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PROCESSING SYSTEM FOR FORMING LAYERS

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to a processing

system for forming one or more layers of a photodiode.

Description of the Related Art

[0002] Evaporation chambers are a tool for the production of layers of a
photodiode, and the photodiode may be used in CMOS image sensor (CIS) or organic
light emitting diode (OLED) applications. As an example, different organic material
can be selectively deposited for different, respective pixels in a CIS utilizing an organic
photoconductive film (OPF). Certain pixels (e.g., for sensing red light) can utilize a
first organic material, while other pixels (e.g., for sensing green or blue light) can utilize
a second, different organic material. In addition to the deposition of organic layers,
other processes may be performed, such as pre-clean or deposition of inorganic

layers, may be performed to form the photodiode.

[0003] Therefore, there is a need for an improved processing system that can

perform various processes to form a photodiode.

SUMMARY

[0004] Embodiments of the present disclosure generally relate to a processing
system for forming one or more layers of a photodiode. In one embodiment, a
processing system includes a first transfer chamber, a plurality of processing
chambers coupled to the first transfer chamber, and a controller configured to cause
a process to be performed in the processing system. The process includes performing
a pre-clean process on a substrate, aligning and placing a first mask on the substrate,
and depositing a first layer on the substrate through the first mask. The depositing
the first layer includes sublimating a first solid to a first gas and flowing the first gas

through a first delivery portion of a showerhead assembly.

[0005] In another embodiment, a processing system includes a first transfer
chamber, a first processing chamber coupled to the first transfer chamber, a second

processing chamber coupled to the transfer chamber, one or more pass through
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chambers coupled to the first transfer chamber, a second transfer chamber coupled
to the one or more pass through chambers, a third processing chamber coupled to
the second transfer chamber, a fourth processing chamber coupled to the second
transfer chamber, a fifth processing chamber coupled to the second transfer chamber,
and a controller configured to cause a process to be performed in the processing
system. The process includes performing a degas process on a substrate in the first
processing chamber, performing a pre-clean process on the substrate in the second
processing chamber, aligning and placing a first mask on the substrate in the third
processing chamber, depositing a first layer on the substrate through the first mask in

the fourth processing chamber.

[0006] In another embodiment, a method includes placing a substrate on a
substrate carrier, performing a pre-clean process on a substrate in a processing
system, aligning and placing a first mask on the substrate in the processing system,
depositing a first layer on the substrate through the first mask in the processing
system. The depositing the first layer includes sublimating a first solid to a first gas,

flowing the first gas through a showerhead assembly maintained at a first temperature.

[0007] In another embodiment, a processing system includes a first transfer
chamber, a plurality of processing chambers coupled to the first transfer chamber,
and a controller configured to cause a process to be performed in the processing
system. The process includes performing a pre-clean process on a substrate, aligning
and placing a first mask on the substrate, and depositing a first layer on the substrate
through the first mask. The depositing the first layer includes sublimating a first solid
to afirst gas, sublimating a second solid to a second gas, flowing the first gas through
a first delivery portion of a showerhead assembly, and flowing the second gas through
a second delivery portion of the showerhead assembly. The first delivery portion of
the showerhead assembly is maintained at a first temperature and the second delivery
portion of the showerhead assembly is maintained at a second temperature. The

process further includes depositing a second layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,

briefly summarized above, may be had by reference to embodiments, some of which
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are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only exemplary embodiments and are therefore not to be
considered limiting of its scope, and may admit to other equally effective

embodiments.

[0009] Figure 1 is a schematic illustration of a processing system, according to one

or more embodiments.

[0010] Figure 2 illustrates a flow chart of a method for forming one or more layers

of a photodiode, according to one or more embodiments.

[0011] Figure 3 is a schematic illustration of a processing chamber for aligning and

placing a mask on a substrate, according to one or more embodiments.

[0012] Figure 4 is a schematic illustration of a mask stocker of the processing

chamber of Figure 3, according to one or more embodiments.

[0013] Figure 5A is a schematic illustration of a processing chamber for depositing

one or more layers, according to one or more embodiments.

[0014] Figure 5B is a bottom isometric view of a showerhead assembly of the

processing chamber of Figure 5A, according to one or more embodiments.

[0015] Figure 6 is a schematic illustration of a processing chamber for depositing

a layer, according to one or more embodiments.

[0016] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0017] Embodiments of the present disclosure generally relate to a processing
system for forming one or more layers of a photodiode or an image sensor. In one
embodiment, the processing system includes a transfer chamber, a plurality of
processing chambers, and a controller configured to cause a process to be performed

in the processing system. The process includes performing a pre-clean process on a
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substrate, aligning and placing a first mask on the substrate, depositing a first layer
on the substrate, aligning and placing a second mask on the substrate, and depositing
a second layer on the substrate. The processing system can form layers of a

photodiode in a low defect, cost effective, and high utilization manner.

[0018] Figure 1 illustrates a processing system 100 for processing a substrate,
according to one or more embodiments. For example, the processing system 100
may deposit one or more metal oxide layers and/or organic materials on a substrate
to fabricate a light sensing device. For example, the light sensing device may be an
organic image sensing device. An example of a processing system includes the
ENDURA® system, commercially available from Applied Materials, Inc. of Santa Clara,
California. Alternatively, other substrate processing systems may be also be modified

in accordance with the present disclosure.

[0019] The processing system 100 includes a vacuum-tight processing platform
160, a factory interface 162, and a controller 150. Further, the processing system 100

may also be referred to as a cluster tool or multi-chamber processing system.

[0020] The processing platform 160 includes one or more processing chambers.
For example, the processing platform 160 may include processing chambers 112,
114, 116, 118, 132, 134, 138, 136, and 140. Further, the processing platform 160
includes one or more transfer chambers. For example, as is illustrated in Figure 1,
the processing platform 160 includes transfer chambers 110 and 130. The processing
platform 160 may also include one or more pass through chambers that allow a
substrate to be transferred between transfer chambers. For example, the pass
through chambers 122, 124 may allow a substrate to be transferred between the

transfer chambers 110 and 130.

[0021] The processing chambers 112, 114, 116, 118, 132, 135, 138, 136, and 140
include first processing chambers 112, 114, 116, 118, a second processing chamber
138, a third processing chambers 132, 134, 136, and a fourth processing chamber
140. The first processing chambers 112 ,114, 116, 118 include the pre-clean and
degas chambers. The second processing chamber 138 includes a substrate
processing chamber configured to deposit one or more metal oxide layers. The third

processing chambers 132, 134, 136 include substrate processing chambers
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configured to deposit one or more organic films on a substrate. The fourth processing
chamber 140 includes a mask alignment chamber and is configured to position masks

on substrates.

[0022] The processing platform 160 may also include one or more load lock
chambers 102, 104. For example, as is illustrated in Figure 1, the processing platform
160 includes two load lock chambers 102, 104. The load lock chambers 102, 104 are
disposed between the factory interface 162 and the processing platform 160. The
load lock chambers 102, 104 may be pumped down to be operated under a vacuum
before transferring substrates from the factory interface 162 to the transfer chamber
110.

[0023] The factory interface 162 includes one or more docking stations 183, one
or more factory interface robots 185, and a substrate carrier chamber 190. The
docking stations 183 include one or more front opening unified pods (FOUPS) 187A
— 187D. The factory interface robot 185 may be capable of linear and rotational
movement illustrated by arrows 182. Further, the factory interface robot 185 may
transfer substrates between the FOUPS 187, the load lock chambers 102, 104 and
the substrate carrier chamber 190. The substrate carrier chamber 190 may be
configured to mount the substrate on a carrier (e.g., a chuck) or remove the substrate
from the carrier. For example, a carrier may include one or more conductive elements
(e.g., chucking electrodes) configured to electrostatically hold (e.g., “chuck’) the
substrate against the carrier. The carrier and “chucked” substrate may be transferred
by the factory interface robot 185 from the substrate carrier chamber 190 to one or
more of the load lock chambers 102, 104. Additionally, the carrier and a processed
substrate may be transferred from the load lock chambers 102, 104 to the substrate
carrier chamber 190 such that the processed substrate may be removed from the
carrier, and the processed substrate may be transferred from the substrate carrier
chamber 190 to one of the FOUPS 187 by the factory interface robot 185. One or
more pre-aligners may be disposed in the factory interface 162 to align the substrate
and the carrier. In one embodiment, a first pre-aligner is utilized to align the substrate
by identifying the center of the substrate and a notch on the substrate for proper
clocking. A second pre-aligner is utilized to align the carrier by identifying the center

of the carrier and a notch on the carrier for proper clocking.
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[0024] The transfer chamber 110 includes a transfer robot 111. The transfer robot
111 transfers substrates to and from the load lock chambers 102, 104, to and from
the first processing chambers 112, 114, 116, and 118, and to and from pass through
chambers 122, 124. The pass through chambers 122 and 124 maintain vacuum
conditions while allowing substrates to be transferred within the processing system
100 between transfer chambers 110 and 130. The transfer robot 131 transfers
substrates from the pass through chambers 122, 124 to the processing chambers
132, 134, 136, 138, and 140, and between the processing chambers 132, 134, 136,
138, and 140.

[0025] The processing chambers 112, 114, 116, 118, 132, 134, 136, 138, and 140
may be configured in any manner suitable to process a substrate. For example, the
processing chambers 112, 114, 116, 118, 132, 134, 136, 138, and 140 may be
configured to deposit one or more metal oxide layers, one or more organic films and
apply one or more cleaning processes to a substrate to create a semiconductor device

such as a photodiode, a light sensing device, or the like.

[0026] A first one or more of the processing chambers, e.g., the first processing
chambers 112, 114, 116, 118 are configured to perform a pre-clean process to
eliminate contaminants and/or degas volatile components from a substrate prior to
transferring the substrate into another process chamber. The second processing
chamber 138 is configured to deposit one or more metal oxide layers on a substrate.
The one or more metal oxide layers may be fabricated from indium tin oxide (ITO),
silicon oxide, silicon nitride, aluminum oxide, or any suitable material. The third
processing chambers 132, 134, 136 are configured to deposit one or more organic
films on a substrate. Further, the fourth processing chamber 140 is configured to
position a mask (e.g., a shadow mask) on a substrate before the substrate is
transferred to one or more the second and third processing chambers 132, 134, 136
and 138 and unload a mask from a substrate after processing within one or more of
the second and third processing chambers 132, 134, 136, and 138. The second and
third processing chambers 132, 134, 138, 136 may be configured to deposit materials
(e.g., metal oxide layers or organic films) using a chemical deposition process such
as chemical vapor deposition (CVD), atomic layer deposition (ALD), metalorganic

chemical vapor deposition (MOCVD), plasma-enhanced chemical vapor deposition
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(PECVD), and physical vapor deposition (PVD) (e.g., sputtering process or

evaporation process), among others.

[0027] The controller 150 is configured to control the components of the processing
system 100. The controller 150 may be any suitable controller for controlling the
operation of one or more of the processing chambers, the transfer chambers, pass
through chambers, and the factory interface. For example, the controller 150 may be
configured to control the operation of transfer robot 111 and/or the transfer robot 131.
The controller 150 includes a central processing unit (CPU) 152, a memory 154, and
support circuits 156. The CPU 152 may be any general purpose computer processor
that may be utilized in an industrial environment. The support circuits 156 are coupled
to the CPU 152 and may include cache, clock circuits, input/output subsystems, power
supplies and the like. Software routines may be stored within the memory 154. The
software routines may be executed by the CPU 152 and thus be adapted to cause
various components within the processing system 100 to perform one or more of the
methods described herein. Alternatively, or additionally, one or more of the software
routines may be executed by a second CPU not illustrated. The second CPU may be

part of the controller 150 or remote from the controller 150.

[0028] One or more processing chambers, one or more transfer chambers, one or
more pass through chambers, and/or the factory interface may have a dedicated
controller or controllers (not shown) configured to control at least a portion of the
methods disclosed herein. The dedicated controllers may be configured similar to the
controller 150 and may be coupled with the controller 150 to synchronize processing

of a substrate within the processing system 100.

[0029] Figure 2 illustrates a flow chart of a method 200 for forming one or more
layers of a photodiode, according to one or more embodiments. At operation 202, a
substrate is aligned with and placed on a substrate carrier. The substrate carrier may
be any suitable carrier that has one or more features that are used to align and position
a substrate in a desired orientation and position on a surface of the carrier. In one
embodiment, the substrate carrier is a portable electrostatic chuck (ESC) configured
to hold the substrate using electrostatic forces. The electrostatic force used to hold
the substrate by portable ESC may be maintained utilizing a battery stored on board

the ESC, residual capacitance of interleaving electrodes of the ESC, or utilizing
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another technique. The portable ESC includes one or more electrodes embedded
therein. After power is applied to the one or more electrodes to chuck the substrate
to the substrate carrier, the electrostatic forces remain with the substrate carrier and
the substrate even after power is no longer supplied to the one or more electrodes
(i.e., during the transfer of the substrate and substrate carrier within a processing
system, such as the processing system 100). As such, the substrate is
advantageously prevented from moving during the transfer of the substrate carrier.
The substrate may be placed on the substrate carrier in a chamber, such as the

substrate carrier chamber 190 (shown in Figure 1).

[0030] At operation 204, a degas and/or pre-clean processes are performed on the
substrate in one or more processing chambers. The degas and/or pre-clean
processes remove any volatile components and/or contaminants from the surface of
the substrate and carrier. In one embodiment, the degas process is performed
followed by the pre-clean process. The degas process and the pre-clean process
may be performed in the same or in different processing chambers. In one
embodiment, the degas process is performed in a degas processing chamber, such
as the first processing chamber 116 or 118 (shown in Figure 1), and the pre-clean
process is performed in a pre-clean processing chamber, such as the first processing
chamber 112 or 114 (shown in Figure 1). The substrate may be carried by a substrate
carrier and transferred from the substrate carrier chamber to the chamber for the
degas and/or pre-clean processes. The substrate includes one or more layers
previously formed thereon, and the degas and/or pre-clean processes remove any
volatile components and/or contaminants from the surface of the topmost layer on the
substrate. For example, the substrate includes a metal oxide layer, such as an ITO
layer, as the topmost layer. The degas process includes heating the substrate to a
predetermined temperature at a low pressure maintained by a vacuum pump. The
volatile components are volatilized and are removed by the vacuum pump. In another
example, a native oxide layer is formed on the surface of the substrate, and a pre-
clean process is performed to selectively remove the native oxide layer. The pre-

clean process may be any suitable pre-clean process.

[0031] At operation 206, a first mask is aligned and placed on or over a surface of

the substrate. The first mask includes a first predetermined pattern of openings to
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allow material to be deposited on a surface of the substrate at positions corresponding
to the openings. The first mask may be aligned and placed on or over the substrate
in a mask alignment chamber, such as the fourth processing chamber 140 (shown in
Figure 1). The mask alignment chamber may include an alignment stage for aligning
the first mask to the substrate and placing the first mask on the substrate. The mask
alignment chamber may also include a mask stocker for stocking a plurality of masks.
An example of the mask alignment chamber is described below in relation to Figures
3 and 4.

[0032] At operation 208, one or more layers are deposited on the substrate through
the mask. The one or more layers may be one or more organic films, such as OPFs.
In one embodiment, the one or more layers include a bilayer bulk heterojunction. In
one embodiment, the bilayer bulk heterojunction includes tris (8-hydoxyquinolinato)
aluminum (Algs) or buckminsterfullerene (Ceo). The one or more layers have a pattern
corresponding to the first predetermined pattern of openings of the first mask. The
one or more layers may be deposited by any suitable method, such as CVD, PECVD,
MOCVD, ALD, or PVD. The one or more layers may be deposited in a processing
chamber, such as the third processing chambers 132, 134, or 136 (shown in Figure
1). In one embodiment, the one or more layers are deposited by evaporation
processes. For example, co-evaporation or co-sublimation (in the case of solid
material(s)) of two or more process materials may be performed to generate the one
or more layers on the substrate. In one embodiment, co-deposited heterojunctions
includes a first green bulk heterojunction layer and a second green bulk heterojunction
layer. An example of the evaporation chamber for forming the one or more layers is
described in Figure 5A. In some embodiments, a first layer is deposited in the
processing chamber by evaporation of one material through the mask, and a second
layer is deposited in the processing chamber by co-evaporation of two materials
through the mask. In some embodiments, more than two materials, such as three or

four materials, are co-evaporated to form a layer.

[0033] At operation 210, which is optional, the first mask is removed and a second
mask is aligned and placed on or over a surface of the substrate. The second mask
includes a second predetermined pattern of openings that is different from the first

predetermined pattern of openings. The removal of the first mask and the alignment
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and placement of the second mask may be performed in the mask alignment
chamber, such as the fourth processing chamber 140 (shown in Figure 1). The mask

alignment chamber is further described in Figures 3 and 4.

[0034] At operation 212, a layer is deposited on the substrate through the first
mask, or the second mask if operation 210 is performed. The layer may be a metal
oxide layer, such as an ITO layer. The layer has a second pattern different from the
first pattern. The second pattern corresponds to the second predetermined pattern of
openings of the second mask. The layer may be deposited by any suitable method,
such as CVD, PECVD, MOCVD, ALD, or PVD. The layer may be deposited in a
processing chamber, such as the second processing chamber 138 (shown in Figure
1). In one embodiment, the layer is deposited by a PVD process. An example of a
PVD chamber is described in Figure 6. The processing chamber for depositing the
layer is part of a processing system, such as the processing system 100. Thus, the
substrate and the mask are transferred from the mask alignment chamber or a
deposition chamber to the processing chamber under the same pressure i.e., no

vacuum break, and there is no need to re-align the mask.

[0035] At operation 214, the first or second mask is removed. The first or second
mask may be removed in the mask alignment chamber. Operations 206, 208, 210,

212, and 214 may be repeated to form a multi-layered structure.

[0036] Referring to Figures 1 and 2, the method 200 may be performed in the
processing system 100 as follows. The substrate is transferred to the substrate carrier
chamber 190 from one of the FOUPs 187, and the substrate is placed on the substrate
carrier in the substrate carrier chamber 190, as shown at operation 202. The substrate
carrier and the substrate are transferred to the degas processing chamber 116 or 118,
and a degas process is performed on the substrate, as shown at operation 204. The
substrate carrier and the substrate are then transferred to the pre-clean processing
chamber 112 or 114, and a pre-clean process is performed on the substrate, as shown
at operation 204. The substrate carrier and the substrate are then transferred to the
fourth processing chamber 140, in which a first mask is aligned and placed on the
substrate, as shown at operation 206. The substrate carrier and substrate with the
first mask placed thereon are then transferred to one of the third processing chambers

132, 134 or 136, in which one or more layers are deposited on the substrate through

10
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the first mask, as shown at operation 208. The substrate carrier and the substrate
with the first mask placed thereon are then optionally transferred to the fourth
processing chamber 140, in which the first mask is removed and the second mask is
aligned and placed on the substrate, as shown at operation 210. The substrate carrier
and the substrate with the first or second mask placed thereon are then transferred to
the processing chamber 138, in which a layer is deposited on the substrate through
the first or second mask, as shown at operation 212. The substrate carrier and the
substrate with the second mask placed thereon are then transferred to the fourth
processing chamber 140, in which the first or second mask is removed. The substrate
having at least two layers, e.g., an organic layer and a metal oxide layer, may be
removed from the substrate carrier. In one embodiment, the substrate is removed
from the substrate carrier in the factory interface 162 (shown in Figure 1). All of the
operations are performed within the processing system 100, so there is no vacuum

break between operations, which reduces the chance of contamination.

[0037] Figure 3 is a schematic illustration of the fourth processing chamber 140 for
aligning and placing a mask on a substrate, according to one or more embodiments.
The fourth processing chamber 140 is a mask alignment chamber. The fourth
processing chamber 140 includes an alignment portion 310 and a mask stocker 320.
Additionally, the fourth processing chamber 140 includes a second mask stocker, e.g.,
the mask stocker 330.

[0038] The alignment portion 310 includes alignment stage 312, transfer robot 314,
alignment system 316, and valve assembly 318. The valve assembly 318 is
configured to isolate the interior volume of the processing chamber 140 from a transfer
chamber, e.g., the transfer chamber 130, of the integrated platform 160 (shown in
Figure 1). The valve assembly 318 includes a conventional slit valve or gate valve
that is configured to isolate one region or volume from another by opening, closing or
obstructing a port or passageway formed between the adjoining regions or volumes.
Additionally, the valve assembly 318 may be configured to allow a carrier 350 carrying
(or supporting) a substrate 352 to be transferred into and out of the alignment chamber
140.

[0039] The alignment stage 312 is configured to hold the carrier 350 and substrate

352 while a mask, e.g., mask 360, is aligned with and positioned over the substrate

11



WO 2020/251696 PCT/US2020/030744

352 or removed from the substrate 352. The alignment stage 312 may move in one
ormore of an X, Y, Z, and 0 directions to position and align the substrate 352 with the
mask 360.

[0040] The masks 360 have a plurality of openings 360A, each having a diameter
in a range of about 3 um to about 5 um, or having a rectangular open area that has a
width between about 3 um and about 5 um and a height between about 3 um and
about 5 um. Alternatively, the mask 360 may have one or more openings that have a
feature dimension (e.g., width, height, diameter) that is less than 3 um or greater than

S um.

[0041] The alignment system 316 is configured to aid in the alignment of the mask
360 with the substrate 352 and/or carrier 350. The alignment system 316 includes
one or more cameras 317 configured to capture images of the mask 360, the carrier
350 and/or the substrate 352. The cameras 317 are configured to acquire one or
more images of the mask 360, carrier 350 and the substrate 352. The images are
analyzed to determine a difference in alignment between the mask 360 and the
substrate 352. Analyzing the images may include comparing the position of one or
more alignment elements (e.g., fiducial markers) of the mask 360 with corresponding
alignment elements (e.g., fiducial markers) of the substrate 352 or the carrier 350.
The images may be provided to the controller 370 which determines the difference
between the alignment elements on the mask 360 and the alignment elements of the
substrate 352 or carrier 350. Further, the controller 370 determines the direction or
directions and the amount to move the stage 312 supporting the substrate 352 and
carrier 350 to align the substrate 352 with the mask 360 based on the analyzed

images.

[0042] The transfer robot 314 is configured to transfer masks between the masks
stockers 320, 330 and the alignment stage 312. The transfer robot 314 may be
controlled by the controller 370. The transfer robot 314 is disposed between the
alignment system and the first and second mask stockers 320, 330. The transfer
robot 314 includes a blade 315 configured to support a mask, e.g., the mask 360,
along parallel edges 361 of the mask. For example, the blade 315 may include two
or more fingers 315A configured to grip along first and second parallel edges 361 of

the mask 360. The first and second parallel edges 361 of the mask 360 may comprise
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portions that are substantially flat and parallel to each other. The two or more fingers
315A may extend symmetrically from the blade and form a semicircle. The two or

more fingers 315A have parallel ends.

[0043] The transfer robot 314 may receive instructions from the controller 370
instructing the transfer robot 314 to access a first mask stocker, e.g., mask stocker
320, to acquire a first mask, e.g., the mask 360, and position the mask 360 over the
surface of the substrate 352 and carrier 350. Further, the transfer robot 314 may
receive instructions from the controller 370 to remove the mask 360 from a position
over the substrate 352 and the carrier 350. The transfer robot 314 may also transfer

masks between the mask stockers 320, 330.

[0044] The mask stocker 320 includes a valve assembly 322, similar to the valve
assembly 318, to isolate the interior volume of the mask stocker 320 from the interior
volume of the alignment portion 310. Further, as shown in Figure 4, the mask stocker
320 houses a mask cassette 324. A vertical actuator 402 is configured to move the
mask cassette 324 in a vertical direction to align a selected mask with the valve
assembly 322 such that it may be accessed by the transfer robot 314. Further, the
vertical actuator 402 may move the mask cassette 324 in a vertical direction to align
an empty slot of the mask cassette 324 with the valve assembly 322 such that a mask
may be transferred to the mask cassette 324 by the transfer robot 314. The mask
stocker 320 is attached to a wall of the alignment portion 310 of the fourth processing
chamber 140. The mask stocker 320 is disposed on the opposite end of the alignment
portion 310 from the valve assembly 318 and the connection to the transfer chamber
130.

[0045] The mask stocker 330 may be configured similarly to that of mask stocker
320. For example, the mask stocker 330 includes a valve assembly 332, a mask
cassette 334 and a vertical actuator (not shown), each configured similarly to that of
the valve assembly 322, the mask cassette 324 and the vertical actuator 402,
respectively. The mask stocker 330 is also attached to a wall of the alignment portion
310 of the fourth processing chamber 140. The mask stocker 330 is disposed on the
opposite end of the alignment portion 310 from the valve assembly 318 and the

connection to the transfer chamber 130. The mask stocker 320 and the mask stocker
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330 are disposed adjacent to one another. The transfer robot 314 is disposed
between both of the mask stockers 320, 330.

[0046] Both of the mask stockers 320 and 330 may house one or more masks
which may be used during a deposition process. Further, the mask stocker 320 may
house masks of a first type and the mask stocker 330 may house masks of a second
type. For example, the mask stocker 320 may house masks utilized during the
deposition of organic materials and the mask stocker 330 may house masks utilized
during the deposition of metal oxide layers. Further, the mask stocker 320 may be

controlled independently from the mask stocker 330.

[0047] Alternatively, the mask stocker 320 may house one or more masks which
may be used during a deposition process, and the mask stocker 330 may house one
or more masks to be cleaned. For example, the transfer robot 314 may move masks
that have been identified as being ready to be cleaned from the mask stocker 320 to

the mask stocker 330 or from the alignment stage 312 to the mask stocker 330.

[0048] Figure 4 illustrates a cross-sectional view of the mask stocker 320,
according to one or more embodiments. The mask stocker 320 includes an interior
volume 410 in which the mask cassette 324 may be positioned. The mask cassette
324 is coupled to vertical actuator 402, and the vertical actuator 402 is configured to
move the mask cassette 324 along path 440 to align a selected one of the masks
360a-360e or slots 450 with the valve assembly 322. As illustrated in Figure 4, the
mask cassette 324 may be configured to hold 5 masks, e.g., the masks 360a — 360e.
Alternatively, the mask cassette 324 may be configured to hold less than 5 masks or
more than 5 masks. The mask stocker 320 may also include a lid 430, which may be
opened to gain access to the interior volume 410. The mask stocker 320 may also
include a gas supply source 424 that is configured to provide one or more gases to
the interior volume 410 via a gas inlet 426, which is fluidly connected to both the gas
supply source 424 and the interior volume 410. The gas supply source 424 may be
configured to pump one or more gases into the interior volume 410 to increase the
pressure of the interior volume. Additionally, the mask stocker 320 may include a
vacuum pump 420 and a gas outlet 422. The vacuum pump 420 may be configured
to remove gas from the interior volume 410 to reduce the pressure of the interior

volume 410. The gas outlet 422 fluidly connects the vacuum pump 420 and the
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interior volume 410. For example, the vacuum pump 420 may exhaust one or more
gases from the interior volume 410 to place the interior volume 410 at or near vacuum.

The vacuum pump 420 is disposed on a wall opposite the gas supply source 424.

[0049] The controller 370 may be electrically coupled to the vertical actuator 402,
the gas supply source 424 and the vacuum pump 420. Further, the controller 370
may control the vertical actuator 402 to move the mask cassette 324 along the path
440, the gas supply source 424 to input a gas into the interior volume 410, and/or the
vacuum pump 420 to remove gas from the interior volume 410. Additionally, the
controller 370 may be configured similar to that of the controller 150 or form part of

the controller 150.

[0050] Figure 5A is a schematic illustration of a processing chamber 500 for
depositing one or more layers, according to one or more embodiments. The
processing chamber 500 may be any one of the third processing chambers 132, 134,
and 136 shown in Figure 1. The processing chamber 500 may be an evaporation
chamber for depositing one or more organic films, such as OPFs. The processing
chamber 500 includes a bottom 528, a sidewall 511, a lid 530, and a processing region
571 defined by the bottom 528, the sidewall 511, and the lid 530. A substrate support
514 for supporting a substrate 516 is disposed in the processing region 571. A
showerhead assembly 512 is disposed over the substrate support 514. The
showerhead assembly 512 includes a first delivery portion 518 and a second delivery
portion 521. The first and second delivery portions 518, 521 are separate portions of
the showerhead assembly 512. The first and second delivery portions 518, 521 are
fluidly isolated from each other, such that each of the first and the second delivery
portions 518, 521 deliver gasses independent from the gasses supplied by the other
of the first and the second deliver portions 518, 521. The processing chamber 500
further includes a first heating assembly 525 to heat the first delivery portion 518 and
a second heating assembly 527 to separately heat the second delivery portion 521.
A first temperature sensor 541 and a first temperature controller 524 are coupled to
the first gas delivery portion 518. The first temperature controller 524 is configured to
receive input from the first temperature sensor 541 to control, adjust, or set a
temperature of the first heating assembly 525. A second temperature sensor 543 and

a second temperature controller 526 are coupled to the second gas delivery portion
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521. The second temperature controller 526 is configured to receive input from the
second temperature sensor 543 to control, adjust, or set a temperature of the second
heating assembly 527. The showerhead assembly 512 may include more than two
delivery portions, such as four delivery portions, and each delivery portion may be
heated by a corresponding heating assembly. Furthermore, each delivery portion may
be coupled to a corresponding temperature sensor and temperature controller. Thus,
the number of heating assemblies, temperature sensors, and temperature controllers

may depend on the number of delivery portions.

[0051] The processing chamber 500 further includes a material delivery system
520. The material delivery system 520 may include one or more ampules 550 in fluid
communication with the showerhead assembly 512. In some embodiments, there is
at least one ampule per delivery portion of the showerhead assembly 512. The one
or more ampules 550 contain one or more materials, such as tris (8-
hydoxyquinolinato) aluminum (Alg3) fullerene (Cro), or buckminsterfullerene (Ceo).
The one or more ampules 550 are heated by a heating system 542. In some
embodiments, the lines between the ampules 550 and the showerhead assembly 512
are heated by heating jackets or other heating systems. The material delivery system
520 delivers a first material to the first delivery portion 518 at a first temperature and
delivering a second material to the second delivery portion 521 at a second
temperature. The materials may initially be solids in the ampules 550 and then
sublimated to gases when flown from the ampules 550 to the showerhead assembly
512 and heated by the heating system 542. The gases then condensate on the cooled

substrate 516 to form a layer, such as an organic film, for example an OPF.

[0052] In one embodiment, two or more solids in the ampules 550 are sublimated
to two or more gases, and each gas is flowed to a corresponding delivery portion in
the showerhead assembly 512. Each delivery portion of the showerhead assembly
512 is heated to maintain gas flowing therethrough in the gas phase. The delivery
portions may be heated to different temperatures based on the type of material flowing
therethrough, such that the first delivery portion 518 is maintained at a first
temperature by the first heating assembly 525 and the second delivery portion 521 is
maintained at a second temperature by second heating assembly 527. The gases

condensate on the surface of the substrate 516, which is at a low temperature, such
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as from about -40 degrees Celsius to about 70 degrees Celsius, to form a layer on the
substrate 516. The substrate 516 may be rotated by the substrate support 514. The
rotation speed dictates the mixing ratio of the two materials in the layer. The rotation
speed may be slow enough for a laminated film to form on the substrate 516. The
rotation speed may range from about O RPM to about 200 RPM, such as from about
5 RPM to about 100 RPM, for example from about 10 RPM to about 70 RPM. In one

embodiment, the layer is an organic layer.

[0053] The processing chamber 500 further includes a first pump 573, a second
pump 581, a throttle valve 575, and a pressure valve 583 to control the pressure of
the processing chamber 500. The first pump 573, the second pump 581, the throttle
valve 575, and the pressure valve 583 are all fluidly coupled to the processing region
571. The first pump 573 the second pump 581, the throttle valve 575, and the

pressure valve 583 are optionally connected to the material delivery system 520.

[0054] Figure 5B is a bottom isometric view of the showerhead assembly 512 of
the processing chamber 500, according to one or more embodiments. As shown in
Figure 5B, the showerhead assembly 512 includes a plurality of delivery portions,
such as the first delivery portion 518, the second delivery portion 521, a third delivery
portion 562, and a fourth delivery portion 564. The plurality of delivery portions 518,
521, 562, 564 may be coplanar and together may have a substantially circular shape.
The plurality of delivery portions 518, 521, 562, 564 is arranged such that there is a
gap 566 between adjacent delivery portions. The gap 566 advantageously reduces

or prevents thermal cross-talk between adjacent delivery portions.

[0055] In some embodiments, the showerhead assembly 512 is capable of flowing
two process gases therethrough without the two process gases being in contact within
the showerhead assembly 512. For example, the first delivery portion 518 and the
third delivery portion 562 are coupled to a first gas source, such as one ampule 550
(shown in Figure 5A), and the second delivery portion 521 and the fourth delivery
portion 564 are coupled to a second gas source, such as the other ampule 550 (shown
in Figure 5A). In some embodiments, the showerhead assembly 512 is capable of
flowing three or four process gases therethrough and there are additional ampules

550 utilized to provide process gases.
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[0056] The showerhead assembly 512 is mounted to a lid plate 568. The lid plate
568 has a plurality of mounts 570 extending from a bottom surface 572 of the lid plate
568. Each of the delivery portions 518, 521, 562, 564 of the showerhead assembly
512 includes one or more mounts 574 that are capable of mating with corresponding
mounts 570 of the lid plate 568 to couple the showerhead assembly 512 to the lid
plate 568. In the embodiment of Figure 5B, the one or more mounts 574 extend from
a radially outer surface of the showerhead assembly 512. In some embodiments, the

mounts 570, 574 are made of an insulative (i.e., non-electrically conductive) material.

[0057] The first delivery portion 518 includes a first inlet 576 extending from the
first delivery portion 518 and through an opening in the lid plate 568. Similarly, the
second delivery portion 521, the third delivery portion 562, and the fourth delivery
portion 564 include a second inlet 578, a third inlet 580, and a fourth inlet 582,
extending from respective portion through openings in the lid plate 568. The first,
second, third, and fourth inlets 576, 578, 580, and 582 are fluidly connected to the gas
sources, such as the ampules 550. The first, second, third, and fourth inlets 576, 578,
580, 582 provide the process gasses to each of the first delivery portion 518, the
second delivery portion 521, the third delivery portion 562, and the fourth delivery
portion 564, respectively. The first delivery portion 518 includes a first plurality of
openings 584 in fluid communication with the first inlet 576. The first plurality of
openings 584 are configured to deliver a process gas into the processing chamber
500 and the processing region 571. Each of the delivery portions 521, 562, 564
includes a plurality of openings 586, 588, 590, respectively. The second plurality of
openings 586 is in fluid communication with the second inlet 578, the third plurality of
openings 588 is in fluid communication with the third inlet 580, and the fourth plurality
of openings 590 is in fluid communication with the fourth inlet 582. The second, third,
and fourth plurality of openings 586, 588, 590 are configured to deliver a process gas
from each of the second, third, and fourth delivery portions 521, 562, 564 respectively
into the processing chamber 500. The first, second, third, and fourth pluralities of
openings 584, 586, 588, 590 may be arranged in any pattern suitable for uniformly

depositing process materials onto the substrate 516 (shown in Figure 5A).

[0058] The showerhead assembly 512 includes a plurality of feedthrough plates

592. The plurality of feedthrough plates 592 are configured to allow wires to pass
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from the showerhead assembly 512 through the lid plate 568. The wires can be heater
wires, sensor wires, or the like. In some embodiments, the each of the plurality of
feedthrough plates 592 includes a plurality of wire openings 594. In some
embodiments, one or more heater wires 596 (one shown) are configured to pass

through one of the feedthrough plates 592 and into the second delivery portion 521.

[0059] Figure 6 is a schematic illustration of a processing chamber 600 for
depositing a layer, according to one or more embodiments. The processing chamber
600 may be similar to the processing chamber 138 shown in Figure 1. The processing
chamber 600 is a PVD chamber for depositing a metal oxide layer. The processing
chamber 600 includes a chamber body 606 covered by a lid 604 which encloses a
processing region 619. A slit valve 634 is coupled to an opening within the chamber
body 606 and is configured to facilitate the transfer of a substrate 622 and a substrate
carrier 642 into and out of the processing chamber 600. The chamber body 606 may

be grounded to enable a plasma to be formed therein.

[0060] A substrate support 624 is disposed within the processing region 619 for
supporting the substrate carrier 642 carrying the substrate 622. The substrate support
624 includes a pedestal 636 and a shaft 612 coupled to the pedestal 636. The shaft
612 may be coupled to a lift mechanism 613 that provides vertical movement of the
substrate support 624. An RF power supply 617 and a RF match 616 are coupled to
the pedestal 636 for providing a bias power to the substrate 622 and carrier 642.

[0061] The processing chamber 600 further includes a substrate lift system 630.
The substrate lift system 630 includes a platform 608 coupled to a shaft 611, which
can be lifted by a lift 632. Lift pins 609 are mounted on the platform 608, and the lift
pins 609 are configured to go through through-holes (not shown) formed in the
pedestal 636 to lift the substrate 622 and the substrate carrier 642. In some
embodiments, the lift pins 609 are configured to lift only the substrate 622. The
processing chamber 600 further includes a pumping system 614 to control the

pressure within the processing chamber 600.

[0062] The processing chamber 600 further includes a target 666 disposed within
the processing region 619. A power source 668 is coupled to the target 666 to apply

a voltage to the target 666. In some embodiments, an RF power supply 670 may be
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coupled to the target 666 to apply RF power to the target 666 to facilitate control of
the radial distribution of a deposition rate on the substrate 622. A magnetron
assembly 678 may be disposed over the target 666 to assist in plasma processing
within the processing chamber 600. A process gas supply 618 is coupled to the
processing chamber 600 for providing one or more process gases to the processing

region 619.

[0063] A processing system including a plurality of processing chambers is
disclosed. In one embodiment, the processing system is utilized for form one or more
organic films and a protective layer without exposing the deposited layers to ambient
environment, which causes the organic films to deteriorate. The processing system
includes at least an evaporation chamber for forming one or more organic films and a
PVD or CVD chamber for forming the protective layer, such as a metal oxide layer. A
carrier is utilized in the processing system to carry the substrate to various processing
chambers. The carrier helps flatten the substrate, to support the heavy metal mask
that is loaded on the substrate, and to allow substrates having various sizes to be

processed in the processing chambers.

[0064] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. A processing system, comprising:
a first transfer chamber;
a plurality of processing chambers coupled to the first transfer chamber; and
a controller configured to cause a process to be performed in the processing
system, the process comprising:
performing a pre-clean process on a substrate;
aligning and placing a first mask on the substrate;
depositing a first layer on the substrate through the first mask, the
depositing the first layer comprising:
sublimating a first solid to a first gas; and
flowing the first gas through a showerhead assembly

maintained at a first temperature.

2. The processing system of claim 1, wherein the first gas is flowed through a first
delivery portion of the showerhead assembly, and the first delivery portion is
maintained at the first temperature, wherein the depositing the first layer is by co-
evaporation of the first solid and a second solid, the depositing the first layer further
comprising:

sublimating the second solid to a second gas; and

flowing the second gas through a second delivery portion of the showerhead

assembly, wherein the second delivery portion is maintained at a second temperature.

3. The processing system of claim 1, wherein the process further comprises

depositing one or more layers on the first layer.

4. The processing system of claim 3, wherein at least one of the one or more

layers is deposited by co-evaporation of multiple materials.
. The processing system of claim 3, wherein at least one of the one or more

layers is deposited through a second mask, the first layer comprises an organic layer,

and a metal oxide layer is deposited on the one or more layers.
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6. A processing system, comprising:
a first transfer chamber;
a first processing chamber coupled to the first transfer chamber;
a second processing chamber coupled to the first transfer chamber;
one or more pass through chambers coupled to the first transfer chamber;
a second transfer chamber coupled to the one or more pass through chambers;
a third processing chamber coupled to the second transfer chamber;
a fourth processing chamber coupled to the second transfer chamber;
a fifth processing chamber coupled to the second transfer chamber; and
a controller configured to cause a process to be performed in the processing
system, the process comprising:
performing a degas process on a substrate in the first processing
chamber;
performing a pre-clean process on the substrate in the second
processing chamber;
aligning and placing a first mask on the substrate in the third processing
chamber; and
depositing a first layer on the substrate through the first mask in the

fourth processing chamber.

7. The processing system of claim 6, wherein the depositing the first layer
comprises:

sublimating a first solid to a first gas;

sublimating a second solid to a second gas;

flowing the first gas through a first delivery portion of a showerhead assembly,
the first delivery portion is maintained at a first temperature; and

flowing the second gas through a second delivery portion of the showerhead

assembly, the second delivery portion is maintained at a second temperature .
8. The processing system of claim 6, wherein the process further comprises

depositing a second layer in the fifth processing chamber, wherein the second layer

is deposited through a second mask.
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9. The processing system of claim 8, wherein the first layer comprises an organic

layer.

10.  The processing system of claim 9, wherein the second layer comprises a metal

oxide layer and the first temperature is different from the second temperature.

11. A method, comprising:
placing a substrate on a substrate carrier;
performing a pre-clean process on the substrate in a processing system;
aligning and placing a first mask on the substrate in the processing system;
and
depositing a first layer on the substrate through the first mask in the processing
system, the depositing the first layer comprising:
sublimating a first solid to a first gas; and
flowing the first gas through a showerhead assembly maintained

at a first temperature.

12. The method of claim 11, wherein the first gas is flowed through a first delivery
portion of the showerhead assembly, and the first delivery portion is maintained at the
first temperature, wherein the depositing the first layer is by co-evaporation of the first
solid and a second solid, the depositing the first layer further comprising:

sublimating the second solid to a second gas; and

flowing the second gas through a second delivery portion of the showerhead

assembly, wherein the second delivery portion is maintained at a second temperature.

13.  The method of claim 12, further comprising depositing one or more layers on

the first layer.

14. The method of claim 13, wherein at least one of the one or more layers is
deposited through a second mask, the first layer comprises an organic layer, and a

metal oxide layer is deposited on the one or more layers.

15. A processing system, comprising:

a first transfer chamber;
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a plurality of processing chambers coupled to the first transfer chamber; and
a controller configured to cause a process to be performed in the processing
system, the process comprising:
performing a pre-clean process on a substrate;
aligning and placing a first mask on the substrate;
depositing a first layer on the substrate through the first mask, the
depositing the first layer comprising:
sublimating a first solid to a first gas;
sublimating a second solid to a second gas;
flowing the first gas through a first delivery portion of a
showerhead assembly, the first delivery portion maintained at a
first temperature; and
flowing the second gas through a second delivery portion
of the showerhead assembly, the second delivery portion
maintained at a second temperature; and

depositing a second layer.
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