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RECONFIGURABLE ADVANCED MODULAR PRECURSOR DELIVERY
SYSTEM (AMPDS)

CLAIM OF PRIORITY

j6061] This application claims the benefit of priority to U.S. Patent
Application Serial No. 63/585,015, filed on September 25, 2023, which is

incorporated by reference herein in its entirety.

TECHNICAL FIELD

{0002] The subject matter disclosed herein generally relates to systems,
methods,  apparatuses, and machine-readable media  associated  with
reconfigurable advanced modular precursor delivery system (AMPDS) used in

semiconductor substrate processing systems.

BACKGROURND

{0003} Semiconductor substrate processing systems are used to process
semiconductor substrates by techniques including etching, physical vapor
deposition (PVD), chemical vapor deposition (CVD), plasma-enhanced chemical
vapor deposition (PECVD), atomic layer deposition {(ALD), plasma-enhanced
atomic layer deposition (PEALD), pulsed deposition laver (PDL}), plasma-

enhanced pulsed deposition layer (PEPDL) processing, and resist removal.

{6004] Current deposition process modules {or semiconductor subsirate
processing systems) utilize full-size precursor delivery systems, which can have
ditferent dimensions and designs based on the contained precursor. Such differing
dimensions and designs can cause time delays and increased costs when
reconfiguration of the process wmodule is needed.  Additionally, the enclosure
{frame) design of existing precursor delivery systems can have a large footprint
and occupy a significant part of a process module, which can lead to increased
process module cost and inefficiencies, such as a limited number of precursors

being available for substrate processing.
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{00035] The background description provided herein presents the context
of the disclosure. It should be noted that the information described in this section
is presented to provide the skilled artisan some context for the subject matter
disclosed below and should not be considered as admitted prior ast.  Mors
specifically, the work of the presently named inventors, to the extent it is described
in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure.

SUMMARY

{6006] Apparatuses, methods, systems, and computer programs are

presented for varicus aspects associated with AMPDSs.

{8047} In an example embodiment, a precursor delivery apparatus
inchudes a frame with a plurality of openings, a container {e.g., an ampoule} for
storing a precursor, and a plurality of interchangeable side panels. The precursor
delivery apparatus roay also include a controller. The container can be mounted
within an internal volume formed by the frame Each of the plurality of
interchangeable side panels is removably secured to the frame to cover a
corresponding opening of the plurality of openings. At least one of the plurality
of interchangeable side panels 1s configurable based on the precursor type
associated with the precursor. The controller is configured to generate a control
signal to control the release of the precursor to a gas showerhead of a process

chamber via an output port associated with the container.

j60038] in another example embodimeni, a semiconductor substrate
processing apparatus includes a showerhead, a chemical delivery system, a
process chamber, and a controller. The chemical delivery system includes at feast
a first precursor delivery apparatus and a second precursor delivery apparatus.
The first precursor delivery apparatus includes a first frame. The first precursor
delivery apparatus is configured to deliver a first precursor to the showerhead.
The second precursor delivery apparatus includes a second frame, which is the
same as the first frame. The second precursor delivery apparatus is configured to
deliver a secound precursor to the showerhead. The process chamber is used to
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process a semiconductor substrate. The process chamber is fluidly coupled to the
showerhead. The controller is configured to generate a control signal causing the
release of at least oue of the first precursor and the second precursor nto the
showerhead during the processing of a semiconductor subsirate placed in the

process chamber.

[6009] In yet another example embodiment, a method for processing a
substrate in a process chamber includes configuring a chemical delivery system.
The chemical delivery system includes a first precursor delivery apparatus with a
first frame and a second precursor delivery apparatus with a second frame, which
is the same as the first frame. The method further includes configuring the first
precursor delivery apparatus with a hazardous process material (HPM) type
precursor. The method further includes configuring the second precursor delivery
apparatus with a non-HPM type precursor. The method further includes coupling
the chemical delivery system to a showerhead of a process chamber. The method
further includes generating one or more control signals to control the delivery of
one or both of the HPM-type precursor and the non-HPFM-type precursor to the

process chamber via the showerhead.

BRIEF DESCRIPTION OF THE DRAWINGS

{6018} Various ones of the appended drawings merely illustrate example
embodiments of the present disclosure and cannot be considered as limiting its
scope.

0011 FIG. 1 15 a functional block diagram of an example of a substrate
processing system in which examples of the present disclosure may be used.
[6012] FIG. 2 illustrates a perspective view of a substrate processing
system using multiple AMPDSs, according to exampie embodiuments.

{8013} FEG. 3 illustrates a perspective view of an example AMPDS,
according to example emboediments.

8014} FIG. 4A, FIG. 4B, and FIG, 4C illustrate perspective views of a
common frame that can be used in different AMPDSs of a substrate processing
svstem, according to example embodiments.

~
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[6015] FIG. 54 and FIG. 5B illustrate perspective views of an AMPDS
showing a common frame and a plurality of interchangeable side panels,

according o example embodiments.

[ois] FIG. 6 Ulusirates a perspective view of a disassembled AMPDS,

such as the AMPDS of FIG, 3, according to example embodiments.

{6017} FIG. 7A FIG. 7B, FIG. 7C, and FIG. 7B illustrate different views

of an AMPDS side panel with gasketing, according to example embodiments.

0018} FEG. 8A is an example AMPDS for a non-hazardous precursor

material (non-HPM), according to example embodiments.

{6019 FIG. 8B is an example AMPDS for a hazardous precursor material

{HPM], according to example embodiments.

16020} FIG. 9A and FIG, 9B illustrate example configurable openings of

a side panel for an HPM AMPDS, according to example embodiments.

8021} FEG. 9C and FIG. 9D illustrate example configurable openings of

a side panel for a von-HPM AMPDS, according to exarple ernbodimenis.

6022} FIG. 18 is a flowchart of a method for processing a substrate in a

process chamber with multiple AMPDSs, according to an example embodiment.

(0023} FEG. 11 15 a block diagram illustrating an example of a machine
upon which one or more example method embodiments may be implemented or

by which one or more example embodiments may be controlled.

DETAILED DESCRIPTION

[6024] The description that follows includes systems, methods,
techniques, instruction sequences, and computing machine program products
{e.g., stored on machine-readable media} that embody iHusirative embodiments of
the present disclosure. In the following description, for purposes of explanation,
numerous specific details are outlined to provide a thorough understanding of
example embodiments directed to the intermittent stagnant flow of cleaning gases

within a process chamber for purposes of removing residue deposits from surfaces
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of the process chamber. It will be evident, however, o one skilled in the art that

the present embodiments may be practiced without these specific details.

[0025] In this application, the terms “semiconductor wafer,” “wafer)”
“substrate,” “semiconductor substrate,” and “wafer substrate” are used
interchangeably.  The terms “chamber,” “reaction chamber,” “deposition
chamber,” “reactor,” “chemical isolation chamber,” “process chamber,”
“processing chamber,” and “subsirate processing chamber” are also used

interchangeably.

{6026} One type of a substrate processing system {also referred to as a
substrate processing apparatus} can include a process chamber containing top and
bottom electrodes where radio frequency (RF) power is applied between the
electrodes to excite a process gas into a plasma for processing semiconductor
substrates in the process chamber. Another type of substrate processing apparatus
can mnclude an ALD tool, which is a specialized type of CVD processing system
in which ALD reactions occur between two or more chemical species introduced
as process gasses within a process chamber {e.g, an ALI} process chamber). A
CVD processing system can be configured to operate without plasma, while a
plasma-enhanced CVD {or PE-CVI}} processing system is configured o operate
with plasma. Similarly, an ALD processing system can be configured to operate
with or without plasma. The process gasses {e.g., precursor gases) are used to
form (e.g., during multipie ALD cycles) a thin film deposition of a material on a
substrate, such as a silicon wafer, as used in the semiconductor industry. The
precursor gases can be sequentially introduced into the ALD processing chamber
from a gas source so that the gases react with the surface of the substrate to form
a deposition layer upon combining. For example, the substrate is typically
exposed to process gasses, including a first chemical {or a combination of
chemicals) to form an absorbed laver. The excess of the first chemical or
chemicals can be removed by pumping or purging. The process gasses can include
at least a second chemical or a combination of chemicals. The at least a second
chemical can be introduced to react with the absorbed layer to form a deposited
material layer. The two chemicals or combinations of chemicals can be explicitly

selected to react with one ancther to form the deposited material layer.
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[8027] Existing deposition process modules utilize a full-size AMPDS
enclosure design, which occupies valuable space on the module. In some aspects,
the AMPDS configuration can include two precursors or three precursors. The
disclosed techniques can be used to implement compact hardware design such that
the process module’s upper frame area can adapt at least three AMPDS and an

extra AMPDS in the lower frame area.

8028} The disclosed AMPDS configurations include using a single
common frame (or skeleton) as the baseline for the AMPDSs used in a substrate
processing apparatus {also referred to as a process module).  Additionally, the
AMPDS can be configured with a plurality of interchangeable side panels, with
specific hardware mounting selected for optional features. In this regard, both
non-HPM and HPM precursors can be configured with the disclosed AMPDS
hardware design using the same {common) frame. In some aspects, automated
precursor bulk-fill capability can be enabled with ampoule liquid fevel sensors and
software control (e.g., using EtherCAT-based communications). By using a
common frame and a plurality of interchangeable side panels that are configurable
{e.g., with louver openings or other mounting options to mount additional
components on the panels}, the disclosed AMPDS is modular, allowing for
compact implementation and ease of configuration and re-configuration based on
the desired precursor and associated modules or components used in connection

with delivery of such precursor to the process chamber via a showerhead.

[8029] A more detailed description of a substrate processing apparatus {or
a process module)} with a process chamber and multiple AMPDSs is provided in
connection with FIG. 1. FIGS. 2-9D illustrate different configurations of
AMPDISs configured according to disclosed techniques. FIG. 10 is a flowchart
of a method for processing a substrate using a process module with multiple

AMPDSs.

{06030} FiG. 1 is a functional block diagram of an example of a substrate
processing system 100 in which examples of the present disclosure may be used.
Referring now to ¥FIG. 1, the example substrate processing system 100 is
configured for performing deposition as shown., While a PECVD substrate

processing system is shown as substrate processing system 100, a PEALD
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substrate processing system or other substrate processing system {eg, a
processing system without using plasma for deposition or etching) may be used in
connection with the cleaning techniques discussed herein.  The substrate
processing system 100 includes a process chamber 102 that encloses other
components of the substrate processing system 100 and contains plasma. The
process chamber 102 includes a gas distribution device 104 and subsirate support
106, such as an electrostatic chuck (ESC). During operation, substrate 108 is
arranged on the substrate support 106, In some embodiments, the substrate

support can include one or more pedestals.

{6031} In some examples, the gas distribution device 104 may include a
showerhead 109 that distributes process gases over substrate 108 and serves as an
electrode to apply an RF field that induces ion bombardment. The showerhead
109 may include a stem portion (e.g, stem 162}, including one end connected to
the top surface of the process chamber 102, A base portion (e.g., base 164) is
generally cylindrical and extends radially outwardly from an opposite end of the
stem portion at a focation that can be spaced from the top surface of the process
charmber 102. In some aspects, base 164 includes one or more gas feed plates
{e.z., a gas feed lower plate and a gas feed upper plate). A substrate-facing surface
of the gas feed lower plate (also referred to as a faceplate) of the base 164 of the
showerhead 109 includes a plurality of distributed holes through which process
gas (or gases) tflows. The gas distribution device 104 may be made of a metallic
material and may act as an upper electrode.  Alternately, the gas distribution
device 104 may be made of a non-metallic material and may include an embedded
electrode. In other examples, the upper electrode may include a conducting plate,

and the process gases may be introduced in ancther manner.

10032] The substrate support 106 includes a conductive baseplate 110 that
acts as a lower electrode. The baseplate 110 supports a heating plate 112, which
may correspond to a ceramic multi-zone heating plate. A thermal resistance layer
114 may be arranged between the heating plate 112 and the baseplate 110
Baseplate 110 may include one or more coolant channels 116 for flowing coolant

through the baseplate 110,
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{8033} A Radio Frequency (RF) generating systemy 120 generates and
outputs an RF voltage to one of the upper electrodes (e.g., the gas distribution
device 104} and the lower electrode {e.g., the baseplate 110 of the subsirate
support 106). The other one of the upper electrode and the lower electrode may
be direct current {DC) grounded at ground terminal 143, alternating current (AC)
grounded, or floating. In some examples, the RF generating system 120 may
supply dual-frequency power, including a high frequency (HF) generator 121 and
a low frequency {LF) generator 122 that generate the HF and LF power (at
predetermined frequencies and power levels, respectively) that is fed by a
matching and distribution network 124 to the upper electrode or the lower

electrode {or the showerhead).

j8034} A chemical delivery system 130 (also referred to as a chemical
delivery module, a precursor delivery module, or a gas delivery module} includes
process gas sources {such as one or more precursor canisters) 132-1, | 132-N
{collectively, process gas sources 132), where N is an integer greater than one.
The process gas sources are fluidly coupled {e.g., via a plurality of gas lines} to
corresponding valves 134-1, .., 134-N. Even though FIG. 1 iHlusirates process
gas sources as supplving nitrogen (N2} and helium (He); other gases can be used

as well.

{6635} The process gas sources 132 supply one or more process gas
mixtures, dopants, carrier gases, liquid precursors, precursor gases, cleaning
gases, and purge gases. In some examples, the chemical delivery system 130
delivers a precursor gas, such as a mixture of tetraethyl orthosilicate (TEQS) gas,
a gas including an oxygen species and argon (Ar) gas during deposition and
dopants including triethyl phosphate (TEPQ) and triethy] borate (TEB). In some
examples, diffusion of the dopants occurs from the gas phase. For example, a
carrier gas (e.g., nitrogen, argon, or gther) is enriched with the desired dopant (also
in gaseous form, e.g., TEPO and TEB) and supplied to the silicon wafer on which
a concentration balance can take place. In subsequent processes, a wafer may be

placed in a quartz tube that is heated to a specific temperature.

10036] Returning to FIG. 1, the process gas sources 132 are connected by

valves 134-1, ..., 134-N (collectively, valves 134) and mass flow controllers
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(MFCs) 136-1, .., 136-N {collectively, MFCs 136} to a mixing manifold 140.
The process gases are supplied to the mixing manifold 140 and mixed therein.
The mixing manifold 140 is in fluid communication with valves 178-2 and valves
178-3 via supply line 183, which valves are fluidly coupled to showerhead 109
via supply line 182, More specifically, the outputs of valves 178-2 and valves
178-3 are fed to process chamber 102 via supply line 182, connecting mixing
manifold 140 with the first inlet 166 at the stem 162 of showerhead 109, In some
aspects, manifold 140 and manifold 180 are heated 1o a predetermined temperature
to supply the precursor gases to the process chamber at a specific temperature {or

a temperature ran gc)

18037} In some applications, there may be one or more valves between the
mixing manifold 140 and the first inlet 166. In some embodiments, the substrate
processing system 100 includes AMPDSs 173-1, 173-2, 173-4, and 173-4
configured to supply precursor gases {or precursors) to process chamber 102 via
the first inlet 166 or a second inlet 168 at the stem 162 of showerhead 109
AMPDS 173-1 includes MFC 174-1, ampoule 176-1, and valve 178-1. AMPDS
173-2 includes MFC 174-2, ampoule 176-2, and valve 178-2. AMPDS 173-3
inchudes MFC 174-3, ampoule 176-3, and valve 178-3. AMPDS 1734 includes
MEC 174-4, ampoule 176-4, and valve 178-4.  Ampoules 176-1 — 176-4 are

configured to contain precursors, which can be of HPM-type and non-HPM type.

16038] Even though FI1G. 1 illustrates each of the AMPDSs 173-1, 173-2,
173-4, and 173-4 as including an MFPC, an ampoule, and valves, the disclosure is
not limited in this regard, and other components can be included as well in each
AMPDS (e.g, level sensors, pneumatic valve banks, heaters, manometers, valve
sensors, pressure gauge montiors, controllers, etc.}. In some aspects, AMPIDSs
173-1, 173-2, 173-3, and 173-4 can be configured with the same frame, but the
interchangeable side panels for the openings of the frame can be selected so that
a particular set of compounents can be fit inside the frame cavity as well as mounted
on one or more of the side panels (e g, based on a precursor type contained by
cach AMPDS). The disclosed modularity design of the AMPDSs allows
flexibility for different precursor configurations with different numbers of

channels (CHs} being used on the same process module {e.g., 2-CH, 3-CH, or 4-
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CH versions on the same tool). Example configurations of such AMPDSg
associated with a modular design (e.g., using the same frame with interchangeable
and wdividually configurable side panels) are discussed in connection with FIGS.

2-11.

[6039] MFCs 174-1 — 174-4 receive push gas or carrier gas via supply line
170 coupled to output of at least one of valves 134 (e.g, valve 134-N}). In some
aspects, the push/carrier gas from supply line 170 is supplied to manifold 172,
which distributes the push/carrier gas to an output of one or more of the ampoules
176-1 - 176-4 {e.g., ampoule 176-1 as illustrated in FIG. 1}. In some aspects, the
push/carrier gas from supply line 170 18 also supplied to manifold 180, which
distributes the push/carrier gas to an output of ampoule 176-4 and the process

chamber 102

[0649] in some aspects, ampoule 176-2 supplies a von-HPM type
precursor to the first inlet 166 of showerhead 109 via supply line 182, and ampoule
176-4 supplies an HPM-type precursor to the second inlet 168 of showerhead 109
via supply line 184. Even though FIG. 1 iltustrates the subsirate processing
system 100 as including four AMPDSs, the disclosure is not Himited in this regard,
and a different mumber {e.g., less than four or more than four) can be used instead.
Additionally, each of the AMPDSs can be configured with a different type of
precursor {HPM or non-HPM-based precursor in accordance with the substrate
processing recipe). In some aspects, AMPDSs 173-1, 173-2, 1734, and 173-4 are
configured according to the disclosed configurations discussed concerning FIGS.

2-11.

{6041} in some embodiments, the substrate processing system 100
comprises a remote plasma source 152 configured o generate plasma and radicals
from cleaning gas and purge gas. In some aspects, remote plasma source 152 is
supplied by process gas sources 132 or other process gas sources. An MFC 150
is coupled upstream from the remote plasma source 152, The cleaning gas and
the purge gas can be supplied to showerhead 109 {e.g., via the first inlet 166) for
performing in-situ cleaning of processing chamber 102, More specifically, the
cleaning gas and the purge gas are supplied to showerhead 109 via supply lne

138, valve 154, and stem 162 of showerhead 109, In some embodiments, valve



WO 2025/072099 PCT/US2024/048029

154 and MFC 156 may vot be present. In some aspects, the remote plasma source

152 can be part of the chemical delivery system 130.

10042] A teraperature controller 142 may be connected to a plurality of
thermal control elements (TCEs) 144 arranged in the heating plate 112, For
example, the TCEs 144 may include, but are not limited to, respective macro TCEs
corresponding to each zone in a multi-zone heating plate and an array of micro
TCEs disposed across multiple zones of a multi-zone heating plate.  The
temperature controller 142 may be used to control the plurality of TCEs 144 to
control the temperature of the substrate support 106 and the subsirate 108, Even
though FEG. 1 illustrates the TCEs in the substrate support structure, the
disclosure is not limited in this regard, and the TCEs can be configured in other
areas of the chamber (e.g., the chamber walls). Such TCEs configured in the
chamber walls could control the chamber wall temperature, which could suppress
deposition and assist with the chamber cleaning techniques discussed herein (e.g.,

by increasing the reactivity of clean gasses arriving at wall surfaces).

{8043} The temperature controller 142 may communicaie with a coolant
assembly 146 to control coolant flow through channels 116, For example, the
coolant assembly 146 may inchude a coolant pump and reservoir. The temperature
controller 142 operates the coolant assembly 146 to selectively flow the coolant
through chanuvels 116 to cool the subsirate support 106, A valve 148 {(e.g, a gate
valve)} and a pump 150 {e.g., an exhaust pump) may be used to control pressure
and to evacuate reactants from the processing chamber 102, In an example
embodiment, the process chamber may include more than one gate valve {or other
types of valves) for evacuating reactants {e.g., process gasses or cleaning gasses)

and purging gasses from the chamber.

10044] A system controller 160 may be used to control components of the
substrate processing system 100, For example, the system controller 160 can be
configured to control the supply of cleaning gas, purging gas, or precursors via the
first inlet 166 or the second inlet 168 of showerhead 109, The systern controller
160 can be configured to perform other control functionalities, such as
dynamically monitoring and adjusting the surface temperature of the heating

elements of gas lines within the chemical delivery system 130, The system
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coutroller 160 can also be configured to perform pressure countrol functions, such
as monitoring and adjusting the pressure within the process chamber 102
Although shown as separate controllers, the temperature controller 142 may be

implemented within the system controller 160.

[6045] in some aspects, the system controller 160 can perform control
functionalities associated with each of the AMPDSs 173-1, 173-2, 1734, and 173-
4. In some aspects, AMPDSs 173-1, 173-2, 173-4, and 173-4 can each include a
controller, which 1s monitored {e.g., configured or controlied) by the system

conirotler 160

[6046] FIG. 2 illustrates a perspective view of a substrate processing
system using multiple AMPDSs, according to example embodiments. Referring
to FIG. 2, the substrate processing system 200 includes a gas delivery section 202,
a showerhead section 204 {e.g., with one or more showerheads), a deposition
chamber section 206 {e.g., with one or more process chambers}, and a gas box
208, In some aspects, gas box 208 inchudes a chemical delivery system {(e.g.,

chemical delivery system 130 of FIG. 1}.

16047} In some embodiments, the gas delivery section houses multiple
AMPDSs, such as AMPDS 210A (which can be the same as AMPDS 173-1 of
FiG. 1), AMPDS 210B {which can be the same as AMPDS 173-2 of FIG. 1), and
AMPDS 210D (which can be the same as AMPDS 173-4 of FIG. 1), In some
aspects, AMPDIS 210C (which can be the same as AMPDS 173-3 of FIG. 1)} can
be configured on an opposite side of the gas delivery section 202 {e.g., near the
gas box 208, as illustrated in ¥F14. 2). Other configurations and a different number

of AMPDSs is also possible within the substrate processing system 200,

[0048] FEG. 3 tlustrates a perspective view of an example AMPDS 300,
according to example embodiments. Referring to FIG. 3, AMPDS 300 can be an
AMPDS configured with an HPM-type precursor. In some aspects, AMPDS 300
includes a frame 302, interchangeable side panels {(or side covers} (g g, front side
panel 3006, top side panel 304, and left side panel 308, which are visible in FEG.
3}, and additional components (or features) mounted on {(or associated with} one
or more of the side panels {e.g, components or features based on the tvpe of

precursor stored and delivered by the AMPDS).

12
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{6049} For example, AMPDS 300 includes a continuous level sensor
controller 314 {eg, for controlling a continuous level sensor performing
continuous sensing of the precursor level), a discrete level sensor controller 316
{e.g., for controlling a discrete level sensor performing discrete sensing of the
precursor level), and a pneumatic valve bank 318 {e.g., a poly-tubing bulkhead

pass-thorough) all mounted on the top side panel 304,

8050} In some aspects, AMPDS 300 further includes a controller 310 and
a differential pressure sensor 312 {also referred to as a pressure gauge monitor)

mounted on the left side panel 308,

{6051} in some aspects, one or more of the side panels can be configured
with louver openings (e.g., opening 305 on the top side panel 304) for ventilation,
as well as other features (e.g., handle 307 on the front side panel 306). Additional
features and configurations of the disclosed AMPDSs are tlustrated in FIGS. 4A-

95 and are discussed herein below.

[6052] FIG. 44, FIG. 4B, and FIG. 4C illustrate corresponding
perspective views 4004, 400B, and 400C of a commoun frame (e.g, frame 302),
which can be used in different AMPDSs of a subsirate processing system,
according to example embodiments. Referting to FIGS, 44-4C, frame 302 is
configured with a plurality of openings that can be covered by a corresponding
plurality of interchangeable side panels {e.g, as illustrated in FIGS. SA-SB).
More specifically, frame 302 is configured with a front side opening 402, a right
side opening 404, a left side opening 406, a left rear side opening 408, a rear side

opening 410, a right rear side opening 412, and a top side opening 414

[6053) in some aspects, frame 302 is configured with a drip tray 416,
which inchudes a precursor output port 418, which i1s used for outputting the
precursor downstream fo the process chamber {e.g., via a supply line fluidly
coupled to the output port). In some aspects, drip tray 416 can include one or

more sensors {e.g., spill sensors), which are not illustrated tn FIGS. 44-4C).

[6054] FEG. SA and FIG, 5B illustrate corresponding perspective views
500A and SOOB of an AMPDS showing a common frame (e.g, frame 302) and a

plurality of interchangeable side panels, according to example embodiments.
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More specifically, frame 302 is configured with a front-side panel 502 (for the
front side opening 402}, a right-side panel 504 (for the right side opening 404}, a
feft-side panel 506 {for the left side opening 406), a left rear side panel 508 (for
the left rear side opening 408), a rear side panel 510 (for the rear side opening
410Y, a right rear side panel 512 {(for the right rear side opening 412), and a top
side panel 514 (for the top side opening 414). As seen in FIGS. 5A-3B, side
panels 502-514 can be configured with different openings or features {e.g.,

handles or half-shear features as illustrated in FIGS, TA-TDB).

{BO55] FIG. 6 illustrates a perspective view of a disassembled AMPDS,
such as the AMPDS of FIG. 3, according to example embodiments. Referring to
FIG, 6, AMPDS 600 can be an AMPDS configured with an HPM-type precursor,
in some aspects, AMPDS 600 includes a frame 601, interchangeable side panels
{or side covers) (e.g., front side pangl 602, right stde panel 604, left side panel
606, and top side panel 608 which are visible in FIG. 6), and additional
components {or features) within the frame cavity or mounted on {or associated
with} one or more of the side panels (e.g, components or features based on the

type of precursor stored and delivered by the AMPDS).

16056] For example, AMPDS 600 includes a continuous level sensor
controller 614 {eg, for controlling a continuous level sensor performing
continuous sensing of the precursor level}, a discrete level sensor controlier 616
{e.g., for controlling a discrete level sensor performing discrete sensing of the
precursor level), and a pneumatic valve bauk 618 {e.g., a poly-tubing bulkbead
pass-thorough} all mounted on the top side panel 608. The AMPDS 600 further
includes a controller 610 and a differential pressure sensor 612 mounted on the
feft side panel 666, The AMPDIS 600 further includes heaters 620, manometer
622, MFC 624, valve sensors 626, and other sensors {e.g, a continuous level

sensor and a discrete level sensor not illustrated in FIG. 6).

{60571 in some aspects, the AMPDS controller (e.g., controller 610} is
counfigured to control functionalities of the AMPDS compounents within the cavity
of frame 601 and on the side panels that are removably attached to the cavity
openings. For example, controifer 610 countrol functionalities of the continuous

tevel sensor controlier 614, the discrete level sensor controller 616, the pnsumatic
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valve bank 618, the differential pressure sensor 612, the heaters 620, the
manometer 622, the MFC 624, and the valve sensors 626. In some embodiments,
the controller 610, the manometer 622, and the MFC 624 are configured to

communicate via an EtherCAT-based protocol.

[06058] FIG. 7A, FIG. 7B, FI1G. 7C, and FiG. 7D illustrate different views
of an AMPDS side panel with gasketing, according to example embodiments. In
some embodiments, one or more of the side pansls of an AMPDS can be
configured with gasketing and a half-shear feature. More specifically, FIG, 7A
iltustrates a perspective view 709 of side panel 702, which is configured with

casketing 704 and a half-shear feature 706

[0059] FIG. 78 illustrates a perspective view of section 708 from FIG.
7A, with the gasketing 704 unattached to the side panel 702, FIG. 7C illustrates
a perspective view 710 of section 708 with the gasketing 704 attached to the side

panel 702.

[6060] FIG. 7D illustrates a cross-sectional view 712 of the side panel 702
{with gasketing 704 attached to the panel} while the side panel is removably
attached to the AMPDS frame 707. In some aspects, the half-shear feature 706
allows for the side panel 702 to be instalied and torqued to standard values while

maintaining optimal compression of the gasketing 704 for sealing.

[6061] FIG. 8A is an example side view of AMPDS 800A for a non-
hazardous precursor material (non-HPM)} with the front side panel removed,
according to example embodiments. Referring to FIG. 8A, AMPDS B00A
includes a frame 802A, interchangeable side panels (not referenced in FIG. 84),
a discrete level sensor controller B04A {e.g., for controlling discrete level sensor
810A that performs discrete sensing of the precursor level), a pneumatic valve
bank 806A (e.g., a poly-tubing bulkhead pass-thorough}, a controller 808A, MFC
812A, manometer 814A, valves 816A (with valve sensors), and heaters 818A.
The heaters 818A are configured to wrap around, e.g., an evaporation canister {not

referenced in FIG. 8A).

8062} FIG. 8B is an example side view of AMPDS 800B for a hazardous

precursor material (HPM) with the front side panel removed, according to
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example embodiments. Referring to FIG. 88, AMPDS 800B includes a frame
802B, interchangeable side panels (not referenced in FIG. 8B), a continuous level
sensor controlier 806B (eg, for controlling a continuous level sensor 814B
performing continuous sensing of the precursor level), a discrete level sensor
controller 8048 (e.g., for controlling discrete level sensor 8168 that performs
discrete sensing of the precursor level), a pneumatic valve bank 8088 (¢ 2., a poly-
tubing bulkhead pass-thorough), a controller 8108, a differential pressure sensor
8128, MFC 818B, manometer 8208, valves 822B (with valve sensors), and
heaters 824B.

[0063] The heaters 824B are configured to wrap around, e.g., a heated
flow-gver-vapor (FOV) ampoule (not referenced in FIG. 88). Heating the FOV
ampoule facilitates the carrier gas to flow over the surface of the liquid chemistry
to entrain the vapor in the headspace {instead of bubbling the carrier gas through

the liquid chemistry).

8064} The differential pressure sensor 312B can include two sampling
tubes, one of which samples internal to the AMPDS 800B and the other
downstrearn in the exhaust of the AMPDS. The differential pressure sensor 812B
can be used to ensure that there is sufficient exhaust flow to evacuate any
chemistry in the case of aleak or spill. Itisinterlocked to the operation of the gas
delivery system so that if there is not sufficient exhaust flow, the valving of the

AMPDS 800B will not operate to flow chemistry to the process chamber.

[8065] FIG. 9A and FIG. 9B iliustrate corresponding perspective view
F00A and front view 9008 of example configurable openings of a side panel 902
for an HPM AMPDS, according to example embodiments. Referring to FEGS.
BA-9B, side panel 902, can be a rear side panel of an AMPDS. In some aspects,
side panel 902 is configured with openings based on the precursor type and to fit
specific components of the AMPDS. In some aspects, side panel 902 includes a
metal fitting passthrough openings 904 and 908, a heater alternating current {AC)
counector opening 906, and an enclosure exhaust outlet opening 910 In some
aspects, a distinct set of openings can be configured for the side panel 902 of an

HPM AMPDS.
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[6066] FIG. 8C and FIG. 9B illustrate perspective view 900C and front
view 900D of example configurable openings of a side panel 912 for a non-HPM
AMPDS, according to example embodiments. Referring to FIGS. 3C-9D, aide
panel 312, can be a rear side panel of a non-HPM AMPDS. In some aspects, side
panel 912 18 configured with openings based on the precursor type and to fit
specific components of the AMPDS. In some aspects, side panel 912 includes a
metal fitting passthrough opening 914, a heater alternating current (AC) connector
opening 916, and a metal fitting bulkhead opening 918, In some aspects, a distinct

set of openings can be configured for the side panel 912 of a non-HPFM AMPDS.

6067} FIG. 16 15 a flowchart of method 1000 for processing a substrate
in a process chamber with multiple AMPDSs, according to an example
embodiment. Method 1000 includes operations 1002, 1004, 1006, 1008, and
1010, which may be performed by control iogic (or the control logte configures or
causes other modules to perform the function), such as the system controller 160
and one or more of the controllers of AMPDSs 173-1 - 173-4 of FIG. 1. For
example, the system conitroller 160 and one or more of the controllers of AMPDSs
173-1 — 173-4 cav be configured to manage the operation of the substrate
processing system 100, including configuration, activation, and deactivation of
one or more of the AMPDSe 173-1 — 173-4 in connection with substrate

processing.

16068] At operation 1002, a chemical delivery system is configured. For
exarple, and about FIG. 1, the chemical delivery system includes a first precursor
delivery apparatus (e.g., AMPDS 173-4} comprising a first frame and a second
precursor delivery apparatus {e.g., AMPDS 173-2) comprising a second frame.
The second frame can be the same as the first frame {e.g., as discussed in

connection with FIGS, 4A-5B.

[6069) At operation 1004, the first precursor delivery apparatus (e.g.,
AMPDS 173-4) is configured with a hazardous process material (HPM) type
Precursor,

{6076 At operation 1006, the second precursor delivery apparatus {e.g.,

AMPDS 173-2) is configured with a non-HPM type precursor.
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[8071] At operation 1008, the chemical delivery system is fluidly coupled
to a showerhead (e.g, showerhead 109) of a process chamber {e.g., process

chamber 102}

j6072] At operation 1010, one or more controf signals are generated (e g,
by controller 160 and the AMPDS controllers) to control the delivery of one or
both of the HPM-type precursor and the non-HPM-type precursor to the process

chamber via the showerhead.

16073] FEG. 11 is a block diagram illustrating an example of a machine
1100 upon which one or more example method embodiments way be implemented
or by which one or more example embodiments may be controlled. In alternative
embodiments, the machine 1100 may operate as a standalone device or may be
connected (e.g., networked) to other machines. In a networked deployment, the
machioe 1100 may operate o the capacity of a server machine, a client machine,
or both in server-client network environments. In an example, the machine 1100
mway act as a peer machine in a peer-to~-peer (P2P) {or other distributed) network
environment. Further, while only a single machine 1100 is illustrated, the term
“machine” shall also be taken to include any collection of machines that
individually or jointly execute a set {or multiple sets} of instructions to perform
any one or more of the methodologies discussed herein, such as via cloud

computing, software as a service (SaaS), or other computer cluster configurations.

j6074] Examples, as described herein, may include, or may operate by,
togic, several components, or mechanisms. Circuitry is a collection of circuits
implemented in tangible entities that include bardware (e.g., simple circuits, gates,
togic). Circuitry membership may be flexible over time and underlying hardware
variability. Circuitries include members that may, alone or in combination,
perform specified operations when operating. In some aspects, the hardware of
the circuitry may be immuiably designed to carry out a specific operation {e.g.,
hardwired). In an example, the hardware of the circuitry may include vanably
counected physical components {e.g , execution units, transistors, simple circuits),
including a computer-readable medium physically modified {e.g., magnetically,
electrically, by the moveable placement of wvariant massed particles) to encode

instructions of the specific operation. In connecting the physical components, the
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underlying electrical properties of a hardware constituent are changed (for
example, from an insulator to a conductor or vice versa). The instructions enable
embedded hardware (e.g., the execution units or a foading mechanism) to create
members of the circuitry in hardware via the variable connections to carry out
portions of the specific operation when in operation.  Accordingly, the computer-
readable medium is communicatively coupled to the other components of the
circuttry when the device is operating. In some aspects, any of the physical
components may be used v more than one meruber of more than one circuitry.
For example, under operation, execution units may be used in a first circuit of a
first circuitry at one point in time and reused by a second circuit in the first

circuitry or by a third circuit in a second circuitry at a different fime.

8075} The machine {(e.g., computer system} 1100 may include a hardware
processor 1102 {e.g., a central processing unit (CPU), 2 hardware processor core,
a graphics processing unit {GPU), or any combination thereof), a main memory
1104, and a static memory 1106, some or all of which may communicate with
each other via an interlink (e.¢., bus) 1108, The machine 1100 may further include
a display device 1110, an alphanumeric input device 1112 {e.g., a keyboard), and
a user interface (U1} navigation device 1114 (e.g, a2 mouse). ln an example, the
display device 1110, alphanumeric input device 1112, and Ul navigation device
1114 may be a touch screen display. Machine 1100 may additionally include a
mass storage device {(e.g., drive unity 1116, a signal generation device 1118 (e g,
a speaker), a network interface device 1120, and one or more sensors 1121
Machine 1100 may include an output controller 1128, such as a serial {e.g.,
universal serial bus (USB)}), parallel, or other wired or wireless (e.g , infrared (IR},
near tield communication (NFC)) connection to communicate with or control one

or more peripheral devices {e.g., a printer, card reader).

[6076] in an example embodiment, the hardware processor 1102 may
perform the functionalities of the systern controller 160 and one or more of the
controliers of AMPDSs 173-1 ~ 173-4 and any conirol logic discussed
hereinabove to configure and control functionalities described herein in
connection with configuring AMPIISs and processing a substrate in a processing

chamber with multiple AMPDSs.
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18077} The mass storage device 1116 may include a machine-readable
medium 1122 on which one or more sets of data structures or instructions 1124
{e.g., software) embodying or utilized by any one or more of the techuniques or
funciions described herein can be stored. The instructions 1124 may also reside,
completely or at least partially, within the main memory 1104, within the static
memory 1106, or the hardware processor 1102 during execution thereof by the
machine 1100. In an example, one or any combination of the hardware processor
1102, the main memory 1104, the static memory 1106, or the mass storage device

1116 may constitute machine-readable media.

[6078] While the machine-readable medium 1122 ts illustrated as a single
medium, the term “machine-readable medium” may include a single medium or
multiple media{e.g., a centralized or distributed database and/or associated caches

and servers) configured to store the one or more instructions 1124,

[6079] The term “machine-readable medium™ may include any medium
that is capable of storing, encoding, or carrying jnstructions 1124 for execution by
machine 1100 and that causes machine 1100 to perform any one or more of the
techniques of the present disclosure, or that is capable of storing, encoding, or
carrying data siructures used by or associated with such instructions 1124, Non-
limiting machine-readable medium examples may include solid-state memories
and optical and magoetic media. In an example, a massed machine-readable
medium comprises a machine-readable medium 1122 with a plurality of particles
having invariant (e.g, rest) mass. Accordingly, massed machine-readable wedia
are not transitory propagating signals. Specific examples of massed machine-
readable media may include non-volatite memory, such as semiconductor memory
devices {e.g, Elecirically Programmable Read-Only Memory (EPROM),
Electrically Erasable Programmable Read-Only Memory (EEPROM)} and flash
memory devices; magnetic disks, such as internal hard disks and removable disks;
maguneto-optical disks; and CD-ROM and DVD-ROM disks.

[6020] Instructions 1124 may be transmitted or received over a
communications network 1126 using a transmission medium via the network

interface device 1120,

B2
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{6081} Implementation of the preceding technigues may be accoruplished
through any number of specifications, configurations, or example deployments of
hardware and software. It should be understood that the functional units or
capabilities described in this specification may have been referred to or labeled as
components or modules to emphasize their implementation independence more
particularly.  Any number of software or hardware forms may embody such
components. For example, a component or module may be implemented as a
hardware circuit comprising custom very-large-scale 1utegration (VLSD) cireuits
or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or
other discrete components. A component or module may also be implemented in
programmable hardware devices such as field-programmable gate arrays,
programmable array logic, programmable logic devices, or the like. Components
or modules may also be implemented in software for execution by distinct types
of processors.  An identified component or module of executable code may, for
instance, comprise one or more physical or logical blocks of computer
instructions, which may, for instance, be organized as an object, procedure, or
function. Nevertheless, the executables of an identified component or module
need not be physically located together but may comprise disparate instructions
stored in separate locations, which, when joined logically together, comprise the
component or module and achieve the stated purpose for the component or

module.

[6082) indeed, a component or module of executable code may be a single
instruction or many instructions and may even be distributed over several different
code segments, among different programs, and across several memory devices ot
processing systems. In particular, some aspects of the described process (such as
code rewriting and code analysis) roay take place on a different processing system
{e.g, in a computer in a data center) than that in which the code is deploved (e.g.,
i a computer embedded in a sensor or robot). Sumilarly, operational data may be
identified and illustrated herein within components or modules and may be
embodied in any suitable form and organized within any suitable type of data
structure. The operational data may be collected as a single data set or may be
distributed over separate locations, including over different storage devices, and
may exist, at least partially, merely as electronic signals on a system or network,
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The components or modules may be passive or active, including agents operable

to perform desired functions.

10083] Given the above-described implementations of subject matter, this
application discloses the following list of examples, wherein one feature of an
example in isolation or more than one feature of an example, taken in combination
and, optionally, in combination with one or more features of one or more further
examples are further examples also falling within the disclosure of this

application,

[06084] Example 1 is a precursor delivery apparatus comprising a frame
with a plurality of openings; a container for storing a precursor, the container
mounted within an internal volume formed by the frame; a plurality of
interchangeable side panels, each of the plurality of interchangeable side panels
removably secured to the frame to cover a corresponding opening of the plurality
of openings, and at least one of the plurality of interchangeable side panels being
configurable based on a precursor type associated with the precursor; and a
controller configured to generate a control signal to control release of the precursor
to a gas showerhead of a process chamber via an output port associated with the

container.

[6085] in Example 2, the subject matter of Example 1 includes subject
matter where the precursor fype associated with the precursor is one of a hazardous

process material (HPM) type and a non-HPM type.

j0086] In Example 3, the subject matter of Example 2 includes subject
matter where the plurality of interchangeable side panels comprises a front side
panel, a right side panel, a left side panel, a left rear side panel, a rear side panel,
a right rear side panel, and a top side panel.

~

j0087] In Example 4, the subject matter of Example 3 includes subject
matter where the left side panel comprises a configurable opening to accommodate
the controller.

[6088) in Example S, the subject matter of Example 4 includes subject
matter where the precursor is of the HPM type, and the precursor delivery

apparatus further comprises a differential pressure sensor mounted on the left side

7
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panel, the differential pressure sensor configured to monitor the exhaust flow of

the precursor delivery apparatus.

10089] In Example 6, the subject matter of Examples 3-S5 includes subject
matter where the precursor is of the HPM type and the rear side panel coruprises
one or more metal fitting passthrough openings; a heater alternating current (AC)

connector opening; and an enclosure exhaust outlet opening.

[0090] In Example 7, the subject matter of Example 6 includes a discrete
level sensor configured to sense a level of the precursor in discrete increments;
and a continuous level sensor configured to perform continuous sensing of the

fevel of the precursor.

[6091] In Example 8, the subject matter of Example 7 includes a discrete
fevel sense controller configured to control operation of the discrete level sensor
and a continuous level sense controller configured to control operation of the

continuous level sensor.

{6092} in Example 9, the subject matter of Example 8 includes subject
matter where the discrete level sense controller and the continuous level sense

controller are mounted on the top side panel.

16093} In Example 10, the subject matter of Examples 4-9 includes
subject matter where the precursor is of the non-HPM type and the rear side panel
comprises: a metal fitting passthrough opening; a heater alternating current (A()

connector opening; and a metal fitting bulkhead opening.

[6094] In Example 11, the subject matter of Example 10 includes a
discrete level sensor configured to sense a level of the precursor in discrete

increments.

[6095] in Example 12, the subject matter of Example 11 includes 2
discrete-level sense controller configured to control operation of the discrete-level

SensSor.

j6096] In Example 13, the subject matter of Example 12 includes subject

matter where the discrete level sense controller is mounted on the top side panel.
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[8097] In Example 14, the subject matter of Examples 1-13 includes a
manometer configured to measure at least the pressure of the precursor inside the
container and a mass flow controller (MFC) configured to conirol the flow of the

precursor to the gas showerhead.

{06098} in Example 15, the subject matter of Example 14 includes subject

matter where the control signal further controls the manometer and the MFC.

[0099] In Example 196, the subject matter of Example 15 includes the
subject matter where the controller, the manometer, and the MFC are configured

to operate according to an EtherCAT-based protocol.

{6190} Example 17 is a semiconductor substrate processing apparatus, the
apparatus comprising a showerhead; a chemical delivery system, the chemical
delivery system comprising a first precursor delivery apparatus comprising a first
frame, the first precursor delivery apparatus contigured to deliver a first precursor
to the showerhead; and a second precursor delivery apparatus comprising a second
frame, the second precursor delivery apparatus configured to deliver a second
precursor to the showerhead, and the second frame being same as the first frame;
a process chamber in which a semiconductor substrate is processed, the process
chamber fluidly coupled to the showerhead; and a coutroller configured to
generate a control signal causing release of at least one of the first precursor and
the second precursor into the showerhead during processing of the semiconductor

substrate placed in the process chamber.

0101} In Example 18, the subject matter of Example 17 includes subject
matter where the first precursor delivery apparatus comprises a first plurality of
interchangeable side panels, each of the first plurality of interchangeable side
panels remnovably secured to the first frame o cover a corresponding opening of a
plurality of openings of the first frame, and at least one of the first plurality of
interchangeable side panels being configurable based on a precursor type
assoctated with the first precursor.

{6162} in Example 19, the subject matter of Example 18 includes subject
matter where the second precursor delivery apparatus comprises a second plurality

of interchangeable side panels, each of the second plurality of interchangeable side
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panels removably secured to the second frame to cover a corresponding opening
of a plurality of openings of the second frame, and at least one of the second
plurality of interchangeable side panels being configurable based on a precursor

type associated with the second precursor,

{0103} in Example 20, the subject matter of Example 19 includes subject
matter where the precursor type associated with the first precursor is a hazardous
process material (HPM) type, and the precursor type associated with the second

precursor is a non-HPM type.

[0104] in Example 21, the subject matter of Example 20 includes subject
matter where the first precursor delivery apparatus comprises a differential
pressure sensor mounted on at least one of the first plurality of interchangeable
side panels, the differential pressure sensor configured to monitor the exhaust flow

of the first precursor delivery system.

[6105) in Example 22, the subject matter of Example 21 includes subject
matter where the second precursor delivery apparatus comprises a discrete level
sensor configured to sense a level of the precursor in discrete increments; and a
discrete level sense controller configured to control operation of the discrete level
sensor, wherein the discrete level sense controller is mounted on the at least one

of the second plurality of interchangeable side panels.

{0106} in Example 23, the subject matter of Examples 21-22 includes
subject matter where the at least one of the first plurality of interchangeable side

panels and the at least one of the second plurality of interchangeable side panels.

[8197] Example 24 is a method for processing a substrate in a process
chamber, the method comprising configuring a chemical delivery system, the
chemical delivery system comprising a first precursor delivery apparatus
comprising a first frame and a second precursor delivery apparatus comprising a
second frame, the second frame being same as the first frame; configuring the first
precursor delivery apparatus with a hazardous process material (HPM) type
precursor; configuring the second precursor delivery apparatus with a non-HPM
type precursor; coupling the chemical delivery system to a showerhead of the

process chamber; and generating one or more controf signals to control delivery
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of one or both of the HPM type precursor and the non-HPM type precursor to the

process chamber via the showerhead.

10108] In Example 25, the subject matter of Example 24 includes
removably securing a first plurality of interchangeable side panels to the first
frame of the first precursor delivery apparatus to cover a corresponding opening

of a plurality of openings of the first frame.

[0109] In Example 26, the subject matter of Example 25 includes subject
matter where at least one of the first plurality of interchangeable side panels is
configurable based on the first precursor delivery apparatus storing the HPM-type

precursor.

[6110] In Example 27, the subject matter of Example 26 includes
monitoring the exhaust flow of the first precursor delivery system using a
differential pressure sensor, the differential pressure sensor mounted on the at feast

one of the first plurality of interchangeable side panels.

{0111} in Example 28, the subject matter of Examples 25-27 includes
removably securing a second plurality of interchangeable side panels to the second
frame of the second precursor delivery apparatus to cover a corresponding opening

of a plurality of openings of the second frame.

o112} in Example 29, the subject matter of Example 28 includes subject
matter where at feast one of the second plurality of interchangeable side panels is
configurable based on the second precursor delivery apparatus storing the non-

HPM type precursor.

10113] In Example 30, the subject matter of Example 29 includes
monitoring a level of the non-HPM precursor in discrete increments using a
discrete level sensor, and controlling the monitoring using a discrete level sense
controller, the discreie level sense controller mounted on the at least one of the
second plurality of interchangeable side panels.

{0114} Example 31 is at least one machine-readable medium including
instructions that, when executed by processing circuitry, cause the processing

circuitry to perform operations to implement any of Examples 1-30.
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{6115} Example 32 is an apparatus comprising means to implement any of

Examples 1-30.

10116] Example 33 is a system to implement any of Examples 1-30.
8117} Example 34 is a method to implement any of Examples 1-30.
[6118] Throughout this specification, plural instances may implemwent

components, operations, or structures described as a single instance. Although
individual operations of one or more methods are illustrated and described as
separate operations, one or more of the individual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
flustrated. Structures and functionality that are presented as separate components,
for example, configurations may be implemented as a combined structure or
component.  Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and improvements fall within the scope of the

subject matter herein.

{6119} The embodiments itllustrated herein are described in sufficient
detail to enable those skilled in the art to practice the teachings disclosed. Other
embodiments may be used and derived theretrom, such that structural and logical
substitutions and changes may be made without depasting from the scope of this
disclosure. The Detailed Description, therefore, is not to be taken in a limiting
sense, and the scope of various embodiments is defined only by the appended

claims, along with the full range of equivalents to which such claims are entitled.

j6126] The claims may not set forth every feature disclosed herein as
embodiments roay feature a subset of said features. Further, embodiments may
include fewer features than those disclosed in a particular example. Thus, the
following claims are hereby incorporated into the Detailed Description, with a

claim standing on i{3 own as a separate embodiment.

10121} As used herein, the term “or” may be construed in either an
inclusive or exclusive sense. Moreover, plural instances may be provided for
resources, operations, or structures described herein as a single instance.

Additionally, boundaries between various resources, operations, modules,

[
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engines, and data stores are arbitrary, and particular operations are iHlustrated in
the context of specific illustrative configurations.  Other allocations of
functionality are envisioned and way fall within the scope of various embodiments
of the present disclosure. In general, structures and functionality are presented as
separate resources in the examples, and configurations may be implemented as a
combined structure or resource. Similarly, siructures and functionality presented
as a single resource may be implemented as separate resources. These and other
variations, modifications, additions, and iroprovements fall within a scope of
embodiments of the present disclosure as represented by the appended claims.
The specification and drawings are, accordingly, 1o be regarded in an illustrative

rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A precursor delivery apparatus comprising:
a frame with a plurality of openings;

a container for storing a precursor, the container mounted within an

internal volume formed by the frame; and

a plurality of interchangeable side panels, each of the plurality of
iuterchangeable side panels removably secured to the frame to cover a
corresponding opening of the plurality of openings, and at least one of the
plurality of interchangeable side panels being configurable based on a precursor

type associated with the precursor.

2. The precursor delivery apparatus of claim 1, further comprising:

a controtler configured to generate a control signal to control release of
the precursor to a gas showerhead of a process chamber via an output port

associated with the coniatner,

wherein the precursor type assoctated with the precursor ts one of a

hazardous process material (HPM) type and a non-HPM type.

-

3. The precursor delivery apparatus of claim 2, wherein the plurality of
interchangeable side panels comprises a front side panel, a right side panel, a left
side panel, a left rear side pavel, a rear side panel, a right rear side panel, and a

top side panel.

4, The precursor delivery apparatus of claim 3, wherein the left side panel

comprises a configurable opening to accommodate the controller.
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5. The precursor delivery apparatus of claim 4, wherein the precursor is of

the HPM type and the precursor delivery apparatus further comprises:

a differential pressure sensor mounted on the left side panel, the
differential pressure sensor configured to monitor exhaust flow of the precursor

delivery apparatus.

6. The precursor delivery apparatus of claim 3, wherein the precursor is of

the HPM type and the rear side panel comprises:
one or more metal fitting passthrough openings;
a heater alternating current (AC) connector opening; and

an enclosure exhaust outlet opening.

7. The precursor delivery apparatus of claim 6, further comprising:
a discrete level sensor configured to sense a level of the precursor in
discrete increments; and

a continuous level sensor configured to perform continuous sensing of

the level of the precursor.

g The precursor delivery apparatus of claim 7, further comprising;

a discrete level sense controller configured to control operation of the
discrete level sensor; and

a continuous fevel sense controller configured to control operation of the

continuous level sensor.

9. The precursor delivery apparatus of claim 8, wherein the discrete level
sense controller and the continuous level sense controlier are mounted on the top

side panel.

W
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10.  The precursor delivery apparatus of claim 4, wherein the precursor is of

the non-HPM type and the rear side panel comprises:
a metal fitting passthrough opening;
a heater alternating current {AC) connector opening; and

a metal fitting bulkhead opening,

11, The precursor delivery apparatus of claim 10, further comprising:

a discrete level sensor configured to sense a level of the precursor in

discrete increments.

12, The precursor delivery apparatus of claim 11, further comprising:

a discrete level sense controller configured to control operation of the

discrete level sensor.

13, The precursor delivery apparatus of claim 12, wherein the discrete level

sense controtler is mounted on the top side panel.

14. The precursor delivery apparatus of any of claims 2-13, further
comprising:

a manometer configured to measure at least a pressure of the precursor

inside the container; and

a mass flow controller (MFC) configured to control flow of the precursor

to the gas showerhead.

15, The precursor delivery apparatus of claim 14, wheretn the control signal

further controls the manometer and the MFC.
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16. The precursor delivery apparatus of claim 15, wherein the congroller, the
manometer, and the MFC are configured to operate according to an EtherCAT-

based protocol.

17. A semiconductor substrate processing apparatus, the apparatus
comprising:

a showerhead;
a chemical delivery system, the chemical delivery system comprising:

a first precursor delivery apparatus comprising a first frame, the
first precursor delivery apparatus configured to deliver a first precursor to

the showerhead; and

a second precursor delivery apparatus comprising a second frame,
the second precursor delivery apparatus configured to deliver a second
precursor to the showerhead, and the second frame being same as the first

frame;

a process chamber in which a semiconductor substrate is processed, the

process chamber fluidly coupled to the showerhead; and

a controller configured to generate a control signal causing a release of at
feast one of the first precursor and the second precursor into the showerhead

during processing of the semiconductor substrate placed in the process chamber.

18, The semiconductor substrate processing apparatus of clairs 17, wherein

the first precursor delivery apparatus comprises:

a first plurality of interchangeable side panels, each of the first plurality
of interchangeable side panels removably secured to the first frame to cover a
corresponding opening of a plurality of openings of the first frame, and at least
one of the first plurality of interchangeable side panels being configurable based

on a precursor type associated with the first precursor.
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19, The sericonductor substrate processing apparatus of claim 18, wherein

the second precursor delivery apparatus comprises:

a second plurality of interchangeable side panels, each of the second
plurality of interchangeable side panels removably secured to the secound frame
to cover a corresponding opening of a plurality of openings of the second frame,
and at least one of the second plurality of interchangeable side panels being

configurable based on a precursor type associated with the second precursor.

20, The semiconductor substrate processing apparatus of claim 19, wherein
the precursor type associated with the first precursor is a hazardous process
material (HPM) type, and the precursor type associated with the second

precursor is a non-HPM type.

21, The semiconductor substrate processing apparatus of claim 20, wherein
the first precursor delivery apparatus comprises a differential pressure sensor
mounted on the at feast one of the first plurality of interchangeable side panels,
the differential pressure sensor configured to monitor exbaust flow of the first

precursor delivery system.

22. The semiconductor substrate processing apparatus of claim 21, wherein

the second precursor delivery apparatus comprises:

a discrete level sensor configured to sense a level of the precursor in

discrete increments; and

a discrete level sense controller configured to control operation of the

discrete level sensor,

wherein the discrete fevel sense controller is mounted on the at least one

of the second plurality of interchangeable side panels.
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23, The semiconductor substrate processing apparatus of claim 21, wherein
the at least one of the first plurality of interchangeable side panels and the at

feast one of the second plurality of interchangeable side panels.

24, A method for processing a substrate in a process chamber, the method

comprising:

configuring a chemical delivery system, the chemical delivery system
comprising a first precursor delivery apparatus comprising a first frame and a
second precursor delivery apparatus comprising a second frame, the second

frame being same as the first frame;

configuring the first precursor delivery apparatus with a hazardous

process material (HPM)-type precursor;

configuring the second precursor delivery apparatus with a non-HPM

type precursor;

coupling the chemical delivery system to a showerhead of the process

)

chamber; and
generating one or more control signals to control delivery of one or both
of the HPM-type precursor and the non-HPM-type precursor to the process

chamber via the showerhead.

25, The method of claim 24, further comprising:
removably securing a first plurality of interchangeable side panels to the
first trame of the first precurser delivery apparatus to cover a corresponding

opening of a plurality of openings of the first frame.

26. The method of claim 25, wherein at least one of the first plurality of
interchangeable side panels is configurable based on the first precursor delivery

apparatus storing the HPM-type precursor.
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27 The method of claim 26, further comprising:

monitoring exhaust flow of the first precursor delivery system using a
differential pressure sensor, the differential pressure sensor mounted on the at

least one of the first plurality of interchangeable side panels.

28. The method of claim 25, further comprising:
removably securing a second plurality of interchangeable side panels to
the second frame of the second precursor delivery apparatus to cover a

corresponding opening of a plurality of openings of the second frame.

29.  The method of claum 28, wherein at least one of the second plurality of
interchangeable side panels is configurable based on the second precursor

delivery apparatus storing the non-HPM type precursor.

30. The method of claim 29, further comprising:

monitoring a level of the non-HPM precursor in discrete increments
using a discrete level sensor; and

controtling the monitoring using a discrete fevel sense controlier, the
discrete level sense controller mounted on the at least one of the second plurality

of interchangeable side panels.
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