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SPLIT CHAMBER ASSEMBLY

by Inventor
Jerrel Kent Antolik

Field of the Disclosure

[0001] The present embodiments relate to semiconductor wafer processing
equipment, and more particularly, to process modules structured to enable ease of access for
servicing.
Description of the Related Art

[0002] In a semiconductor fabrication facility (commonly referred to as a “fab”)
space is limited and expensive, and cannot be readily increased. Therefore, efficient space
utilization is desired in order to achieve maximum productivity. However, it is also necessary to
provide adequate access to equipment in the fab for maintenance and service. By way of
example, newer fabrication facilities have begun cluster process modules in closer orientations.
Although clustering tools increases floor space utilization and in some cases throughput, these
configurations also reduce access to service or access inside areas of the process module. To
gain access for such servicing, fab technicians are forced to squeeze into tight spaces to access
process modules or simply disassemble parts of the cluster tool in order to compete service.
Although this is possible, disassembly takes time and can significantly reduce throughput or even

downtime for a whole cluster tool.

[0003] It is in this context that embodiments of the inventions arise.
SUMMARY
[0004] Implementations of the disclosure provide a split chamber assembly where a

chamber body includes a lower chamber and an upper chamber. In one embodiment, the
chamber body is for a process module used in the fabrication of semiconductor substrates. In one
configuration, the split between the upper chamber and the lower chamber is along a diagonal
interface. The diagonal interface enables pivoting of the upper chamber away from the lower
chamber to expose an inner region of the lower chamber for servicing or cleaning. In one

configuration, the upper chamber includes a connected lower electrode assembly, such that
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removal of the upper chamber also removes the lower electrode assembly. In another
embodiment, the upper chamber further includes an upper enclosure that houses an upper
electrode and showerhead. In this configuration, removal of the upper chamber also removes the
upper enclosure, so that removal of the upper chamber maintains alignment of the upper
electrode to the lower electrode. In a further configuration, removal of the upper chamber is
facilitated by hinge connects that enable rotation of the upper chamber off of the lower chamber.
Rotating the upper chamber off of the lower chamber splits the upper chamber from the lower
chamber along the diagonal interface. In still another embodiment, kinematic pins are used to
mate and self-align the upper chamber with the lower chamber to maintain precise alignment
when the upper chamber mates with the lower chamber. In yet another embodiment, the hinge
connects include individual hinge pins. The individual hinge pins are removable to enable a
second rotation of the upper chamber away from the lower chamber.

[0005] In one embodiment, the second rotation enables either a left swing open of the
upper chamber or a right swing open of the upper chamber. The chamber body is therefore
configured to split diagonally relative to a wafer plane. This will allow a lower bias assembly
and a top plate assembly to be hinged open exposing the lower chamber, which in one
embodiment remains fixed. In one embodiment, the hinges have quick release pins and an
adjustable thrust bearing to enable an opened top end to be swung open either left or right. In
one configuration, adjustable kinematic pins or landing locations will allow the upper chamber to
re-attach to the lower chamber in alignment, which can be pre-calibrated. Further, once the
upper chamber is opened by a first rotation that splits the upper chamber away from the lower
chamber or a second rotation that swings the upper chamber about a hinge connect; the inner
region of the lower electrode can be serviced with greater access room. As a further benefit of the
split chamber assembly is access and servicing when multiple chambers are aligned together in a
cluster configuration.

[0006] In one embodiment, a process module including a chamber body having a
lower chamber and an upper chamber is provided. The lower chamber is configured to mate with
the upper chamber along a diagonal interface. An electrode assembly having a substrate support
is provided. The electrode assembly is coupled to the upper chamber. A hinge connect couples a

first side of the lower chamber to a first side of the upper chamber. The upper chamber is
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configured to split and open along the diagonal interface and rotate about the hinge connect. The
electrode assembly is configured to rotate with the upper chamber in a direction that is away
from the lower chamber.

[0007] In another embodiment, a method for accessing a process module is provided.
The method includes providing a lower chamber having a first diagonal interface along a first
cross-section of said lower chamber. The first cross-section having an upper wall side and a
lower wall side, so that the first diagonal interface is established along an angle. The method
further includes providing an upper chamber having a second diagonal interface along a second
cross-section of said upper chamber. The second cross-section provides a lower wall side that
mates proximate to the lower wall side of the lower chamber and an upper wall side that mates
proximate to the upper wall side of the lower chamber. The second diagonal interface is
configured to mate with the first diagonal interface along the angle. The method includes
pivoting the upper chamber at a pair of pivot hinges proximate to the lower wall side of the upper
chamber and the lower chamber. The pivoting enables the upper chamber to split and separate
from the lower chamber along the first and second diagonal interfaces to expose an inner region

of the lower chamber without having the upper chamber over the lower chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 shows a cluster tool that includes a plurality of process modules, in
accordance with one embodiment.

[0009] Figures 2A and 2B illustrates a top view of a process module having a split
chamber assembly configuration, in accordance with one embodiment.

[0010] Figures 3A and 3B illustrates a side view of a split chamber assembly for a
process module, in accordance with one embodiment.

[0011] Figure 4 illustrates the process module, where the chamber body is defined by
the lower chamber, and the upper chamber is open for serving, repair, or assembly.

[0012] Figure 5 illustrates a top view of the split chamber assembly when the upper
chamber has been opened, and rotated about the hinge connect, in accordance with one

embodiment.
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[0013] Figure 6 illustrates one example of a quick release pivot hinge, in accordance
with one embodiment.
[0014] Figures 7A and 7B illustrate a swing rotation of the upper chamber, in

accordance with one embodiment.

[0015] Figure 8 shows a control module for controlling the systems of the present
disclosure.
DESCRIPTION
[0016] Implementations of the disclosure provide a split chamber assembly where a

chamber body includes a lower chamber and an upper chamber. In one configuration, the upper
chamber and the lower chamber are split along a diagonal interface, relative to a horizontal plane
of a substrate support. A diagonal interface enables pivoting of the upper chamber away from
the lower chamber to open access to an inner region of the lower chamber for servicing or
cleaning. In one embodiment, the upper chamber includes a connected lower electrode assembly,
such that removal of the upper chamber also removes the lower electrode assembly. In this
embodiment, the upper chamber is connected with an upper enclosure that houses an upper
electrode and showerhead. Removal of the upper chamber also removes the upper enclosure, so
that removal of the upper chamber maintains alignment of the upper electrode to the lower
electrode. In a further configuration, removal of the upper chamber is facilitated by hinge
connects that enable rotation of the upper chamber off of the lower chamber. The hinge connects
also enable swinging open of the upper chamber by removal of one of the hinges.
These and other embodiments will be described below in more detail. It should be appreciated
that the present embodiments can be implemented in numerous ways, such as a process, an
apparatus, a system, a device, a material, or a method. Several embodiments are described
below.

[0017] In the following description, numerous specific details are set forth to provide
a thorough understanding of the presented embodiments. The disclosed embodiments may be
practiced without some or all of these specific details. In other instances, well-known process
operations have not been described in detail to not unnecessarily obscure the disclosed

embodiments. While the disclosed embodiments will be described in conjunction with the
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specific embodiments, it will be understood that it is not intended to limit the disclosed
embodiments.

[0018] The implementations disclosed below describe deposition of a material on a
substrate such as a wafer, substrate, or other work piece. The work piece may be of various

b3

shapes, sizes, and materials. In this application, the terms “semiconductor wafer,” “wafer,”

EEINT3

“substrate,” “wafer substrate,” and “partially fabricated integrated circuit” are used
interchangeably.

[0019] Figure 1 shows a cluster tool 100 that includes a plurality of process modules
102, in accordance with one embodiment. As shown, the process modules 102 are arranged in a
linear configuration, such that they are side-by-side. In one embodiment, the cluster tool 100
includes two rows of process modules 102. On one side of the cluster tool 100 is an equipment
front and module (EFEM) 120 that is interfaced with load ports 122. A controller 124 is
interfaced with the components of the cluster tool 100, including the process modules 102 for
managing and controlling the processing of substrates within the cluster to 100. As shown, the
center region of the cluster tool 100 includes a substrate handling 104 region, which can include
a robot (not shown) that delivers and removes substrates from the processing modules 102, and
interfaces with the EFEM 120. Gas boxes and routing 106 are coupled to the various process
modules 102, which deliver the processing gases needed to perform processing recipes for
etching, deposition, and other recipe steps.

[0020] A power distribution module 112a and power distribution module 112b are
shown connected to each of the legs of the cluster tool 100. Each of the process modules 102 is
coupled to respective RF generators that provide RF power to the processing chambers of the
process modules 102. The gas boxes and routing 106 deliver the process gases to enable the
processing in accordance with the recipes. An electrode assembly 103 is shown coupled to each
process module 102. The electrode assembly 103 includes a lower bias electrode assembly,
which is interfaced into the process modules 102. The electrode assembly 103 can also include
other facility connections, such as helium delivery, electrostatic chuck cooling connections (e.g.
helium delivery), temperature controllers, pneumatics, optical sensors, and the like.

[0021] Traditionally, in order to service an internal region of the process module 102,

the electrode assembly 103 must be removed. Additionally, an upper enclosure that houses an
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upper electrode, showerhead, and other facilities would have to be lifted up and removed in order
to view into the chamber of the process module 102. However, since the process modules 102
are closely arranged in the linear format shown in figure 1, access to view inside of the chamber
or service the chamber can be very constrained or difficult. Itis in this context that a split
chamber assembly is provided, to modify the chamber body of the process module 102. The split
chamber assembly for the process module 102 is described in more detail with reference to
figures 2A through 7B. It should be understood that the cluster tool 100, and it’s linear
configuration will also be able to utilize the split chamber assembly described below, but provide
more efficiencies for servicing the inside of the chamber and/or replacement of process module
102 components.

[0022] Figure 2A illustrates a top view of a process module 102’ that has a split
chamber assembly configuration, in accordance with one embodiment. The process module 102’
has an upper enclosure 204 that is coupled to a top surface of the upper chamber 202. The upper
enclosure 204 includes an upper electrode, the showerhead, a gas distribution plate (GDP), and
other facilities for enabling delivery of power or connections to ground for the upper electrode.
The upper enclosure is connected to gas boxes and routing, which provide process gases used for
processing semiconductor substrates within the process module 102’. Also shown is electrode
connected assembly 212, which couples to an adjustment gap (AG) drive 206. The AG drive 206
is used to move the lower electrode up or down when the lower electrode is installed in the
process module 102°.

[0023] In one embodiment, a bulkhead facilities interfaced 220 is used to connect to a
lower electrode 260 (shown in figure 3A), to the AG drive 206 and interface it to the electrode
connected assembly 212. An access handle 226 is used to provide quick connect of the electrode
connected assembly 212 to the AG drive 206. The access handle 226 will allow connection or
separation of the lower electrode 260 from the electrode connected assembly 212. As will be
described below, the electrode connected assembly will include a radio frequency (RF) match
230, and connections for an RF rod, electrostatic chuck (ESC) cooling, power, thermocouple
sensors, pneumatics, and optical sensors.

[0024] As shown in figure 2B, the electrode connected assembly 212 is configured to

be released from the AG drive 206 once the access handle 226 has been activated to remove and
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disconnect the facilities provided by the electrode connected assembly 212. As shown, the
electric connected assembly 212 has been pulled back, separating the bulkhead facilities
interfaced 220 into bulkhead breaks 220a and 220b. In one embodiment, in a fabrication facility,
the electrode connected assembly 212 can be wheeled back by an operator, after the access
handle 226 has been activated to release the facilities connections within the bulkhead facilities
interfaced 220, and exposing the bulkhead breaks 220a and 220b.

[0025] Also shown are hinge connects 210, which are used to enable rotation of the
upper chamber 220 relative to the lower chamber 203, as shown in figure 3A. The hinge connect
210 is illustrated to be adjacent to the AG drive 206, so that a pivot point is provided to enable
the upper chamber 202 to rotate along with the AG drive 206 and the upper enclosure to expose
an interior region of the lower chamber 203. Once the lower chamber 203 has been exposed,
servicing of the interior of the lower chamber 203 can occur. As described above, the servicing
can include a clean of the lower chamber interior, cleaning of a liner, or removal and replacement
of the liner with a clean liner. Other servicing operations can also occur to the upper chamber
202 and its components once removed from the lower chamber 203.

[0026] Figure 3A illustrates a side view of a split chamber assembly for the process
module 102°, in accordance with one embodiment. As shown, the lower chamber 203 is fixed
relative to the upper chamber 202. In one configuration, the lower chamber 203 is fixed to a
frame of the cluster tool 100 as shown in figure 1. A hinge connect 210 is shown coupling the
lower chamber 203 to the upper chamber 202. The AG drive 206, the upper chamber 202, and
the upper enclosure 204 are coupled together, and are configured to rotate together when the
upper chamber 202 separates from the lower chamber 203 along the diagonal interface 250. As
shown, an electrode assembly 260 is contained within the process module 202°, and the electrode
assembly 260 is connected to the AG drive 206 and the upper enclosure 204.

[0027] In this chamber configuration, the electrode assembly 260 includes a substrate
support 291, a showerhead 293, the gas distribution plate (GDP) 294, and an RF transmission rod
261. A process region 292 is defined between the showerhead 293 and the substrate support 291.
In one embodiment, the calibration between the showerhead 293, which operates as the upper
electrode, and the substrate support to anyone can be fixed for the desired tolerances. Once the

calibration is complete, the separation will remain fixed when the process module 102’ is opened
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along the diagonal interface 250. The separation is fixed because the electrode assembly 260
along with the upper enclosure 204 and AG drive 206 will move together when the upper
chamber 202 is separated from the lower chamber 203 (as shown in figure 4).

[0028] Further shown is the electrode connected assembly 212, which includes a
radio frequency (RF) match 230. Connection mechanism 262 is shown coupled between the
access handle 226 and the bulkhead facilities interfaced 220. The connection mechanism 262 is
configured to activate the connection and disconnection of all facilities between the electrode
connected assembly 212 and the AG drive 206. These connections include connections to the RF
transmission rod 261, connections for electrostatic chuck (ESC) cooling, helium connections,
power connections, thermocouple sensor connections, pneumatics connections, optical sensors
connections, and other facilities for operating the process module 102°.

[0029] As further shown in figure 3A, the lower chamber 203 will have an angled
surface that defines the diagonal interface 250. The wall of the lower chamber 203 will have a
first side 252a adjacent to and connected with the hinge connect 210, and a second side 252b that
is opposite the hinge connect 210. In this configuration, the first side 252a is a shorter side,
while the second side 254b is a longer side, and the diagonal interface extends between the first
side 252a and the second side 252b. The upper chamber will correspondingly have a first side
254a that is proximate to and connected to the hinge connect 210, and a second side 254b that is
opposite in a diagonal from the hinge connect 210. The corresponding first sides 252a and 254a
and the corresponding second sides 252b and 254b are configured to mate along the diagonal
interface 250. The diagonal interface 250 is therefore shown to extend upward at an angle from
the hinge connect 210 to the opposite top region of the upper chamber 202.

[0030] Figure 3B illustrates the process module 102’ after the electrode connected
assembly 212 has been removed in the direction 240, leaving the electrode assembly 260
connected to the bulkhead break 220a of the AG drive 206. As shown, once the electrode
connected assembly 212 has been removed, the upper enclosure 204 will remain disposed over
and connected to the upper chamber 202, along with the AG drive 206. Therefore, the upper
chamber 202 when rotated about a hinge connect 210, will cause the similar rotation of the upper
enclosure 204 and the AG drive 206 away from the diagonal interface 250. As shown, kinematic

pins 270 are provided for interfacing and aligning the upper chamber 202 with the lower chamber
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206. In this manner, surfaces that interface between the lower chamber 203 and the upper
chamber 204 can meet in an aligned manner, maintaining efficient closing an opening of the split
chamber assembly of the process module 102°. In this embodiment, the rotation is clock-wise,
when opened about the hinge connect 210.

[0031] In a first alternative embodiment, the hinge connect 210 may located on an
opposite side of the process module 102. By way of example, the hinge connect 210 may be
located at the diagonal opposite side, €.g., at the second side 254b, as shown in Figure 3A. In
this first alternative embodiment, the upper chamber 202, the upper enclosure 204 and the AG
drive 206 would lift up and rotate counter-clockwise about hinge connects 210. In a second
alternative embodiment, the upper chamber 202, the upper enclosure 204 and the AG drive 206
could be lifted up off of the lower chamber 203. In this second alternative embodiment,
Kinematic pins 270 would be present, but a separate lifting mechanism could be used to raise the
upper chamber up, and then out, instead of rotating the assemblies.

[0032] Figure 4 illustrates the process module 102°, where the chamber body defined
by the lower chamber 203 and the upper chamber 202 is open in a split configuration. The split
configuration is shown to expose a first cross section 430a of the lower chamber 203 and a
second cross-section 430b of the upper chamber 202. The first and second cross-sections are
complementary to each other, and defined the diagonal interface 250a of the lower chamber and
the diagonal interface 250b of the upper chamber. When the upper chamber 202 is open and
pivoted for rotation about hinge connect 210, the upper enclosure 204, the AG drive 206, and the
electrode assembly 260 move away from the lower chamber 203, which remains fixed. At this
point, it is possible to service an interior region of the lower chamber 203. As mentioned above,
surfacing of the lower chamber 203 can include cleaning the chamber interior, cleaning a liner
402, or removing and inserting a new liner 402.

[0033] In this configuration open configuration, the upper chamber 202 is no longer
present over the lower chamber 203, since it has pivoted away from the lower chamber 203
during the rotation about the hinge connect 210. As shown above, hinge connect 210 is located
at a lower sidewall 422 of the lower chamber 203 and also coupled to the lower wall side 442 of
the upper chamber 202. In this manner, the upper wall side 420 of the lower chamber 203 will
separate from the upper wall side 440 of the upper chamber 202. The diagonal interface 250 will
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therefore have an angle 423, which define the diagonal interface 250a of the lower chamber 203
and diagonal interface 250b of the upper chamber 202. In a region 404 of the lower chamber
remains exposed for servicing upon having the upper chamber 202 removed by rotation about the
hinge connect 210.

[0034] Figure 5 illustrates a top view of the split chamber assembly when the upper
chamber 202 has been opened, and rotated about the hinge connect 210. In the embodiment of
figure 5, a quick release pivot hinge 310 is utilized to enable the first rotation of the upper
chamber 202 away from the lower chamber 203. When the upper chamber 202 is separated from
the lower chamber 203, the interior of the lower chamber 203 can be accessed for servicing. This
configuration also shows a contact surface 271, over which the upper chamber 202 will sit and
where gaskets will be placed to enable a seal between the chambers. Further shown are the
kinematic pins 270, which provide for the accurate alignment of the upper chamber 202 with the
lower chamber 203 when they are in the mating configuration and operational.

[0035] In one embodiment, two quick release pivot hinges 310 are provided for
connecting the upper chamber 202 with the lower chamber 203. The quick release pivot hinges
310 include a hinge pin that may be removed in order to provide additional rotation of the open
upper chamber 202 along with the AG drive 206, the lower electrode 260, and the upper
enclosure 204. This additional swinging rotation is shown with reference to figures 7A and 7B.

[0036] In figure 6, a quick release pivot hinge 310 is shown, as one example type of
hinging mechanism. It should be understood that the exact hinging mechanism may be modified
so long as the first rotation of the upper chamber 202 is provided and also the ability to remove a
hinge pin 311 for providing an additional swinging rotation. With this in mind, the quick release
hinge pin 310 may include an outer bearing housing 312 that surrounds ball bearings 316. An
adjustable screw 314 is provided for adjustably calibrating the positioning of the upper chamber
202 for closure over the lower chamber 203. An inner bearing housing 320 is also provided to
enable the second rotation for the swinging motion described below. Hinge pin 311 is also
shown, and may be removed for allowing swinging about one of the quick release hinges 310. In
one embodiment, both quick release pivot hinges 310 can have their pins removed if the upper
chamber 202 and its associated assemblies need to be replaced with another assembly.

Continuing with figure 6, a thrust bearing 322 is shown coupled to an adjustable nut 324. A fine
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threaded adjustment 326 may also be provided to provide height adjustments relative to the lower
chamber 203.

[0037] As such, the quick release hinge 310 will provide for two types of rotation
once it is calibrated with its various adjustments relative to the lower chamber 203 and the upper
chamber 202. It should be understood that the first type of rotation provided by the quick release
pivot hinge 310 is when both hinge pins 311 are inserted in the quick release pivot hinge 310.
This first type of rotation will allow separation between the upper chamber 202 and the lower
chamber 203. The second type of rotation will be when one of the quick release pivot hinges 310
has its hinge pin removed to allow swinging of the upper chamber 202 and its associated
assemblies in a left configuration or a right configuration, depending on which hinge pin is
removed.

[0038] Figure 7A illustrates an example of hinge pin 311 removed from quick release
pivot hinge 310 at a right corner of the lower chamber 203. Removal of hinge pin 311 will
therefore enable swinging of the upper chamber 202 along with the AG drive 206, electrode
assembly 260, and the upper enclosure 204 to the left. Figure 7B illustrates the alternate
swinging mode, which allows second rotation to the right of the upper chamber 202 and its
associated assemblies. As mentioned above, it is also possible to remove hinge pin 311 from
both quick release hinges 310, to allow the upper chamber 202, AG drive 206, electrode
assembly 260, and upper enclosure 204 to be completely removed and replaced with a new or
serviced corresponding assembly. As can be appreciated, such quick removal will allow for
quicker servicing of a cluster tool assembly 100, and will further allow for a denser configuration
of process modules 202°. The denser configuration is beneficial for reducing the footprint of the
cluster tool 100, and reduces clean room space for fabrication of semiconductor substrates in an
efficient manner.

[0039] Figure 8 shows a control module 800 for controlling the systems described
above. For example, any of the movements of the upper chamber 202 may be automated and
controlled by the controller 124 or the control module 800. In some embodiment, the control
module may control the access handle 226, so that facilities are disconnected at the control of the

control module 800.
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[0040] In one embodiment, the control module 800 may include a processor, memory
and one or more interfaces. The control module 800 may be employed to control devices in the
system in accordance with predefined programming and based in part on sensed values, including
any of the aforementioned components of a cluster tool system, including without limitation, an
EFEM, a load lock, a post-processing module, a wafer transport module, a wafer orienter, and a
process module. It should be appreciated that the control module 800 may control any type of
operation for which a given component is defined or capable of performance, in accordance with
implementations of the disclosure.

[0041] For example only, the control module 800 may control one or more of valves
802, actuators 804, pumps 806, RF generators 822, and other devices 808 based on the sensed
values, predefined programming/instructions and other control parameters. The control module
800 receives the sensed values from, for example only, pressure manometers 810, flow meters
812, temperature sensors 814, and/or other sensors 816.

[0042] With respect to a given process module, the control module 800 may also be
employed to control process conditions during reactant/precursor delivery and plasma
processing. The control module 800 will typically include one or more memory devices and one
OI MOTe Processors.

[0043] The control module 800 may control activities of the reactant/precursor
delivery system and plasma processing apparatus. The control module 800 executes computer
programs including sets of instructions for controlling process timing, delivery system
temperature, pressure differentials across the filters, valve positions, mixture of gases, chamber
pressure, chamber temperature, wafer temperature, RF power levels, wafer chuck or pedestal
position, and other parameters of a particular process. The control module 800 may also monitor
the pressure differential and automatically switch vapor precursor delivery from one or more
paths to one or more other paths. Other computer programs stored on memory devices associated
with the control module 800 may be employed in some embodiments.

[0044] Typically there will be a user interface associated with the control module
800. The user interface may include a display 818 (e.g. a display screen and/or graphical software
displays of the apparatus and/or process conditions), and user input devices 820 such as pointing

devices, keyboards, touch screens, microphones, etc.
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[0045] Computer programs for controlling delivery of precursor, plasma processing
and other processes in a process sequence can be written in any conventional computer readable
programming language: for example, assembly language, C, C++, Pascal, Fortran or others.
Compiled object code or script is executed by the processor to perform the tasks identified in the
program.

[0046] The control module parameters relate to process conditions such as, for
example, filter pressure differentials, process gas composition and flow rates, temperature,
pressure, plasma conditions such as RF power levels and the low frequency RF frequency,
cooling gas pressure, and chamber wall temperature.

[0047] The system software may be designed or configured in many different ways.
For example, various chamber component subroutines or control objects may be written to
control operation of the chamber components necessary to carry out the inventive deposition
processes. Examples of programs or sections of programs for this purpose include substrate
positioning code, process gas control code, pressure control code, heater control code, and
plasma control code.

[0048] A substrate positioning program may include program code for controlling
chamber components that are used to load the substrate onto a pedestal or chuck and to control
the spacing between the substrate and other parts of the chamber such as a gas inlet and/or target.
A process gas control program may include code for controlling gas composition and flow rates
and optionally for flowing gas into the chamber prior to deposition in order to stabilize the
pressure in the chamber. A filter monitoring program includes code comparing the measured
differential(s) to predetermined value(s) and/or code for switching paths. A pressure control
program may include code for controlling the pressure in the chamber by regulating, e.g., a
throttle valve in the exhaust system of the chamber. A heater control program may include code
for controlling the current to heating units for heating components in the precursor delivery
system, the substrate and/or other portions of the system. Alternatively, the heater control
program may control delivery of a heat transfer gas such as helium to the wafer chuck.

[0049] Examples of sensors that may be monitored during processing include, but are
not limited to, mass flow control modules, pressure sensors such as the pressure manometers 810,

and thermocouples located in delivery system, the pedestal or chuck (e.g. the temperature sensors
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814). Appropriately programmed feedback and control algorithms may be used with data from
these sensors to maintain desired process conditions. The foregoing describes implementation of
embodiments of the invention in a single or multi-chamber semiconductor processing tool.

[0050] The foregoing description of the embodiments has been provided for purposes
of illustration and description. It is not intended to be exhaustive or to limit the invention.
Individual elements or features of a particular embodiment are generally not limited to that
particular embodiment, but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be varied in many
ways. Such variations are not to be regarded as a departure from the invention, and all such
modifications are intended to be included within the scope of the invention.

[0051] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and modifications
can be practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the embodiments are not to be limited
to the details given herein, but may be modified within their scope and equivalents of the claims.

What is claimed is:
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CLAIMS

1. A process module, comprising:

a chamber body that includes a lower chamber and an upper chamber, the lower chamber
is configured to mate with the upper chamber along a diagonal interface;

an electrode assembly having a substrate support, the electrode assembly is coupled to the
upper chamber; and

a hinge connect coupling a first side of the lower chamber to a first side of the upper
chamber, the upper chamber is configured to split along the diagonal interface and rotate about
the hinge connect, and the electrode assembly is configured to rotate with the upper chamber in a

direction that is away from the lower chamber.

2. The process module of claim 1, wherein a set of kinematic pins are disposed

between the upper chamber and lower chamber on a contact surface of the diagonal interface.

3. The process module of claim 2, wherein the set of kinematic pins provide for

repeatable alignment between the upper chamber and the lower chamber.

4. The process module of claim 1, further comprising,
an upper enclosure is disposed over the upper chamber, the upper enclosure
includes an upper electrode, a showerhead and a gas distribution plate, the upper electrode is
disposed opposite the substrate support;
wherein a process region is disposed between the upper electrode and the substrate

support.

5. The process module of claim 4, wherein the upper enclosure rotates with the upper
chamber along with the electrode assembly, wherein said rotation of the upper chamber exposes

an inside region of the lower chamber for servicing.
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6. The process module of claim 5, wherein a liner is disposed within said lower

chamber, and said servicing includes one of removing or cleaning the liner or said inside region.

7. The process module of claim 1, wherein the hinge connect coupling the first side
of the lower chamber to the first side of the upper chamber includes at least two pivot hinges,
each pivot hinge enabling the rotation of the upper chamber away from the diagonal interface,

and each pivot hinge including a hinge pin.

8. The process module of claim 6, wherein after said rotation of the of the upper
chamber away from the diagonal interface, said hinge pin of one of the pivot hinges is removed
to enable a second rotation of the upper chamber away from the lower chamber, wherein said
second rotation is pivoted about the pivot hinge having the hinge pin still disposed in the pivot

hinge, and the pivot hinge having the hinge pin removed separates to enable the second rotation.

9. The process module of claim 7, wherein said second rotation is a left open rotation
or a right open rotation, wherein the left open rotation maintains the hinge pin on a right one of
the pivot hinge, and the right open rotation maintains the hinge pin on a left one of the pivot

hinge.

10. The process module of claim 1, further comprising,
an electrode connect assembly being connectable and removable from an adjustable gap
interface that is coupled to a front side of the upper chamber, the adjustable gap interface is

configured to rotate with the upper chamber when the electrode connect assemble is removed.

11. The process module of claim 10, wherein the electrode connect assembly includes

a radio frequency (RF) match that connects to an RF transmission rod of the electrode assembly.

12. The process module of claim 10, wherein the electrode connect assembly includes
a bulkhead facilities interface that connects a radio frequency (RF) match and facilities to the

electrode assembly.
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13. The process module of claim 12, wherein an access handle of the electrode
connect assembly facilitates engagement and disengagement of the bulkhead facilities interface
between the adjustable gap interface and the electrode connect assembly, wherein removal of the
electrode connect assembly enables said separation and rotation of the upper chamber from the

diagonal interface of the lower chamber.

14. The process module of claim 1, wherein the hinge connect coupling the first side
of the lower chamber to the first side of the upper chamber is located at a lower region of the
lower chamber for enabling rotation of the upper chamber clock-wise, or is located at an upper

region of the lower chamber for enabling rotation of the upper chamber counter clock-wise.

15. A method for accessing a process module, comprising:

providing a lower chamber having a first diagonal interface along a first cross-section of
said lower chamber, the first cross-section providing an upper wall side and a lower wall side, so
that the first diagonal interface is established along an angle;

providing an upper chamber having a second diagonal interface along a second cross-
section of said upper chamber, the second cross-section providing a lower wall side that mates
proximate to the lower wall side of the lower chamber and an upper wall side that mates
proximate to the upper wall side of the lower chamber, such that the second diagonal interface is
configured to mate with the first diagonal interface along said angle; and

pivoting the upper chamber at a pair of pivot hinges proximate to the lower wall side of
the upper chamber and the lower chamber, the pivoting enables the upper chamber to split from
the lower chamber along the first and second diagonal interfaces to expose an inner region of the

lower chamber without having the upper chamber over the lower chamber.

16. The method of claim 15, wherein said pivoting of the upper chamber moves an
electrode assembly of the process module along with the upper chamber, such that the electrode

assembly is removed from the lower chamber for servicing of the lower chamber.
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17. The method of claim 16, wherein the upper chamber being pivoted away from the
lower chamber enables replacement of the upper chamber with a second upper chamber that fits

over the lower chamber.

18. The method of claim 16, wherein said mating of the first diagonal interface with
the second diagonal interface is facilitated by kinematic pins used for aligning the upper chamber

with the lower chamber.

19. The method of claim 16, wherein the pivoting includes rotation along at least a

pair of hinge connects.

20. The method of claim 17, wherein the hinge connects include hinge pins, and
wherein removal of a hinge pin of one of the hinge connects enables second rotation that is a left

rotation or a right rotation for servicing of the lower chamber or the upper chamber.

21. The method of claim 19, wherein the hinge connects include hinge pins, and
removal of the hinge pins enables servicing or removal of the upper chamber for replacement

with a second upper chamber.



PCT/US2019/063795

WO 2020/142150

1/7

174
Q

_ J8Jj0u0Y

d1

| Ol

] d1

] 4

el

£l €0l ) €0} gpp 4
S & S S S C
Aquuessy Alquisssy Kiquiessy Alquiessy AjGuiassy
apoaoelg 8poAos(y 8poosig 8poAag apoinag
1sia
201 [ 201 201 201 dMd
3JNpPOJ $8800id 2INPOoY $S890.d 8|NpOJy $S300id 9NPOJ $S9004d 3NPOJN SS800Id
1 | | L1 1 | | 1 1 | 11 1 | | 1 | 1 1 1 | 1 1 1 1 | 1 | | | | L1 L1 QNJF—‘
_ Bunnoy pue saxog seo _)oov
oct 707 Sutpue eieasgng ]
w343
BuiInoy pue sexog seg {901
- T T T
201 201 201 201 201
1SIia
9|NPOY\ 559004 BNPOJ $58904d SINPOJA $59204d BNPOJy S$8204d 9NPOY\ $S8004d HMd
Aqurassy Aquessy Alguiessy Aiquuiossy Alquassy
apo.1oslg aposoaly 8pososig aponos|y sponasig S
e " " e o —
) £04 €01 €0l €01 0L

\‘

001



PCT/US2019/063795
2/7

WO 2020/142150

8¢ Ol V¢ Ol

9c¢
8[pueH ss820Y
A%4 3¢
_ ~ BIpUBH $S800Y
Iquassy .
J08ULOY BPOI0SIT l I
— Tie
Cio0 0ce AlGuassy 108UL0Y) 8posvag
BO7Z Q0LLBIU] SONIIOB o mee
eayyn = v }
90z~ W_méa 5v _ peetiing [ Rl [0z
j98UU07) 108UU00 Jo9LUL0D Jo8UU0H
abuiH aBuIH aBuiH afuy
01g . [0]¥4 [0]%4 — 01
v0C v0e
ainsojoug Jaddn ainsopul Jeddn
laquieyd 1aquiey)
Joddn ssddpy
MIIA dOL $5800id MAIA JOL $8900id



PCT/US2019/063795
3/7

WO 2020/142150

d¢ ol V€ 9l
90¢ \uuwccoﬁoz_z Ablv 90¢ Bese, uumccoﬁoz_x

aie | fquessy
108UL0Y
9poAI3(3
[4°74

{

—~ Yozep
9¢¢

Q¢ ez

0L

Adlv

0¥¢

v0c

M3IA 3AIS M3IA 3AIS

M emon N

$§8001d §8800id
<01 0L



PCT/US2019/063795

WO 2020/142150

4/7

¥ Ol

E0CTN

14
,1030u0) 3

oNiH Y

0Zy

¥0C

FANSOTONT ¥3ddN o,Su

(N3dO) <0}
MIIA QIS



PCT/US2019/063795

WO 2020/142150

57

Ozt wawsnipe
peaJy} auid =

€0¢

W\\
H

L

Y2 Inu
ajgeisnipy —>
ZeE buyesq
e e

0z¢ BuisnoH
Buesg sauuy |

TT€ utd 8buiH —

I3
Buuesqg eg

1€ Mas0s
ajgejsnipy

em\ abulH Jond
ases|oy NoInD

(
"/

BOWIELYD) JOMOT

($0¢ ‘092 ‘902 ‘202)

[oJx3
JONIH LOAId
ASVI13H MOINO

mlrmmc_m:ox :m
fuuesq JBIND 04

Lic

€0¢

¢ Old

NMOHS NOLIVENSIANOD
N340 ¥3INID (1

0rere
JONIH LOAld
ERVEREDSE)

/.No 4

0L¢



PCT/US2019/063795

WO 2020/142150

6/7

d/ 9l V. 9l

(¥02 ‘092 ‘907 '202) (v0Z ‘09z ‘90T ‘z0e)

NMOHS NOLLYANSI{INOD
N3dO 1431 (2

€., NMOHS NOLLYYNDIINOD
N3dO LHOM (Z

0i€ Y (GIAOWIY) Nid FONIH
LOAId 3SVI13d YOIND

e
s
reveresrereipy

0Le 0l€

Aprresreresrrs

3ONIH LOAld
he 01¢

3SY313Y HDIND
A9NIH 10Ald e
mm<u.mw_|xu_ad
0l¢
£0C~
€0z
A/NS 4/.Nor



PCT/US2019/063795

Lani) <5 LA b L4 heo e (4 e i
hed e Fe) L) L] “ opeen L]
oD <5 o Lo [+ o] Lecip] L] L)
% 4 3 3 5 4 H %
AN 5, ., *, *, kX 5, ",
AY ", , ~ A KN s, kY
5 4 3 ) ) 13 4 k}
ol
€3 o
£ £
et [ 3] [N pe; n'.J.
=% o Y i
2 jua’ = -
P4 iy e -
72 = o £y
[ — =
<
o,
iy

WO 2020/142150

717

FIG. 8



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2019/063795

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/67(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/67, BO5D 3/00; C23C 14/00; DOGF 58/10; DOGF 58/20; HO1J 37/32; HO1L 21/02; HO1L 21/324; H04B 1/40

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: chamber, maintenance, diagonal, open, hinge

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2018-0294173 A1 (KEE WON SUH et al.) 11 October 2018 1-7,10-19, 21
Paragraphs 26-93; claims 1-11; and figures 1-6.
Y 8-9,20
Y KR 10-0918036 B1 (LG ELECTRONICS INC.) 18 September 2009 8-9,20

Paragraphs 34-35; and figures 4-7.

A US 2009-0047433 A1 (CHUN-SIK KIM et al.) 19 February 2009 1-21
The entire document .

A KR 10-2015-0141226 A (AP SYSTEMS INC.) 18 December 2015 1-21
The entire document .

A KR 10-2012-0134366 A (LG ELECTRONICS INC.) 12 December 2012 1-21
The entire document .

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
23 March 2020 (23.03.2020) 24 March 2020 (24.03.2020)
Name and mailing address of the ISA/KR Authorized officer “““‘jj\\
International Application Division N
Korean Intellectual Property Office PARK, Hye Lyun § )
Y

189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsmlile No. +82-42-481-8578 Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/063795
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2018-0294173 Al 11/10/2018 CN 108695204 A 23/10/2018
KR 10-1930829 Bl 19/12/2018
KR 10-2018-0111064 A 11/10/2018
KR 10-0918036 B1 18/09/2009 KR 10-2004-0059598 A 06/07/2004
US 2009-0047433 Al 19/02/2009 CN 101369519 A 18/02/2009
CN 101369519 B 11/08/2010
KR 10-0898019 Bl 19/05/2009
KR 10-0915797 Bl 08/09/2009
KR 10-2009-0016995 A 18/02/2009
KR 10-2009-0030662 A 25/03/2009
TW 200908203 A 16/02/2009
TW 1405295 B 11/08/2013
KR 10-2015-0141226 A 18/12/2015 None
KR 10-2012-0134366 A 12/12/2012 CN 103314151 A 18/09/2013
CN 103314151 B 23/03/2016
CN 103328712 A 25/09/2013
CN 103328712 B 01/06/2016
CN 103608510 A 26/02/2014
CN 103608510 B 23/03/2016
EP 2657393 A2 30/10/2013
EP 2657394 A2 30/10/2013
EP 2657394 B1 05/09/2018
EP 2678469 A2 01/01/2014
EP 2678469 Bl 16/10/2019
JP 2014-501141 A 20/01/2014
JP 2014-504194 A 20/02/2014
JP 2014-504542 A 24/02/2014
JP 2015-006436 A 15/01/2015
JP 5616537 B2 29/10/2014
JP 5671156 B2 18/02/2015
JP 5731676 B2 10/06/2015
KR 10-1799274 Bl 20/11/2017
KR 10-1821202 Bl 08/03/2018
KR 10-1821208 Bl 23/01/2018
KR 10-1821209 Bl 23/01/2018
KR 10-1821211 Bl 08/03/2018
KR 10-1821212 Bl 23/01/2018
KR 10-1875612 Bl 06/07/2018
KR 10-2012-0072304 A 03/07/2012
KR 10-2012-0097307 A 03/09/2012
KR 10-2013-0010654 A 29/01/2013
KR 10-2013-0071843 A 01/07/2013
KR 10-2013-0071844 A 01/07/2013
KR 10-2013-0071945 A 01/07/2013
KR 10-2013-0080965 A 16/07/2013

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/063795
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-2013-0080966 A 16/07/2013
US 2012-0161594 Al 28/06/2012
US 2012-0187811 Al 26/07/2012
US 2012-0217851 Al 30/08/2012
US 2014-0339970 Al 20/11/2014
US 2014-0375189 Al 25/12/2014
US 8820861 B2 02/09/2014
US 8936330 B2 20/01/2015
US 9255357 B2 09/02/2016
US 9458565 B2 04/10/2016
WO 2012-087055 A2 28/06/2012
WO 2012-087055 A3 04/10/2012
WO 2012-087057 A2 28/06/2012
WO 2012-087057 A3 11/10/2012
WO 2012-115467 A2 30/08/2012
WO 2012-115467 A3 26/09/2013

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

