April
5-9, 1999 and on May 11-13, 1999 discloses domes
made of ZnS with high aspectratios using male mandrels.
Although the paper discloses the process conditions and
the material composing the mandrels, the paper is silent
on mandrel orientationin the deposition chamber. An ear-
lier paper also by Goela et al. Entitled "Precision Repli-
cation of Conformal ZnS Optics" disclosed at the 7th DOD
Electromagnetic Window Symposium at APL, Laurel,
MD, on May 5-7, 1998 discloses employing articles made
on male mandrels. Process conditions for vapor depos-
iting ZnS on the mandrels are disclosed, but not mandrel
orientation in the deposition chamber.

[0009] Figure 3 shows a schematic of chemical vapor
deposition by impinging flow. In the impinging flow sche-
matic, both the male and female mandrels can be used
and the flow of gases is parallel to the dome axis. The
parallel orientation of the domes reduces the available
deposition area, i.e. fewer mandrels can be placed in the
deposition chamber. Placing several mandrels in stages
can increase the deposition area. However, this reduces
deposition thickness considerably from one stage to the
next due to reagent depletion effects. Domes with very
large thickness variations are produced. Also fabrication
time is increased, and material yield is reduced. Thus
this method is cost ineffective. Figure 3 shows male man-
drels 42 on isolated fixtures 46 in a deposition chamber
44 in a two-stage impinging flow configuration. Gas flow
48 hasto negotiate several bends to move from one stage
to the other stage. Such bending depletes the reagents
at a faster rate and increases the thickness non-uniform-
ity of the domes from stage to stage. Accordingly, there
is a need for a method and apparatus with an improved
mandrel orientation to prepare domes with high aspect
ratios.

[0010] Another problem associated with vapor depo-
sition on a mandrel is cracking of the article when it is
removed from the mandrel. Cracks or flaws can form at
structural weak points in the article during chemical vapor
deposition. Such flaws are common along the flange por-
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tion of domes formed at the base of the mandrel. Such
flaws can lead to the cracking of the dome when it is
removed from the mandrel. Loses of deposited articles
can be costly to the industry. Accordingly there also is a
need for a method of preventing unwanted cracking of
deposited articles.

[0011] A primary object of the present invention is to
provide an apparatus and method that enables the for-
mation of high aspect ratio domes.

[0012] Another object of the presentinvention is to pro-
vide an apparatus and method that prepares high aspect
ratio domes employing male mandrels.

[0013] A further object of the present invention is to
provide a method of preparing high aspect ratio domes
where the deposit is thicker at the apex than the base of
the dome.

[0014] An additional object of the present invention is
to provide a method of making high aspect ratio domes
such that the domes do not crack when the domes are
removed from the mandrels.

[0015] Other objects and advantages of the present
invention will be apparent to those of skill in the art by
reading the following description and the appended
claims.

SUMMARY OF THE INVENTION

[0016] The present invention in its various aspects is
as set out in the accompanying claims.

[0017] The presentinvention is directed to an appara-
tus and method of preparing high aspect ratio domes by
chemical vapor deposition on male mandrels. The male
mandrels have a configuration that is negative to the sur-
face of the domes produced. The mandrels are placed
in adeposition chamber of any suitable furnace for chem-
ical vapor deposition such that reactant gas flow does
not directly impinge on the mandrels. The orientation of
the mandrels is such that the axis of each mandrel is
perpendicular to the flow of gas in the vapor deposition
chamber.

[0018] The mandrels can be secured to the vapor dep-
osition chamber by any suitable means such that the gas
flow does not impinge on the mandrels. One means of
securing the mandrels to the chamber is by an isolation
fixture. The isolation fixture also isolates the mandrels
from the rest of the vapor deposition furnace. In one em-
bodiment of the present invention, the vapor deposition
chamber has arch elements that hold the mandrels at a
distal position to the reactant flow pathway and convec-
tion current pathway. Advantageously the apparatus and
method produces a dome such that the deposit thickness
is larger at the dome apex than at the base of the dome.
When gas flow is allowed to directly impinge on the man-
drels, large variations in dome thickness are observed.
The presentinvention also prevents material quality deg-
radation on mandrels.

[0019] Additionally the apparatus and method of the
present invention permits easier dome release from the
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mandrel reducing the chances of the dome cracking. Fur-
ther, a larger number of domes can be produced using
fewer gas injectors than in the impinging flow configura-
tion. The orientation of the mandrels of the present in-
vention eliminates the obstacles to gas flow thus reducing
the amount of reactants and gas injectors required. A
high aspect ratio also is produced by the apparatus and
method of the presentinvention. High aspect ratio domes
are highly desirable. High aspect ratio domes employed
on missiles and aircraft substantially reduce drag. Also,
when high aspect ratio domes are employed as windows
on infrared sensors for navigation, targeting and guid-
ance systems the domes permit good coverage of a de-
sired target area. The domes fabricated by the present
invention do not require further machining to their final
shape, and may or may not need minimal buffing to pro-
vide the required surface smoothness or finish.

[0020] Another aspect of the present invention is an
edged means to assist removal of the vapor deposited
domes from the mandrels. The edged means is secured
to a mandrel holder such that a portion of the edged
means contacts a base portion of the mandrel during
vapor deposition. Advantageously, the edged means
permits formation of a seam in the base portion of the
deposited material. The seam permits removal of the de-
posited dome from the mandrel without the dome crack-
ing. Preferably, the edged means is in the shape of aring
that can be readily secured to the mandrel holder of the
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1 is a schematic view, partially in section, of a
furnace for chemical vapor deposition.

FIG. 2 shows a schematic of multiple female man-
drels in an isolation fixture.

FIG. 3 shows a schematic of a two-stage impinging
flow configuration used to produce domes on male
mandrels.

FIG. 4 shows a schematic of multiple male mandrels
mounted on the walls of a deposition chamber such
that the gas flow does not directly impinge on the
mandrels.

FIG. 5 shows a schematic of multiple male mandrels
mounted on the walls of a deposition chamber with
arch extension elements to prevent the flow of gas
from impinging on the mandrels.

FIG. 6 shows a side view illustration of a male man-
drel in an isolation fixture.

FIG. 7 shows a side view illustration of a male man-
drelin anisolation fixture and placement of an edged
ring to assist in removing a vapor deposited dome
from the mandrel.

FIG. 7a shows an enlarged illustration of the edged
ring secured to the mandrel holder and resting on
the flange of the mandrel.
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FIG. 8 shows a close up view of an edged ring and
the seam formed by the ring after vapor deposition
of material on the mandrel.

FIG. 9 shows a cross section of an edged ring used
to assist removal of a deposited dome from a man-
drel.

FIG. 10 shows a photograph of three ZnS domes
produced according to the method of the present in-
vention.

FIG. 11 shows the titanium mandrel employed in pre-
paring high aspect ratio domes by the method of the
present invention.

FIG. 12 shows a photograph of three ZnS domes
prepared on a titanium mandrel with one dome split
showing the thickness profile of the dome.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Chemical vapor deposited solid bodies are pre-
pared by reacting a chemical precursor material in the
presence of a suitable substrate such that the precursor
material reacts causing the desired material to form a
deposit on the substrate. The reaction is continued for a
sufficient time to form a deposit of desired thickness.
Once the desired thickness is deposited the reaction is
discontinued and the deposit separated from the sub-
strate. The present invention utilizes male mandrels to
form high aspect ratio domes by depositing suitable ma-
terials on the mandrels by chemical vapor deposition.
The male mandrels have a negative configuration to the
shape of the domes desired. The base of the mandrels
has a flange that joins the base throughout its circumfer-
ence. The mandrels are secured to an isolation fixture
means such that when the mandrels are placed in a
chemical vapor deposition chamber in a vapor deposition
oven the flow of chemical reactants does not impinge on
the mandrels. Preferably, the mandrels are arranged
such that the axis of each mandrel is perpendicular to
the flow of the reactants in the deposition chamber. In
one embodiment the isolation fixture has a back support
means that contacts and supports the base of the man-
drel. The back support means joins the mandrel holders
by a mandrel holder connecting means. The mandrel
holders contact the mandrels at the flanges of the man-
drels to secure the mandrels to the back support means.
The mandrel holders are joined to a vapor deposition
chamber securing means for securing the mandrel hold-
ers and back support means to the vapor deposition
chamber. The means connecting the isolation fixture to
the deposition chamber may be an integral part of the
deposition chamber or a separate structure that can be
connected to the chamber. The isolation fixtures are
placed in the deposition chamber such that the axis of
each mandrel is at least 1mm from the flow of reactants.
Preferably, the axis of the mandrel is from about 1mm to
about 20mm from the flow of reactants. The deposition
chamber may be secured in the furnace by any suitable
means. The chamber may be bolted in the furnace or the



7 EP 1 193 324 B1 8

chamber may be freely placed in the furnace.

[0023] In addition to securing the mandrels to a posi-
tion such that the flow of reactants does not impinge on
the mandrels, the isolation fixtures ensure adequate iso-
lation of the deposited material on the mandrels from the
deposition chamber. During deposition much of the inte-
rior of the deposition chamber and furnace is covered by
deposit material. Cracks formed in the deposit material
on parts of the furnace and deposition chamber can con-
tinue onto the deposit material on the mandrels. The iso-
lation fixtures isolate the deposit material on the mandrels
from cracks formed in the deposit material on the cham-
berandfurnace. Thus the isolation fixtures improve dome
yield.

[0024] Fig. 4 shows a schematic of an apparatus within
the scope of the present invention. Fig. 4 shows multiple
male mandrels 54 secured along two sides of deposition
chamber 52. Chemical reactants 56 in gas form flow from
asource (not shown) through deposition chamber interior
58 to exhaust port 60 without impinging on mandrels 54.
Convection currents 62 containing reactants also pass
over the mandrels withoutimpinging on them. The chem-
ical reactants in the vapor deposition chamber diffuse
onto the surface of the mandrels to form domes thicker
toward the apex of the domes than at their base.
[0025] Fig. 5 shows an alternative embodiment of the
present invention. The deposition chamber 64 has arch
elements 66 connected to isolation fixture 68 to keep the
mandrels 70 out of the pathway of the flow of the reactants
72 as well as out of the convection pathway 74. The man-
drels 70 are secured to isolation fixture 68 by bolts 73.
The arch elements can be connected to the deposition
chamber in any suitable way. The arch elements may be
one piece with the chamber. The arch elements 66 in
Fig. 5 are joined to deposition chamber 64 by bolts 71.
The arch elements have arc angles 76 to keep the man-
drels away from the flow of reactants and convection cur-
rents in the deposition chamber. The arc angles 76 can
range from about 30° to about 100°, preferably from
about 45° to about 90°.

[0026] Figures 6 and 7 show a male mandrel secured
to an isolation fixture more elaborate than shown in Fig.
5. The mandrel holders 82 and 106 contain bolts 84 and
98 to secure the mandrel holder back plates 86 and 100
to the mandrel holders 82 and 106. The mandrel holder
back plates 86 and 100 support the bases 85 and 101 of
the mandrels in the isolation fixtures. Bolts 88 and 102
secure the mandrel holders 82 and 106 to plates 90 and
104. Bolts 88 and 102 pass through mandrel holder flang-
es 91 and 103, respectively. Plates 90 and 104 are con-
tiguous with their respective sides of their deposition
chambers (not shown). Plates 90 and 104 secure the
isolation fixtures and the mandrels to the deposition
chambers. Flanges 92 and 108 of mandrel holders 82
and 106 contact flanges 93 and 109 of mandrels 78 and
96 to further secure the mandrels to the isolation fixtures.
The axis 94 of mandrel 78 and axis 110 of mandrel 96
are arranged perpendicular to the flow of reactants in
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their respective deposition chambers. Figure 7 shows an
additional structure that is not included in the isolation
fixture of Figure 6. Figure 7 shows edged ring 112 se-
cured to the mandrel holder flange 108 and in contact
with flange 109. The edged ring facilitates removal of the
deposited dome from the mandrel. Details of the structure
and function of the edged ring are discussed below. The
means of securing a mandrel to a deposition chamber is
not limited to the apparatuses shown in Figures 5, 6 and
7. A mandrel can be placed into a chemical vapor dep-
osition chamber of a furnace by any suitable means as
long as the gas reactants do not impinge on the mandrel.
[0027] A vacuum deposition chamber furnace of the
present invention contains a vacuum housing.

[0028] The housing may be composed of a plurality of
sides or the housing may be cylindrical. A retort with a
first heating means is placed at the base of the furnace.
The retort holds molten reactants. The base of the fur-
nace also has a gas source for generating both gas re-
actants and an inert gas carrier into a deposition cham-
ber. The top of the housing has a cover with an exhaust
port. The deposition chamber is placed in the furnace
such that a deposition chamber entrance port is in fluid
contact with the retort and gas source. Opposite the en-
trance port is a deposition chamber exhaust port in con-
tact with the exhaust port of the furnace. Non-reacted
materials pass out of the chamber through the exhaust
port.

[0029] A furnace for producing domes within the scope
ofthe presentinventionisillustrated in Fig. 1. The furnace
10 is enclosed in a vertically orientated water-cooled
stainless steel vacuum chamber housing 12. A graphite
retort 14 containing molten reactants, such as zinc, 15
and provided with a first heating means, such as resist-
ance and/or radiant heating elements, is provided near
the bottom of the chamber 12. A rectangular isolation
fixture 16 is arranged above the retort 14 with its interior
in flow communication with the retort. The isolation fixture
16 contains multiple male mandrels with the axis of each
mandrel perpendicular and out of the pathway of the re-
actants (not shown). Each mandrel is bolted by bolt 17
to the isolation fixture 16. The isolation fixture 16 in the
embodiment of Fig.1 also acts as a deposition chamber.
Second heating means 18 capable of heating the man-
drels are provided around its exterior. A gas injector 20
provides gas reactants, such as hydrogen sulfide, and
an inert carrier gas to the lower portion of the deposition
chamber’s interior. The gas exhaust 22 at the top of the
housing 12 is operatively connected to a filtration system
(not shown) to remove particulates, then to a vacuum
source, such as a vacuum pump (not shown) and finally
to a scrubber (not shown) to remove unreacted hydrogen
sulfide and any other toxic products. The temperature of
the deposition chamber is measured by a thermocouple
24 touching the chamber at its external surface. The tem-
perature of the molten material in the retort is measured
by two thermocouples, one 26 touching the upper portion
of the retort’s wall (above/near the level of molten mate-
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rial) and another thermocouple 28 extending to the lower
portion of the retort’s wall (below the level of molten ma-
terial).

[0030] In operation the deposition chamber is brought
to an elevated temperature and the pressure in the fur-
nace is reduced. Molten materials vaporized in the retort
14 at a first temperature are mixed with the injected gas
reactants and carrier gas as they enter the isolation
fixture16. The mixed gases flow through the interior of
the deposition chamber where they contact the heated
interior surface of the chamber and mandrels. The cham-
ber and mandrels are heated to a second temperature,
or substrate temperature, causing the reactants to react
and deposit on the mandrel surfaces. The carrier gas and
any gaseous or entrained reaction products are removed
from the chamber at the gas exhaust 22 and processed
through the filtration and scrubbing systems. Once start-
ed the process is continued until the desired thickness
of product is deposited on the mandrels. The process
takes more than 15 hours and can take up to 1100 hours,
and more often takes between 100 and 600 hours. When
the desired thickness is achieved the gas flow through
the gas injector 20 is discontinued. The first heating
means is turned down, and the second heating means
18 is turned off. The pressure within the furnace is re-
turned to ambient, the chamber housing 12 is opened
and the mandrels are removed. The deposited domes
on the mandrels are removed therefrom and, if neces-
sary, are machined polished on the inside surfaces to
produce domes of desired dimensions. Preferably, the
inside surfaces are reduced to a roughness of about 10
to about 200 angstroms.

[0031] The fabrication of the substrate, or mandrel, is
critical to the process of the present invention. The man-
drel preferably is made of a material that will withstand
the high temperature and corrosive environment of the
CVD process. The mandrel material preferably is inert to
the deposited material, has an appropriate coefficient of
thermal expansion (CTE), is durable and can be pro-
duced in the required sizes, shapes and degrees of finish
orinterest. When the mandrel material has the same CTE
as the deposit, CTE corrections in the mandrel shape are
notnecessary. Separation of the mandrel from the replica
is assisted by providing a male mandrel with a CTE slight-
ly larger than that of the deposit material. The mandrel
will shrink away from the deposit.

[0032] Mandrel material for most applications is the
same material as the deposit being replicated. Such de-
posits on a mandrel of identical material are difficult or
impossible to separate from the mandrel. A release coat-
ing is applied to the mandrel that enables the deposit to
be readily removed from the mandrel. The release coat-
ing preferably (a) withstands the high temperature and
corrosive environment of the CVD process, (b) possess
minimal stresses capable of altering the figure and finish
ofthe mandrel, (c) completely covers the mandrel surface
to be replicated and be free of pinholes, (d) be capable
of substantially retaining the figure and finish of the un-
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derlying mandrel surface, and (e) bond more strongly to
the mandrel than to the replicated article. The best com-
bination of theses properties are found in coating mate-
rials formed of at least one element chosen from a dif-
ferent group of the Periodic Table than the mandrel/de-
posit material. For instance, if the mandrel and replicated
article are fabricated of zinc sulfide, a compound of ele-
ments from the second and sixth groups of the Periodic
Table, the preferred combination of coating properties,
especially the release property will be found in materials
having at least one element selected from the Periodic
Table groups other than the second and sixth. Metals
and oxides are believed to be particularly suitable for use
as the release coating material.

[0033] The release coating is applied as a thin coating
covering the surface to be replicated. The coating may
be up to about 20 micrometres thick, preferably about
150 nm to about 350 nm (1500 to about 3500 angstroms)
thick. Care is to be exercised to avoid pinholes extending
through the coating. Applying the coating as two layers
reduces the potential of pinholes extending through the
coating. The functionality of some coatings, especially
metallic coatings, can be improved by annealing the coat-
ed mandrel.

[0034] Suitable materials for mandrels to practice the
present invention include, but are not limited to, alumina
coated zinc sulfide, tantalum, titanium, platinum, alimi-
num oxide (both alumina and sapphire), zinc selenide,
graphite and the like. Preferred mandrel materials are
alloys of alumina and ZnS, tantalum and titanium and
alumina and titanium. Tantalum is also a release coating
material for use with zinc sulfide deposits. The various
mandrel and coating materials for use with zinc sulfide
also are functional for precision replication of zinc sele-
nide and silicon carbide deposits. The mandrels used in
the inventive process can be polished to a high degree
of finish and can be reused to produce precision replicas,
thereby significantly reducing the machining necessary
to provide articles of the required figure and finish. While
graphite is a suitable substrate material for the production
of near-net shape articles, it is relatively porous and can-
not be polished to a high degree of figure and finish. This
property, along with its tendency to leave contaminants
on the replica’s surface, limit graphite to applications for
producing near-net shape or coarser articles. Surface
smoothness for a mandrel can range from about 0.4 nm
to 10 nm (4 to about 100 angstroms) RMS depending on
the material employed. For example, surface smooth-
ness on tantalum mandrels ranges from about 0.5 - 0.6
nm (5-6 angstrom) RMS, ZnS from about 2.4 nm - 4.1
nm (24-41 angstroms) RMS and titanium about 3.3 nm
- 9.0 nm (33-90 angstroms) RMS.

[0035] Another aspect of the present invention is an
edged means for assisting removal of the deposited
dome from the mandrel. The edged means is placed on
a flange of the mandrel prior to vapor deposition. As the
material is being deposited on the mandrel the edged
means in contact with the flange of the mandrel is coated
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with the material. A seam is formed in the deposited ma-
terial along the edge of the edged means. The seam in-
itiates a line of fracture along the flange of the dome such
that the dome can be readily removed from the mandrel
without breaking. The edged means can be any suitable
shape as long as it creates a seam in the flange of the
dome. Preferably, the edged means is a ring with a base
for resting on the flange of the mandrel. The base is con-
tiguous with a side terminating with a top having a knife-
like edge.

[0036] Figure 7 shows a mandrel on anisolation fixture
similar to that in Figure 6 except for the addition of an
edged means. The edged means is in the shape of aring
112 placed on the flange 109 of the mandrel 96 and se-
cured laterally by contacting mandrel holder flanges 108.
Figure 7a shows an enlarged illustration of the edged
ring 112 secured to the flange 109 of the mandrel 96.
The knife-like edge 116 of the ring faces up and opposite
to the flange 109. As shown in Figure 8 when deposit
material 122 coats the surface of the mandrel 96 a seam
124 is formed at the knife-like edge 116 in the deposit
material. Advantageously, the seam 124 formed in the
deposit 122 by the edge 116 prevents the dome from
cracking when the dome is removed from the mandrel 96.
[0037] Figure 9 shows a cross section of the ring 112
with a knife-edge 116 and having a wall 128, top 126 and
base 127. The knife-edge 116 circumvalates the entire
top 126 of ring 112. The size and dimensions of the edged
means can vary depending on the size of the mandrel
and the mandrel holder employed. Ring diameters can
range from about 50 to about 100 cm. Ring thickness
can range from about 0.1 to about 5mm. The angle of
the knife-edge with respect to the ring surface can be
from about 30 to about 90°. The edged means may be
made of any suitable material that is compatible with the
conditions of chemical vapor deposition. Examples of
such materials are tantalum, titanium, platinum, alumi-
num, stainless steel and the like. Preferably, the edged
means is composed of tantalum or titanium.

[0038] The method of the present invention produces
domes of aspectratios of about 0.1 or greater. Preferably,
the aspect ratio is greater than 0.5. The aspect ratio (AR)
is defined as the ratio of the dome length to its diameter.
As discussed above, the flow of the gaseous reagents in
the deposition chamber flows perpendicular to the axis
of the male mandrels and the domes forming on the man-
drels. To obtain domes within the scope of the present
invention, the flow of gaseous reactants can not impinge
on the mandrels. The gaseous reactants diffuse onto the
surfaces of the mandrels such that the thickness of the
domes is greater towards the apex than at the base.
Dome thickness ranges from about 0.75cm to about
2.5cm thick at the dome apex. The base of the domes at
the thinest point ranges from about 0.5cm to about
1.25cm. Such a dome structure is less likely to break
when removed from a mandrel. Thus a more durable
dome is produced, and dome production is increased.
Preferred CVD materials such as ZnS, ZnSe and SiC are
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deposited on male mandrels upon which a release coat-
ing is applied. Other suitable deposition materials in-
clude, but are not limited to, aluminum nitride, boron ni-
tride, diamond and silicon.

[0039] The reaction conditions of the process of the
present invention employ furnace temperatures of from
about 500 to about 1500°C. The temperature range of
the retort containing molten metal is from about 500 to
about 1000°C. Pressures in the furnace range from about
1.3 kPa to 10.5 kPa (10 to about 80 torr). Flow rates for
gas reactants range from about 5 slpm to about 80 slpm.
Specific conditions vary within the above ranges depend-
ing on the reactants employed. Reactants employed to
practice the present invention are in gaseous form, and
conditions in the furnace and deposition chamber are
such as to generate gases. Further, the gaseous reac-
tants react together and are transported through the dep-
osition chamber in an inert gas medium. Any suitable
inert gas can be employed to practice the present inven-
tion. Suitable gases include, but are not limited to, argon,
helium, krypton, xenon and the like. For example, Spe-
cific conditions for preparing ZnS domes are a furnace
temperature range of from about 670 to about 740°C.
The pressure in the furnace can range from about 1.3
kPa to 8.0 kPa (10 to about 60 torr), and the retort tem-
perature to generate Zn vapors is from about 600 to about
650°C. The sulfur source preferably is hydrogen sulfide
gas, and the inert gas employed preferably is argon. After
deposition is complete the deposits are released from
the mandrels to yield freestanding domes. The domes
may be machine- polished on their inside surfaces to
produce finished domes of desired dimensions.

EXAMPLE 1

[0040] Near-net shape ZnS domes with aspect ratios
of about 0.8 had been produced using an apparatus and
method of the present invention. The ZnS was deposited
on mandrels using a CVD process described below.

[0041] The vacuum furnace employed to produce the
high aspect ratio ZnS domes is shown in Figure 1. The
vacuum furnace consisted of a water-cooled cylindrical
stainless steel chamber that was heated resistively using
graphite-heating elements. At the bottom of the furnace
was placed a graphite retort that contained zinc. The re-
tort was heated to a temperature of about 600-650C to
generate zinc vapor with a pressure of about 1.3 kPa (10
torr). The zinc vapor was carried to the deposition area
using argon as a carrier gas. Hydrogen sulfide was in-
troduced into the deposition area through a central injec-
tor. Zinc sulfide was deposited by diffusion on six male
mandrels. The mandrels were orientated such that their
apices were perpendicular to the flow of reactants. The
flow of reactants did not impinge on the mandrels. Three
of the mandrels were made of titanium and three were
made of graphite. The mandrels for the formation of high
aspect ratio domes were mounted on the inside walls of
the chamber as shown in Figures 6 and 7. All three of
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the graphite mandrels were mounted as in Figure 6 with-
out a titanium ring. One of the titanium mandrels was
mounted with the titanium ring as shown in Figure 7, while
the other two were mounted as in Figure 6. A rectangular
deposition chamber was employed because such cham-
bers maximize the deposition area in vacuum furnaces.
The mandrels were mounted on the narrow side of the
rectangular chamber because the diameter of the domed
products was to be less than the width of the narrow side
of the chamber. Otherwise the mandrels would have
been mounted on the wider side of the chamber.
[0042] The furnace temperature during the deposition
process was about 690°C. The hydrogen sulfide/Zn mo-
lar ratio was about 0.775. The hydrogen sulfide flow rate
was about 9.3 slpm. The argon flow rate was about 60
slpm for 25% of the run time ramping it down to about 20
slpm for the next 25% of the time and then maintaining
it constant for the remainder of the run. The ZnS depo-
sition was terminated after about 189 hours.

[0043] After vapor deposition was terminated the
domes were inspected for quality. The three domes de-
posited on the titanium mandrels were removed from
their respective mandrels without any cracks. The dome
vapor deposited on the mandrel with the titanium ring
was separated from the fixture without difficulty. In con-
trast the domes vapor deposited on the fixtures without
the ring were difficult to remove. Accordingly, the em-
ployment of the ring structure on the fixture was an im-
provement.

[0044] Figure 10 is a black and white copy of a photo-
graph showing the domes produced on the three titanium
mandrels. Visible is the as-deposited ZnS surface. The
inside surface of these domes is near-net shape. The
domes were machined polished on the inside surfaces
to produce the finished domes of the desired dimensions.
The three domes on the graphite mandrels cracked. The
crackingwas caused by stresses associated with thermal
expansion mismatch between the graphite and ZnS.

EXAMPLE 2

[0045] The chemical vapor deposition method of the
present invention was used to prepare ZnS domes from
about 5.4cm diameter by about 4.4cm long to about
17.30cm diameter by about 14.06cm long.

[0046] Titanium mandrels were employed to prepare
ZnS domes. Figure 11 shows a schematic of a titanium
mandrel 138 employed. Because the inside surface of
the domes was produced in the near-net surface, the
outer surface of the mandrels 140 was made close to but
slightly smaller than the dome inside surface. Such a
structure allows for machining and polishing the surfaces
of the domes. The inside dimensions of the domes were
about 16.26cm in diameter by about 13.92cm long. The
titanium mandrels had a hollow space 142 to reduce its
weight. A threaded hole 144 was provided in the center
of a support column 148 for mounting on a graphite iso-
lation fixture in the deposition area. The support column
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148 was congruous with the mandrel apex 150. A small
flange 152 was provided at the base of the mandrel to
allow smooth transition of the dome profile from a curve
to a flat shape.

[0047] Figure 5 shows a schematic of the CVD depo-
sition area that produced the large ZnS domes. The dep-
osition chamber 64 was extended on one side using the
arch extension elements 66. A graphite isolation fixture
68 was attached to the arch extension elements 66 using
bolts 71. Each mandrel 70 was mounted on the graphite
isolation fixture 68 using bolts 73. The edged shaped ring
employed in Example 1 above was not used. The arch
extension elements 66 maintain the mandrels out of the
direct flow of the deposition gases 72 as well as the flow
of the convection currents 74. Such an apparatus pre-
vented the flow of gases from impinging on the surface
of the mandrels. The deposition materials deposited on
the mandrels by diffusion to form ZnS domes. The domes
were thicker towards their apices than their bases.
[0048] The process conditions were the same as de-
scribed in Example 1 above except that the ZnS deposi-
tion was performed for 190 hours. One dome cracked
because a titanium ring was not employed to assist in
the removal of the dome from the mandrel. The other
domes that were prepared had titanium rings around their
bases. Figure 12 is a photograph of three domes that
were produced including the dome that cracked upon
removal from the mandrel.

[0049] The two domes that came outin one piece were
machined and polished to produce domes of required
dimensions. The ZnS domes had an aspect ratio of about
0.8 and a dome diameter of about 17.30cm x about
14.06cm. Although the third dome split down the middle,
the dome illustrates the thicker upper dome regionin con-
trast to the base thickness produced by the method of
the present invention.

[0050] The above Examples are intended to further il-
lustrate the presentinvention and are not intended to limit
the scope of the present invention.

Claims

1. An apparatus for the manufacture of chemical vapor
deposited domes comprising: a vapor deposition
chamber having a plurality of sides, a base and a
top, the base has a reactant port for receiving a flow
of chemical reactants from a reactant source and the
top has an exhaust port for removal of non-reacted
reactants, at least one male mandrel is joined to one
of the plurality of sides of the deposition chamber by
an isolation fixture such that the flow of chemical
reactants in the vapor deposition chamber does not
impinge on the at least one male mandrel.

2. The apparatus of claim 1, wherein the at least one
mandrel is orientated on one of the plurality of sides
of the deposition chamber such that an axis of the
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at least one mandrel is perpendicular to the flow of
reactants during operation of the apparatus.

The apparatus of claim 1, further comprising an
edged ring that circumvalates the at least one man-
drel at a base of the mandrel, the edged ring assists
in removing a dome deposited on the mandrel after
chemical deposition.

The apparatus of claim 1, wherein the isolation fix-
ture is secured to the one side by a deposition cham-
ber connecting means and the at least one mandrel
is secured to the isolation fixture by an isolation fix-
ture connecting means.

The apparatus of claim 4, wherein the isolation fix-
ture connecting means is a bolt joining the mandrel
to the isolation fixture.

The apparatus of claim 4, wherein the deposition
chamber connecting means has an arch configura-
tion such that the isolation fixture places the mandrel
in the deposition chamber out of chemical reactant
pathways.

The apparatus of claim 6, wherein the arch has an
arc angle of from about 30 to about 100°.

The apparatus of claim 1, wherein each isolation fix-
ture comprises a support means adjacent a base of
each mandrel, a first mandrel holder adjacent a first
point on a flange of each mandrel, the flange circum-
vallating a base of each mandrel, a second mandrel
holder opposite to the first mandrel holder and adja-
centtoasecond point on the flange, the first mandrel
holder is joined to a first end of the base plate by a
first base plate connecting means, the second man-
drel holder is joined to a second end of the base plate
by a second base plate connecting means, the first
mandrel holder is joined to the deposition chamber
by a first deposition chamber connecting means dis-
tal to the first base plate connecting means, the sec-
ond mandrel holder is joined to the deposition cham-
ber by a second deposition chamber connecting
means distal to the second base plate connecting
means to secure the each mandrel to the one side
of the deposition chamber.

The apparatus of claim 8, wherein the first and sec-
ond mandrel holder contain a first and second man-
drel holder flange contiguous with their respective
mandrel holders to contact the first point and the sec-
ond point of the flange of the mandrel, respectively,
to secure the mandrel to the support means.

The apparatus of claim 8, further comprising an
edged means secured to the first mandrel holder
flange and the second mandrel holder flange to rest
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13.

14.

15.

16.

17.

18.

19.

on a circumference of the flange of the mandrel, the
edged means forms a seam in deposit material de-
posited on the mandrel to assist in the removal of a
deposited dome from the mandrel.

The apparatus of claim 10, wherein the edged means
is a ring with a support base contiguous with a wall
and terminated with a top having an edge.

The apparatus of claim 11, wherein the edge is a
knife-edge with an angle of from about 30 to about
90°.

The apparatus of claim 11, wherein the ring has a
diameter of from about 50cm to about 100cm.

The apparatus of claim 11, wherein the wall thick-
ness ranges from about 0.1mm to about 5mm.

The apparatus of claim 11, wherein the edged means
is composed of titanium, tantalum, aluminum, stain-
less steel or platinum.

The apparatus of claim 1 comprising:

a vapor deposition chamber having a plurality
of sides, a base and a top, the base has a reac-
tant port for receiving a flow of chemical reac-
tants from a reactant source and the top has an
exhaust port for removal of non-reacted reac-
tants, a plurality of male mandrels is joined to
the plurality of sides of the vapor deposition
chamber by isolation fixtures, the isolation fix-
tures arrange the mandrels in the deposition
chamber such that the flow of reactants does
not impinge on the mandrels.

The apparatus of claim 16, further comprising a cy-
lindrical housing enclosing the vapor deposition
chamber, the cylindrical housing having a base and
a top, the base encompasses the reactant source
with an adjacent reactant heating means and the top
of the housing is in fluid communication with the ex-
haust port of the vapor deposition chamber, a cham-
berheating means is adjacent the cylindrical housing
to heat the vapor deposition chamber and the plu-
rality of mandrels.

The apparatus of claim 17, wherein the reactant
source comprises a retort for retaining molten metal
and a gas injector means for providing gas reactants
and an inert gas.

A method for preparing high aspect ratiodomes com-
prising:

(a) providing at least one male mandrel in a
chemical vapor deposition chamber such that
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the at least one male mandrel is orientated in
the deposition chamber such that a flow of re-
actants and convection currents in the deposi-
tion chamber do not impinge on the mandrel,
(b) generating the reactants as gases from a
source of reactants,

(c) passing the gas reactants through the dep-
osition chamber and past the mandrel such that
the flow of gas reactants does not impinge on
the mandrel; and

(d) depositing the gas reactants on the at least
one mandrel by diffusion to form at least one
dome with an aspect ratio of greater than 0.1.

The method of claim 19, wherein the at least one
male mandrelis orientated in the deposition chamber
such that an axis of the mandrel is perpendicular to
the flow of gas reactants.

The method of claim 20, wherein the axis of the man-
drel is at least about 1mm from the flow of the gas
reactants.

The method of claim 19, wherein the material depos-
ited on the mandrel to form a dome comprises ZnS,
ZnSe, or SiC.

The method of claim 19, wherein the mandrel is com-
posed of titanium, tantalum, platinum, aluminum ox-
ide, ZnSe, alumina/ZnS, tantalum/titanium or alumi-
na/titanium.

The method of claiml9, further comprising the step
of coating the mandrel with a material to assist re-
moval of the dome from the mandrel.

The method of claim 24, wherein the coating is from
150 nm to 350nm (1500 to 3500 angstroms) thick.

The method of claim 24, wherein the coating com-
prises metal oxides of titanium, tantalum, platinum
or silicon.

The method of claim 19, wherein the reactants are
at a temperature of from about 500 to about 1500° C.

The method of claim 19, wherein the deposition
chamber is at a pressure of from 1.3kPa to 10.5kPa
(10 to 80 torr).

The method of claim 19, further comprising the step
of removing the deposited dome from the mandrel
followed by polishing an interior of the dome to re-
duce surface roughness to 1.0nm to 20nm (10 to 200
angstroms).

The method of claim 19, wherein the aspect ratio is
greater than 0.5.
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Patentanspriiche

1.

Vorrichtung zur Herstellung von chemisch dampfab-
geschiedenen Domen bzw. Kuppeln, umfassend: ei-
ne Dampfabscheidungskammer mit einer Vielzahl
von Seiten, einer Basis und einer Spitze, wobei die
Basis eine Reaktandendéffnung zum Empfangen ei-
nes Stromes von chemischen Reaktanden aus einer
Reaktandenquelle aufweist, und die Spitze eine
AuslaR6ffnung zum Entfernen von nicht-reagierten
Reaktanden aufweist, wobei mindestens ein Werk-
zeugdorn zu einer der Vielzahl von Seiten der Ab-
scheidungskammer durch eine Isolationshalterung
derart gebunden ist, daf3 der Strom von chemischen
Reaktanden in der Dampfabscheidungskammer
nicht auf den mindestens einen Werkzeugdorn auf-
trifft bzw. aufprallt.

Vorrichtung gemafR Anspruch 1, wobei der minde-
stens eine Dorn auf einer der Vielzahl von Seiten der
Abscheidungskammer derart orientiert ist, daf eine
Achse des mindestens einen Dorns senkrecht zu
dem Strom der Reaktanden wahrend des Betriebs
der Vorrichtung ist.

Vorrichtung gemafR Anspruch 1, weiter umfassend
einen gesaumten bzw. kantigen Ring, der den min-
destens einen Dorn an einer Basis des Dorns um-
gibt, wobei der kantige Ring im Entfernen eines Do-
mes, abgeschieden auf dem Dorn nach chemischer
Abscheidung, unterstitzt.

Vorrichtung gemaR Anspruch 1, wobei die Isolati-
onshalterung an der einen Seite durch ein Abschei-
dungskammer-verbindendes Mittel befestigtist, und
der mindestens eine Dorn an die Isolationshalterung
durch ein Isolationshalterung-verbindendes Mittel
befestigt ist.

Vorrichtung gemafR Anspruch 4, wobei das Isolati-
onshalterungs-verbindende Mittel ein Bolzen ist, der
den Dorn an die Isolationshalterung verbindet.

Vorrichtung gemafR Anspruch 4, wobei das Abschei-
dungskammerverbindende Mittel eine Bogenkonfi-
guration derart aufweist, daR die Isolationshalterung
den Dorn in der Abscheidungskammer aus den
Wegstrecken der chemischen Reaktanden anord-
net.

Vorrichtung gemal Anspruch 6, wobei der Bogen
einen Bogenwinkel von etwa 30 bis etwa 100° auf-
weist.

Vorrichtung gemaf Anspruch 1, wobei jede Isolati-
onshalterung ein Tragermittel, angrenzend an eine
Basis von jedem Dorn, eine erste Dornhalterung, an-
grenzend an einen ersten Punkt auf einem Flansch
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von jedem Dorn, wobei der Flansch eine Basis von
jedem Dorn umgibt, eine zweite Dornhalterung, ent-
gegengesetzt der ersten Dornhalterung und angren-
zend an einen zweiten Punkt auf dem Flansch, um-
fasst, wobei die erste Dornhalterung an ein erstes
Ende der Basisplatte durch ein erstes Basisplatte-
verbindendes Mittel befestigt ist, wobei die zweite
Dornhalterung an ein zweites Ende der Basisplatte
durch ein zweites Basisplatte-verbindendes Mittel
befestigt ist, wobei die erste Dornhalterung an die
Abscheidungskammer durch ein erstes Abschei-
dungskammer-verbindendes Mittel, fern vondemer-
sten Basisplatte-verbindenden Mittel, befestigt ist,
wobei die zweite Dornhalterung an die Abschei-
dungskammer durch ein zweites Abscheidungs-
kammer-verbindendes Mittel, fern von dem zweiten
Basisplatte-verbindenden Mittel, befestigt ist, um je-
den Dorn an die eine Seite der Abscheidungskam-
mer zu befestigen.

Vorrichtung gemaf Anspruch 8, wobei die erste und
zweite Dornhalterung einen ersten und zweiten
Dornhalterungsflansch, anstof3end mit deren jewei-
ligen Dornhalterungen, enthalt, um den ersten Punkt
bzw. den zweiten Punkt des Flansches des Dorns
zu kontaktieren, um den Dorn an die Tragermittel zu
befestigen.

Vorrichtung gemal Anspruch 8, weiter umfassend
ein kantiges Mittel, befestigt an dem ersten Dornhal-
terungsflansch und dem zweiten Dornhalterungs-
flansch, um auf einem Kreisumfang des Flansches
des Dorns aufzuliegen, wobei das kantige Mittel ei-
nen Saum im Abscheidungsmaterial, abgeschieden
auf dem Dorn, bildet, um in der Entfernung eines
abgeschiedenen Domes von dem Dorn zu unterstiit-
zen.

Vorrichtung gemaf Anspruch 10, wobei das kantige
Mittel ein Ring mit einer Tragerbasis, anstol’end mit
einer Wand, terminiert mit einer Spitze, die eine Kan-
te bzw. Ecke aufweist, ist.

Vorrichtung gemafl Anspruch 11, wobei die Kante
eine Messerkante mit einem Winkel von etwa 30 bis
etwa 90° ist.

Vorrichtung gemaf Anspruch 11, wobei der Ring ei-
nen Durchmesser von etwa 50 cm bis etwa 100 cm
aufweist.

Vorrichtung gemaf Anspruch 11, wobei die Wand-
dicke von etwa 0,1 mm bis etwa 5 mm reicht.

Vorrichtung gemaf Anspruch 11, wobei das kantige
Mittel aus Titan, Tantal, Aluminium, rostfreiem Stahl
oder Platin aufgebaut ist.
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16. Vorrichtung gemaf Anspruch 1, umfassend:

17.

18.

19.

20.

eine Dampfabscheidungskammer mit einer
Vielzahl von Seiten, einer Basis und einer Spit-
ze, wobei die Basis einen Reaktandenauslaf
zum Empfangen eines Stroms von chemischen
Reaktanden aus einer Reaktandenquelle auf-
weist, und die Spitze eine AuslafRoffnung zum
Entfernen von nicht-reagierten Reaktanden auf-
weist, eine Vielzahl von Werkzeugdornen an die
Vielzahl von Seiten der Dampfabscheidungs-
kammer durch Isolationshalterungen gebunden
ist, wobei die Isolationshalterungen die Dorne
in der Abscheidungskammer derart anordnen,
daR der Reaktandenstrom nicht auf die Dorne
auftrifft.

Vorrichtung gemaf Anspruch 16, weiter umfassend
ein zylindrisches Gehause, welches die Dampfab-
scheidungskammer einschlie3t, wobei das zylindri-
sche Gehause eine Basis und eine Spitze aufweist,
wobei die Basis die Reaktandenquelle mit einem an-
grenzenden Reaktandenerwarmungsmittel umfaf3t,
und die Spitze des Gehauses in fluider Verbindung
mit der AuslafRoéffnung der Dampfabscheidungs-
kammer ist, wobei ein Kammererwarmungsmittel
angrenzend an das zylindrische Gehause ist, um die
Dampfabscheidungskammer und die Vielzahl von
Dornen zu erwarmen.

Vorrichtung gemaR Anspruch 17, wobei die Reak-
tandenquelle eine Retorte zum Zurlickhalten von ge-
schmolzenem Metall und ein Gasinjektormittel zum
Bereitstellen von Gasreaktanden und einem inerten
Gas umfafit.

Verfahren zum Herstellen von Domen bzw. Kuppeln
mit hohem Aspektverhaltnis, umfassend:

(a) das Bereitstellen von mindestens einem
Werkzeugdorn in einer chemischen Dampfab-
scheidungskammer derart, dal} der mindestens
eine Werkzeugdorn in der Abscheidungskam-
mer derart orientiert ist, dal ein Strom von Re-
aktanden und Konvektionsstromen in der Ab-
scheidungskammer nicht auf den Dorn auftrifft,
(b) das Erzeugen der Reaktanden als Gase aus
einer Quelle von Reaktanden,

(c) das Leiten der Gasreaktanden durch die Ab-
scheidungskammer und hinter den Dorn derart,
daf der Strom von Gasreaktanden nicht auf den
Dorn auftrifft, und

(d) das Abscheiden der Gasreaktanden auf dem
mindestens einen Dorn durch Diffusion unter
Bildung von mindestens einem Dom mit einem
Aspektverhaltnis von groRer als 0,1.

Verfahren gemaR Anspruch 19, wobei der minde-
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stens eine Werkzeugdorn in der Abscheidungskam-
mer derart orientiert ist, daf® eine Achse des Dorns
senkrecht zu dem Strom von Gasreaktanden ist.

Verfahren gemaf Anspruch 20, wobei die Achse des
Dorns mindestens etwa 1 mm von dem Strom der
Gasreaktanden ist.

Verfahren gemal Anspruch 19, wobei das auf dem
Dorn unter Bildung eines Domes abgeschiedene
Material ZnS, ZnSe oder SiC umfaft.

Verfahren gemaf Anspruch 19, wobei der Dorn aus
Titan, Tantal, Platin, Aluminiumoxid, ZnSe, Alumini-
umoxid/ZnS, Tantal/Titan oder Aluminiumoxid/Titan
aufgebaut ist.

Verfahren gemaR Anspruch 19, weiter umfassend
den Schritt des Beschichtens des Dorns mit einem
Material zur Unterstiitzung der Entfernung des Do-
mes von dem Dorn.

Verfahren geman Anspruch 24, wobei die Beschich-
tung von 150 nm bis 350 nm (1.500 bis 3.500 A) dick
ist.

Verfahren geman Anspruch 24, wobei die Beschich-
tung Metalloxide von Titan, Tantal, Platin oder Sili-
zium umfafdt.

Verfahren gemaf Anspruch 19, wobei die Reaktan-
den bei einer Temperatur von etwa 500 bis etwa
1.500°C sind.

Verfahren gemal Anspruch 19, wobei die Abschei-
dungskammer bei einem Druck von 1,3 kPa bis 10,5
kPa (10 bis 80 torr) ist.

Verfahren gemafl Anspruch 19, weiter umfassend
den Schritt des Entfernens des abgeschiedenen Do-
mes von dem Dorn, gefolgt von Polieren eines Inne-
ren des Domes unter Reduzierung der Oberflachen-
rauhigkeit auf 1,0 nm bis 20 nm (10 bis 200 A).

Verfahren gemafl Anspruch 19, wobei das Aspekt-
verhaltnis groRer als 0,5 ist.

Revendications

Appareil destiné a la fabrication de ddomes réalisés
par dép6t chimique en phase vapeur comprenant :
une chambre de dép6t en phase vapeur ayant une
pluralité de faces, une base et une partie supérieure,
la base a un orifice de réactifs destiné a recevoir un
flux de réactifs chimiques a partir d’'une source de
réactifs et la partie supérieure a un orifice d’évacua-
tion destiné a I'enlévement des réactifs n'ayant pas
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réagi, au moins un mandrin male est relié a une de
la pluralité de faces de la chambre de dépét par un
dispositif d’isolement de telle sorte que le flux de
réactifs chimiques dans la chambre de dépét en pha-
se vapeur ne frappe pas le au moins un mandrin
male.

Appareil selon la revendication 1, ou le au moins un
mandrin est orienté sur une de la pluralité de faces
de la chambre de dépbt de telle sorte qu’un axe du
au moins un mandrin est perpendiculaire au flux de
réactifs durant le fonctionnement de I'appareil.

Appareil selon la revendication 1, comprenant en
outre un anneau a bord qui entoure le au moins un
mandrin a une base du mandrin, 'anneau a bord
facilite 'enlévement d’'un déme déposé sur le man-
drin apres dépdot chimique.

Appareil selon la revendication 1, ou le dispositif
d’isolement est fixé a la face en question par un
moyen de connexion a la chambre de dépbt et le au
moins un mandrin est fixé au dispositif d'isolement
par un moyen de connexion au dispositif d’isolement.

Appareil selon la revendication 4, ou le moyen de
connexion au dispositif d’isolement est un boulon
reliant le mandrin au dispositif d’isolement.

Appareil selon la revendication 4, ou le moyen de
connexion ala chambre de dép6t a une configuration
en arche de telle sorte que le dispositif d’isolement
place le mandrin dans la chambre de dép6t en de-
hors des trajets des réactifs chimiques.

Appareil selon la revendication 6, ou I'arche a un
angle d’arc d’environ 30 a environ 100°.

Appareil selon la revendication 1, ou chaque dispo-
sitif d'isolement comprend un moyen support adja-
cent a une base de chaque mandrin, un premier por-
te-mandrin adjacent a un premier point sur une bride
de chaque mandrin, la bride entourant une base de
chaque mandrin, un second porte-mandrin opposé
au premier porte-mandrin et adjacent a un second
point sur la bride, le premier porte-mandrin est relié
a une premiére extrémité de la plaque de base par
un premier moyen de connexion a la plaque de base,
le second porte-mandrin est relié a une seconde ex-
trémité de la plaque de base par un second moyen
de connexion a la plaque de base, le premier porte-
mandrin est relié a la chambre de dépét par un pre-
mier moyen de connexion a la chambre de dépét,
distal par rapport au moyen de connexion a la pre-
miére plaque de base, le second porte-mandrin est
relié a la chambre de dépét par un second moyen
de connexion a la chambre de dépét, distal par rap-
port au second moyen de connexion a la plaque de
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base, pour fixer chaque mandrin a la face en ques-
tion de la chambre de dépbt.

Appareil selon la revendication 8, ou le premier et le
second porte-mandrins contiennent une premiére et
une seconde brides de porte-mandrin contigués a
leur porte-mandrin respectif pour venir en contact
avec respectivement le premier point et le second
point de la bride du mandrin pour fixer le mandrin au
moyen support.

Appareil selon la revendication 8, comprenant en
outre un moyen a bord fixé a la premiéere bride de
porte-mandrin et a la deuxiéme bride de porte-man-
drin pour reposer sur une circonférence de la bride
du mandrin, le moyen a bord forme une jointure dans
la matiére de dépét déposée sur le mandrin pour
faciliter 'enlévement d’'un déme déposé du mandrin.

Appareil selon la revendication 10, ou le moyen a
bord est un anneau ayant une base support contigué
a une paroi et terminé par une partie supérieure
ayant un bord.

Appareil selon la revendication 11, ou le bord est
une aréte ayant un angle d’environ 30 a environ 90°.

Appareil selon la revendication 11, ot 'anneau a un
diamétre d’environ 50 cm a environ 100 cm.

Appareil selon la revendication 11, ou I'épaisseur de
paroi est d’environ 0,1 mm a environ 5 mm.

Appareil selon la revendication 11, ou le moyen a
bord est composé de titane, de tantale, d’aluminium,
d’acier inoxydable ou de platine.

Appareil selon la revendication 1 comprenant :

une chambre de dépbt en phase vapeur ayant
une pluralité de faces, une base et une partie
supérieure, la base a un orifice de réactifs des-
tiné a recevoir un flux de réactifs chimiques a
partir d'une source de réactifs et la partie supé-
rieure a un orifice d’évacuation destiné a I'enle-
vement des réactifs n’ayant pas réagi, une plu-
ralité de mandrins males est reliée a la pluralité
de faces de la chambre de dép6t en phase va-
peur par des dispositifs d’isolement, les dispo-
sitifs d’isolement placent les mandrins dans la
chambre de dépét de telle sorte que le flux de
réactifs ne frappe pas les mandrins.

Appareil selon la revendication 16, comprenant un
boitier cylindrique englobant la chambre de dépdt
en phase vapeur, le boitier cylindrique ayant une ba-
se et une partie supérieure, la base englobe la sour-
ce de réactifs associée a un moyen de chauffage de
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réactifs adjacent et la partie supérieure du boitier est
en communication de fluide avec I'orifice d’évacua-
tion de la chambre de dépbt en phase vapeur, un
moyen de chauffage de la chambre est adjacent au
boitier cylindrique pour chaufferla chambre de dép6t
en phase vapeur et la pluralité de mandrins.

Appareil selon la revendication 17, ou la source de
réactifs comprend une cornue destinée a retenir le
métal fondu et un moyen injecteur de gaz pour fournir
les réactifs gazeux et un gaz inerte.

Procédé de préparation de ddmes a rapport de forme
élevé comprenant :

(a) la fourniture d’au moins un mandrin male
dans une chambre de dép6t chimique en phase
vapeur de telle sorte que le au moins un mandrin
male est orienté dans la chambre de dépét de
telle sorte qu’un flux de réactifs et des courants
de convection dans la chambre de dép6t ne frap-
pent pas le mandrin,

(b) la production des réactifs sous forme gazeu-
se a partir d’'une source de réactifs,

(c) le passage des réactifs gazeux a travers la
chambre de dép6ét et le long du mandrin de telle
sorte que le flux de réactifs gazeux ne frappe
pas le mandrin ; et

(d) le dépdt des réactifs gazeux sur le au moins
un mandrin par diffusion pour former au moins
un déme ayant un rapport de forme supérieur a
0,1.

Procédé selon la revendication 19, ou le au moins
un mandrin male est orienté dans la chambre de
dépot de telle sorte qu’un axe du mandrin est per-
pendiculaire au flux de réactifs gazeux.

Procédé selon la revendication 20, ou I'axe du man-
drin est au moins a environ 1 mm du flux de réactifs
gazeux.

Procédé selon la revendication 19, ou la matiére dé-
posée sur le mandrin pour former un déme com-
prend ZnS, ZnSe ou SiC.

Procédé selon la revendication 19, ou le mandrin est
composé de titane, tantale, platine, oxyde d’alumi-
nium, ZnSe, alumine/ZnS, tantale/titane ou alumine/
titane.

Procédé selon la revendication 19, comprenant en
outre I'étape de revétement du mandrin par une ma-
tiere pour faciliter 'enlévement du ddéme du mandrin.

Procédé selon la revendication 24, ou le revétement
a une épaisseur de 150 nm a 350 nm (1 500 a 3500
A).
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Procédé selon la revendication 24, ou le revétement
comprend des oxydes métalliques de titane, de tan-
tale, de platine ou de silicium.

Procédé selon la revendication 19, ou les réactifs
sont a une température d’environ 500 a environ 1
500°C.

Procédé selon la revendication 19, ou la chambre
de dépdt est a une pression de 1,3 kPa a 10,5 kPa
(10 a 80 Torr).

Procédé selon la revendication 19, comprenant en
outre I'étape d’enlévement du ddme déposé du man-
drin, suivie par le polissage d’un intérieur du dome
pour réduire la rugosité superficielle a 1,0 nm a 20
nm (10 & 200 A).

Procédé selon la revendication 19, ou le rapport de
forme est supérieur a 0,5.
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