wo 2014/093501 A 1[I 0F VOO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/093501 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

19 June 2014 (19.06.2014) WIPOIPCT
International Patent Classification: (81)
HO1L 21/68 (2006.01)

International Application Number:
PCT/US2013/074423

International Filing Date:
11 December 2013 (11.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/736,615 13 December 2012 (13.12.2012) US
14/101,974 10 December 2013 (10.12.2013) US
Applicant: VARIAN SEMICONDUCTOR EQUIP-

MENT ASSOCIATES, INC. [US/US]; 35 Dory Road,
Gloucester, Massachusetts 01930 (US).

Inventors: WEBB, Aaron P.; 8004 Petaca Trail, Austin,
Texas 78729 (US). CARLSON, Charles T.; 3911 Arrow
Wood Road, Cedar Park, Texas 78613 (US). WEAVER,
William T.; 13708 Overland Pass, Austin, Texas 78738
(US). GRANT, Christopher N.; 18151 Compass Circle,
Dripping Springs, Texas 78620 (US).

Agent: DAISAK, Daniel; Kacvinsky Daisak PLLC, 3120
Princeton Pike, Suite 303, Lawrenceville, New Jersey
08648 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: MASK ALIGNMENT SYSTEM FOR SEMICONDUCTOR PROCESSING

100

112

122 110

120

FROE SRR REUER DRt

108

166

=y

ey

104

FiG. 1

(57) Abstract: A mask alignment system for providing precise and repeatable alignment between ion implantation masks and work-
pieces. The system includes a mask frame having a plurality of ion implantation masks loosely connected thereto. The mask frame is
provided with a plurality of frame alignment cavities, and each mask is provided with a plurality of mask alignment cavities. The
system further includes a platen for holding workpieces. The platen may be provided with a plurality of mask alignment pins and
frame alignment pins configured to engage the mask alignment cavities and frame alignment cavities, respectively. The mask frame
can be lowered onto the platen, with the frame alignment cavities moving into registration with the frame alignment pins to provide
rough alignment between the masks and workpieces. The mask alignment cavities are then moved into registration with the mask
alignment pins, thereby shifting each individual mask into precise alignment with a respective workpiece.
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MASK ALIGNMENT SYSTEM FOR SEMICONDUCTOR PROCESSING

Field of the Disclosure

[0001] The disclosure relates generally to the field of semiconductor processing

systems, and more particularly to a mask alignment system for an ion implanter.

Background of the Disclosure

[0002] Ion implantation is a technique for introducing conductivity-altering
impurities into semiconductor workpieces. During ion implantation, a desired impurity
material 1s ionized in an ion source chamber, the ions are accelerated to form an ion beam
of prescribed energy, and the ion beam is focused and directed toward the surface of a
workpiece positioned in a process chamber. The energetic ions in the ion beam penetrate
into the bulk of the workpiece material and are embedded into the crystalline lattice of

the material to form a region of desired conductivity.

[0003] Two concerns of the solar cell manufacturing industry are manufacturing
throughput and solar cell efficiency. Solar cell efficiency is a measure of the amount of
solar energy that a solar cell is able to convert into electricity, and is closely tied to the
precision with which a solar cell is manufactured. As technologies advance, higher solar
cell efficiencies may be needed to stay competitive in the solar cell manufacturing
industry. Improving precision while maintaining or improving manufacturing throughput

is therefore highly desirable.
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[0004] Ion implantation has been demonstrated as a viable method to dope solar cells
in a precise manner. Use of ion implantation removes process steps needed for existing
technology, such as diffusion furnaces. For example, a laser edge isolation step may be
removed if ion implantation is used instead of furnace diffusion because ion implantation
will only dope the desired surface. Besides removal of process steps, higher cell
efficiencies have been demonstrated using ion implantation. Ion implantation also offers
the ability to perform a blanket implant of an entire surface of a solar cell or a selective
(or patterned) implant of only part of the solar cell. Selective implantation at high
throughputs using ion implantation avoids the costly and time-consuming lithography or
patterning steps used for furnace diffusion. Selective implantation also enables new solar

cell designs.

[0005] In some cases, micron-level precision may be required for the implantation of
certain types of solar cells to achieve necessary geometries and tolerances. For example,
selective emitter (SE) and interdigitated backside contact (IBC) solar cells have doped
regions that are only a few um apart. If a mask is used create such doped regions in a
workpiece during ion implantation, the locations of the regions are dictated by the
placement of the mask and the dimensions and/or geometry of the mask. The mask may
therefore need to be repeatedly placed within approximately 20-40 um of a desired
location to reliably meet manufacturing specifications. Otherwise, workpieces may not
function as desired or subsequent processes employed in the manufacture of workpieces

may not be properly aligned.
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[0006] Any improvements to the precision, reliability, and speed with which solar
cells are manufactured would be beneficial to solar cell manufacturers worldwide and

may accelerate the adoption of solar cells as an alternative energy source.

Summary

[0007] In accordance with the present disclosure, there is provided a mask alignment
system for facilitating precise and repeatable alignment of ion implantation masks with

workpieces that are to be implanted.

[0008] An exemplary embodiment of a mask alignment system in accordance with
the present disclosure may include a mask frame having a plurality of ion implantation
masks loosely connected thereto. The mask frame may be provided with a plurality of
frame alignment cavities formed therein, and each mask may be provided with a plurality
of mask alignment cavities formed therein. The system further includes a platen for
holding a plurality of workpieces that are to be implanted. The platen may be provided
with a plurality of mask alignment pins and a plurality of frame alignment pins that are
configured to engage the mask alignment cavities and the frame alignment cavities,
respectively. The mask frame may be lowered onto the platen, with the frame alignment
cavities moving into registration with the frame alignment pins to provide rough
alignment between the masks and workpieces. The mask alignment cavities may then be
moved into registration with the mask alignment pins, thereby shifting each individual

mask into precise alignment with a respective workpiece.
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[0009] An exemplary method for aligning ion implantation masks with workpieces in
accordance with the present disclosure may include the steps of lowering a mask frame
having a plurality of masks onto a platen holding a plurality of workpieces, wherein the
masks are movably connected to the mask frame, moving frame alignment cavities of the
mask frame into registration with corresponding frame alignment pins on the platen,
thereby roughly aligning the masks with the workpieces, and moving mask alignment
cavities of the masks into registration with corresponding mask alignment pins on the

platen, thereby shifting each mask into precise alignment with a respective workpiece.

Brief Description of the Drawings

[0010] FIG. 1 is a side view in section illustrating an exemplary mask alignment

system in accordance with the present disclosure.

[0011] FIG. 2 is a top view illustrating an exemplary platen of the mask alignment

system of the present disclosure.

[0012] FIG. 3 is a partial top view illustrating an exemplary mask of the mask

alignment system of the present disclosure.

[0013] FIG. 4 is a bottom view illustrating an exemplary mask assembly of the mask

alignment system of the present disclosure.

[0014] FIG. 5 is another side view in section illustrating the exemplary mask

alignment system in accordance with the present disclosure
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[0015] FIG. 6 is a flow diagram illustrating an exemplary method for aligning a mask

in accordance with the present disclosure.

[0016] FIG. 7 is a perspective view illustrating an exemplary mask frame in a

transfer device in accordance with the present disclosure.

[0017] FIG. 8A-C are a series of schematic views illustrating the transfer of a mask

frame onto a platen in accordance with the present disclosure.

Detailed Description

[0018] A mask alignment system and method in accordance with the present
disclosure will now be described more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments of the system and method are
shown. The system and method, however, may be embodied in many different forms and
should not be construed as being limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be thorough and complete,
and will fully convey the scope of the system and method to those skilled in the art. In

the drawings, like numbers refer to like elements throughout.

[0019] Although the mask alignment system of the present disclosure is described
herein in connection with an ion implanter and an associated ion implantation process, it
is contemplated that the mask alignment system can be similarly implemented in a
variety of other systems and processes, such as may be involved in the manufacture of

solar cells or semiconductors, for example. Additionally, while the exemplary ion
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implanter disclosed herein is described in connection with the implantation of solar cells,
it will be understood that such disclosure is provided for illustrative purposes only, and
that the ion implanter can be similarly implemented for the implantation of other types of
workpieces, including, but not limited to, semiconductor wafers, light emitting diodes

(LEDs), silicon-on-insulator (SOI) wafers, and other such components.

[0020] FIG. 1 illustrates a partial side view in section of an exemplary embodiment
of a mask alignment system 100 (hereinafter “the system 100”’) in accordance with the
present disclosure. The system 100 may include a platen 102 for supporting one or more
workpieces 104 (e.g. solar cells, wafers or the like), a carrier 106 that may at least
partially secure and/or align the workpieces 104 on the platen 102, and a mask assembly
108 for facilitating selective ion implantation of the workpieces 104. The mask assembly
108 may include one or more masks 110 suspended from a mask frame 112 as further

described below.

[0021] FIG. 2 illustrates a top view of the platen 102 of the system 100. The platen
102 may include a plurality of chucks 114, each of which may be configured to securely

clamp or hold an individual workpiece 104 during ion implantation thereof. In one non-

limiting exemplary embodiment the chucks 114 may be electrostatic chucks. The platen

102 may include a square, 4x4 matrix of 16 chucks 114 as shown in FIG. 2. However, it
is contemplated that the number and configuration of the chucks 114 may be varied

without departing from the present disclosure.

[0022] The platen 102 may further include a plurality of mask alignment pins 116

positioned about the chucks 114. The mask alignment pins 116 may be provided for
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facilitating precise alignment of each mask 110 of the mask assembly 108 to a respective
chuck 114 and workpieces 104 on the platen 102 as will be further described below. In
the illustrated embodiment, each chuck 114 is surrounded by three mask alignment pins
116, with two mask alignment pins 116 disposed adjacent to a first side of each chuck
114 and one mask alignment pin 116 disposed adjacent to a second side of each chuck
114. It will be appreciated that the number and positions of the mask alignment pins 116
may be varied from that shown in the illustrated embodiment without departing from the
present disclosure. The mask alignment pins 116 may be formed of silicon carbide or

any other sufficiently durable and thermally resistant material, for example.

[0023] The platen 102 may further include several frame alignment pins 118 disposed
adjacent to the periphery of the platen 102. The frame alignment pins 118 may facilitate
initial alignment of the mask frame 112 with the platen 102 as will be further described
below. In the illustrated embodiment the platen 102 includes three frame alignment pins
118, with one frame alignment pin 118 disposed adjacent to one of three sides of the
platen 102. It will be appreciated, however, that the number and positions of the frame
alignment pins 118 on the platen 102 may be varied without departing from the present

disclosure.

[0024] FIG. 3 is a partial top view illustrating a portion of the mask frame 112 and
one of the masks 110 of the mask assembly 108. It will be understood that the mask 110
shown in FIG. 3 is representative of, and is substantially identical to, all of the other
masks 110 of the mask assembly 108 (all of the masks 110 are shown in FIG. 4). The
mask frame 112 and the mask 110 are shown covering one of the chucks 114 and its

corresponding mask alignment pins 116, which are drawn with dashed lines since they
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are obscured. The mask 110 may be provided with one or more apertures 120 which
permit an ion beam to pass therethrough for selective, patterned implantation of a
workpiece 104 on the chuck 110 below. In the illustrated embodiment the apertures 120
are shown as a series of parallel slots in the mask 110, but it will be appreciated by those
of ordinary skill in the art that the size and shape of the apertures 120 may be varied to
achieve substantially any desired pattern for selective ion implantation of a workpiece

104.

[0025] The mask 110 may be coupled to the mask frame 112 by a plurality of bolts
122. In one non-limiting exemplary embodiment the bolts 122 may be spring-loaded
shoulder bolts that act to bias the mask 110 away from the mask frame 112 while still
allowing the mask 110 to be moved toward the mask frame 112 upon the application of
force sufficient to overcome the bias. The bolts 122 may pass through apertures 123 in
the mask 110. The apertures 123 may have diameters that are slightly larger than the
diameters of the respective bolts 122 received therein. In this way the mask 110 may
therefore be loosely held to the mask frame 112, and may thus be provided with a degree
of horizontal movement or “play” relative to the mask frame 112. For example, in one
non-limiting exemplary embodiment the mask 110 may be able to move about 0.25
inches horizontally (i.e. up, down, left, or right in the top view of FIG. 3) relative to the
mask frame 112 while still being retained to the mask frame by the bolts 122. This
“play” may facilitate precise alignment of each mask 110 of the mask assembly 108 to a

respective chuck 110 and workpiece 104, as will be further described below.

[0026] Still referring to FIG. 3, the mask 110 may include a plurality of mask

alignment cavities 124 (shown in dashed lines) formed in the underside of the mask.
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These mask alignment cavities 124 may be sized and configured to receive the mask
alignment pins 116 of the platen 102 (described above) when the mask frame 112 is
positioned on the platen 102, such as during a semiconductor processing operation such
as ion implantation. The number, locations, and configuration of the mask alignment
cavities 124 may be the same as the number, locations, and configuration of the mask
alignment pins 116 that surround the chuck 114. Moreover, each mask alignment cavity
124 may have one or more contoured interior surfaces 126 (see FIG. 5) configured so
that an alignment pin 116 can initially enter a mask alignment cavity 124 out of
alignment therewith, and will then engage the contoured surface 126 and will be guided
into alignment with the mask alignment cavity 124 as the mask alignment pin 116 is
inserted further therein. In one exemplary non-limiting embodiment, the mask alignment
pin 116 may be a cylindrical pin, and the mask alignment cavity 124 may have a conical
shape or an inverted V-shape such that the tip of the mask alignment pin 116 will, during
insertion into the mask alignment cavity 124, be guided into a narrowest portion 125 of

the mask alignment cavity 124 to establish a desired alignment therebetween.

[0027] In some embodiments the mask alignment cavities 124 may extend only
partially through the mask 110 so that the mask alignment pins 116 are not exposed to
ions that strike the top of the mask 110. Alternatively, it is contemplated that the mask
alignment cavities 124 may extend completely through the mask 110. The surfaces of the
mask 110 that define the mask alignment cavities 124 may be coated with silicon carbide
to increase durability and resistance to wear that might otherwise result from repeated

engagement with the mask alignment pins 116.
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[0028] FIG. 4 illustrates a bottom view of the mask assembly 108, including the
masks 110 and the mask frame 112. The mask assembly 108 may include a 4x4 matrix
of 16 masks 110 that is substantially similar to the 4x4 matrix configuration of the chucks
114 on the platen 102 (described above). The masks 110 may be fabricated of graphite in
one instance, though other appropriate materials, such as silicon carbide, may
alternatively be used. The mask frame 112 may be fabricated of graphite or carbon-
carbon, though other appropriate materials may be used. As shown, the mask frame 112
may include a plurality of frame alignment cavities 128 formed in the underside thereof.
The frame alignment cavities 128 may be sized and configured to matingly receive the
frame alignment pins 118 of the platen 102 (described above) when the mask frame 112
is positioned on the platen 102, such as during semiconductor processing applications,
such as ion implantation operations. In one non-limiting exemplary embodiment, the
number, locations, and configuration of the frame alignment cavities 128 in the mask
frame 112 may be the same as the number, locations, and configuration of the frame
alignment pins 118 on the platen 102. Moreover, each frame alignment cavity 128 may
have a size and shape that are suitable for receiving a respective frame alignment pin 118

therein.

[0029] The loose connections between the masks 110 and the mask frame 112
provide the masks 110 with a movement tolerance that substantially matches the
kinematic capture range of the frame alignment cavities 128 relative to the frame
alignment pins 118. Thus, when the mask frame 112 is mounted on the platen 102 as
shown in FIG. §, the above-described registration between the frame alignment cavities

128 and the frame alignment pins 118 may establish an initial, rough alignment (e.g.,

10
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within 0.25 inches) between each mask 110 and its respective chuck 114 and workpiece
104 on the platen 102. Such rough alignment may be sufficient to allow the mask
alignment cavities 124 of each mask 110 to capture their respective mask alignment pins
116 on the platen 102, even if each mask 110 is not precisely aligned with its respective
chuck 114 and workpiece 104 as may be desired for precise processing operations.
However, as the mask assembly 108 is lowered further onto the platen 102, the mask
alignment pins 116 may engage the contoured surfaces 126 of their respective mask
alignment cavities 124 and through such engagement and continued relative movement
the mask alignment pins 116 may be guided into precise registration with the mask
alignment cavities 124 in the manner discussed above. Thus, each mask 110 within the
mask frame 112 may automatically and individually move into precise alignment with its
respective chuck 114 and workpiece 104, wherein the workpieces 104 may have been
previously positioned, and at least partially retained and/or aligned by the engagement
with respective mask alignment pins 116 on the platen 102. The mask alignment pins
116 may therefore serve to precisely locate the workpieces 104 on the chucks 114 as well
as to precisely align the masks 110 to the workpieces 104. It should be appreciated that
the view shown in FIG. 5 is representational, and thus in some embodiments the mask

alignment pin 116 and the bolt 122 may not be located in the same cross-sectional plane.

[0030] The system 100 described herein thus enables gross kinematic alignment of
the mask frame 112 and fine kinematic alignment of the individual masks 110. For
example, overall alignment within approximately 20 um of a desired location can be
achieved with the disclosed arrangement. Since the masks 110 are aligned substantially

independently of the mask frame 112, precise alignment of the masks 110 can be

11



WO 2014/093501 PCT/US2013/074423

achieved in a highly repeatable and reliable manner despite variations in the geometry of
the mask frame 112 that may result from wear, thermal expansion and contraction, and/or

manufacturing defects, for example.

[0031] Referring now to FIG. 6, a flow diagram illustrating an exemplary method for
operating the system 100 in accordance with the present disclosure is shown. The
method will now be described in conjunction with the schematic representations of the

system 100 shown in FIGS. 1-5.

[0032] At a first step 10 of the exemplary method, a plurality of workpieces 104 to be
processed may be positioned on respective chucks 114 of the platen 102, which may
include placing each workpiece 104 within a carrier 106. At step 20, each workpiece 104
may be moved into engagement with a plurality of respective mask alignment pins 116,
thereby securing and/or aligning each workpiece 104 in a predetermined location and

orientation.

[0033] At step 30, the mask assembly 108 may be moved to a position above the
workpieces 104. At step 40, the mask assembly 108 may be lowered onto the platen 102.
As the mask assembly 108 is lowered onto the platen 102, the frame alignment cavities
128 of the mask frame 112 may, at step 50, move into registration with the frame
alignment pins 118 of the platen 102. Such registration may position the mask frame 112
relative to the platen 102 such that the masks 110 on the mask frame 112 are roughly
aligned (e.g., within 0.25 inches) with their respective chucks 114 and workpieces 104 on

the platen 102.

12
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[0034] As the mask assembly 108 is lowered further onto the platen 102, the mask
alignment cavities 124 of the mask frame 112 may, at step 60, may move into initial
registration with the mask alignment pins 116 of the platen 102, wherein such initial
registration is facilitated by the rough alignment produced by the registration of the frame
alignment cavities 128 with the frame alignment pins 118 in step 50. As the mask
assembly 108 is lowered still further onto the platen 102, the mask alignment pins 116
may, at step 70, engage the contoured surfaces 126 of the mask alignment cavities 124,
which may guide the mask alignment pins 116 into precisely located final registration
therewith. Each mask 110 may thereby be individually and precisely aligned with its
respective chuck 114 and workpiece 104 irrespective of deformations or imperfections in
the geometry of the mask frame 112. One or more semiconductor processing steps may

then be performed, such as selective ion implantation of the workpieces 104.

[0035] In some embodiments the mask frame 112 of the present disclosure may
include thermal expansion points at the intersections of linear alignment features. This
may help minimize the effect of thermal expansion misalignment between the masks 110
and workpieces 104 that are to be selectively implanted. These thermal expansion points
can be positioned in the mask frame 112. As the mask frame 112 heats up, bullnose pins,
for example, may enable expansion so that the center of the mask frame 112 remains in
the same location. Thus, any thermal expansion “grows” from the center of the mask
frame 112 to minimize misalignment. Thus bullnose pins designs may have intersecting
lines of motion at the center of the mask frame 112. The masks 110 may grow outward
from any cavities or bolts holding the masks 110 in the mask frame 112. The masks 110

may grow at a similar rate as the mask frame 112. Due to the direction of growth of the

13
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masks 110 and mask frame 112, these components may remain in the same overall

positions relative to each other during thermal expansion.

[0036] In other embodiments, the mask frame 112 and masks 110 may be machined
smaller than desired. This may enable the mask frame 112 and mask 110 to expand to a

desired size at the processing temperature, such as after being exposed to an ion beam.

[0037] FIG. 7 is a perspective view of an arrangement for moving an exemplary
mask frame 200 into position using a transfer device 500. The mask frame 200
containing a plurality of individual masks 201 may be coupled to the transfer device 500.
This transfer device 500 can move the mask frame 200 in three dimensions using an
actuator. For example, the transfer device 500 may move the mask frame 200 in the Z-
direction onto a platen (such as platen 101 in FIGS. 8A-8C) or in the X-direction to
remove the mask frame 200 from the path of the ion beam. Magnetic clamping,
mechanical clamping, or other systems may be used to support the mask frame 200 on the
transfer device 500. It will be appreciated that although the transfer device 500 is

illustrated as a block, it may be a frame or other shapes.

[0038] FIGS. 8A-C illustrate exemplary stages in the transfer of an exemplary mask
frame 200 using the transfer device 500. For example, the mask frame 200 is transported
to and from the platen 102 using the transfer device 500. In FIG. 8A, the transfer device
500 is shown engaged with the mask frame 200, to position the mask frame proximate the
platen 102. This may include the use of an actuator (not shown) to transport or
manipulate the position of the transfer device 500. In FIG. 8B, the mask frame 200 has

been placed on the platen 101 after being moved in the Z-direction by the transfer device

14
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500. In FIG. 8C, the mask frame 200 has been released from the transfer device 500 and
is engaged with the platen 101. The mask frame 200 may be aligned to the platen 101
and the masks (e.g., masks 201 (FIG. 7)) in the mask frame 200 may be aligned to the

workpieces (not illustrated) on the platen 101 as previously discussed.

[0039] When connecting, the mask frame 200 aligns to the platen 101 and the masks
201 are aligned to workpieces on the platen 102. This connection of mask frame 200 to
the platen 101 may occur in a single phase or in two or more phases. In addition, the
speed at which the mask frame 200 is moved into engagement with the platen 101 (i.e.,
movement in the Z-direction) may the constant, or it may vary over the course of a single

continuous phase, or it may occur in two phases.

[0040] Removal of the mask frame 200 from the platen 101 can be performed by
connecting the mask frame 200 to the transfer device 500 and moving the two in the Z-
direction opposite the platen 101. When not in use, the mask frame 200 may be stored

proximate a heater to avoid cyclic thermal expansion.

[0041] As used herein, an element or step recited in the singular and proceeded with

192l

the word “a” or “an” should be understood as not excluding plural elements or steps,
unless such exclusion is explicitly recited. Furthermore, references to “one embodiment”

of the present invention are not intended to be interpreted as excluding the existence of

additional embodiments that also incorporate the recited features.

[0042] The present disclosure is not to be limited in scope by the specific
embodiments described herein. Indeed, other various embodiments of and modifications

to the present disclosure, in addition to those described herein, will be apparent to those

15
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of ordinary skill in the art from the foregoing description and accompanying drawings.
These other embodiments and modifications are intended to fall within the scope of the
present disclosure. Furthermore, although the present disclosure has been described
herein in the context of a particular implementation in a particular environment for a
particular purpose, those of ordinary skill in the art will recognize that its usefulness is
not limited thereto and that the present disclosure may be beneficially implemented in
any number of environments for any number of purposes. Accordingly, the claims set
forth below should be construed in view of the full breadth and spirit of the present

disclosure as described herein.

16
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Claims

1. A mask alignment system comprising:

a mask frame having a plurality of frame alignment cavities formed therein;

a mask movably connected to the mask frame, the mask having a plurality of
mask alignment cavities formed therein; and

a platen having a plurality of mask alignment pins extending therefrom, the
plurality of mask alignment pins configured to engage the mask alignment cavities, the
platen further having a plurality of frame alignment pins extending therefrom, the

plurality of frame alignment pins configured to engage the frame alignment cavities.

2. The mask alignment system of claim 1, further comprising a chuck disposed on

the platen for holding a workpiece.

3. The mask alignment system of claim 2 further comprising a carrier disposed on

the platen for positioning the workpiece on the chuck.

4. The mask alignment system of claim 1, wherein at least one of the mask

alignment cavities has a contoured surface that is configured to guide a respective mask

alignment pin into a desired position with respect to the mask alignment cavity.

5. The mask alignment system of claim 4, wherein at least one mask alignment

cavity is conical.

17
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6. The mask alignment system of claim 4, wherein at least one mask alignment

cavity is V-shaped.

7. The mask alignment system of claim 1, wherein the mask is connected to the

mask frame by a plurality of bolts that loosely engage the mask.

8. The mask alignment system of claim 1, wherein the mask is biased away from the

mask frame by at least one spring.

9. The mask alignment system of claim 1, wherein the mask alignment pins are

configured to facilitate positioning of a workpiece on the platen.

10.  The mask alignment system of claim 1, wherein the mask alignment pins are

configured to facilitate alignment of a workpiece on the platen.

11. A mask alignment method comprising:
lowering a mask frame having a plurality of masks onto a platen holding a
plurality of workpieces, wherein the masks are movably connected to the mask frame;
moving frame alignment cavities of the mask frame into registration with
corresponding frame alignment pins on the platen, thereby roughly aligning the masks

with the workpieces; and

18
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moving mask alignment cavities of the masks into registration with corresponding
mask alignment pins on the platen, thereby shifting each mask into precise alignment

with a respective workpiece.

12. The method of claim 11, further comprising placing each workpiece on a

respective chuck on the platen to secure the workpieces on the platen.

13.  The method of claim 12, further comprising moving each workpiece into
engagement with a plurality of the mask alignment pins to position and align the

workpieces on the platen.

14.  The method of claim 11, further comprising placing each workpiece on a

respective carrier on the platen to position the workpieces.

15.  The method of claim 11, wherein the step of moving mask alignment cavities of
the masks into registration with corresponding mask alignment pins on the platen
comprises bringing the mask alignment pins into engagement with contoured surfaces of
respective mask alignment cavities, whereby the mask alignment pins are guided into

precisely-located registration with the respective mask alignment cavities.

19
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Workpieces are posttioned on chucks

Workpieces are moved into engagement with mask
alignment pins

Mask assembly is moved to a position above
workpieces

Mask assembly is lowered onto platen

Frame alignment cavities are moved into registration
with frame alignment pins

Mask alignment cavitics are moved into registration
with mask alignment pins

Mask alignroent pins engage contoured surfaces of
mask alignraent cavitics which shifts masks into
precise ahignment with workpieces

FIG. 6
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