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LIQUID PRECURSOR VAPORIZER

CLAIM OF PRIORITY

HEERY This application claims the benefit of prionty to United States
Provisional Patent Application No. 62/946 864 filed on December 11, 2019,
entitled Liquid Precursor Vaporizer, which is incorporated by refercnce herein in

its endirety,

FIELD

06002} The present disclosure relates to substrate processing systems and
morg particulardy to systems and methods for vaporizing a liguid precursor.
Somc examples relate to a high-flow thermal-kinetic vaporizer, in particular, for

vaporizing a hqguid tetracthyl orthosilicate {TEOS) precursor.

BACKGROUND

003} Substrate processing systems may be used to deposit film on
substrates such as semiconductor waters. Example processes that may be
performed on a substrate include, but are not limited to, chenuical vapor
deposttion {CVD), atomic laver deposttion {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, in a processing chamber of the substrate processing system. During
processing, a gas mixture is introduced into the processing chamber and plasma
may be used to enhance chemical reactions within the processing chamber.
[06004] Tetracthyl orthosilicate (FEOS) procursor gas may be used when
depostting stiicon dioxide (5100} flm to create a highly conformal SiG: filmon a
substrate. The precursor gas may be imected as a hguid into the substrate
processing system and requires vaponzation before being admitted to the
processing chamber. Many of the existing TEQS precursor delivery systems
require expensive and risky methods fo achieve complete atomization and
vaporization. The present disclosure seeks to address at least these drawbacks.
HEEIRY The background description provided here is for the purpose of
generally presenting the context of the disclosure. Work of the presently named

irventors, o the extent it is 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 imphedly admitied as prior art against the

present disclosure.

SUMMARY

[0006] in some examples, a liquid precursor vaporizer comprises an
mnlet; 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
higpad precursor can pass in a path between the inlet and the outlet of the ligud
PICCUISOT Vapornizer.

e In some exaraples, at least one of the plurality of tortuous paths
mcludes a serics of alternating pinch and expanding regions.

[0008] Some examples further comprise a second vaporizer core in
coramunication with the first vaporizer core, the first and second vaporizer cores
defining the path for the hiquid precursor between the inlet and the outlet of the
higuad precursor vaporizer.

[06009] Some examples further comprise a sheath enclosing the first and
second vaporizer cores. In some exaraples, the sheath enclosing the first and
second vaporizer corgs includes an aluminom matenial. In some examples, the
aluminum material extends unto a central volume of each of the first and second
Vaporizer cores.

0610} In some examples, the first vaporizer core 1s 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 includes a post-annealing operation {0 remove

porosily.
{0611} Some examples further comprise a heater,
[0012] Some examples further comprise at least one heater disposed

between the first and second vaporizer cores.

6013} Farther 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

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

j6014] Some embodiments are tlustrated by way of example and not
fatation in the views of the accompanying drawings:

{0615} F1G. 1 s a functional block diagram of an example of a substrate
processing system for depositing tetracthyl orthosilicate (TEOS) film in which
examples of the present disclosure may be used.

{0816} FIG. 2 depicts a Hguid precursor vaporizer, according to an
example embodiment.

6617 FIG. 3 depicts a prctorial, part sectional view of an example
Vaporizer £ore.

{6618} F1G. 4 depicis an example tortuous path defined by an example
VAPOITZeY Core.

{0619} FIGS, SA-5C depict varous views of an example higuid

PIECUTSOT Vaporizer.

[6028] FIGK. 6A-6D depict further vanious views of an example iquid
PYCCUTSOT Vaporizer.
6021} FIG. 7 illustrates example operations in a method for vaporizing

a hguid procursor, according to an example embodiment,
{6622} FIG. 8 15 a block diagram tlostrating an example of a machine
upon which one or more example embodiments may be implemented, or by

which one or more example combodiments may be controlled.

DESCRIPTION

[6623) The description that follows includes systems, methods,
techmiques, instruction sequences, and computing machine program products
that embody dhustrative embodiments of the present disclosure. In the following
description, for purposes of explanation, numerous specific details are set forth
n order to provide a thorough understanding of example crubodiments. It will be
evident, however, to one skilled m 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 copyright owner has no
objection to the facsimile reproduction by anyone of the patent document or the

patent disclosure, as it appears i the Patent and Trademark (ffice patent files or

52
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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 Research Corporation, 2019-2020, All
Rights Reserved.

{8625} Referring now to FIG. 1, an example substrate processing system
100 for performing deposition is shown. While a PECV D substrate processing
sysiern 18 shown, a PEALD substrate processing svstem or other substrate
processing system may be used. The substrate processing system 100 includes a
processing chamber 102 that encloses other components of the subsirate
processing chamber 102 and contains plasma. The substrate processing chamber
102 mncludes a gas distribution device 104 and a substrate support 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 may nclude a
powered showerhead 109 that distributes process gases over the substrate 108
and indueces 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 cyvlindrical and extends radially outwardly from an
opposite end of the siem portion af a location that 1s spaced from the top surface
of the processing chamber 102, A substrate-facing surface or faceplaie of the
base portion of the showerhead 109 meludes a plurality of distributed holes
through which process gas flows. The gas distribution device 104 may be made
of a metallic matenal and may act as an upper electrode. Altemately, the gas
distribution device 104 may be made of a non-metallic material and may mchide
an embedded electrode. In other examples, the upper electrode may include a
conducting plate and the process gases may be miroduced in another manner,
The substrate support 106 includes a conductive baseplate 110 that acts as a
lower clectrode. 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. The
baseplate 110 may include one or more coolant chanunels 116 for flowing coolant
through the baseplate 110,

{6627} A Radio Frequency (RF) generating system 120 gencrates and

cutputs an BF voltage to one of the apper electrodes {¢ g, the gas distribution
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device 104) and the lower electrode (¢ g., the baseplate 110 of the substrate
support 1063, The other one of the upper electrode and the lower electrode may
be DC grounded at 143, AC grounded. or tloating. In some examples, the RF
generating systom 120 may supply dual-frequency power mehuding a high
frequency (HF) gencrator 121 and a low frequency (LF} generator 122 that
generate the HF and LF power {at predetermined frequencies and power levels,
respectively) that 1s fod by a matching and distribution network 124 1o the upper
electrode or the lower electrode (or the showerhead).

6028} A gas delivery system 130 includes one or more gas sources 132-
1,132-2,.. ., and 132-N {collectively, gas sources 132}, where N is an intege
greater than zero. The gas sources 132 supply one or more process gas nmuxtures,
dopants, carrier gas, liquid precursors, and/or purge gas. In some examples, the
gas delivery svstem 130 delivers a precursor gas, such as a mixture of tetracthyl
orthosilicate {TEQS) gas, a gas including an oxygen species and argon (At} gas
during deposition, and dopants mcluding triethyviphosphate (TEPQ} and/or
tristhylborate (TEB}. In some examples, diffusion of the dopaots occurs from the
gas phase. For example, a carrier gas {e.g., nitrogen, argon, or other) is enriched
with the desired dopant {also i gasecous form, ¢.g., tricthviphosphate (TEPG)
and/or trnethylborate (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 cortain temperature.

66291 Returning to FEG. 1, the gas sources 132 are connecied by valves
134-1, 134-2, .. and 134-N {collectively, valves 134) and mass flow controllers
136-1, 136-2, .. and 136-N {collectively, mass flow controliers 136} 0 a
mixing mantfold 140, The gases are supplied to the mixing manifold 140 and
mixed therein. An output of the mixing manifold 140 s fed to the processing
chamber 102, In some cxamples, the output of the mixing manifold 140 1s fed to
the showerhead 109, Secondary purge gas 170 may be supplied to the processing
chamber 102, such as behind the showerhead 109, via a valve 172 and a mass
flow controller {MF(} 174

16038] A temperature 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 nclade, but are not himited to, respective macro

TCEs corresponding to each zone in a mulii-zone heating plate and/or an amray

(4]
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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 plurality of TCEs 144 1o
control a temperature of the substrate support 106 and the substrate 108, The
temperature controlier 142 may communicate with a coolant assembly 146 to
control coolant flow throagh the channels 116. For example, the coolant
assembly 146 may inchide a coclant pump and reservoir. The temperature
controller 142 operates the coolant asserbly 146 to 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
components of the substrate processing system 100, Although shown as separate
controllers, the temperature controlier 142 may be implemented within the
system controlier 160

{0031} Sorae examples of the present disclosure are ditected to a
vaponzation device configured for use in hquid precursor delivery systems for
gither retrofit or build-forward. A precursor 1s generally a ligpud first, before
being vaporized as a gas. As mentioned above, conventional post-injection
vaporization systems typically include an mline filter, which can be incfficiont
and difficult to purge in a process-enabling manner. Filter components are
relatively large and bulky and may include inefficient and expensive beater
jackets. The present disclosure sceks to address at least these drawbacks.
66321 With reference to FI. 2, an example precursor vaponzer 200
{also termed a “vaporizer” herein} includes two vapornizer cores 202 and 204, A
greater or lgsser number, or other arrangement, of cores is possible, The
tHhustrated arrangement of two vaponzer cores 1s believed to imbue the vapornizer
with a degree of symmetry and facilitate an even distribution 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 mncludes, or1s provided m the
form of, an alummum casting,

16033] 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 include the use of laser fused Inconel 718 as a

printing material. Other hugh 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 {o remove porosity. A final surface finish
i internal arcas may be achicved via abrasive flow machining and chemical
hased processes. The AM process and matenials may also be applied to
manufacture of the vaporizer 200, In some examples, the vaponzer 200 inclades
an indet 212 and an outlet 214, The et 212 and the outlet 214 are sized for
standard quarter-inch gas line welding.

6034} In some examples, the AM vaporizer cores 202 and 204 are
machined and welded together post printing. After machining, the weldment is
encased mn aluminum (for example, by the sheath 210}, The casted sheath 210 1s
machined or otherwise formed to define elongate temperatures for the two
heaters 206 and 208, as shown. In some exampies, the heaters 206 and 208 are
provided i the form of inexpensive cartridge heaters supplied by respective
power lines 216 and 218 from an oxternal power source. A suitable cartridge
heater may include 2 100 to 130 Watt, 1-winch high-density cartridge.

[B035] In some examples, a central volume of the vaporizer 200 {for
example, a central volume 302 1o FIG. 5C discussed below}) is filled with a
thermal or heat-transmitting matenal, such as alununum, to facilitate heat
distribution across internal 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 cmbedded in heat-transmitting material of the
sheath 210, as shown. In some examples, outer surfaces of each vaporizer core
202 and 204 are left rough to assist in bonding of the sheath 210 material {(for
example, the aluminom) with the outer surfaces and to assist in surface
conduction of heat across the outer surfaces.

8634} FIG. 3 depicts a pictonal, part sectional view of an example
vaporizer core 202, The vaporizer core 202 ncludes a number of internal cells
302, One or more walls 304 of cach cell 302 may include an arcuate or
undulating profile, as shown. The nested arrangement of the cells 302, for
gxample as shown, defines a multiphicity of tortuous paths for a liguid precursor
to pass through as it travels through the vaporizer 200 from the inlet 212 1o the
outlet 214, As the hquid precursor passes through a tortuous path within the
vaporizer core 202, the arcuate or undulating wall profiles of the cells 302 defime

an exiensive sct of surfaces from which the precursor may vaponze. An example
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tortuous path 402 between adjacent cells 302 1s shown in FIG. 4. In some
gxamples, the cells 302 are hollow, as shown. In other examples, the cells 302
may be partiaily or fully sohid. ¥t will be appreciated that other cell wall profiles,
cell placement configurations, and tortuous paths are possible.

{8637} The inner geometry of a vaporizer core 202 can be changed to
adjust for different types of precursor, thermal, and/or pressure process contral
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 hmes for higher flow
applications.

{0638} Reference 1s now made to FIGS, SA-8C of the accompanyving
drawings. These views show, respectively, a pictorial part sectional top view of
an example vapornizer 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 FIGK. 5A-58, the cells 302 are shown visible {in the views) beneath an outer
skin or wall 504 of the vaponzer core 202, Liquid precursor eniers 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 s only partially vaporized by a single vaporizer core 202, a second n-ling
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 hguid precursor quuckly with minimal or no residual Hguid precursor
remaining in the vaporizer core 202 after closure of the infet 212, Alternating
pinching 5310 and expanding 508 regions 1 a tortuous path 402 may be seen n
FiIG. 5A. The contracting and expanding volumes of 8 tortuous path 402 1s
believed to assist in vaporizing a liguid precursor off the cell walls. The nested
configuration of the cells 1s beheved to assist thermal conduction of heatina
heat transfor path from a heater 206 or 208 to the hguid precursor through the
vaporizer core 202,

16048] In some examples, a pumber of apertures or inlet holes 506 are
formed by AM process around a periphery of the vapornzer core 202 to allow the
admission of heat transmitting material nto the central volame 302 of the

vaporizer 202 as discussed above.

o]
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0041} In more general aspects, the vaporizer core 202 1s designed to
omit sharp corners to factlitate AM processes and treatment of the various core
surfaces. In some examples, the tortuous paths 402 defined by the vaporizer corg
202 are smooth and unobstructed between adjacent cells in the nested
arrangement. The geometry of the vaporizer core 202 1s 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 fimsh
internal manifold areas may inchude a 100 to 120 uin Ra pring surface, with an
order of magnitude reduction n internal areas to 10-15 um Ra after and
abrasive flow machining {AFM) process. The outer skin designed to have
mtentionally higher surface finish with a design patters to have the best wetting
and gripping with alununum casting process with increased surface area for
better surface heat conductivities in practice.

6342} Reference 1s 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, including an aluminim
material} extends mto a central vohime 502 of each vaporizer core 202 and 204,
In 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
208 may be arranged to extend across an entire volume of a space between the
two vaporizer cores 202 and 204, Other heater arrangements are possible. In
some examples, ong or more, and i some cases all, of these components (e,
the heaters 206 and 208, one or more screws, and one or more thermocouples)
arc encased in the material of the casting or sheath 210, substantially as shown n
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 circomference in the
range 1-3 inches. An ouier circumference of the vapornizer core 202 and 204 may
be in the range 1-2 inches.

{0043} Some embodiments of the present disclosure inchuide methods.

With reference to FIG. 7, operations in a method 706 for vaporizing a hquid



WO 2021/118935 PCT/US2020/063637

precursor may include, at 702, providing a higuid cursor vaponizer, the vaponzer
mcloding

an inlet and an cutlet; and a first vaporizer core, the first vaponizer core
mcluding a plurality of nested cells defuung a plurality of tortuous paths through
which a liguid precarsor can pass in a path between the inlet and the cutlet of the
Equid precursor vaporizer; and, at 704, causing the liquid precursor to pass
through the plurality of tortuous paths o the path between the et and the outlet
of the vaporizer.

0044} FIG. 8 i1s a block diagram illustrating an example of a machine
R0O (such as system controller 180) by which one or more example process
embodiments described hercin may be controlled. In alternative embodiments,
the machine 800 may operate as a standalone device or may be connected {c.g.,
networked) to other machines. In a networked deplovment, the machine 800 may
operate in the capacity of a server machine, a clicnt machine, or both in server-
chient network environments. In an example, the machine 800 may act as a peer
machine in a peer-to-peer (P2P) {or other distributed) network environment.
Further, while only a single machine 800 is iilustrated, the term “machine™ shall
also be taken to mchude 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 ag via cloud computing, softwarg as a
service (SaaS), or other compuier cluster configurations.

045} Examples, as described heren, may imclude, or may operate by,
logic, a munber of components or mechanisms. Circuitry 18 a collection of
circeits tmplemented in tangible entities that include bardware (e .g., simaple
circuits, gates, logic, ete ). Circuiiry membership may be flexible over time and
sndertying hardware variability. Circuitries include members that may, alone or
in combination, perform specified operations when operating. In an example,
hardware of the circuitry may be immutably designed to carry out a specific
operation {¢.g., hardwired}. In an example, the hardware of the circuitry may
mrclude vartably connected physical components {¢.g., execution units,
transistors, simple circuits, etc.) including a computer-readable medium
physically modified (c.g., magnetically, electrically, by moveable placement of
irvariant massed particles, etc ) to encode instructions of the specific operation.

In connecting the physical components, the underdying electrical propertics of a



WO 2021/118935 PCT/US2020/063637

hardware constituent are changed (for example, from an insulator to a conductor
or vice versa). The instructions enable embedded hardware {(¢.g., the execution
units or a loading mechanism} to create members of the circuttry 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 15 operating. In
an example, any of the physical components may be used in more thao one
member of more than one cirewitry. 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 1o the first cirenitey, or by a thurd circuit in a second
cireuitry, at a different time.

{0044} The machine (e.g., computer system) 300 may inchude a hardware
processor 802 {e.g., a contral processing voit (CPU), a hardware processor core,
or 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 cach other via an interhink {e.g., bus) 808 The machine 800 may further
include a display device 810, an alphanumeric input device 412 (e g, a
kevboard}, and a user interface (Ul) navigation device 814 (¢.g.. a mouse). Inan
example, the display device 810, alphanumeric mput device 812, and Ul
navigation device 814 may be a touch screen display. The machine 800 may
additionally include a mass storage device (¢.g., drive unit) 816, a signal
generation device 818 {e.g., a speaker), a network mterface device 820, and one
or more sensors 821, such as a Global Positioning Svstem (GPS) sensor,
compass, accelerometer, or another sensor. The machine 800 may mnclude an
output controller 828, such as a serial {e.g., universal serial bus (USB)), paraliel,
or other wired or wirgless (e.g., infrared (IR}, near field communication (NFC),
¢tc. ) conmection to communicate with or control one or more peripheral devices
{c.g., a prinder, card reader, ¢tc.).

047 The mass storage device 816 may include a machine-readable
mediam 822 on which 1s stored one or more sets of data structures or
instructions 824 {e.g., software) embodymg or utihized by any one or more of the
techmiques or functions deseribed herein. The mstructions 824 may also reside,
completely or at least partially, within the main memory 804, within the static

memaory 806, within the hardware processor 802, or within the GPU %03 during
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exccution thereof by the machine 800. In an example, one or any combination of
the hardware processor 802, the GPU 803, the maio memory 804, the static
memory 8§06, or the mass storage device 816 may constitute machine-readable
media 822,

{0048} While the machine-readable mednum &22 is tHustrated as a single
medium, the term “machine-readable mediom” 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 824,

6049} The term “machme-readable mediom”™ may include any mediom
that can store, encode, or carry instructions %24 for execution by the machime
800 and that canse the machine 800 to perform any one or more of the
techmiques of the present disclosure, or that can store, encode, or carry data
structures used by or associated with such instructions 824. Non-limiting
machine-readable mediurm examples may inchude solid-state memories, and
opiical and magnetic media. In an example, a massed machine~-readable medium
comprises a machine-readable mednim 822 with a plurality of particles having
invariant (e.g., rest) mass. Accordingly, massed maching-readable media are not
transitory propagating signals. Specific examples of massed machine-readable
media may inciude non-volatile memory, such as semiconductor memory
devices {o.g., ¢lectrically programmable read-only memory (EPROM),
clectrically erasable progranmumable read-only memory (EEPROM)} and flash
memory devices; magnetic disks, such as internal hard disks and removable
disks; magneto-optical disks; and CD-ROM and DYV D-ROM disks. The
mnstructions 824 may further be transmitied or received over a communications
network 826 using a transmission medium via the network interface device 820.
HERH Although an embodiment has been described with reference to
specific example crobodiments, & will be evident that various modifications and
changes may be made to these erabodiments without departing from the broader
scope of the inventive subject matter. Accordingly, the specification and
drawings are o be regarded 1o an tlustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way of tlustration, and
not of hmitation, specific embodiments m which the subject matier may be
practiced. The embodiments illastrated are described 1n sufficient detail to

cnable those skilled in the art to practice the teachings disclosed herein. Other
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embodiments may be utihized and dernived therefrom, such that structural and
fogical substitutions and changes may be made without departing from the scope
of this disclosure. This Detadled Description, therefore, s notto be taken in a
fimuting sense, and the scope of various embodimerds 1s defined only by the
appended clamms, along with the full range of equivalents to which such claims
are entitled.

{0051} Such embodiments of the mmventive subject matter roay be
referred to herein, mdividually and/or collectively, by the term “imvention”
merely for convenience and without intending to volhuntarily imit the scope of
this application to any single invention or inventive concept if more than one is
m fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, 1t should be appreciated that any arrangement calculated to
achiove the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover all adaptations or vanations of
various embodunents. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill

it the art upon reviewing the above description.
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CLAIMS
1. A liquid precursor vaporizer comprising;
an inlet;

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 liquid precursor can
pass in a path between the inlet and the outlet of the liquid precursor vaporizer,
wherein at least one of the plurality of tortuous paths includes a series of

alternating pinch and expanding regions.

2. The vaporizer of claim 1, further comprising a second vaporizer core in
communication 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

liquid precursor vaporizer.

3. The vaporizer of claim 2, further comprising a sheath enclosing the first

and second vaporizer cores.

4. The vaporizer of claim 3, wherein the sheath enclosing the first and second

vaporizer cores includes an aluminum material.

5. The vaporizer of claim 4, wherein the aluminum material extends into a

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

6. The vaporizer of claim 1, wherein the first vaporizer core is manufactured

by an additive manufacturing (AM) process.

7. The vaporizer of claim 6, wherein the AM process includes the use of laser

fused Inconel 718 as an AM material.

14
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8. The vaporizer of claim 6, wherein the AM process includes a post-

annealing operation to remove porosity.

0. The vaporizer of claim 1, further comprising a heater.

10.  The vaporizer of claim 4, further comprising at least one heater disposed

between the first and second vaporizer cores.

11. A method for vaporizing a liquid precursor, the method comprising:

providing a liquid cursor vaporizer, the vaporizer including

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 liquid precursor can pass in a path between the inlet and the outlet

of the liquid precursor vaporizer;

causing the liquid precursor to pass through the plurality of tortuous paths
in the path between the inlet and the outlet of the vaporizer, wherein at
least one of the plurality of tortuous paths includes a series of alternating

pinch and expanding regions.

12. The method of claim 11, wherein the liquid precursor vaporizer further
comprises a second vaporizer core in communication 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 liquid precursor vaporizer.

13. The method of claim 12, wherein the liquid precursor vaporizer further

comprises a sheath enclosing the first and second vaporizer cores.

14. The method of claim 13, wherein the sheath encloses the first and second

vaporizer cores includes an aluminum material.
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15. The method of claim 14, wherein the aluminum material extends into a

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

16. The method of claim 11, further comprising manufacturing the first

vaporizer core using an additive manufacturing (AM) process.

17. The method of claim 16, wherein the AM process includes the use of laser

fused Inconel 718 as an AM material.

18. The method of claim 16, wherein the AM process includes a post-

annealing operation to remove porosity.

19. The method of claim 12, further comprising providing at least one heater

between the first and second vaporizer cores.
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