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A fixture apparatus for material deposition or processing on a long, flexible, nonplanar, flamentary substrate has a tubular member
for holding the filamentary substrate rotatably disposed on a base. An opening Is formed In the tubular member through which
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(57) Abrege(suite)/Abstract(continued):
material Is deposited on the surface of the fillamentary substrate. Moveable tubes are each slidingly disposed In the tubular member

on eilther side of the opening. The tubes and/or the tubular member hold the filamentary substrate on both sides of a deposition
area on the substrate to maintain the straight configuration of the long, flexible, flamentary substrate. The tubes and/or tubular
member also physically masks the flamentary substrate to prevent material deposition outside the deposition area on the substrate.
The base has a circular path and a rotating member. A wheel Is coupled to one side of the tubular member and Is rotatably
disposed on the circular path of the base. The other side of the tubular member Is rotatable coupled to the rotating member of the
base by a bearing. The rotating member causes the wheel to turn about a vertical axis in a circular path. The wheel Is fixed to the
tubular member causing the tubular member to rotate about a horizontal axis or longitudinal axis of the tubular member. As the
rotating member turns and the wheel rolls, the tubular member the flamentary substrate Is rotated about the two different axes to

uniformly deposit material on the filament.
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ABSTRACT OF THE DISCLOSURE

A fixture apparatus for material deposition or
processing on a long, flexible, nonplanar, filamentary
substrate has a tubular member for holding the
filamentary substrate rotatably disposed on a base.

An opening is formed in the tubular member through
which material is deposited on the surface of the
filamentary substrate. Moveable tubes are each
slidingly disposed in the tubular member on either
side of the opening. The tubes and/or the tubular
member hold the filamentary substrate on both sides of
a deposition area on the substrate to maintain the
straight configuration of the long, flexible,
filamentary substrate. The tubes and/or tubular
member also physically masks the filamentary substrate
to preveht material deposition outside the deposition
area on the substrate. The base has a circular path
and a rotating member. A wheel is coupled to one side
of the tubular member and is rotatably disposed on the
circular path of the base. The other side of the
tubular member is rotatable coupled to the rotating
member of the base by a bearing. The rotating member
causes the wheel to turn about a vertical axis 1in a
circular path. The wheel is fixed to the tubular
member causing the tubular member to rotate about a
horizontal axis or longitudinal axis of the tubular
member. As the rotating member turns and the wheel
rolls, the tubular member the filamentary substrate 1S
rotated about the two different axes to uniformly

deposit material on the filament.
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METHOD AND APPARATUS FOR THREE-DIMENSIONAIL MICRO-
FABRICATION AND PROCESSING ON FLEXIBLE FILAMENTARY
SUBSTRATES

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method and
apparatus for nonplanar micro-fabrication and
processing on flexible, filamentary structures. More
particularly, the present i1nvention relates to a
method and apparatus for physical vapor deposition of
materials on long, flexible filamentary substrates by
holding each end of a deposition area on the filament
to maintain the filament in a substantially straight
configuration and to physically mask the filament
outside the deposition area, and by simultaneously
rotating the filament about one or two axes to

uniformly deposit the material on the filament.

2. Prior Art

Lithographic techniques have been utilized for
some time in the manufacture especially of 1ntegrated
circult boards and semiconductor devices and related
products. The products manufactured have typically
included planar surfaces to which the lithographic
techniques were applied. Such techniques have proven
extremely effective in the precise manufacturing and
formation of very small details in thexproduct.
However, attempts to apply such techniques to other
than planar surfaces have proven difficult, 1if not
unachievable, until recently. With recent
developments 1n nonplanar lithography, the fabrication
of microstructures, including both three-dimensional

mechanical parts and three-dimensional electrical

components, has become more readily achievable. U.S.

Patent 5,106,455, 1issued April 21, 1992, to Jacobsen
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et al. discloses a method and apparatus for
fabricating microstructures using nonplanar, exposure
beam lithography. Using this method and apparatus,
very fine, precise and detailed physical structures
can be formed on very small three-dimensional objects
such as, for example, cylinders. U.S. Patent
5,269,882, 1issued December 14, 1993, to Jacobsen
discloses a method and apparatus for fabricating thin-
film semiconductor devices using nonplanar, exposure
beam lithography. In particular, a variety of
semiconductor devices can be formed on three-
dimensional substrates, again such as cylinders. The
methods and apparatus dilsclosed in the above two
patents provide for fabrication of i1ndividual
microstructures or thin-film semiconductor devices 1n
a type of batch processing approach. U.S. Patent
5,273,622, issued December 29, 1993, to Jacobsen
discloses a continuous processing approach for
fabricating microstructures and thin-film
semiconductor devices. Such microstructures are
finding use in a variety of areas including medical
devices, robotics, navigation equipment, motors and
similar equipment. U.S. Patent 5,481,184, 1issued
January 2, 1996, to Jacobsen discloses a system for
movement actuators and sensors on very small
mechanical parts, such as fibers and filaments. U.S.
Patent 5,270,485, issued December 14, 1993, to
Jacobsen discloses a three-dimensional circuilt
structure with electrical components formed on the
surfaces of elongated cylindrical substrates. With
the development of these very small (termed "micro")
mechanical devices and electrical elements, the
ability to fabricate detailed features of such devices
and elements 1n an efficient and precise way 1s

greatly desired.
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The problems faced in fabricating detailed
features of these microstructures include the extremely
small size of the features and structures and also the
nonplanar nature of the structures. In addition, the

structures may be relatively long and flexible.

OBJECTS AND SUMMARY OF THE INVENTION

It 1s an object of an embodiment of the present
invention to provide a method and apparatus for fabricating

microstructures utilizing lithographic techniques.

It 1s another object of an embodiment of the
present invention to provide such a method and apparatus
which allows the fabrication of fine details over nonplanar

surface areas of a workpiece.

P

It 1s yet another object of an embodiment of the

present i1nvention to provide such a method and apparatus in

which an elongated workpliece or substrate may be processed.

It 1s yet another object of an embodiment of the
present invention to provide such a method and apparatus in
which a flexible, filamentary workpiece or substrate may be

processed.

It 1is a further object of an embodiment of the
present invention to provide a method and apparatus for
deposlting a material on a nonplanar, flexible filamentary

substrate by physical vapor deposition processes.

According to an aspect of the invention, there is
provided apparatus for material deposition on a long,
flexible, nonplanar, filamentary substrate comprising: a

base; holding means comprising an elongated, tubular member
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rotatably disposed on the base and adapted for containing
the long, flexible, filamentary substrate, and having an
opening formed therein through which the material 1is
deposited on the filamentary substrate; and rotating means
comprlsing a traction wheel fixedly attached at one side of
the tubular member and rotatably disposed on the base member

to cause the tubular member to rotate about a horizontal

axls concentric with an axis of the filamentary substrate as
the traction wheel and holding means rotate about a vertical

axls on the base.

According to another aspect of the invention,
there 1s provided a fixture apparatus for depositing a
material on a nonplanar surface of a long, flexible,
filamentary substrate, the apparatus comprising: a base
member; an elongated, tubular member rotatably disposed on
the base member adapted for containing the filamentary
substrate, and having an opening formed therein through
which the material is deposited on the filamentary
substrate; a palr of movable tubes each disposed at opposing
sides of the opening defining a deposition area on the

filamentary substrate and adapted for holding the

filamentary substrate in a substantially straight
configuration and for physically masking the filamentary
substrate to maintain sharp material edges on the
filamentary substrate and prevent undesired material
deposition on the filamentary substrate; and rotating means
comprising a traction wheel fixedly attached at one side of
the tubular member and rotatably disposed on the base member

to cause the tubular member to rotate about a horizontal

axls concentric with an axis of the filamentary substrate as
the traction wheel and holding means rotate about a vertical

axls on the base.
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According to a further aspect of the invention,
there is provided a method of depositing a material on a
long, flexible, nonplanar, filamentary substrate comprising
the steps of: (a) disposing the filamentary substrate within
an elongated tubular member having an opening formed thereln
through which the material 1s deposited on the filamentary
substrate, the opening physically masking both ends of the
deposition area of the nonplanar filamentary substrate to
provide sharp edge definition of the material and prevent
the material from tapering off outside the deposition area;
(b) depositing material on the deposition area of the
nonplanar filamentary substrate; and (c) simultaneously
rotating the filamentary substrate about two different axes
to uniformly deposit the film material on the filamentary

substrate.

An embodiment of the invention is realized in a

fixture apparatus having a tubular member for holding the
filamentary substrate and rotatably disposed on a base. The
tubular member has an opening through which material may be

deposited on the surface of the filamentary substrate. A

pair of tubes are slidingly disposed i1n the tubular member
on either side of the opening defining a deposition area on

the surface of the
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filamentary substrate. The tubes may be moved toward
one another or away from each other to adjust the si:ze
of the deposition area. A palr of baskets are each
disposed on the ends of the tubular member in which
the filamentary substrate 1s colled for storage.

The tubes may be formed integrally with the
tubular member or be omitted altogether. The tubes
and/or the tubular member hold the filamentary
substrate on both sides of the deposition area to
maintain the straight configuration of the filamentary
substrate and to prevent sagging or drooping.
Therefore, long, flexible, filamentary substrates may
have material deposited on their surfaces with the
tubes and/or tubular member maintaining the straight
configuration and the baskets storing the excess
length. ' This allows for filamentary substrates that
are long, or for a series of structures on the same
filamentary substrate, to be processed.

In addition, the tubes and/or tubular member
physically masks the filamentary substrate on both
sides of the deposition area. Physically masking the
filamentary substrate maintains sharp material edges
and prevents undesired material deposition on the
filamentary substrate outside the deposition area.

The fixture apparatus also has a traction wheel
fixedly coupled to one end of the tubular member and
disposed on a circular path of the base. The other
end of the tubular member 1s rotatably coupled to a

rotating member of the base. The rotating member of

the base turns and causes the tubular member, and thus

the filamentary substrate, to turn about a vertical

axls. The traction wheel also rolls on the base about
the vertical axis as the rotating member turns. As
the wheel rolls about the vertical axis, the tubular

member, and thus the filamentary substrate, 1s also
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rotated about a horizontal axis, or longitudinal axis
of the tubular member. Therefore, the filamentary
substrate is rotated about two different axes,
horizontal and vertical, to uniformly deposit material
on the surface of the substrate.

These and other objects, features, advantages and
alternative aspects of the present invention will
become apparent to those skilled 1n the art from a
consideration of the following detailed description

taken in combination with the accompanying drawlngs.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a preferred
embodiment of the apparatus for holding and rotating a
filamentary substrate of the present invention.

FIG. 2 is a top view of a preferred embodiment of
the apparatus for holding and rotating a filamentary
substrate of the present invention.

FIG. 3 is a cross-sectional view of a preferred

embodiment of apparatus for holding and rotating a
filamentary substrate of the present invention taken
along line 3-3 of FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made to the drawings 1in
which the various elements of the present i1nvention
will be given numerical designations and in which the
invention will be discussed so as to enable one
skilled in the art to make and use the invention.

As 1illustrated in FIGs. 1-3, a preferred
embodiment of a fixture apparatus, 1ndicated generally
at 10, for holding and rotating a long, flexible,
nonplanar, filaméntary substrate 12 for material
deposition or processing of the present invention 1is

shown. As shown, the filamentary substrate 12 may be
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an optical fiber. The material deposited on the

filamentary substrate 12 may be platinum or PZT. The

deposition of a metal, such as platinum; and a

pliezoceramlc, such as PZT, on an optical fiber is
useful 1n the construction of filamentary sensors and
actuators. Alternatively, the filamentary substrate
and deposited material may be selected to create the

desired microstructure, including three-dimensional

components. For example, the filamentary substrate
may be a cylindrical bar and the material deposited
may be a conductor material or insulator material to

create nonplanar semiconductor devices. Thus, the

" material deposited may be a semiconductor material,

such as amorphous silicon. The filamentary substrate
may be a’polymer ﬁiber, a metal filament or fiber, a
ceramic fiber, or a glass fiber.

The fixture apparatus 10 has a base or base
memper indicated generally at 13. The base 13 is
disposable within a deposition chamber (not shown) or
exposed to a deposition source (not shown). The base

13 may be cylindrical or have a circular wall 14 and

have a rotating member 15, the purpose of which will
be discussed below. ‘

The fixture apparatus 10 also advantageously has
an elongated, hollow tubular member 16 for holding the
filamentary substrate 12. The tubular member 16 is
rotatably disposed on the base 13. The tubular member
16 1s hollow, or has an elongated opening 18 extended
through the tubular member along its length from one
end to the other, as shown in FIG. 3. The elongated
opening 18 is configured for receiving and containing

the long, flexible substrate 12, which extends through

the tubular member.
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The tubular member 16 has an opening 20 formed
therein generally in the center of the length of the
tubular member 16 through which the filamentary
substrate 12 is exposed to the deposition source and
thfough which material is deposited on the surface of
the filamentary substrate. The opening 20 is formed
by a gap separating a first portion 22 and a second
portion 24 of the tubular member 16. A pair of braces
26 and 28 support and join the first and second
portions 22 and 24 of the tubular member 16 and
maintain the portions 22 and 24 in axilal alignment.

The fixture apparatus 10 advantageously has a
pair of movable tubes 30 and 32 which are each
slidingly disposed in the tubular member 16 at
opposing sides of the opening 20 for holding and/or
masking the filamentary substrate 12. The tubes 30
and 32 are slidingly disposed in first and second
holes 36 and 38 formed in the first and second
portions 22 and 24 of the tubular member,
respectively, as shown in FIG. 3. The holes 36 and 38

are sized and configured to allow the tubes 30 and 32
to slide back and forth. The tubes 30 and 32 define a
deposition area 40 on the filamentary substrate 12, or
the surface area of the filamentary substrate to be
exposed. The tubes 30 and 32 may be slid together or
apart to decrease or increase the size of the
deposition area 40. It is of course understood that
the tubes 30 and 32 may be formed integrally with the
tubular member 16 or may be extensions of the tubular
member. The tubes 30 and 32 are hollow, or have an
elongated openings 42 and 44 extending through the
tubes from one end to the other, as shown in FIG. 3.
The elongated openings 42 and 44 are sized and
configured to receive and hold the filamentary

substrate 12.
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The tubes 30 and 32, or tubular member 16,
advantageously hold the filamentary substrate 12 on
both sides of the deposition area 40 to prevent the
filamentary substrate 12 from drooping or sagging, Or
to maintain the filamentary substrate 12 1in a
substantially straight configuration. Therefore,
long, flexible, filamentary substrates, or a serles of
filamentary structures formed in one long length, may
be processed without the filamentary substrate
bending. The tubular member and/or moveable tubes are
some examples of a holding means for holding the
filamentary substrate in a substantially straight
configuration. It is of course understood that
different methods or devices may be used in place of
the tubular member and/or tubes. For example, a pailr
of clampé may hold the filamentary substrate on eilther
side of the deposition area.

In addition, the tubes 30 and 32, or tubular
member 16, advantageously physically masks the portion
of the filamentary substrate 12 outside the deposition
area 40. Thus, the tubes 30 and 32 maintain sharp
material edges on the filamentary substrate and
prevent undesired material deposition on the
filamentary substrate. The moveable tubes and/or
tubular member are some examples of masking means for
preventing undesirable material deposition on the
filamentary substrate. It is of course understood
that different methods or devices may be used 1in place
of the tubes and/or tubular member. For example, the
filamentary substrate may be masked by a material
applied directly to its surface.

A pair of baskets, drums, or spools 46 and 48 are
each advantageously disposed on opposing ends of the
tubular member 16 in which the filamentary substrate

12 is coiled or otherwise disposed for storage. Thus,
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the filamentary substrate 12 is fed from one basket
46, through the tubular member 16 where it 1is exposed
to the deposition source at the opening 20, and into
the other basket 48. In this manner, relatively long,
filamentary substrates may be processed without
breaking the length of the filamentary substrate.

As indicated above, the base 13 has a circular
wall or path 14 and a rotating member 15. The base 13
may be cylindrical or disk-shaped and have a
cylindrical or disk-shaped cavity formed therein,
forming the circular wall 14. The rotating member 15
may be disposed within the cylindrical cavity and
rotate within the circular path 14. A shaft 49 1is
coupled to the rotating member 15 and causes 1t to
rotate, as shown in FIG. 3. A motor or the like (not
shown) may be used to turn the shaft 49 and the
rotating member. A bracket 50 1s formed on the
rotating member 15. Although the base 13 and rotating
member 15 are shown as cylindrical or disk-shaped, it
is of course understood that the illustrated shapes
are unnecessary to the present invention. For
example, the base may be merely a plate and the
rotating member an arm rotating with respect to the
plate.

The tubular member 16 is rotatably disposed on
the base 13. Advantageously, the fixture apparatus 10
has a traction wheel 51 coupled to one side of the
tubular member 16 and disposed on the base 13. The
traction wheel 51 is rollingly disposed on the
circular path 14 of the base. The other side of the
tubular member 16 is rotatably coupled to the base 13
by a bearing 52, as shown in FIGs. 1 and 3. The

bearing 52 is disposed in the bracket 50. The wheel
51 and bearing 52 support the tubular member 16 above

the surface of the base.
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The shaft 50 is caused to rotate which turns the

rotating member 15 about a vertical axis 54. The
vertical axis 54 is generally perpendicular to the
horizontal base 13 and passes generally through the
center of the tubular member 16 and deposition area
20. As the shaft 50 and the rotating member 10 turn,
the tubular member 16, and thus the filamentary
substrate 12, turns about the vertical axis 54.

The traction wheel 51 is fixedly coupled to the
tubular member 16 so that as the traction wheel rolls
about the vertical axis 54 on the base 13, the tubular
member 16 rotates about not only the vertical axis 54,
but a horizontal axis 56 as well. The horizontal axis
56 is generally concentric with a longitudinal axis of
the tubular member 16 and filamentary substrate 1Z2.
Because the traction wheel 51 is fixed to the tubular
member 16 and rolls about the circular path 14, the
tubular member 16 rotates about its longitudinal axis,
or the horizontal axis 56. In addition, the tubular
member 16 is turned about the vertical axis 54 by the
turning of the rotating member 15.

The bearing 52 is disposed in the bracket 50 and
rotatably couples the tubular member 16 to the
rotating member 15, or base 13, so that as the
traction wheel 51 rolls around the vertical axils 54 on
the base 13, the bearing 52 permits the tubular member
16 to rotate about the horizontal axis 56 with the
traction wheel 51. Because the tubular member 16 1s
fixed to the traction wheel 51, it rotates with the
traction wheel in the same direction as the traction
wheel. The bearing 52 is coupled to the tubular
member 16 to allow the tubular member to rotated with
the traction wheel 51. By rotating the fililamentary
substrate 12 about two different axes, the vertical

axis 54 and the horizontal axis 56, the material may
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be uniformly deposited on the surface of the
filamentary substrate.

The.shaft, rotating member, traction wheel,
bearing, and/or motor are some examples of a rotating
means for rotating the filamentary substrate about two
axes. It is of course understood that different
methods or devices may be used. For example, separate
motors may be used to turn the filamentary substrate
about the vertical axis and rotate it about 1its
longitudinal axis. Gears and/or drive belts may be
used to turn and rotate the filamentary substrate.

The bearing may be disposed in a second wheel and the
tubular member caused to turn about the vertical axis
on the traction wheel and second wheel/bearing.

An illustrative process for use with the fixture
apparatds of FIGs. 1-3 could include first holding the
filamentary substrate on both sides of the deposition
area to prevent the filamentary substrate from sagging
or drooping. A length of the filamentary substrate 1s
coiled or otherwise disposed in the basket 46 for
storage. An end of the filamentary substrate 1s fed
into the tubular member 16 and drawn through the
opening 20 so that the deposition area 1is positioned
in the opening. The end is coiled or otherwise
disposed 1in the basket 48 for storage. Both
sides of the deposition area 40 are physically masked
to provide sharp edge definition of the material and
prevent the material from tapering off outside the
deposition area. As the filamentary substrate 1s fed
through the tubular member, it 1s also fed through the
palir of movable tubes 30 and 32. The tubes 30 and 3Z
are slid together or apart to adjust the size of the
deposition area. The tubular member 16 may also be
used to physically mask the filamentary substrate by

forming the movable tubes with the tubular member or
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by omitting the movable tubes all together. Likewilse,
the movable tubes may be used to hold the filamentary
substrate to maintain 1t in a substantially straight
configuration.

The deposition area of the filamentary substrate
is exposed to a deposition source while the
filamentary substrate 1s rotated about two different
axes. As the rotating member 15 turns, the tubular
member 16, and thus the filamentary substrate 12, 1s
turned about the vertical axis 54. In addition, the
wheel 51 rolls on the base 13, causing the tubular
member 16, and thus the filamentary substrate 12, to
rotate about the horizontal axis 56 concentric with
its longiltudinal axis.

If the filamentary substrate is a single unit, 1t
may then be removed from the tubular member. If the
filamentary substrate comprises a series of units, the
filamentary substrate may be advanced through the
tubular member so that the next deposition area 1is
exposed 1in the opening. The portions of the
filamentary substrate to be processed and the portion
already processed are stored 1n the baskets.

As indicated above, the filamentary substrate may
be an optical fiber, a polymer fiber, a metal filament
or fiber, a ceramic fiber, a glass fiber, etc. Also,
the material deposited may be a metal such as
platinum, an i1nsulator, a semiconductor material such
as amorphous silicon, a plezoceramic such as PZT, etc.
The material may be deposited by physical wvapor
deposition (PVD) which includes sputtering,
evaporation, etc.

In addition, portions of the deposition area of
the filamentary substrate may be photolithographically
masked by a photoresist material in a desired pattern.

The photoresist material may be deposited onto the
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filamentary substrate and then patterned. Thus, portions of
the deposition area are lithographilcally masked, defining
masked area, while other portions are exposed, defining
exposed areas. Therefore, the exposed area for deposition
is defined by the photoresist pattern within the physically

masked deposition area.

It is to be understood that the described

embodiments of the invention are i1llustrative only, and that
modifications thereof may occur to those skilled 1n the art.
Accordingly, this invention 1s not to be regarded as limited

to the embodiments disclosed, but is to be limited only as

defined by the appended clalims herein.
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CLAIMS:
1. Apparatus for material deposition on a long,

flexible, nonplanar, filamentary substrate comprising:
a base;

holding means comprilising an elongated, tubular
member rotatably disposed on the base and adapted for
containing the long, flexible, filamentary substrate, and
having an opening formed therein through which the material

is deposited on the filamentary substrate; and

rotating means comprising a traction wheel fixedly
attached at one side of the tubular member and rotatably
disposed on the base member to cause the tubular member to
rotate about a horizontal axis concentric with an axis of
the filamentary substrate as the traction wheel and holding

means rotate about a vertical axis on the base.
2 . The apparatus of claim 1, further comprising:

masking means coupled to the holding means and
adapted for physically masking the filamentary substrate to
mailntaln sharp material edges on the filamentary substrate

and prevent undesired material deposition on the filamentary

substrate.

3. The apparatus of claim 2, wherein the masking
means comprises a palr of movable tubes each disposed at

opposing sides of the deposition area on the filamentary

substrate and adapted for physically masking the filamentary

substrate to maintain sharp material edges on the

filamentary substrate and prevent undesired material

deposition on the filamentary substrate.
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4 . The apparatus of claim 1, wherein the opening 1s
formed by a gap between first and second portions of the
tubular member, and further comprising supporting means for
joining the first and second portions together and

maintaining the first and second portion 1n axlal alignment.

5. The apparatus of claim 1, further comprising
retaining means disposed on the holding means for coiling
the filamentary substrate therein before and after passing

through the deposition area.

P

6. The apparatus of claim 1, further comprising a

deposition chamber with the base disposed therein.

7. A fixture apparatus for depositing a material on a

e

nonplanar surface of a long, flexible, filamentary

substrate, the apparatus comprising:

a base membper;

an elongated, tubular member rotatably disposed on

the base member adapted for containing the fllamentary

substrate, and having an opening formed therein through

which the material 1s deposited on the filamentary

substrate;

a pair of movable tubes each disposed at opposing

sides of the opening defining a deposition area on the

filamentary substrate and adapted for holding the
filamentary substrate 1n a substantially straight
configuration and for physically masking the filamentary
substrate to maintain sharp material edges on the
filamentary substrate and prevent undesired material

deposition on the filamentary substrate; and
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rotating means comprising a traction wheel fixedly
attached at one side of the tubular member and rotatably
disposed on the base member to cause the tubular member to
rotate about a horizontal axis concentric with an axis of
5 the filamentary substrate as the traction wheel and holding

means rotate about a vertical axis on the base.

8. The apparatus of claim 7, wherein the opening 1is
formed by a gap between first and second portions of the
tubular member, and further comprising supporting means for
10 joining the first and second portions together and

malntaining the first and second portion in axial alignment.

9. The apparatus of claim 7, further comprising
retaining means disposed on opposing ends of the tubular

member for coliling the filamentary substrate therein before

15 and after passing through the tubular member and the

deposition area.

10. A method of depositing a material on a long,

flexible, nonplanar, filamentary substrate comprising the

steps of:

20 (a) disposing the filamentary substrate within an
elongated tubular member having an opening formed therein
through which the material is deposited on the filamentary
substrate, the opening physically masking both ends of the
deposition area of the nonplanar filamentary substrate to

25 provide sharp edge definition of the material and prevent

the material from tapering off outside the deposition area;

(b) depositing material on the deposition area of

the nonplanar filamentary substrate; and
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20
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(c) simultaneously rotating the filamentary

substrate about two different axes to uniformly deposit the

film material on the filamentary substrate.

11. The method of claim 10, wherein the material

deposited on the substrate 1s a metal.

12. The method of claim 10, wherein the material

deposited on the substrate is an insulator.

13. The method of claim 10, wherein the material

deposited on the substrate is a semiconductor material.

14. The method of claim 10, wherein the material

deposited on the substrate 1s a pilezoceramilc.

15. The method of claim 10, wherein the filamentary

substrate i1s an optical fiber.

l6. The method of claim 10, wherein the filamentary

substrate 1s a polymer fiber.

17. The method of claim 10, wherein the filamentary

substrate 1is a metal filament or fiber.

18. The method of claim 10, wherein the filamentary

substrate 1s a ceramic fiber.

19. " The method of claim 10, wherein the filamentary

substrate 1s a glass flber.

20. The method of claim 10, wherein portions of the
deposition area of the filamentary substrate are
photolithographically masked with a photoresist material in

a pattern.
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