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LIQUID PRECURSOR VAPORIZER

CLAIM OF PRIORITY

HEEDY Thus application clatms the benefit of priovity to United States
Provisional Patent Apphcation No. 62/946,864, filed on December 11, 2019,
entitled Liqud Precursor Vaporizer, which is incorporated by reference herein in

s entirety,

FIELD

{6002} The present disclosure relates to substrate processing systems and
more particuarty 1o systems and methods for vaporizing a liguid precursor.
Some cxamples relate to a bigh-flow thermal-kinetic vaporizer, i particular, for

vaporizing a hquid tetracthy! orthosilicate (TEOS) precursor.

BACKGROUND

HEEIRY Substrate processing systems may be used to deposit film on
substrates such as semiconductor wafers. Example processes that may be
performed on a substrate include, but are not limited to, chemical vapor
deposttion (CVD), atomic layer deposition (ALD), plasma-enhanced CVD
{PECVD), and plasma~-enhanced ALD (PEALD). A substrate may be arranged
on a substrate support, such as a pedestal, an electrostatic chuck (ESC), and so
forth, m a processing chamber of the substrate processing systern. Duting
processing, a gas mixture is infroduced into the processing chamber and plasma
may be used to enhance chemical reactions within the processing chamber.
[3004] Tetracthyl orthosilicate (TEQOS) precursor gas may be used when
depostting silicon dioxide (810n) film to create a highly conformal SiGh filmon a
substrate. The precarsor gas may be injected as a liquid into the substrate
processing systera and requires vaporization before being admitted to the
processing chamber. Many of the existing TEQS precursor delivery systems
require expensive and risky methods o achueve complete atomization and
vaporization. The present disclosure seeks to address at least these drawbacks.
LEEINY! The background description provided here is for the purpose of
generally presenting the context of the disclosure. Work of the presently named

ventors, to the extent it 15 described in this background section, as well as
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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

[0006] In some cxamples, a liguid precursor vaporizer comprises an
nlet; an outlet; and a first vaporizer core, the first vaporizer core including a
plurality of nested cells defining a plurality of fortuous paths through which a
lieuud precussor can pass in a path between the inlet and the cutlet of the iqud
Precursor vaporizer.

[0067] In some examples, at least one of the plurality of tortuous paths
inchides a series of alternating pinch and expanding regions.

[0008] Some examples further comprise a sccond vaporizer core in
comununication with the first vaporizer core, the first and second vaporizer cores
defining the path for the liquid precursor between the inlet and the outlet of the
liuid precussor vaporizer.

{0009] Some examples further comprise a sheath enclosing the first and
second vaporizer cores. In some exarples, the sheath enclosing the furst and
second vaporizer cores includes an aluninum material. In some examples, the
aluminom material extends into a central volume of each of the first and second
Vaporizer COres.

[(3018] In some examples, the furst vaporizer core is manufactured by an
additive manufacturing (AM) process. In some examples, the AM process
includes the use of laser fused Inconel 718 as an AM material. In some

examples, the AM process mclhudes a post-annealing operation to remove

porosity.
{0011} Some examples further comprise a heater.
{0012] Sorae examples further comprise at least one heater disposed

between the first and second vaporizer cores.

{081 3] Further areas of applicability of the present disclosure will
become apparent from the detailed description, the claims, and the drawings.
The detailed description and specific examples are intended for purposes of

tHustration only and are not intended to limit the scope of the disclosure.
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DESCRIPTION OF THE DRAWINGS

[6014] Some embodiments are ifhustrated by way of example and not
fimitation in the views of the accompanying drawings:

{B6615] FIG. 1 1s a functional block diagram of an example of a substrate
processing system for depositing tetracthyl orthosilicate (TEOS) film in which
cxamyples of the present disclosure may be used.

{0816} FIG. 2 depicts a liquid precursor vaporizer, according 1o an
example embodiment.

0817 FIG. 3 depicts a pictorial, past sectional view of an example
Vaporizer core.

[0018] FIG. 4 depicts an example tortuous path defined by an example
vaporizer core.

{0019} FIGS, SA-3C depict various views of an example lquid
PICCUTSOT Vaporizet,

[0028] FIGK. 6A-6D depict further various views of an example lignd
PYECUISOT Vaporzer.

[0021] FIG. 7 illustrates example operations in a method for vaporizing
a hquid precursor, according to an example embodument,

{8022} FIG. 8 is a block diagram illustrating an example of a machine
upon which one or more example embodiments may be implemented, or by

which one or more example embodunents may be controlled.

DESCRIPTION

{B023] The description that follows includes systerns, methods,
technigues, instruction sequences, and computing machine program products
that ermbody tllustrative embodiments of the present disclosure. In the following
description, for purposes of explanation, mumerous specific details are set forth
m order o provide a thorough understanding of example embodiments. It will be
evident, however, 1o one skilled 1 the art, that the present embodiments may be
practiced without these specific details.

[0024] A portion of the disclosure of this patent document contains
material that is subject to copyright protection. The copyrnight owner has no
objection to the facsimile reproduction by anyone of the patent document or the

patent disclosure, as it appears in the Patent and Trademark Office patent files or

[¥5]
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records, but otherwise reserves all copyright rights whatsoever. The following
notice applies to any data as described below and in the drawings that form a
part of this document: Copyright Lam Rescarch Corporation, 2019-2020, All
Rights Reserved.

{8025} Referring now to FIG, 1, an example substrate processing system
100 for performing deposition is shown. While a PECV D substrate processing
systern is shown, a PEALD substrate processing system or other substrate
processing systern may be used. The substrate processing system 100 includes a
processing chamber 102 that encloses other components of the substrate
processing chamber 102 and containg plasma. The substrate processing chamber
102 includes a gas distribution device 104 and a substrate supposrt 106, such as
an ESC. During operation, a substrate 108 is arranged on the substrate support
106.

[0026] In some examples, the gas distribution device 104 mav include a
powered showerhead 109 that distnbutes process gases over the substrate 108
and indveces ion bombardment. The showerhead 109 may include a stem portion
including one end connected to a top surface of the processing chamber 102, A
base portion is generally cvlindrical and extends radially outwardly from an
opposite end of the stem portion at a location that is spaced from the top surface
of the processing chamber 102. A substrate-facing surface or faceplate of the
base portion of the showerhead 109 includes a plurality of distributed holes
through which process gas flows. The gas distribution deviee 104 may be made
of a metallic matertal and may act as an upper elecirode. Alternately, the gas
distribution device 104 may be made of a non-metallic material and may mclude
an embedded electrode. In other examples, the upper electrode may include a
condacting plate and the process gases may be introduced in another manner.
The substrate support 106 includes a conductive baseplate 110 that acts as a
tower clectrode. The baseplate 11¢ supportts 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. The
baseplate 110 may include one or more coolant channels 116 for flowing coolant
through the baseplate 110,

{8027} A Radio Frequency (RF) generating system 120 gencrates and

outputs an RF veltage to one of the upper electrodes {e.g., the gas distnibution
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device 104} and the lower electrode (o .g., the baseplate 116 of the substrate
support 1063, The other ong of the upper electrode and the lower electrode may
be DC grounded at 143, AC grounded, or floating. in some examples, the RF
generating system 120 may supply dual-freguency power meluding a high
frequency (HF) generator 121 and a fow frequency (LF) generator 122 that
gencrate the HF and LF power {at predetermined freguencies and power fevels,
respectively) that is fed by a matching and distribution network 124 to the upper
electrode or the lower electrode (or the showerhead}.

j0028] A gas delivery system 130 includes one or more gas sources 132«
1, 132-2,..., and 132-N (coliectively, gas sources 132}, where N is an integer
greater than zero. The gas sources 132 supply one or more process gas nuxtures,
dopants, carner gas, liquid precarsors, and/or purge gas. In some examples, the
gas delivery system 130 delivers a precursor gas, such as a mixture of tetracthyl
orthosilicate (THOS) gas. a gas including an oxygen species and argon (At) gas
during deposition, and dopants mcluding triethyvlphosphate (TEPO) and/or
triethylborate (TEB). In some examples, diffusion of the dopants occurs from the
gas phase. For example, a carrier gas {e.g.. nitrogen, argon, or other) is enriched
with the desired dopant {also in gascous form, ¢.g., tricthyiphosphate (TEPO)
and/or tricthyiborate (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 certain temperature.

[929] Returning to FEG. 1, the gas sources 132 are comnected by valves
134-1, 134-2, .. and 134-N {collectively, valves 134) and mass flow controliers
136-1, 136-2, .., and 136-N {collectively, mass flow countroliers 136} to a
mixing manifold 140, The gases are supplied to the mixing manifold 140 and
mixed therein. An output of the mixing manifold 140 is fed to the processing
chamber 102, In some examples. the output of the mixing manifold 140 is fed to
the showerhead 109, Secondary purge gas 170 may be supphied to the processing
chamber 102, such as behind the showerhead 109, via a valve 172 and a mass
flow controlier (MFC) 174,

{0030} A temperature controller 142 may be connected to a plurality of
thermal control elements (TCEs) 144 arranged m the heating plate 112, For
example, the TCEs 144 may inclade, but are not linited to, respective macro

TCEs corresponding to each zone in a multi-zone heating plate and/or an array
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of micro TCEs disposed across multiple zones of a multi-zone heating plate. The
temperature controller 142 may be used to control the plarality of TCEs 144 to
control a temperatare of the substrate support 106 and the substrate 108, The
temperature controller 142 may commumnicate with a coolant assembly 146 to
control coolant flow through the channels 116, For example, the coolant
assembly 146 may mchide a coolant pump and reservoir. The temperatare
controller 142 operates the coolant assermbly 146 1o selectively flow the coolant
through the channels 116 to cool the substrate support 106, A valve 150 and
pump 152 may be used to control pressure and to evacuate reactants from the
processing chamber 102, A system controller 160 may be used to control
componenis of the substrate processing system 100, Although shown as separate
controllers, the temperature controlier 142 may be implemented within the
systera controlier 160

[0831] Some examples of the present disclosure are directed to a
vapornzation device configured for use in hguid precursor delivery svstems for
either retrofit or build-forward. A precursor is generally a liguad first, before
being vaporized as a gas. As mentioned above, conventional post-injection
vaporization systems typically include an inline filter, which can be inefficient
and difficult to purge in a process-cnabling manner. Filter components are
relatively large and bulky and may inchude inefficient and expensive heater
jackets. The present disclosure secks to address at Jeast these drawbacks.

[932] With reference to FIG. 2, an example precursor vaporizer 200
{also termed a “vaporizer” herein} inchudes two vaporizer cores 202 and 204, A
greater or lesser number, or other arrangement, of cores is possible. The
illustrated arrangement of two vaporizer cores 18 believed to imbue the vaporizer
with a degree of symmetry and facilitate an even distribwgion of heat provided to
the cores from two heaters 206 and 208, as shown. The vaporizer cores 202 and
204, and the two heaters 206 and 208, are embedded in a weldment case or
sheath 210, In some examples, the sheath 210 includes, or 1s provided in the
form of, an ahuminum casting,.

{0033] In some examples, a vaporizer core 202 or 204 is manufactured
by a three-dimensional (3D} printing process or an additive manufacturing (AM)
process. The AM process may inclade the ase of laser fused Inconel 718 asa

printing material. Other high Ni alloys such as Inconel 625 and Alloy €22 with
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high corrosion resistance mavbe uses as potential candidates. The AM process
may include a post annealing process to remove porosity. A final surface finish
in internal arcas may be achicved via abrasive flow machining and chemical
hased processes. The AM process and matenals may also be applied to
manufacture of the vaporizer 200. In some examples, the vaporizer 200 includes
an indet 212 and an outlet 214. The nlet 212 and the cutlet 214 are sized for
standard quarter-inch gas line welding.

[034] In some examples, the AM vaporizer cores 202 and 204 are
machined and welded together post printing. After machining, the weldment is
encased i alunuoum (for example, by the sheath 210}, The casted sheath 210 s
machined or otherwise formed to define clongate teruperatures for the two
heaters 206 and 208, as shown. In some examples, the heaters 206 and 208 are
provided in the form of incxpensive cartridge heaters supplied by respective
power lines 216 and 218 from an external power source. A suitable cartridge
heater may include a 100 to 150 Watt, $-winch high-density cartridge.

{3035] In some examples, a central volume of the vaporizer 200 {for
example, a central volume 302 in FIG. 5C discussed below) is filled with a
thermaal or heat-transmitting material, such as alununumn, to facilitate heat
distribution across mternal surfaces of the vaporizer 200 and the vaporizer cores
202 and 204. The two vaporizer cores 202 and 204, and the two heaters 206 and
208, may be substantially fully embedded in beat-transititing material of the
sheath 210, as shown. In some examples, outer surfaces of each vaponzer core
202 and 204 are left rough to assist m bonding of the sheath 210 material {for
gxample, the aluminum} with the outer surfaces and to assist in surface
conduction of heat across the outer surfaces.

{8036} FIG. 3 depicts a pictonal, part sectionad view of an example
vaporizer core 202, The vaporizer core 202 includes a number of idernal cells
302. One or more walls 304 of each cell 302 may include an arcuate or
undulating profile, as shown. The nested arrangement of the cells 302, for
example as shown, defines a multiplicity of tortuous paths for a liguid precursor
to pass through as it travels through the vaporizer 200 from the inlet 212 to the
outlet 214, As the hiquid precursor passes through a fortuous path within the
vaporizer core 202, the arcuate or undulating wall profites of the cells 302 define

an extensive set of surfaces from which the precursor may vaporize. An example
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tortuous path 402 between adjacent cells 302 is shown in FIG. 4. In some
examples, the cells 302 are hollow, as shown. In other examples, the cells 302
may be partially or fully solid. It will be appreciated that other cell wall profiles,
cell placement configurations, and tortuous paths are possible.

{8037} The inner geometry of a vaporizer core 202 can be changed to
adjust for different types of precursor, thermal, and/or pressure process control
parameters, or precursor flowrates. A material of the vaporizer core 202 may
mclude stainless steel or other resistant metal for process compatibility. The size
of a vaporizer core 202 can be adapted to suit half inch gas lines for higher flow
applications.

[0038] Reference is now made to FIGS, SA-SC of the accompanving
drawings. These views show, respectively, a pictorial part sectional top view of
an example vaporizer core 202, a pictorial part sectional side view of an example
vaporizer core 202, and a sectional side view of an example vapornizer core 202
In FIGS. 5A-5B, the cells 302 are shown visible {in the views) benecath an outer
skin or wall 504 of the vaporizer core 202, Liguid precursor enters the vaporizer
core 202 from an inlet 212 side and exits as a vaporized (or at least partially
vaporized) precursor gas through an outlet 214 side. In the event the precursor
gas iz only partially vaporized by a single vaporizer core 202, a second in-line
vaporizer core 204 may be provided, as discussed above.

{0039] A gently winding and unobstructed shape and configuration of
the tortuous paths 402 defined by the cells 302 allow the vaporizer core 202 to
purge hiquid precursor quickly with minimal or no residual liquid precursor
remaining in the vaporizer core 202 after closure of the nlet 212, Alterating
pinching 510 and expanding 508 regions in a tortuous path 402 may be seen
FIG. 5A. The contracting and expanding volumes of a tortaous path 402 is
believed to assist in vaporizing a liquid precursor off the cell walls. The nested
configuration of the cells 15 believed to assist thermal conduction of heatin a
heat transfor path from a heater 206 or 208 to the hquid precursor through the
vaporizer core 202,

[0049] In some exarmaples, a number of apertures or inlet holes 506 are
formed by AM process around a periphery of the vaponzer core 202 to allow the
admission of heat transmitting material into the central volume 302 of the

vaporizer 202 as discussed above.
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[0041] In more general aspects, the vaporizer core 202 1s designed to
omit sharp corners to facilitate AM processes and treatment of the various core
surfaces. {n some examples, the tortuous paths 402 defined by the vaporizer core
202 are smooth and unobstructed between adjacent cells in the nested
arrangement. The geometry of the vaporizer core 202 is optimized, in some
cxamples, for AM processes. For example, inclined or sloped surfaces {with
respect to a horizontal or vertical axis in the views) are rendered at angles in
excess of 207 The smooth and optimized geometric elements seek to minimize
the entrapment of AM process powder. In some examples, a cell surface fimish
internal manifold arcas may include a 100 to 120 pin Ra pring surface, with an
order of magnitude reduction in internal arcas to 10-15 pin Ra after and
abrasive flow machining {AFM) process. The outer skin designed to have
intentionally higher surface finish with a design pattern to have the best wetting
and gripping with aluminunt casting process with increased surface area for
better surface heat conductivities mn practice.

{B042] Reference is now made to FIGK, 6A-6D which show,
respectively, a top part-sectional view, a side sectional view, an end part-
sectional view, and a side part-sectional view of an example vaporizer 200, The
material of a casting or sheath 210 (for example, inclading an aluminim
material) extends mto a central volume 502 of cach vaporizer core 202 and 204,
o some examples the sheath forecasting is machined to accommodate heaters
206 and 208, screws, and a thermocouple. The heaters 206 and 208 may be
provided in the form of cartridge heaters. An axial length of cach heater 206 and
204 may be arranged to extend across an entire volume of a space between the
two vaporizer cores 202 and 204. Gther heater arrangements are possible. In
some examples, one or more, and in some cases all, of these components (1e.,
the heaters 206 and 208, one or more screws, and one or more thermocouples)
arg encased i the matenial of the casting or sheath 210, substantially as shown
the views. In some examples, a vaporizer 200 includes a cylindrical shape,
having a length in the range of 3-6 inches and an outer circumference in the
range 1-3 inches. An outer circumference of the vaporizer core 202 and 204 may
be in the range 1-2 inches.

{8043} Some embodiments of the present disclosure inchude methods.

With reference to FIG. 7, operations in a method 700 for vaporizing a liquid

9
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precursor may jnclude, at 702, providing a liquid cursor vaporizer, the vaporizer
mncluding

an inlet and an outlet; and a first vaporizer core, the first vaporizer core
including a plurality of nested cells defining a plurality of tortuous paths through
which a liguid precarsor can pass in a path between the inlet and the outlet of the
Liguid precursor vaporizer, and, at 704, causing the liguid precursor to pass
through the plurality of tortuous paths i the path between the indet and the outlet
of the vaporizer.

{6044] FIG. 8 1s a block diagram lustrating an example of a machine
800 (such as system controfler 180} by which one or more example process
embodiments described herein may be controlied. In alternative embodiments,
the machine 800 may operate as a standalone device or may be connected {e.g.,
actworked) to other machines. In a networked deplovment, the machine 300 may
operate 1n the capacity of a scrver maching, a client machine, or both in server-
chent network environments. In an example, the machine 800 may act as a peer
machine in a peer-to-peer {P2ZP) {or other distributed) network environment.
Further, while only a single machine 800 is tllustrated, the term “machine” shall
alsc be taken to include any colliection of machines that individually or jointly
execute a set (or multiple sets} of nstructions 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.

[(045] Examples, as described herein, may include, or may operate by,
fogic, a munber of compoenents or mechanisms. Circuoitry is a collection of
circuits implemented in tangible entities that include hardware (o.g.. simple
circuts, gates, logic, ete.). 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 an example,
hardware of the circuitrv may be immutably designed to carrv out a specific
operation {¢.g., hardwired}. Tn an example, the hardware of the circuitry may
mclade vartably connected physical components {¢.g., execuion units,
transistors, simple circuits, etc.) including a computer-readable medium
physically modified {¢.g., magnetically, electrically, bv moveable placement of
fvariant massed particles, ete ) to encode instructions of the specific operation.

In connecting the physical components, the underying electrical properties of a
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hardware constituent are changed (for example, from an insulator to a conductor
or vice versa). The instroctions enable embedded hardware {¢.g., the execution
units or a loading mechanism) to creatc 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 mediam is communicatively
coupled to the other components of the circuitry when the device is operating. In
an example, any of the physical components may be used i more thas one
member of more than one cireuttry. 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 circutt in the first circuitry, or by a third circuit in a second
circuttry, at a differont tooe.

{8046} The machine {e.g., computer system) 8300 may mechude a hardware
processor 802 {c.g.. a central processing unit ({CPU}, a hardware processor core,
ot any combination thereof), a graphics processing unit (GPU) 803, a main
memory 804, and a static memory 806, some or all of which may communicate
with each other via an interlink {e.g., bus) 808, The machine 800 may further
include a display device 810, an alphanumeric input device 812 {e. g, a
kevboard), and a user interface (U} navigation device 814 {e.g.. amouse). Inan
example, the display device 810, alphanumeric input device 812, and Ul
navigation device 814 may be a touch screen display. The machine 800 may
additionally include a mass storage device {e.g., drive unit) 816, a signal
generation device 818 {e.g., a speaker), a network interface device 820, and one
or more sensors 821, such as a Global Positioning System (GPS) sensor,
compass, accelerometer, or another sensor. The machine 00 may include an
output controller 828, such as a serial {e.g., universal serial bus (USB)), parallel,
or other wired or wirgless {e.g., infrared (IR}, near field commuumication (NFC),
ctc.) connection to communicate with or control one or more peripheral devices
{c.g., a prinder, card reader, etc.).

[0047] The mass storage device 816 may mclude a machine-rcadable
mediam 322 on which is stored one or more sets of data structures or
instouctions 824 {e.g., software) embodying or vtilized by any one or more of the
technigues or functions described herein. The mstructions 824 may also reside,
completely or at least partially, within the main memory 804, within the static

memory 806, within the hardware processor 802, or within the GPU 403 during



WO 2021/118935 PCT/US2020/063637

execution thereof by the machine 800. In an example, one or any combination of
the hardware processor 802, the GPU 803, the main memory 804, the static
memory 806, or the mass storage device 816 may constitute machine-readable
media 822.

{0048} While the machine-readabie medium 822 is illustrated as a single
medium, the term “machine-readable mediom” may include a single medium or
outtiple oedia {e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more instructions 824,

{6049] The term “machine-readable medium” may include any mediam
that can store, encode, or carry instructions 824 for execution by the machine
800 and that cause the machine 800 to perform any one or more of the
techmques of the present disclosure, or that can store, encode, or carry data
structures used by or associated with such instructions 824. Noon-linuting
machine-readable medium examples may include solid-state memorics, and
optical and magnetic media. Tn an example, a massed machine~-readable medium
comprises a machine-readable medium 822 with a plurality of particles having
invariant {¢.g., rest} mass. Accordingly. massed maching-readable media are not
transitory propagating signals. Specific examples of massed machine-readable
media may include non-volatife memory, such as semiconductor memory
devices {e.g.. electrically prograramable read-only memory (EPROM),
clectrically erasable progranunable read-only memory (EEPROM}) and flash
memory devices; magnetic disks, such as internal hard disks and removable
disks: magneto-optical disks; and CB-ROM and DVD-ROM disks. The
instructions 824 may further be transmitted or recetved over a conumunications
network 826 using a transmission medium via the network mnterface device 820.
{8058] Although an embodiment has been descenibed with reference to
specific example embodiments, i will be evident that various modifications and
changes may be made to these erabodiments without departing from the broader
scope of the nventive subject roatter. Accordingly, the specification and
drawings are 1o be regarded tn an ilustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of dlustration, and
not of limitation, specific embodiments n which the subject matter may be
practiced. The embodiments ilfustrated are described in sufficient detail to

cnable those skilled in the art to practice the teachings disclosed herein. Other
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embodiments may be utilized and denved therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
lmmiting sense, and the scope of various emboduments is defined only by the
appended claims, along with the full range of cquivalents to which such claims
are entitied.

[0851] Such cmboduments of the mventive subject matter may be
referred to herein, individually and/or collectively, by the term “mnvention”
merely for convenience and without intending to vohmtarily hmit the scope of
this application to any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have been lustrated and
described herein, it should be appreciated that any arrangement calcolated to
achieve the same purpose may be substituted for the specific cmbodiments
shown. This disclosure is intended to cover all adaptations or variations of
various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described hercin, will be apparent to those of skill

in the art upon reviewing the above description.
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CLAIMS

‘What is claimed is:

1. A liquid precursor vaporizer comprnsing;
gt

an inlet;

an outlet; and

a first vaporizer core, the first vaporizer core including a plurality of nested
cells defiming a plurality of tortuous paths through which a hquid precursor can
pass in a path between the inlet and the outlet of the liquid precursor vaporizer,
2. The vaporizer of claim 1, wherein at least one of the plurality of tortuous
paths includes a series of alternating pinch and expanding regions.

3. The vaporizer of claim 1, further comprising a sccond vaporizer core in
convnunication with the first vaporizer core, the first and second vaporizer cores
defining the path for the Hguid precursor between the mlet and the outlet of the

liguid precursor vaporizer.

4. The vaporizer of claim 3, further comprising a sheath enclosing the first

and second vaporizer cores.

5. The vaporizer of claim 4, wherein the sheath enclosing the first and second

vaporzer cores inchides an aluminum material.

6. The vaporizer of claim 5, wherein the aluminwm material extends into a

central volume of cach of the first and second vaportzer cores.

7. The vaporizer of claim 1, wherein the first vaporizer core 1s manufactured

by an additive mamfacturing (AM)} process.

14
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3. The vaporizer of claim 5, wherein the AM process includes the use of laser

fused Inconel 718 as an AM matenal.

9. The vaporizer of claim 6, wherein the AM process mchides a post-

annealing operation 1o remove porosity.

10.  The vaporizer of claim 1, further coraprising a heater.
11, The vaporizer of clazm 5, further comprising at least one heater disposed

between the first and second vaporizer cores.

12, A moethod for vaporizing a liquid precursor, the method comprising:

providing a liguid cursor vaporizer, the vaporizer including

an nlet and an outlet; and

a first vaporizer core, the first vapornizer core including a plurality
of nested cells defining a plurality of torteous paths through which
a liguid precursor can pass in a path between the inlet and the outlet

of the liguid precursor vaporizer;

causing the liquid precursor to pass through the plurality of tortuous paths

i the path between the mlet and the outlet of the vaponzer.

13, The method of claim 12, wherein at least one of the plurality of tortuous

paths inchudes a series of alternating pinch and expanding regions.

14, The method of clatn 12, wherein the hiquid precursor vapornizer further
comprises a second vaporizer core 1n comnunication with the first vaporizer core,
the first and second vaporizer cores defining the path for the liquid precursor

between the inlet and the outlet of the liguid precursor vaporizer.

15, The method of clain 14, wherein the higuid precursor vaporizer further

comprises a sheath enclosing the first and second vaponzer cores.
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16. The method of claim 15, wherein the sheath encloses the first and second

vaporizer cores inchides an aluminum material.

17, The method of claim 16, wherein the aluminum material extends into a

central volume of cach of the first and second vaporizer cores.

18 The method of claim 12, further comprising manufacturing the first

vaporizer core using an additive manfactaring (AM) process.

19, The method of claim 18, wheretn the AM process includes the use of laser

fused Inconel 718 as an AM material.

20, The method of claim 6, wherein the AM process mcludes a post-annealing

operation (0 remove porosity.

21, The method of clam 14, further comprising providing at least one heater

between the first and second vaporizer cores.



