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€\ (57) Abstract: A plasma sputtering system that may be used to deposit a film on a substrate such as an optical disk is disclosed.
@ In one embodiment, the sputtering system includes a main vacuum chamber. A plurality of sputtering chambers and a load lock
chamber are connected to the main vacuum chamber. An assembly of a horizontal unprocessed substrate, an inner mask, and an
outer mask are pressed onto a substrate transport tray that is positioned in the load lock. The tray supports the substrate and the
~~ masks throughout the processing of the substrate. A vertical lift lowers the tray from the load lock onto a carousel. The carousel
transports the tray, substrate and masks to the sputtering chambers and then back to the load lock for unloading. Other lifts raise the
tray, processed substrate, and masks from the carousel to the sputtering chambers. The tray is selectively pressed against the lower
access aperture of the load lock and sputtering chambers so as to isolated them from the main chamber. After processing is complete,
the lift pedestal at the load lock raises the tray and the substrate and masks thereon from the carousel to the load lock, whereupon
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the substrate and masks are removed from the sputtering system.
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HORIZONTAL SPUTTERING SYSTEM

BACKGROUND OF THE INVENTION

A conventional optical disk includes a plastic base upon which layers of various
materials, such as metals, alloys, or dielectrics, are applied. One method of applying

the layers of materials is to use a sputter deposition process.

A conventional sputter deposition process is performed using a plasma formed
in a sputtering chamber of a sputtering system. The plasma is generated by applying
electric power to a low pressure gas in the vacuum chamber. lons originating within the
plasma bombard a target that is formed of a material that is to be deposited on the
optical disk. The bombarding ions eject material from the target. The ejected material

deposits in a layer on the optical disk.
SUMMARY OF THE INVENTION

The present invention includes a sputtering system and methods that may be
used to deposit a film on a substrate. The substrate may be an optical disk having a
central aperture. The film deposited thereon may include a metal, an alloy, or an

insulator, among other possibilities.

In one embodiment, the sputtering system includes main vacuum chamber. A
plurality of sputtering chambers and a load lock are connected to the main vacuum
chamber. The sputtering system also includes a plurality of substrate transfer trays,

each of which carries an assembly of a substrate, an inner mask, and an outer mask.

A method of using the sputtering system includes loading an unprocessed
substrate and its accompanying inner and outer masks onto a transfer tray that is
positioned in the load lock. The transfer tray receives, supports, and centers the
substrate and masks, while at the same time sealing an access aperture between the load
lock and the main vacuum chamber. The transfer tray, substrate and inner and outer
masks are subsequently lowered by a lift pedestal onto a carousel in the main vacuum
chamber. The carousel indexes the tray (and the substrate and masks supported
thereon) through each of the sputtering stations. A lift pedestal beneath the respective

sputtering chamber lifts the tray from the carousel and positions the tray so that the
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substrate thereon can be sputter coated. Meanwhile, the lift pedestal holds the tray over
the access opening of the sputtering chamber so as to isolate the sputtering chamber
from the main vacuum chamber. Each lift pedestal is supported on a gimbal to correct
for any misalignment and lack of parallelism between the tray/pedestal and the surfaces
around the access opening. After sputtering, the lift pedestal returns the tray to the
carousel. Ultimately, the carousel returns the tray to the load lock so that the processed
substrate and its accompanying inner and outer masks may be removed from the

sputtering system. Whereupon, the cycle repeats.

The sputtering system of the present invention has numerous useful features.
For example, the exemplary substrate transport tray: (1) holds the substrate during
processing without touching areas that are sensitive to particles or scratches; (2)
supports the substrate on a plurality of projections that are located so that the substrate
can be lifted from the tray easily; (3) provides a thermal path for heat generated by the
sputtering process to be removed from the substrate and masks; (4) provides centering
for the outer mask; (5) provides a means of centering the substrate and inner mask-
relative to the outer mask; and (6) selectively seals the access opening of each of the
sputtering chambers and the load lock chamber without requiring that the carousel itself
be lifted. Using the tray to isolate the sputtering chambers and load lock from each
other and from the main vacuum chamber allows separate processes to be performed
simultaneously under different process conditions (e.g., different pressures), prevents
cross-contamination of the processes, and allows the sputtering chambers and load:lock

to be separately vented to atmosphere.

The exemplary carousel also provides many useful features. For example, the
carousel is relatively lightweight for easy rotation, yet holds a plurality of substrate
transfer trays. Moreover, the engagement between the trays and the edges of the
apertures of the carousel centers the trays relative to the carousel, allows the carousel to
rotate at relatively high acceleration and velocity without any slippage of the trays, and

allows the trays to be easily placed on or removed from the carousel.

The exemplary lift pedestals center the substrate transfer trays relative to the
access aperture of the respective sputtering chamber and the load lock. The metal to
metal connections between the lift pedestal and the tray also provides a thermal path for

removing heat from the tray.
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The exemplary load lock allows the substrate to be horizontally loaded into or

unloaded from the sputtering system.

These and other features and advantages of the present invention will be better
understood upon consideration of the drawings and the detailed description given

below.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional side view of a sputtering system.
Fig. 2 is a top plan view of the sputtering system of Fig. 1.

Fig. 3 is a cross-sectional side view of a carousel that is supporting a substrate

transport tray beneath a sputtering chamber of the sputtering system.

FIG. 4 is a cross-sectional side view of the substrate transport tray of Fig. 4 after
the tray is positioned by a lift pedestal over a lower access aperture of the sputtering

chamber.

Fig. 5 is a cross-sectional side view of a substrate, inner mask, and outer mask

that are supported by the substrate transport tray.
Fig. 6 is a cross-sectional side view of an outer mask.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The present application is related to another, commonly assigned patent
application entitled “A System and Method for Handling and Masking a Substrate in a
Sputter Deposition System,” which was filed in the United States Patent and Trademark
Office on the same day as the present application, has been assigned serial number
09/547,522, filed April 12, 2000 (attorney docket no. M-8206 US), and is incorporated

herein by reference in its entirety.

Figs. 1 and 2 provide cross-sectional and top plan views, respectively, of an
embodiment of a horizontal sputtering system 10 within the present invention.

Substrates are horizontally disposed during loading, processing, and unloading. A
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substrate handling system 24 is mounted on sputtering system 10 for loading and

unloading the substrates.

Sputtering system 10 includes a main vacuum chamber 12 and seven sputtering
chambers 14, sometimes called process modules, that are interconnected with main
vacuum chamber 12. The number of sputtering chambers 14 can vary. Each sputtering
chamber 14 includes a rotating magnetron cathode. Examples of magnetron cathodes
that may be used are set forth in a co-pending U.S. Patent entitled “Magnetic Array for
Sputtering System” (serial number 09/499,092), which was filed on February 4, 2000

and is incorporated herein by reference.

Sputtering system 10 also includes a load lock chamber 16 through which an
unprocessed substrate, an inner mask, and an outer mask are loaded into sputtering
system 10 for sputtering, and through which a processed substrate and its
accompanying inner and outer masks are removed after sputtering. Load lock 16 has an
upper access aperture 18 through which substrate handling system 24 inserts and
removes the substrates and their accompanying inner and outer masks. The inner mask
masks a central portion of the substrate during sputtering. The outer mask masks a

narrow circumferential portion of the substrate during sputtering.

Substrate handling system 24 includes a plurality of arms 26 mounted on a
rotatable shaft 30. At the end of each arm 26 is an end effector 28. Each end effector
28 includes an inner mask gripper for gripping an inner mask, an outer mask gripper for
gripping an outer mask, and a lid 32 for sealing aperture 18 of load lock 16 after end

effector 28 is positioned therein.

End effector 28 is loaded with an unprocessed substrate at an external substrate
change station. The unprocessed substrate is inserted onto the shaft of the inner mask
and within the hollow body of the outer mask that are being gripped by end effector 28.
Subsequently, substrate handling system 24 rotates and inserts the unprocessed
substrate and its accompanying inner and outer masks through aperture 18 of load lock
16 and presses them onto a substrate transport tray 46 (Fig. 3) that is positioned within
load lock 16, so that the disk is horizontally disposed on the tray. Meanwhile, lid 32 of

end effector 28 covers aperture 18 so that load lock 16 can be evacuated to the pressure
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of main vacuum chamber 12. A lift pedestal 34 lowers transport tray 46 so that tray 46

comes to rest on a carousel 20 of sputtering system 10. Carousel 20 then indexes.

Subsequently, the same end effector 28 captures a processed substrate, inner
mask, and outer mask that are brought to load lock 16 on another substrate transport
tray by carousel 20 and lift pedestal 34. The end effector 28 grips the inner mask and
the outer mask, and thereby captures the processed substrate. Load lock 16 is vented to
atmosphere, after which substrate handling system 24 moves the processed substrate
and its accompanying inner and outer masks to the external substrate change station. At
the external substrate change station, the processed substrate is removed from end
effector 28, and an unprocessed substrate is mounted on the inner mask and within the

outer mask being gripped by end effector 28. The cycle subsequently repeats.

Sputtering system 10 includes eight, vertically moveable lift pedestals 34. One
lift pedestal 34 is positioned below and aligned with a lower access aperture 36 of each
sputtering chamber 14. Another lift pedestal 34 is positioned below and aligned with a
lower access aperture 37 of load lock 16. The access apertures 36, 37 are respectively

between main vacuum chamber 12 and each sputtering chamber 14 or load lock 16.

Fig. 1 shows two lift pedestals 34, one of which is in an elevated position at a
sputtering chamber 14 and the other of which is in a similar elevated position at load
lock 16. In the elevated position, lift pedestals 34 hold a respective substrate transport
tray over the access aperture 36, 37 of the sputtering chamber 14 or load lock 16. The
tray seals the access aperture 36, 37, and thereby isolates the sputtering chamber 14 or
load lock 16 from main vacuum chamber 12 and the other sputtering chambers 14. A

bellows may be used to enable the vertical motion of lift pedestal 34.

Carousel 20 is a rotary table that is located inside main vacuum chamber 12. A
motor 22 rotates carousel 20. Carousel 20 has eight apertures 38 extending through it.
The number of apertures corresponds to the load lock and the number of sputtering
chambers, which can vary. Carousel 20 indexes a substrate transport tray (upon which
a substrate and its accompanying inner and outer masks are supported) from load lock
16 to each sputtering station 14 in sequence, and then back to load lock 16. Carousel 20

is lightweight, and may be made of aluminum.



10

15

20

25

30

WO 01/79582 PCT/US01/11404
Fig. 3 shows a lift pedestal 34 in a lowered position beneath a sputtering
chamber 14. In this position, lift pedestal 34 is vertically below aperture 38 of carousel
20, which allows carousel 20 to rotate without interference. Similarly, the lift pedestal

34 at load lock 16 is lowered below carousel 20. Supported within aperture 38 of
carousel 20 is a substrate transport tray 46, upon which a substrate 60, inner mask 62,

and outer mask 64 are supported.

Each lift pedestal 34 is supported on a gimbal 39. Gimbal 39 compensates for
possible misalignment between tray 46 and pedestal 34, on the one hand, and the
surfaces around access apertures 36, 37. The gimballing of pedestal 34 allows even
pressure to be applied to O-ring 66 and thus helps to assure a vacuum seal of apertures
36, 37.

Fig. 5 is a cross sectional view of tray 46, which is cylindrical and formed of
aluminum, steel, or some other metal. Tray 46 includes a first side 48 upon which a
substrate 60 is horizontally mounted, an opposite second side 50, and a stepped
peripheral surface consisting of a circumferential, vertically-extending portion 58 that
begins at first side 48, and a horizontal, circumferential, outward-extending flange 56
that is between vertically-extending portion 58 and second side 50. Outer end 72 of
flange 56 has an inward taper. Second side 50 of tray 46 has an annular aperture 54 that

is adapted to engage lift pedestal 34.

Substrate 60 of Fig. 5 rests horizontally on a plurality of flat-topped projections
that extend from first side 48 of tray 46. In Fig. 5, two such projections extend from
first side 48 of tray 46. The first projection 88 contacts the underside of substrate 60
proximate to the outer periphery of substrate 60, and the second projection 90 contacts
the underside of substrate 60 closer to the central aperture of substrate 60. In particular,
inner projection 90 is located beneath annular head 80 of inner mask 62. In one
embodiment, projections 88, 90 are in the form of annular rings on first side 48,
although discrete projections also may be used. An advantage of having a plurality of
spaced-apart projections 88, 90 to support substrate 60 is that substrate 60 may be easily
lifted off of tray 46 by end effector 28 (Fig. 1) without creaﬁng a significant back force.

First side 60 of tray 46 includes a cylindrical central bore 52 within which inner

mask 62 is supported. Inner mask 62 of Figs. 3-5 is formed of aluminum, steel, or some

-6-
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other metal and includes a vertically-extending body 78 with an annular head 80 at an

upper end of body 78. Body 78 is within the central aperture of substrate 60, and
annular head 80 superimposes the upper surface of substrate 60 so as to mask a round
central portion of substrate 60 during sputtering. A groove 86 is formed around the
outer surface of body 78 below head 80. A helical spring 84 resides in groove 86 and
projects outwardly from body 78.

During the loading of an unprocessed substrate 60 onto end effector 28 at the
external substrate change station, substrate 60 is forced over spring 84 of inner mask 62.
Spring 84 subsequently springs back and captures substrate 60 beneath head 80. When,
as discussed above, inner mask 62 is pressed into bore 52 of tray 46 by end effector 28
(Fig. 1) at load lock 16, spring 84 exerts a uniform outward pressure on the vertical
edges of bore 52, which support and center inner mask 62 in bore 52. End effector 28
grips inner mask 62 within central aperture 82 of body 78 where no direct sputtering
takes place. Although inner mask 62 is supported above the horizontal bottom of bore
52 in the embodiment of Fig. 5, inner mask 62 may rest on the bottom of bore 52 in an

alternative embodiment.

Referring to Fig. 6, outer mask 64 has a hollow body 74. Body 74 has a central
aperture 75 bounded by a vertically-extending sidewall. A lip 76 at an upper end of
body 74 extends inwardly so as to superimpose a narrow circumferential portion of
substrate 60. Outer mask 64 is sized so that substrate 60 may be horizontally disposed
within aperture 75. A flange 77 extends outwardly from the outer surface of body 74.
Outer mask 64 is gripped by end effector 28 on the outer surface of body 74 beneath
flange 77 where direct sputtering does not occur. Outer mask 64 may be formed of

aluminum, steel, or some other metal.

Referring back to Figs. 3-5, outer mask 64 is supported above the upper surface
of flange 56 and adjacent to vertically-extending portion 58 of tray 46. Tray 46
employs an outwardly extending member to support and center outer mask 64 on tray
46. In particular, a steel helical spring 70 sits in a groove around the vertically-
extending portion 58 of tray 46. Spring 70 exerts a uniform outwardly-directed force
on the inner sidewall of body 74, which supports outer mask 60 and centers outer mask
60 with respect to tray 46. Spring 70 contacts inner mask 60 within a groove 73 (Fig. 6)
in the inner sidewall of body 74.
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When, as discussed above, end effector 28 presses inner mask 62 and outer
mask 64 onto tray 46 at load lock 16, spring 70 compresses slightly, and then recoils
into groove 73, which locks outer mask 64 to tray 46. In an alternative embodiment,

the lower end of body 74 of outer mask 64 may rest on flange 56.

The various metal to metal contacts between tray 46 and inner mask 60 (e.g.,
through spring 84), and between tray 46 and outer mask 64 (e.g., through spring 70)

provide thermally conductive paths for cooling the masks.

Fig. 3 is a cross-sectional side view of a substrate transport tray 46 that is
supported in a round aperture 38 of carousel 20. The circumferential edge of aperture
38 includes an upper portion 40 that is tapered in an inward direction, and a shoulder 42
that extends horizontally inward beneath upper portion 40. The lower surface of flange
56 rests securely on shoulder 42. The taper of upper portion 40 matches the taper of
end 72 of flange 56 of tray 46. The diameter of tray 46 at end 72 of flange 56 is slightly
less than the diameter of upper portion 40 of aperture 38 of carousel 20. The matching
configuration of end 72 of flange 56 and the edge of aperture 38 automatically centers
tray 46 in aperture 38 as lift pedestal 34 passes through aperture 38 and below carousel
20, and allows tray 46 to be easily lifted from carousel 20 by lift pedestal 34 during its
upward motion. In addition, the matching configuration keeps tray 46 from moving
within or slipping out of aperture 38, which allows carousel 20 to rotate with a

relatively high acceleration and velocity.

As mentioned above, second side 50 of tray 46 includes an annular aperture 54,
that is laterally between flange 56 and inner bore 52. Referring to Fig. 3, upper side 35
of pedestal 34 includes a cylindrical central aperture 43, an annular groove 45 with a
spring 47 therein, and a circumferential shoulder 44. When pedestal 34 is moved
laterally upward (Figs. 1 and 4), spring 47 on upper side 35 of pedestal 34 contacts
second side 50 of tray 46 within annular aperture 54 so that aperture 43 of pedestal 34
surrounds central bore 52 of tray 46, and shoulder 44 of pedestal 34 contacts and
supports the lower side of flange 56. Accordingly, tray 46 is securely captured and
supported by pedestal 34 as pedestal 34 moves upward through aperture 38 of carousel
20.
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The interlocking engagement between annular aperture 54 of second side 50 of

tray 46 and upper side 35 of pedestal 34 centers tray 46 (as well as the substrate 60 and
masks 62 and 64 on tray 46) on pedestal 34, and thereby aligns tray 46 with access
aperture 36 of sputter chamber 14 or access aperture 37 of load lock 16. As pedestal 34
reaches the top of its stroke, pedestal 34 presses tray 46 against the portions of sputter
system 10 surrounding access apertures 36, 37. A gasket on flange 56 (i.e., O-ring 66)
makes contact with surfaces of system 10 around access apertures 36, 37, and thereby
forms a vacuum seal that isolates the respective sputter chamber 14 or load lock 16
from main vacuum chamber 12 of sputter system 10. Accordingly, a different pressure
and different process conditions can be established in each of the sputter chambers 14
and in load lock 16. This facilitates the sputtering of different materials in the various
sputter chambers 14, and allows load lock 16 to cycle between vacuum and atmospheric
conditions while the sputter chambers 14 and main vacuum chamber 12 are at vacuum

conditions.

Fig. 4 shows flange 56 of tray 46 pressed against the portion of sputtering
system 10 that surrounds the access aperture 36 of a sputtering chamber 14, thereby
forming a vacuum seal. A plasma sputtering process may then be initiated. A shield 68
extends horizontally over flange 77 of outer mask 64. The overlap of shield 68 and
flange 77 prevents stray sputtered material from depositing on the outer surface of outer
mask 64 where end effector 28 (Fig. 1) grips outer mask 64. A spring 69 in a groove 71
on flange 56 of tray 46 contacts a hardened, stainless steel insert 67 at the edge of"
aperture 36 (and aperture 37), which provides a metal to metal contact between tray 46

and the surfaces around aperture 36.

After the sputtering process in a particular sputter chamber 14 is complete,
pedestal 34 is lowered through aperture 38 of carousel 20. The lower surface of flange
56 of tray 46 comes to rest on shoulder 42 of carousel 20. Once pedestal 34 is fully

below carousel 20, as shown in Fig. 3, carousel 20 may be rotated.

Artisans will appreciate that numerous changes could be made to the exemplary
apparatus and methods described above, without departing from the scope of the

following claims.
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CLAIMS

1. A tray for supporting a substrate in a sputtering system, said tray

comprising:

a body having a first side upon which the substrate is to be horizontally disposed
during sputtering, an opposite second side, a circumferential vertically-extending
portion beginning at the first side of the tray, and a circumferential flange extending

outwardly between the vertically extending portion and the second side,

wherein the first side includes a central bore wherein an inner mask is supported

during sputtering.

2. The tray of claim 1, wherein the first side of the tray includes at least two

projections upon which the substrate is to be mounted during sputtering.

3. The tray of claim 2, wherein a first of said at least two projections is
located so as to contact the substrate proximate to a peripheral edge of the substrate, and
a second of said at least two projections located so as to contact the substrate between

the first projection and the central aperture of the substrate.

4. The tray of claim 3, wherein the first and second projections are annular

rings.

5. The tray of claim 1, wherein the sputtering system includes at least one
sputtering chamber having an access aperture and a load lock having an access aperture,
and the tray is adapted to selectively seal the access apertures when positioned over the

respective aperture.

6. The tray of claim 5, wherein the flange includes a gasket thereon, said

gasket being adapted to form a seal around the respective access aperture.

7. The tray of claim 1, wherein a hollow outer mask that is to be
transported by the tray, said outer mask having a central aperture bounded by a
vertically-extending sidewall, and the vertically-extending portion of the tray is adapted

to fit within the vertical sidewall of the outer mask.

-10-
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8. The tray of claim 7, wherein the vertically-extending portion of the tray

is adapted to engage an inner surface of the sidewall of the outer mask. .

9. The tray of claim 8, further comprising a member that extends outwardly
from the vertically-extending portion of the tray, said member adapted to engage said

inner surface of the sidewall of the outer mask.

10.  The tray of claim 9, wherein the member is a spring around the
vertically-extending portion of the tray, said spring being adapted to engage the inner
surface of the outer mask and apply a uniform circumferential force on the inner surface

of the outer mask, thereby making the outer mask concentric with the tray.

11. The tray of claim 1, wherein the second side of the tray includes an
annular aperture around said bore, said annular aperture adapted so as to engage a lift

pedestal of the sputter system.

12.  The tray of claim 1, wherein the sputtering machine includes a rotary

table, and the flange is adapted to engage the rotary table within an aperture thereof.

13.  An assembly for use with a substrate in a sputtering system, said

substrate having a central aperture, the assembly comprising:

an inner mask having vertically-extending portion within the central aperture of the
substrate;
an outer mask around the substrate; and

a substrate transport tray having a first side upon which the substrate is
horizontally mounted, wherein the tray supports both the inner mask and the outer mask

during sputtering.

14.  The assembly of claim 13, wherein the first side of the tray includes a
central bore, and the vertically-extending portion of the inner mask is supported within

the central bore.

15.  The assembly of claim 14, wherein the central bore of the tray is
bounded by a sidewall, and the vertically-extending portion of the inner mask is

engaged with said sidewall.

-11-
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16.  The assembly of claim 15, wherein the vertically-extending portion of

the inner mask includes a spring that contacts the sidewall of the central bore of tray.

17.  The assembly of claim 13, wherein the outer mask has a central aperture
bounded by a vertically-extending sidewall, and the vertically-extending portion of the

tray is within the central aperture of the outer mask.

18.  The assembly of claim17, wherein the vertically-extending portion of the

tray is engaged with an inner surface of the sidewall of the outer mask.

19.  The assembly of claim 18, further comprising a member that extends
outwardly from the vertically-extending portion of the tray and engages the inner

surface of the sidewall of the outer mask.

20.  The assembly of claim 19, wherein the member is a spring around the
vertically-extending portion of the tray, said spring applying a uniform circumferential
force on the inner surface of the outer mask, thereby making the outer mask concentric

with the tray.

21.  The assembly of claim 13, wherein the sputtering system includes at
least one sputtering chamber having an access aperture and a load lock having an access
aperture, and the tray is adapted to seal the respective access apertures when positioned

over the respective aperture.

22.  The assembly of claim 21, wherein the tray further comprises a
circumferential flange extending outwardly between the vertically extending portion
and the second side, said flange being adapted to cover a portion of the sputtering

system around the respective aperture to form the seal.

23.  The assembly of claim 14, wherein the first side of the tray includes at

least two projections upon which the substrate is mounted.

24.  The assembly of claim 23, wherein a first of said at least two projections
contacts the substrate proximate to a peripheral edge of the substrate, and a second of
said at least two projections contacts the substrate between the first projection and the

first aperture of the substrate.

-12-
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25. The assembly of claim _24, wherein the first and second projections are

annular rings.

26.  The assembly of claim 13, wherein the second side of the tray includes
an annular aperture adapted to engage a lift pedestal of the sputtering system so that
tray is aligned with the respective access aperture of the sputtering chamber and load
lock.

28. A sputtering system for coating a substrate having a central aperture,

said sputtering system comprising:
a plurality of sputtering chambers integral with a main vacuum chamber;

a load lock integral with the main vacuum chamber, wherein the sputtering
chambers and the load lock include an access aperture between the respective chamber

and the main vacuum chamber;

a plurality of substrate transfer trays each having a first side upon which the
substrate is to be horizontally mounted, wherein each tray supports both an inner mask
and the outer mask during sputtering, and is adapted to seal the respective access

apertures when positioned over the respective aperture;

a carousel having a plurality of apertures, each aperture adapted to support one
of said trays when the conveyer moves between the sputtering chambers and the load

lock; and

a plurality of lift pedestals, wherein one of said lift pedestals is positioned
beneath the respective access apérture of the sputtering chambers and the load lock, and
each pedestal moves a tray between the carousel and the respective access aperture and

holds the tray over the access aperture.

29.  The sputtering system of claim 28, wherein the inner mask is generally
mushroom shaped, and first side of the transfer trays have a central bore wherein the

inner mask is supported.

-13-
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30.  The sputtering system of claim 28, wherein the outer mask has a hollow
body with a central aperture bounded by vertically-extending sidewall, and a portion of

the respective tray is within the central aperture of the outer mask.

31.  The sputtering system of claim 28, wherein a circumferential edge of the

apertures of the carousel includes a tapered portion and a shoulder; and

the tray has a circumferential flange that is adapted to rest on the shoulder, said

flange having a tapered end that matches the tapered portion of the edge of the aperture.

32.  The sputtering system of claim 28, wherein at least some of the lift

pedestals include a gimbal.

33. A method of disposing a substrate in a sputtering system, said substrate

having a central first aperture, the method comprising:

providing an inner mask;
providing an outer mask;

providing a substrate transport tray having a first side;
supporting the substrate horizontally on the first side of the tray, and

supporting the inner mask and the outer mask on the tray, wherein a vertically
extending portion of the inner mask is within the first aperture of the substrate, the inner
mask superimposes a central portion of a first surface of the substrate, and the outer

mask superimposes a circumferential portion of the first surface of the substrate.

34. The method of claim 33, wherein the first side of the tray has a central
bore, and the vertically extending portion of the inner mask is supported within said

central bore.

35.  The method of claim 33, wherein the substrate is supported on a least
two projections of the first side of the tray, wherein a first of said projections contacts
the substrate proximate to a peripheral edge of the substrate and a second of said
projections contacts the substrate between the first projection and the central first

aperture of the substrate.
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36. The method of claim 33, further comprising centering the outer mask so

as to be concentric with the tray, and centering the inner mask and the substrate so as to

be concentric with the outer mask.

37.  The method of claim 33, wherein the outer mask has a central aperture
5 bounded by a vertically-extending sidewall, and a portion of the tray is within the

central aperture of the outer mask.

38.  The assembly of claim 33, wherein the outer mask is supported by a

engagement between the tray and an inner surface of the sidewall of the outer mask.

39.  The method of claim 33, wherein the sputtering system includes at least
10  one sputtering chamber having an access aperture and a load lock having an access

aperture, and further comprising:

selectively sealing one of the respective apertures with the tray while
positioning the substrate, the inner mask and outer mask within the respective

sputtering chamber or load lock.

15 40.  The method of claim 33, wherein the sputtering system includes vacuum

chamber having a rotary table therein, and further comprising:
supporting the tray within an aperture of said table; and

transporting the tray and the inner mask, outer mask, and substrate thereon
between a load lock and a sputtering station of the sputtering system by rotating said
20  table.
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