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X, Y, X', and Y' are independently selected from nitrogen (N) and carbon (C).
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METHOD OF FORMING INTERCONNECT STRUCTURE

TECHNICAL FIELD
{00011 The invention generally relates io methods for alomic laver deposition (ALD)
of metal films. In particular, embodiments of the invention are directed to thermal-only

based ALD deposition.

BACKGROUND

{00021 The transistor is a key caomponent of most integrated circuits. Since the drive
current, and therefore speed, of a transisior is proportional to the gate width of the
transistor, faster fransistors generally require larger gate width. Thus, there is a trade-
off between transisior size and speed, and "fin" field-effect transisiors (finkFETs) have
been developed o address the condlicting goals of a ransistor having maximum drive
current and minimum size. FinFETs are characterized by a fin-shaped channel region
that greatly increases the size of the transisior without significantly increasing the
footprint of the transistor and are now being applied in many integrated circuils.
However, finFETs have their own drawbacks.

f00031  As the fealure sizes of ifransisior devices continue o shrink o achieve
greater circuit densily and higher performance, there is a nesd 1o improve iransisior
device structure io improve elecirostatic coupling and reduce negative effects such as
parasitic capacitance and off-state leakage. Examples of transistor device structures
include a planar structure, a fin field eflect transistor {(FinFET) struciure, and a
horizontal gate all around (hGAA) structure. The hGAA device structure includes
several latlice matched channels suspended in a stacked configuration and connected
by source/drain regions. It is believed that the hGAA shruciure provides good
electrostatic conirol and can find broad adoplion in complemeniary metal oxide
semiconductor (CMOS) wafer manufacturing.

{00041 Work function metal is of great interest in metal oxide semi-conductor (MOS)
transistor applications. Metal films such as tantalum carbide {TaC), titanium carbide
(TiC}, titanium aluminum carbide (TIAIC), and ltanium aluminum {TIAl) have been

evaluated as candidates for n-metals (work function metals) in MOS transistors,
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{0005] Typically, the effecltive work function (WF) of metals and their alloys is
governed by the sffeclive electronegativity. More electropositive metals demonsirate
n-type metal oxide semiconducior (N-MOS) work function. The most widely used N-
metal films include titanium (71, aluminum (A, hafnium (HY), and lanthanum (La).
There are no viable options to deposit these pure metal films without plasma. Plasma
processes are typically undesirable for transistor manufaciuring as plasma can cause
detrimental effecis on the previcusly deposiled films and the resulting device.
Therefore, there is g need in the art for methods o deposit these films with minimal

slectronegative residuss.

SUMMARY
{00681 One or more embodiments of the disclosure are directed to a method of
forming an inferconnect.  In one or more embodiments, the method comprises
exposing at least a portion of an interconnect surface o a halide precursor comprising
g compound having the general formula (1)

M:Rm {h, wherein M is a metal selected from one or more
of titanium {T1), tantalum {Ta), nicbium (Nb}, molybdenum (Mo), and tungsten (W), Q
is a halogen selecied from Gl Br, For |, zis from 1 10 6, R is selected from hydrogen,
alkyl, CO, cyclopentadienyl, amidinale, diazadiene, or amidate, and m is from 0 io §;
exposing at leasi g portion of the interconnect surface o an organosilane reactant

comprising a compound of general formula (1) or general formula (I
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wherein R, R2, R%, R4 RS, RS, B/, RBE B2, Be, Re, R Re, and R are independently
selected from hydrogen {H)}, substituted aliyl or unsubstituied alkyi; and X, Y, X, and
Y' are independently selected from nifrogen {N) and carbon (C), to deposit a liner layer
on the interconnec! surface, the liner layer subsiantially free of carbon; and depositing
a gap fill material on the liner layer.

00071 Additional embodiments of the disclosure are directed 1o an interconnect. In
one or more embodiments, an interconnect comprises: a dielectric layer on a
substrale; a barrier layer on dielectric layer; a liner layer on the barrier layer; and a
gapfill material on the liner layer, wherein the liner layer comprises a metal film

substantially free of carbon.

BRIEF DESCRIPTION OF THE DRAWINGS

{0008] So that the manner in which the above reciled features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
gre Hiustrated in the appended drawings. [t is o be noted, however, ihat the
appended drawings illustrate only typical embodimenis of this disclosure and are
therefore not to be considered limiting of its scope, for the disclosure may admit to
other equaily effective embodiments.



10

20

25

36

WO 2024/228992 PCT/US2024/026980

{00081 FICG. 1 illustrates a process flow diagram of a method according io
smbodiments described herein;

{00107 FIG. 2 illustrates a cross-section view of a melal oxide stack according to
embodiments described herein; and

[0011]  FiG. 3 illustrates a cross-ssclion view of an interconnect according 1o
embodiments described herein.

DETAILED DESCRIPTION

{0012] Before describing several exemplary embodiments of the disclosure, s fo
be undersicod that the disclosure is not limited o the details of construchion or
process steps set forth in the following description. The disclosure is capable of other
embodiments and of being praciiced or being carried out in various ways.

[0013] As used in this specification and the appended claims, the term “substrate”
refers 1o a surface, or portion ¢of a surface, upon which a process acts. 1t will also be
understood by those skilled in the art that reference o a substrale can also refer o
only a porlion of the subsirate unless the confext clearly indicates otherwise.
Additionally, reference to depositing on a substrate can mean both a bare substrate
and a substrate with one or more ilms or fealures deposited or formed thereon.

{00147 A "substrate” as used herein, refers o any subsiraie or material surface
formed on a subsirate upon which film processing is performed during a fabrication
process. For example, a substrate surface on which processing can be performed
include materials such as silicon, silicon oxide, strained silicon, silicon on insulator
(SO, carbon doped silicon oxides, amorphous silicon, doped silicon, germanium,
gallium arsenide, glass, sapphire, and any cother materials such as metals, metal
nitrides, metal alloys, and other conductive materials, depending on the application.
Substrates include, withoul limitation, semiconductor wafers.  Substrales may be
exposed to a prefreatment process fo polish, elch, reduce, oxidize, hydroxylate,
anneal, UV cure, e-beam cure and/or bake the substrale surface. In addition o film
processing directly on the surface of the substrate itself, in the present disclosure, any
of the film processing sieps disclosed may aglso be performed on an underiayer
formed on the substrate as disclosed in more detail below, and the term "substrate
surface” Is intended fo include such underiayer as the context indicates. Thus, for
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example, where g filmAayer or partial film/layer has been deposited onto a substrate
surface, the exposed surface of the newly deposited film/dayer becomes the substrate
surfgce.

{00151 As used in this specification and the appended claimsg, the terms “reactive
gas,” “precurscr,” “reactant”, and the like, are used interchangeably 1o mean a gas
that includes a species which is reactive in an atomic layer deposilion process. For
example, a first "reactive gas” may simply adsorb onio the surface of a subsirate and
be gvailable for further chemical reaction with a second reactive gas.

[0016] In one or more embodiments, methods for thermal-only based atomic laver
deposition (ALD) deposition of metlal iims particularly one or more of titanium and/or
aluminum, are described. Some embodiments advantageously provide methods for
forming stable compositions with greater than 85% step coverage. Some
embodiments of the method advantageously provide work function metals for gate-all-
around {GAA) architectures.

00171 Typically, alloys of two eleciropositive slements are deposited using a halide
metal for the first element and a metalorganic based precursor for the second
slement. An oxidation-reduction reaction between the precursars deposits an alloy
fiim. However, the oxidation-reduction reaction forms carbon residues, which can
reduce the ability of the film {o exhibit the best effective work function. One or more
embodiments advantageously provides an alloy film that is substantially free of
impurities, e.¢., carbon, with a controlied composition.

{0018}  Titanium (71 and aluminum (Al) are both glectropositive metals and are very
difficuit fo reduce. Some embodiments of the disclosure provide thermal vapor phase
deposition of pure metal films.  Some embodiments advantagecusly permit
compositional coniral of the alloy films by conirolling the reactants.

{00197  In other embodimenis, provided are methods of forming interconnect
structures and methods of making the same for back-end-of-the-line (BEOL)
processes, including ungsten and copper. Currently, a damascene process is used 1o
form a mullilayer copper and/or tungsten interconnect that includes a liner laysr
followed by copper and/or tungsten fill. Current metal liners are comprised mostly of
metal nitride with a typical thickness of about 20 A. As the critical dimensions of
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integrated circuils continue to shrink, the same materials will face chalienges with
desired resistivity.

{00207 With decreasing dimensions, and increased aspect ratios limits, both the
choice of materials and also the way of depositing the materials can be improved.
Complex device geomeatries require new ways of depositing these film without plasma-
based processes due 1o subshrate damage and conformality issues. In one or more
embodiments, a pure thermal ALD process is used o deposit pure metal films by ALD
for interconnect formation. This process can be used to deposit metal-containing film
with low resistivity and good conformality. in one or more embodiments, a metal halide
precursor and organosilane molecule as a co-reactant is used in an ALD reaction o
form a metal gllow film. The metal alloy film may be further tailored to form a metal
nitride film.

{00211 In one or more embodiments, thermal alomic layer deposition (ALD}
methods are provided that involve the reduction of a metal halide precursor with an
organosiiane reducing agent.

{00221 "Atomic layer deposition”™ or "cyclical deposition” as used herein refers 1o the
sequential exposure of two or more reactive compounds o deposit a layer of material
on a subsirate surface. As used in this specification and the appended claims, the

35 88

terms “reactive compound”, “reactive gas”, “reactive species”, “precursor”’, "process
gas” and the like are used interchangeably 10 mean a substance with a species
capable of reacting with the substrate surface or material on the substrate surfacg in a
surface reaction (e.¢g., chemisorption, oxidation, reduction). The substrate, or portion
of the subsirate, is exposed separalely to the two or more reaclive compounds which
are introduced into a reaction zone of a processing chamber.

{00231 In a time-domain ALD process, exposure 1o sach reaclive compound is
separated by a time delay to allow each compound 1o adhere and/or react on the
subsirate surface and then be purged from the processing chamber. in a spatial ALD
process, different portions of the substrate surface, or matenal on the subsirate
surface, are exposed simultaneously 1o the two or more reactive compounds so that
any given point on the subsirate is substantially not exposed to more than one
reactive compound simulianeously. As used in this specification and the appended
claims, the term “substantially” used in this respect means, as will be understood by
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those skilled in the ari, that there is the possibilily that a small portion of the substrate
may be exposed to mulliple reactive gases simulansously due 1o diffusion, and that
the simultaneous exposure is unintended.

{00241 In time-domain ALD embodiments, exposure {0 each of the process gases
are separated by a time delay/pause 1o aliow the components of the process gases o
adhere and/or react on the substrate surface. Alternatively, or in combination, in
some embodiments, a purge may be performed before and/or after the exposure of
the subsirate 1o the process gases, wherein an ineri gas is used o perform the purge.
For example, a first process gas may be provided to the process chamber followed by
a purge with an inert gas. Nexd, a second process gas may be provided o the process
chamber followed by a purge with an inert gas. In some smbodiments, the inert gas
may be continuously provided fo the process chamber and the first process gas may
be dosed or pulsed into the process chamber followed by a dose or pulse of the
second process gas into the process chamber. In such embodiments, a delay or
pause may occur between the dose of the first process gas and the second process
gas, allowing the continuous flow of inert gas o purge the process chamber between
doses of the process gases.

{00257 In one aspect of a time-domain ALD process, a first reactive gas {(i.e., a first
precursor or compound A) is pulsed into the regction zone foliowed by g first time
delay. Nexi, a second precursor or compound B is pulsed into the reaction zone
followad by a second delay. During each time delay, a purge gas, such as argon, is
introduced into the processing chamber {0 purge the reaction zone or otherwise
remove any residual reactive compound or reaction by-products from the reaction
zone. Alternatively, the purge gas may flow conlinuously throughout the deposition
process so that only the purge gas Hows during the time delay between pulses of
reaciive compounds. The reaclive compounds are allernatively pulsed until a desired
film or film thickness is formed on the subsirate surface. In either scenario, the ALD
process of pulsing compound A, purge gas, compound B and purge gas is a cydle. A
cycle can start with either compound A or compound B and continue the respective
order of the cycle uniif achieving a film with the predetermined thickness.

[0026] In one or more embodiments, the purge gas is selected from one or more of

argon (Ar), nitrogen {(Nz}, or helium (He). In one or more embodiments, the same
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purge gas is used o purge the precursor and the reductant. In other embodiments, a
different purge gas is used o purge the processing chamber of the precursor than the
purge gas used to purge the processing chamiber of the oxidant.

{00271  In an embodiment of a spatial ALD process, a first reactive gas and second
reactive gas are delivered simultanecusly o the reaction zone but are separated by
an inert gas curiain and/or a vacuum curiain. The substrate is moved relative {o the
gas delivery apparatus so that any given point on the substrale is exposed 1o the first
reactive gas and the second reactive gas.

{00281 In spatial ALD embodiments, exposure 1o gach of the process gases occcurs
simultaneously o different parts of the subsirate so that one part of the substrate is
exposed to the first reactive gas while a different part of the subsirate is exposed 1o
the second reactive gas {if only two reactive gases are used). The substraie is moved
relative 1o the gas delivery system so that each point on the substrate is sequentially
exposed 1o both the first and second reactive gases. In any embodiment of a time-
domain ALD or spatial ALD process, the sequence may be repeated until a
predetermined layer thickness is formed on the subsirate surface.

{00281 A "pulse” or "dose” as used herein is intended 1o refer to a quantity of a
source gas that is intermittently or non-continuously introduced into the process
chamber. The quantity of a particular compound within each puise may vary over ime,
depending on the duration of the pulse. A pariicular process gas may include a single
compound or a mixture/combination of two or more compounds, for example, the
process gases described below.

{00307 The durations for each pulse/dose are variable and may be adjusted io
accommaodate, for example, the volume capacity of the processing chamber as well as
the capabiliies of a vacuum system coupled thergto. Additionally, the dose time of a
DIOCEss gas may vary according to the flow rate of the process gas, the tlemperature
of the process gas, the iype of confrol valve, the type of process chamber emploved,
as well as the ability of the components of the process gas to adsorb onto the
substrate swrface. Dose times may aiso vary based upon the type of iayer being
formed and the geometry of the device being formed. A dose time should be long

enough 1o provide a volume of compound sufficient 1o adsorb/chemisort onto
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substantially the entire surface of the subsirate and form a laver of a process gas
component thereon.

{00311 In one or more embodiments, the films described herein may be formed by
atomic layer deposition {ALD) processes using a metal halide precursor and an
grganosilane reducing agent. The atomic layer deposition process of one or more
embodiments is a thermal process and does not involve the use of a plasma.

{00321  As used herein "metal film” refers 1o a film thal comprises a melal. Inone or
more embodiments, the metal film is substantially free impurities. In one or more
embodiments, the metal film is substantially free of carbon (G} despite the substrate
being exposed to a carbon-containing organosilane precursorreductant.  As used
herein, the lerm "substantially free” means that there is less than about 5%, including
less than about 4%, less than about 3%, less than about 2%, less than about 1%, and
less than about 0.5% of carbon, on an atomic basis, in the metal film.

{0033} In one or more embodiments, the metal film contains greater than about 80%
iotal metal content on an atomic basis, including greater than about 85% total metal,
greater than about 86% total metal, greater than about 979% iotal melal, greater than
about 88% total metal, or greater than about 98% tofal metal. As used herein, the
term “otal metal conlent” refers 10 the percentage of metal, on an atomic basis,
present in the metal film. In one or more embodiments, the metal may come from the
halide precursor.

[0034] In one or more embodiments, the metal halide precursor comprises a
compound having the general Formula {1 MQ:Rw (§), wherein M is a metal, Qis a
halogen selected from Cl, Br, F or |, z is from 1 o 6, R is selected from alkyl, CO,
cyclopentadienyt, amidinate, diazadiene, or amidate, andmis rom 0 10 6.

f00351  In one or more embodiments, the metal, M, is selected from one or more
metal from group N, group IV, group V, group Vi, or group VI of the pericdic table, or
Sn oor Si. In other embodiments, the metal, M, is selected from one or more of
scandium (S}, yitrium (Y, lanthanum {La), actinium (Ac), titanium (T1), zirconium {Zr),
hafnium (Hf}, vanadium (V), nicbium (Nb), tantalum {Ta}, chromium (Cr}, molybdenum
(Mo}, tungsien (W), manganese (Mn)}, rhenium (Re), technetium (Tc), iron (Fe),
ruthenium (Ru), osmium {Os), cobalt (Co), rhodium (RBh), iridium (i), nickel {Ni},
palladium {Pd), platinum (Pt), copper (Cu), silver (Ag, gold (Au), zinc (Zn), cadmium
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({Cd), mercury (Hg), tin (Sn), {(silicon) &I, or nicbium (Nb). In one or more
embodiments, the metal M is selected from one or more of Ti, Ta, Zr, La, Hf, Ce, Zn,
Cr, Sn, W, or V. In one or more specific embuodiments, the metal M is selecied from
one or more of titanium (T and aluminum (Al). In other specific embodiments, the
metal M is selected from one or more of titanium (11}, tantalum (Ta}, niobium (Nbj},
molybdenum (Mo}, and tungsten (W).

{0036] In one or more embodiments, G is a halogen selected from CL Br, F or L In
one or more embodiments, 7 is from 1 10 6, including 1, 2, 3, 4, 5, or 8. In other
embodiments, Q is sslected from Gl or Br. In a specific embodiment, Q is Gl In
ancther specific embodiment, Q is Br.

{00377  Unless otherwise indicaled, as used hergin, "alkyl” or "alk" includes both
straight and branched chain hydrocarbons, containing 1 to 20 carbons, in the normal
chain, such as methyl, ethyl, propyl, isopropyl, bulyl, -butyl, iscbutyl, pentyl, hexyl,
isohexyl, heptyl, 4 4-dimethyipentyl, octyl, 2,2 4-trimethyl-pentyl, nonyl, decyl, undecyl,
dodecyl, the various branched chain isomers thereof, and the like. Such groups may
optionally include up o 1 {0 4 substifuenis. In one or more embodiments, B is
selected from alkyl, GO, cyclopentadienyi, amidinate, diazadiene, or amidate. In one
or more embodiments, H is Cis alkyl. In one or more embodiments, m is from 0 1o 6,
including 0,1, 2,3, 4,5, or 6.

{00381 In one or more embodimenis, the organosiiane reducing agent has 3

structure of Formula H or Formulda i
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{00401 wherein R!, R RS B4 RS, RE R/, BE R, Rb Re, RY Re and R are
independently selecied from hydrogen (H), substituted alkyl or unsubstituted alkyl; and
XY, X, and Y are independently selected from nitrogen (N) and carbon {C).

{00417 The term Yiower alkyl” "alkyl" or "alk” as used herein alone or as part of
ancther group includes both straight and branched chain hydrocarbons, containing 1
to 20 carbons, in the normal chain, such as methyl, ethyl, propyl, isopropyl, butvl -
butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4 4-dimethylpentyl, octyl, 2,2,4-tfrimethyi-
peniyl, nonyl, decyl, undecyl, dodecyl, the various branched chain isomers thereof,
and the like. Such groups may optionally include up to 1 to 4 substituents. The allyi
may be substituted or unsubstituted. In specific embodiments, at least one of R, RY,
Re, RY, ke, and R comprise methyl. In some embodiments, each of R8, BP, RS, RY, Re,
and R’ comprise methyl.

{00421 In one or more embodiments, the organcsilane reducing agenis are selected
from bis{irimethylsilyljcyclohexadiene, bis{trimethyisilylldiaza-cyclohexadiene,
bis{trimethylsilvli-aza-cycichexadiens, bis{trimethylsilyh-dihydro-bipyridine, 3.,6-
bis{trimethylsilyly-1,4-cyclohexadiene, 1-methyl-3,8-bis(irimethylisilyi}-1,4-
cyclohexadiene, and 1,4-bis-{irimethylsilyl}-1,4-diaza-2,5-cyclchexadiene.

{00431 In other embodiments, the organosilane reactant is selected from one or
more  3,6-bis{trimethyisilyh-1,4-cyclohexadienes,  1-methyl-3,6-bis{trimethylsilyh-1,4-
cyclohexadiene, 1,4-bis-{trimethyisilyl}-1,4diaza-2 Beyclohexadiene, 1.,4-
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bis{trimethylsilyli-1-aza-2,5-cyclohexadiene, 1,1 -bis{trimethyisilyl}-1,1-dihvdro-4,4"
Dipyridine, and 1,4-bis-{Irimethylsilyl)-1,4diaza-2,5cyciohexadiene.

{0044] With reference to FIG. 1, one or more embodiments of the disclosure are
directed to method 10 of depositing a thin film. The method llustrated in FIG. 1 is
representative of a thermal atomic layer deposition (ALD) process in which the
subsirate or subsirate surface is exposed seguentially 1o the reaclive gases in a
manner that prevenis or minimizes gas phase reactions of the reactive gases.

[0045] In some embodiments, the method 10 includes an optional pre-treatment
operation 20. The pre-treatment can be any suitable pre-treatment known to the
skilled artisan. Suitable pre-treatments include, but are not limited fo, pre-heating,
cleaning, soaking, native oxide removal, or deposition of an adhesion layer {(e.q.,
fitanium nitride {TiN})). In one or more embodiments, an adhesion layer, such as
titanium nitride, is deposited at pre-treatment operation 20.

{0048] With reference to FIG. 1, the method 10 comprises a deposition cycle 70. At
deposition operation 30, a process is performed to deposit a metal-containing film on
the substrate {or substrate surface}. Al operation 30, the subsirate {(or substrate
surface) is exposed o a halide precursor comprising a compound having the general
Formula (1) MQzRm (), wherein M is a metal, Q is a halogen selected from Cf Br, F or
bz is from 1 10 8, B is selected from alkyl, CO, cyclopentadienyl, amidinale,
diazadiene, or amidate, and m is from 0 10 8. in one or more specific embodiments,
the halide precursor comprises titanium tetrachloride {TiClg) to form a titanium species
on the substrate surface. In other embodiments, the halide precursor comprises
aluminum chioride (AICI) 1o form an aluminum species on the substrate surface.
{00471 In one or more embodiments, the halide precursor-containing process gas
may be provided in one or more pulses or continucusly. The flow rate of the halide
precursor-coniaining process gas can be any suilable flow rate including, bul not
fimited to, flow rates is in the range of aboul 1 {0 about 5000 scem, or in the range of
about 2 1o about 4000 scem, or in the range of about 3 o about 3000 scom or in the
range of about 5 o about 2000 scem.  The halide precursor of Formula | can be
provided at any suilable pressure including, but not limited 10, a pressure in the rangse
of aboul 5 mtorr o about 40 Torr, or in the range of about 100 mTor to about 40
Torr, or in the range of about 5 Torr to about 40 Torr, or in the range of about 50
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mTorr to about 2000 mTorr, or in the range of about 100 mTorr 1o about 1000 mTorr,
or in the range of about 200 mTorr to about 500 mTorr.

{00487 In one or more embodiments, the period of time that the substraie is
exposed to the halide precursor-containing process gas may be any suitable amount
of time necessary to allow the precursor o form an adequate nucleation layer atop the
conductive substrate surfaces. For example, the process gas may be flowed into the
process chamber for a period of aboul 0.1 seconds to about 90 seconds. in some
time-domain ALD processes, the substrale surface is exposed {o the halide precursor-
containing process gas for a time in the range of from about C.1 sec to about 80 sec,
or in the range of from about 0.5 sec to about 80 sec, or in the range of from about 1
sec to about 30 sec, or in the range of from about 2 sec to about 25 seq, or in the
range of from about 3 sec 1o about 20 sec, or in the range of from about 4 sec o
about 15 seg, or in the range of from about 5 se¢ to about 10 sec.

{00497 In some embodiments, an inert carrier gas may additionally be provided 1o
the process chamber at the same time as the halide precursor-containing process
gas. The carrier gas may be mixed with the halide precursor-containing process gas
{e.9., as a diluent gas) or separately and can be pulsed or of a constant flow. In some
smbodiments, the carrier gas is flowad into the processing chamber at a constant flow
irn the range of from about 1 10 about 10000 scom. The carrier gas may be any ineri
gas, for example, such as argon {Ar), nitrogen (N}, helium {He), neon (Ne),
combinations thereof, or the like. In one or morg specific embodiments, the halide
precursor-containing process gas is mixed with argon prior to Howing into the process
chamber.

{00507 In one or more embodiments, the temperature of the subsirate during
deposition can be conirolled, for example, by setting the temperature of the substrate
support. In some embodiments the substrate is held at a {emperature in g range of
from about 100 °C to about 500 °C, including a temperature of about 100 °C, about
150 °C, about 200 °C, about 250 °, about 300 °C, about 350 °C, about 400 °C, about
454G °C, and about 500 °C.

[0051] In one or more embodiments, gt operation 40, the processing chamber is
then purged of the halide precursor. Purging can be accomplished with any suitable
gas that is not reactive with the substrate, film on the subsirate, and/or processing
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chamber walls. Suitable purge gases include, but are not limited to, nitrogen (Nz},
helium (He), and argon {Ar). The purge gas may be used to purge the processing
chamber of the halide precursor, and/or the organosilane reactart.  In some
embaodiments, the same purge gas is used for each purging operation. In other
embodiments, a different purge gas is used for the various purging operations.

[00582] In one or more embodiments, at operation 50, at least a portion of the
subsirate surface is exposed 1o an organosilane reaciant 1o deposit a melal film. The

organgsilang reactant comprising a compound of general formula () or general

formula (i)
b
Ra$ R®
a
Rb
R2R°
; I @
Rl _X_ _R? R
I
o o 1 @
RdS?E\Rf
Re Rd Rf
R
[0053] {ih (i

{0054] wherein R, R%, R®, BY, RS, RE, A/, BY R, BP Re RY R® and R are
independently selecied from hydrogen (H), substituted atkyl or unsubstituted alkyl; and
XY, X, and Y are independently selecied from nitrogen (N) and carbon {C).

{00551 In one or more specific embodiments, the organosilane precursor reacts with
the metal species on the subsirale surface 1o form a metal film.  For example, in
embodiments where the halide precursor comprises titanium tetrachloride (TiCk), the
organosilane precursor reduces the litanium species and forms a titanium fim.

{00561 In one or more embodiments, at operalion 80, the processing chamber is
then purged of the organosilane reactant. In one or more smbodiments, the metal film
is deposited on the substrate surface. In one or more embodiments, the metal film is
substantially free of carbon.
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{00571 Al decision 80, the thickness of the deposited film, or number of cycles of
halide precursor and organosilane precursor is congidered. If the deposited film has
reached a predeiermined thickness or a predetermined number of process ovcles
have been performed, the method 10 moves {0 a post-processing operation 20. Hthe
thickness of the deposited film or the number of process cycles has not reached the
predetermined threshold, the method 10 returns {0 deposition operation 70 10 expose
the subsirate surface 1o the halide precursor again in operation 30, and continuing.
[0058] In one or more embodiments, the deposilion cycle 70 is repeated. Al
operation 30, the halide precursor of Formula | comprises a different precursor that in
the first deposition cycle. For example, in one or more embodiments, the halide
precursor comprises aluminum chiloride (AlCH:) to form an aluminum species, which is
then subsequently reduced by the organocsilane precursor. In some embodiments, the
precursors may not change every other gycle. In some embodiments, for example,
there may be five cycles with one precursor and then three cycles with the other
Drecursor.

{00581 The optional post-processing operation 80 can be, for example, a process o
modify film properties {(e.g., annealing or densification) or a further film deposition
process {e.g., additional ALD or CVD processes) 1o grow additional films. in some
embodiments, the post-processing operation 90 can be a process that modifies a
property of the deposited film.  In some embodimenis, the post-processing operation
80 comprises annealing the as-deposited film.  In some embodiments, annealing is
done at temperatures in the range of about 300 °C, 400 °C, 500 °C, 600 *C, 700 °C,
800 °C, 900 ®C or 1000 °C. The annealing environment of some embodiments
comprises one or more of an inert gas {e.g., molecular nitrogen (N2}, argon (Ar) or a
reducing gas {e.g., molecular hydrogen {Ha) or ammaonia (NHz2)) or an oxidant, such
as, but not limiled to, oxygen {02}, ozone (Os), or peroxides. Annealing can be
performed for any suitable length of ime. I some embodiments, the fiim is annealed
for a predetermined time in the range of about 15 seconds to about 80 minutes, orin
the range of about 1 minule o about 80 minules. In some embodiments, annealing
the as-deposited film increases the density, decreases the resistivity and/or increases
the purity of the film.
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{00601 In one or more embodiments, the method 10 can be performed al any
suitable temperature depending on, for example, the halide precursor, organosilaneg
reducing agent, or thermal budget of the device. In some embodiments, exposures o
the halide precursor {operation 30) and the crganosiiane reducing agent {operation
50) ocour al the same temperature. In some embodiments, the subsirale is
maintained at a temperature in a range of about 200 °C to about 500 °C, or in the
range of about 350 °C to about 500 °C.

{00611 In one or more embodiments, the meial film, titanium aluminum (TIAD film
has a carboan content of less than or equal to about 5% on an atomic basis.

{00627 In one or more embodimenis, the metal film, which comprises less than or
equal to about 5% carbon on an alomic basis, may be subjected o further processing
to form a metal carbide film. In such embodiments, the metal portion of the carbide
film, e.g., fitanium aluminum (TIAD, contains less than about 5% carbon impurity. In
one or more embodiments, the films may be treated with radicals or thermal treatment
to remove the carbon impurity.

{00631 In one or more embodiments, the method is used o deposit pure thermal
titanium {71 metal and {(aluminum} Al metal which can be processed further io vield a
TiAl film. The deposited film may have ceriain degree of C incorporation and can form
TIAIC.

{00641 One or more smbodiments of the disclosure are directed o a metal oxide
stack that is part of a gale stack in a metal oxide semiconductor (MOS). Referring t©
FiG. 2, the metal oxide stack 100 comprises a high-< dislectric layer 104 and an
interface layer {not illustraled) on a subsirate 102, and g tilanium nitride layer 106 on
the high-k dielectric layer 104. The embodiment illustrated in FIG. 2 has a separate
high-k dielectric layer 104 on a subsirate 102, However, the skilled artisan will
recognize that the high-k dislectric layer 104 can be the subsirale 102 or a portion of
the subsirate 102. For example, the high-x dieleciric 104 can be formed on the
substrate 102 1o form the metal oxide stack 100.

00651  In one or more embodiments, the metal oxide stack 100 is formed on
substrale 102 which can be any suitable material or shape. In the embodiment
Hlusirated, the subsirate 102 is a flat surface and the metal oxide stack 100 is
represented by rectangular boxes placed on fop of one ancther. However, those
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skilled in the art will understand that the substrate 102 can have one or more features
{i.e., trenches or vias) and that the meial oxide stack 100 can be formed fo conform to
the shape of the substrate 102 surface.

{00661 In one or more embodiments, a work function layer 108 is formed on the
titanium nitride layer 108, In one or more embodiments, the work funclion layer 108
comprises a metal film that is substantially iree of carbon, having less than about 5%
carbon on an atomic basis. The melal film is prepared by the methods of one or mors
embodiments. The metal film can be formed by exposing at least a portion of the
substrate 102 i a halide precursor comprising a compound having the general
Formula (1) MQ:Bm {§), wherein M is a metal, Q is a halogen selected from G, Br, F or
Lz is from 1 1o 8, R is selected from alkyl, CO, cyclopentadienyl, amidinate,
diazadiene, or amidaie, and m is from 0 {o 6; and exposing at least a portion of the
substrate 102 to an organosilane reducing agent comprising a compound of general

formula (1) or general formula (111

b
R‘i;‘?i R
i
b 2
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[0067] {i (i)

[0068] wherein R, R?, F® R4 R RS R/, RE R RS R RY Re and B are
independentily selecied from hydrogen (H}, substituted altkyl or unsubstituied alkyl; and
X, Y, X, and Y' are independently selected from nitrogen {(N) and carbon (C), 1o
deposit a metal film as a work funclion layer 108 on the substrate 102, the metal film
substantially free of carbon.
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{00681 In some embodiments, exposing the substrale surface to the halide
precursor and the organosilane reactant ocours sequentially.  For example, an ALD
type process so that the subsirate surface (or portion thereof) is exposed o the halide
precursor and the organosilane reactant sequentially or substantially sequentially. In
some embodimentis, exposing the subsirate surface io the halide precursor and the
organosiiane reactant occurs simultanecusly. For example, a chemical vapor
deposition (CVD} type process in which both the halide precursor and the
organosilang reactant are flowed into the processing chamber at the same time,
allowing gas phase reactions of the precursor and the reactant.

{0070} One or more embodiments of the disclosure are directed o forming an
iterconnect, such as thal fHlustrated in FIG. 3. Referring lo FIG. 3, the interconnect
200 comprises g dielectric layer 202, and a barrier layver 204 on the dieleciric layer
202. In one or more embodiments, a liner layer 206 is on the barrier layer 204. A
metal fill 208, such as copper (Cu) or tungsten (W) is then deposited on the liner layer
206, The metal fill 208 can be deposited by any suitable method known 1o the skilled
artisan. In one or more embodimentis, the metal fill 208 is depasited by one or more of
CvD, ECP, and PVD reflow.

{0071]  As used herein, the dielectric layer 202 may comprise any suilable dielectric
material known o the skilled artisan. A "dielectric mater," as used herein, refers {o any
portion of a subsirate or portion of a material surface formed with the dielectric
material. Non-limiting examples of dielectric material include silicon oxide (Si0Oy),
silicon nitride (SN}, silicon (Sh), silicon oxynitride {SION), carbides, oxycarbides,
nitrides, oxynitrides, oxycarbonitrides, polymers, phosphosilicate glass, flucrosilicate
(SIOF) glass, organosiiicate giass {SIOCH), aluminum oxide (AlOK), hafnium oxide
(HfOx), zirconium oxide (ZrQOz), Hlanium oxide (TICy), tianium nitride (TIN), tantalum
oxide (TaxOs), yhtrium oxide (Y203}, larthanum oxide {(Laz03}, aluminum nitride (AIN},
magnesium oxide (MgQ), calcium fluoride {Cakz), lithium fluoride (LiF), strontium

oxide (5r0), barium oxide (Ba(), hafnium silicate (HISIO4), lanthanum aluminate

{LaAlOz), nicbium pentoxide {NboOs), barium titanale (BaTiOg), strontium titanate
(&rTi0s), bismuth titanate {BiaTiz04), lead zirconium tilanate (Pb{dr, THOs), calcium
copper titanate {CaCusTiaOqz), Hthium nickate (LINDOs), barium titanate (BaTiOs), and

potassium nicbate (KNb(Qs). In one or more specific embodiments, the dielectric layer
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202 comprises one or more of silicon oxide (Si0y), silicon oxycarbide (SIOC), silicon
oxycarbonitride (SiOCN), silicon nilride (SiN), silicon oxynitride (SION), aluminum
oxide (AlOy), aluminum nitride (AIN), and hafnium oxide (HiOx).

{00721  In one or more embodiments, the barrier layer 204 comprises any suilable
material known o the skilled artisan. In one or more embodiments, the barrier layer
204 comprises a diffusion stop material that adheres well to the diglectric layer 202.
{00731  The liner layer 206 is prepared by the methods of one or more embodiments.
The liner layer 208 can be formed by exposing at least a portion of the interconnect
200 1o a halide precursor comprising a compound having the general Formula (i)
MQzRm (1), wherein M is a metal, Q is a halogen selected from Cl, Br, F or |, z is from
1 io 8, R is selected from alkyl, CO, cyclopeniadienyl, amidinate, diazadiene, or
amidate, and m is from 0 o §; and exposing at least a portion of the subsirate 102 o
an organosilane reducing agent comprising a compound of general formula (1) or

general formuia (1)

b
R“$ R®

b

T ‘:ﬁi

Rd Rt
Re

(0074} {in (i)
00751 wherein R', RB?, R® R4 R RS R RS R, RP, Re, RY RS, and R are
independentily selecied from hydrogen (H}, substituted altkyl or unsubstituied alkyl; and
X, Y, X, and Y' are independently selected from nitrogen {(N) and carbon (C), 1o
deposit a liner fayer 206 on the interconnect 200, the liner layer 206 substantially free
of carbon.
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[00768] In some embodimenis, exposing the interconnect swrface {i.e., the barrier
layer 204} to the halide precursor and the organosilane reactant occurs sequentially.
For example, an ALD type process so thal the substrale surface (or portion thereof) is
exposed to the halide precursor and the organcsilane reaciant seguentially or
substantially sequentially. In some embaodiments, exposing the interconnect surface
io the halide precursor and the corganosiiane reactant occurs simultaneously. For
example, a chemical vapor deposition (CVD) ype process in which both the halide
precursor and the organosilane reactant are flowed into the processing chamber at
the same time, allowing gas phase reactions of the precursor and the reactant.

{00777 According o one or more embodiments, the substrate is subjecied to
processing prior o and/or after forming the layer. This processing can be performed
in the same chamber or in one or more separate processing chambers. In some
embodiments, the substrate is moved from the first chamber to a separate, second
chamber for further processing. The subsirate can be moved directly from the first
chamber {0 the separate processing chamber, or the substraie can be moved from the
first chamber 10 one or more transfer chambers, and then moved 1o the separate
processing chamber. Accordingly, the processing apparatus may comprise muitiple
chambers in communication with a transfer station. An apparatus of this sort may be
referred to as a “cluster tool” or “clusierad system,” and the like.

{00781 Generally, a cluster ool is a modular system comprising multiple chambers
which perform various functions including substrate center-finding and orientation,
degassing, annealing, deposilion and/or eitching. According 0 one or more
embodiments, a cluster tool includes al least a first chamber and & central transfer
chamber. The ceniral transter chamber may house a robot that can shuttle substrates
between and among processing chambers and load lock chambers. The transfer
chamber is typically maintained at a vacuum condition and provides an intermediate
stage for shutiling substrates from one chamber o another and/or 1o a load lock
chamber positioned at a front end of the cluster tool. Two well-known cluster tools
which may be adapted for the present disciosure are the Centura® and the Endura®,
both available from Applied Malerials, Inc., of Santa Clara, Calif. However, the exact
arrangement and combination of chambers may be agltered for purposes of performing
specific portions of a process as described herein. Cther processing chambers which
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may be used include, but are not limited to, cyclical layer deposition (CLD), atomic
layer deposition (ALD), chemical vapor deposition {CVD), physical vapor deposition
(PFVD), etch, pre-clean, chemical clean, thermal treatment such as RTP, plasma
nitridation, degas, orientation, hydroxylation, and other substrate processes. By
carrying out processes in a chamber on a cluster todl, surface contamination of the
subsirate with atmospheric impurities can be avoided without oxidation prior 1o
depositing a subseguent film.

[0079] According to one or more embaodiments, the substrale is continuously under
vacuunt or “load lock” conditions and is not exposed to ambient air when being moved
from one chamber {0 the nexd. The transfer chambers are thus under vacuum and are
“pumped down" under vacuum pressure.  Inert gases may be present in the
processing chambers or the transfer chambers. In some embodimenis, an inert gas is
used as a purge gas to remove some or all of the reactants after forming the layer on
the surface of the substrale. According to one or more embodiments, a purge gas is
injecied at the exit of the deposition chamber 1o preveni reactanis from moving from
the deposition chamber fo the transfer chamber and/or addilional processing
chamber. Thus, the flow of inert gas forms a curtain at the exit of the chamber.

{00801 During processing, the substrate can be heated or cooled. Such heating or
cooling can be accomplished by any suitable means including, but not limited 1o,
changing the femperature of the substrate support {e.q., susceptor) and flowing
heated or cocled gases b the subsirate swrface. In some embodiments, the substrate
support inciudes a heater/cocler which can be controlied o change the substrale
temperature conduchively. In one or more embodiments, the gases (either reaclive
gases or inert gases) being employed are healed or coocled to locally change the
substrale temperature. In some embodiments, a heater/cooler is positioned within the
chamber adjacent the substrate surface 10 convectively change the subsirate
temperature.

{00811 The substrate can also be stationary or rotated during processing. A rotaling
subsirate can be rotated continuously or in discreet steps. For example, a substrale
may be rotaled throughout the entire process, or the subsirate can be rotated by a
small amount between exposure o different reactive or purge gases. BHotating the
substrate during processing (either continuously or in steps) may help produce a more



10

20

25

36

WO 2024/228992 PCT/US2024/026980

22

uniform depaosition or efch by minimizing the effect of, for example, local variability in
gas fiow geometries.

{00821 The use of the terms "a" and "an” and "the” and similar referenis in the
context of describing the materials and methods discussed herein (especially in the
context of the following claims) are 1o be construed to cover both the singular and the
plural, uniess otherwise indicated herein or clearly contradicted by comntext. Recitation
of ranges of values herein are merely infended o serve as a shorthand method of
referring individuaily 1o gach separaie value falling within the range, unless otherwise
indicated hersin, and each separate value is incomporated info the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicied by
context. The ugse of any and ali examples, or exemplary language (e.g., "such as™
provided herein, is intended merely to belier iluminate the materials and methods,
and does not pose g limitation on the scope unless otherwise claimed. No language in
the specificalion should be construed as indicating any non-claimed element as
essential to the practice of the disclosed materials and methods.

{00831 Reference throughout this specification io “one embodiment,” “some
embodiments,” “one or more embodiments” or "an embodiment”™ means thatl a
parlicular feature, structure, material, or characteristic described in conneclion with the
embodiment i3 included in at ieast one embodiment of the disclosure.  Thus, the
appesarances of the phrases such as “in one or more smbodiments,” “in soms
embodiments,” “in one embodiment” or “in an embodiment” in varicus places
throughout this specification are not necessarily referring 1o the same embodiment of
the disclosure. Furthermore, the particular features, structures, materials, or
characteristics may be combined in any suitable manner in one or more embodiments.
{00847 Allhough the disclosure herein has been described with reference to
particular embodiments, it is o be undersiood that these embodiments are merely
fHlustrative of the principles and applications of the present disclosure. i will be
apparent o those skilled in the art that various modifications and variations can be
made o the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it i3 intended that the present disclosure
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include modifications and variations that are within the scope of the appended claims
and their equivalents.
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What is claimed is:
1. A method of forming an interconnect, the method comprising:
exposing at least a portion of an inerconnect surface o a halide
precursor comprising a compound having the general formula (B
5 MR {5,
wherein M is a metal selected from one or more of titanium (T7),
tantalum (Ta}, niobium {Nb), molybdenum (Mo}, and lungsien
(W), Qisahalogen selectedfrom CL Br, ForLzisfrom 1106, R
is selected from hydrogen, alkyl, GO, cyclopsntadienyl, amidinate,
10 diazadiene, or amidate, andmisfrom 0 0 §;
exposing al least a portion of the interconnect surface o an
organosilane reactant comprising a compound of general formula (i) or general
formula ()
Ra $b RE

b

i 511
L

R‘f Rf
R a H
R R
{1 )
15 wherein B, B2, 87, B4 B® R% R7, RS Re Rb, Be, B9 Be, and A&

are independently selected from hydrogen (H), substituted alkyl or
unsubstiitied alkyl; and X, Y, X, and Y are independently
selecied from nitrogen (N} and carbon (C),
o deposit a liner laver on the inferconnect surface, the liner laver
20 substantially free of carbon; and

deposiing a gap fill material on the liner layer.
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11,

The method of claim 1, wherein gap fll material comprises one or more of

copper (Cu) or tungsten (W),

The method of claim 1, wherein Q is Gl or Br.

The method of claim 1, wherein Q is Cl.

The method of claim 1, wherein at least one of B8, BP, RBe, B9, R, and B
comprises methyl.

The method of claim 1, wherein exposing the inferconnect surface io the halide
precursor and the organosilane reactant occurs sequentially.

The method of claim 1, wherein exposing the interconnect surface 1o the halide

precursor and the organosilane reactant occurs simultaneously.

The method of claim 1, whergin the organosilane reactant is selected from ong
or more 3,6-bis{irimethylsiiyh-1,4-cyclohexadiene, 1-methyi-3,6-
bis{trimethylsilyl)-1,4-cyclohexadiene, 1,4-bis-{trimethyisily}-1,4diaza-
2. 5cyclohexadiene, 1,4-bis(trimethyisilyl)-1-aza-2,5-cyclohexadiens, 11
bis{trimethyisilyl)-1,1"-dihydro-4 4 -bipyridine, and 1,4-bis-{trimethylsilvl}-
1, 4diaza-2,5cyciohexadiens.

The method of claim 1, further comprising repeating the method o provide g

liner layer comprising more than one metal M.
The method of claim 1, wherein the liner layer comprises an alloy of one or
more of titanium (Ti), tantalum {78}, niobium (Nb), molybdenum (Mo}, and

tungsten (W),

The method of claim 1, wherein the subsirate is in a processing chamber,
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15.

16.

17.

26

The method of claim 11, further comprising purging the processing chamber of
the halide precursor prior {0 exposing the inferconnect o the organosilane

reactant.

The method of claim 12, further comprising purging the processing chamber of

the organosilane reactant,

The method of claim 13, wherein purging the processing chamber comprises
Howing a purge gas info the processing chamber, the purge gas selected from
one or more of nitrogen (N2}, helium (He), and argon (Ar}.

An inferconnect comprising:
a diglectric layer on a substraie;
a barrier layer on dielectric layer,;
a liner layer on the barrier layer; and
a gapfill material on the liner laver,
wherein the liner layer comprises a metal film subsiantially free of

carbon.

The interconnect of claim 15, wherein the metal film comprises one or more
metal selected from scandium (S}, yitrium (Y), lanthanum (La}, actinium (Ag),
tanium (T, zirconium (Zr), halnium (Hf), vanadium V), niobium (Nb),
tamtalum {Ta), chromium (Cr), molvbdenum (Mo}, tungsten (W), manganese
(M), rhenium {Re), technetium {Tc), iron {Fe}, ruthenium {Bu), osmium {Os},
cobalt (Co}, rhodium (Rh), indium (Ir), nickel (NI}, palladium (Pd}, plalinum (P,
copper (Cu), silver (Ag), gold {Au}, zine (Zn), cadmium {(Cd}, mercury (Hg), tin
(S, silicon (51}, and nicbium {(Nb}.

The interconnect of claim 16, wherein the melal film comprises one or more of

titanium {T1), tantalum (Ta), nichium (Nb), molvbdenum (Mo}, and tungsten {W).
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18.  The interconnect of claim 15, wherein the gaplill materials comprises one or

more of copper (Cu) and tungsten (W).



WO 2024/228992 PCT/US2024/026980
112
18
207 Pre-treat Substrate
_ 70
30~ Expose Substrate to Halide Precursor
40 Purge Processing Chamber
a0~ Expose Substrate fo Organosilane Reactant
80 Purge Processing Chamber
THICKNESS/
NO CYCLES %0
REACHED?




WO 2024/228992 PCT/US2024/026980

212

AEEEE AN

..-—-“““"\

102

FIG. 2

200 208

206 7

204 T

207 )

FIG. 3



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/026980

A. CLASSIFICATION OF SUBJECT MATTER

C23C 16/455(2006.01)i; CO8G 77/26(2006.01)i; CO8G 77/50(2006.01)i; C23C 16/34(2006.01)i; C23C 16/46(2006.01)i;
C23C 16/32(2006.01)i; HO1L 21/28(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C23C 16/455(2006.01); BOSD 5/12(2006.01); C08G 77/26(2006.01); C23C 16/00(2006.01); HO1L 21/285(2006.01);
HO1L 21/768(2006.01); HO1L 29/49(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO Internal), STN (Registry, Caplus), google & keyword: interconnect, halide precursor, organosilane reactant,
liner layer, free of carbon

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2021-226170 Al (APPLIED MATERIALS, INC.) 11 November 2021 (2021-11-11)
Y claims 1, 2, 10, 11; paragraphs [0003], [0045]-[0047], [0051]; figure 4 1-18

US 2022-0049353 Al (APPLIED MATERIALS, INC.) 17 February 2022 (2022-02-17)

Y claims 1, 4-9, 12-14; paragraph [0017] 1-18

KLESKO, J. P. 5, "Thermal atomic layer deposition of titanium films using titanium tetrachloride and
2-methyl-1,4-bis(trimethylsilyl)-2,5-cyclohexadiene or 1,4-bis(trimethylsilyl)-1,4-dihydropyrazine"”,
Chemistry of materials, 2015, Vol. 27, pages 4918-4921

A the whole document 1-18

WO 2008-027215 A2 (LAM RESEARCH CORPORATION et al.} 06 March 2008 (2008-03-06)
A the whole document 1-18

US 2018-0261678 Al (TAIWAN SEMICONDUCTOR MANUFACTURING CO., LTD.) 13 September
2018 (2018-09-13)

A the whole document 1-18

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

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

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

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

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

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

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
27 August 2024 30 August 2024
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon LEE, Eon Su
35208, Republic of Korea
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8539

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2021-226170 Al 11 November 2021 CN 114981478 A 30 August 2022
CN 114981954 A 30 August 2022
JP 2023-516543 A 20 April 2023
JP 2023-516861 A 21 April 2023
KR 10-2022-0113482 A 12 August 2022
KR 10-2022-0116263 A 22 August 2022
™ 202208658 A 01 March 2022
™ 202209565 A 01 March 2022
™ 1821661 B 11 November 2023
us 11270911 B2 08 March 2022
us 11587873 B2 21 February 2023
us 2021-0351072 Al 11 November 2021
us 2021-0351136 Al 11 November 2021
WO 2021-225884 Al 11 November 2021
uUs 2022-0049353 Al 17 February 2022 CN 116324020 A 23 June 2023
EP 4196624 Al 21 June 2023
JP 2023-537931 A 06 September 2023
KR 10-2023-0050413 A 14 April 2023
™ 202219309 A 16 May 2022
us 11359282 B2 14 June 2022
us 2022-0267904 Al 25 August 2022
uUs 2023-0295804 Al 21 September 2023
WO 2022-035926 Al 17 February 2022
WO 2008-027215 A2 06 March 2008 AT E365375 T1 15 July 2007
AT E375602 T1 15 October 2007
AT E448563 Tl 15 November 2009
AT E465435 T1 15 May 2010
AT E467230 T1 15 May 2010
AT E488863 T1 15 December 2010
AT E515058 T1 15 July 2011
AT E527689 Tl 15 October 2011
AT E552612  Ti1 15 April 2012
AT E556428 Tl 15 May 2012
AT E556431 T1 15 May 2012
AU 2003-277052 Al 23 April 2004
AU 2003-277052 A8 23 April 2004
AU 2003-277185 Al 19 April 2004
AU 2003-277212 Al 19 April 2004
CN 100349255 C 14 November 2007
CN 100350552 C 21 November 2007
CN 100431092 C 05 November 2008
CN 100452308 C 14 January 2009
CN 100481338 C 22 April 2009
CN 100517585 C 22 July 2009
CN 100517586 C 22 July 2009
CN 100517587 C 22 July 2009
CN 100539034 C 09 September 2009
CN 100550334 C 14 October 2009
CN 101119810 A 06 February 2008
CN 101369522 A 18 February 2009

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 101369522 B 26 June 2013
CN 101479406 A 08 July 2009
CN 101479406 B 03 June 2015
CN 101479831 A 08 July 2009
CN 101479831 B 16 May 2012
CN 101484951 A 15 July 2009
CN 101490308 A 22 July 2009
CN 101490308 B 18 July 2012
CN 101505884 A 12 August 2009
CN 101505884 B 27 April 2011
CN 101511494 A 19 August 2009
CN 101511494 B 30 January 2013
CN 101529556 A 09 September 2009
CN 101529556 B 30 May 2012
CN 101529576 A 09 September 2009
CN 101529576 B 21 November 2012
CN 101541439 A 23 September 2009
CN 101541439 B 30 March 2016
CN 101547746 A 30 September 2009
CN 101547746 B 25 January 2012
CN 101548030 A 30 September 2009
CN 101548030 B 03 October 2012
CN 101558186 A 14 October 2009
CN 101558186 B 14 January 2015
CN 101563758 A 21 October 2009
CN 101563758 B 01 June 2011
CN 101572223 A 04 November 2009
CN 101572223 B 17 August 2011
CN 101595550 A 02 December 2009
CN 101595550 B 19 September 2012
CN 101627460 A 13 January 2010
CN 101627460 B 14 December 2011
CN 101630633 A 20 January 2010
CN 101630633 B 11 May 2011
CN 101657886 A 24 February 2010
CN 101657886 B 04 July 2012
CN 101663736 A 03 March 2010
CN 101663736 B 21 March 2012
CN 101663737 A 03 March 2010
CN 101663737 B 23 January 2013
CN 101783285 A 21 July 2010
CN 101783285 B 22 February 2012
CN 101853781 A 06 October 2010
CN 101853781 B 19 August 2015
CN 101880902 A 10 November 2010
CN 102061469 A 18 May 2011
CN 102061469 B 19 August 2015
CN 102061470 A 18 May 2011
CN 102061470 B 19 June 2013
CN 102117019 A 06 July 2011

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 102117019 B 10 April 2013
CN 102265384 A 30 November 2011
CN 102265384 B 08 July 2015
CN 102347210 A 08 February 2012
CN 102347210 B 05 August 2015
CN 103107120 A 15 May 2013
CN 103107120 B 08 June 2016
CN 104091771 A 08 October 2014
CN 1579005 A 09 February 2005
CN 1684231 A 19 October 2005
CN 1685471 A 19 October 2005
CN 1685472 A 19 October 2005
CN 1707758 A 14 December 2005
CN 1707759 A 14 December 2005
CN 1707759 B 21 April 2010
CN 1722373 A 18 January 2006
CN 1722373 B 28 September 2011
CN 1722374 A 18 January 2006
CN 1722375 A 18 January 2006
CN 1725449 A 25 January 2006
CN 1725450 A 25 January 2006
CN 1737208 A 22 February 2006
CN 1737208 B 08 December 2010
CN 1794420 A 28 June 2006
CN 1794420 B 03 November 2010
CN 1839353 A 27 September 2006
CN 1839353 B 21 August 2013
CN 1842618 A 04 October 2006
CN 1842618 B 11 August 2010
CN 1853264 A 25 October 2006
CN 1933759 A 21 March 2007
CN 1933759 B 15 December 2010
DE 602005000450 T2 06 December 2007
DE 602005002782 T2 17 July 2008
DE 60314508 T2 21 February 2008
EP 1472720 A2 03 November 2004
EP 1472720 Bl 11 November 2009
EP 1500128 A2 26 January 2005
EP 1500128 Bl 20 June 2007
EP 1547129 A2 29 June 2005
EP 1547129 Bl 04 April 2012
EP 1582269 Al 05 October 2005
EP 1582269 Bl 17 January 2007
EP 1583136 Al 05 October 2005
EP 1583136 Bl 05 May 2010
EP 1583137 A2 05 October 2005
EP 1583137 A3 19 April 2006
EP 1583137 Bl 29 June 2011
EP 1583138 Al 05 October 2005
EP 1601006 A2 30 November 2005

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
EP 1601006 A3 14 December 2005
EP 1601006  B1 10 October 2007
EP 1612845 A2 04 January 2006
EP 1612845 A3 02 December 2009
EP 1612845 Bl 02 May 2012
EP 1612846 A2 04 January 2006
EP 1612846 A3 02 December 2009
EP 1612847 A2 04 January 2006
EP 1612847 A3 28 November 2007
EP 1612847 Bl 17 November 2010
EP 1612855 A2 04 January 2006
EP 1612855 A3 01 December 2010
EP 1636654 A2 22 March 2006
EP 1636654 Bl 21 April 2010
EP 1636835 Al 22 March 2006
EP 1636835 Bl 05 October 2011
EP 1639156 Al 29 March 2006
EP 1643541 A2 05 April 2006
EP 1643541 A3 09 March 2011
EP 1643541 Bl 26 February 2014
EP 1729624 Al 13 December 2006
EP 1801851 A2 27 June 2007
EP 1801851 A3 29 August 2007
EP 1801851 B1 02 May 2012
EP 1848551 A2 31 October 2007
EP 1848551 A4 27 October 2010
EP 1848551  B1 01 August 2012
EP 2016207 Al 21 January 2009
EP 2016207 A4 27 May 2015
EP 2016207 Bl 10 January 2018
EP 2036098 Al 18 March 2009
EP 2036098 A4 21 March 2012
EP 2117033 Al 11 November 2009
EP 2117033 Bl 27 February 2013
EP 2169706 Al 31 March 2010
IL 161550 A 30 December 2010
IL 161684 A 31 July 2012
IL 190454 A 29 December 2011
IL 209736 A 29 December 2011
IL 209737 A 29 December 2011
JP 2005-294835 A 20 October 2005
JP 2005-311354 A 04 November 2005
JP 2005-311355 A 04 November 2005
JP 2005-328039 A 24 November 2005
JP 2005-340781 A 08 December 2005
JP 2006-009153 A 12 January 2006
JP 2006-041504 A 09 February 2006
JP 2006-049858 A 16 February 2006
JP 2006-073998 A 16 March 2006
JP 2006-148069 A 08 June 2006

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
JP 2006-501655 A 12 January 2006
JP 2006-501691 A 12 January 2006
JP 2006-501693 A 12 January 2006
JP 2007-521391 A 02 August 2007
JP 2007-524225 A 23 August 2007
JP 2007-525007 A 30 August 2007
JP 2007-531322 A 01 November 2007
JP 2008-532269 A 14 August 2008
JP 2009-507135 A 19 February 2009
JP 2009-536987 A 22 October 2009
JP 2009-542911 A 03 December 2009
JP 2009-543344 A 03 December 2009
JP 2010-216015 A 30 September 2010
JP 2010-236090 A 21 October 2010
JP 2010-503203 A 28 January 2010
JP 2010-503204 A 28 January 2010
JP 2010-503205 A 28 January 2010
JP 2010-503210 A 28 January 2010
JP 2010-525164 A 22 July 2010
JP 2010-525165 A 22 July 2010
JP 2010-525166 A 22 July 2010
JP 2012-074717 A 12 April 2012
JP 2012-512967 A 07 June 2012
JP 2014-099627 A 29 May 2014
JP 4340655 B2 07 October 2009
JP 4384662 B2 16 December 2009
JP 4559226 B2 06 October 2010
JP 4578373 B2 10 November 2010
Ip 4589866 B2 01 December 2010
JP 4612630 B2 12 January 2011
JP 4621055 B2 26 January 2011
JP 4630103 B2 09 February 2011
JP 4630104 B2 09 February 2011
JP 4676230 B2 27 April 2011
JP 4686635 B2 25 May 2011
JP 4758694 B2 31 August 2011
JP 4759300 B2 31 August 2011
JP 4815159 B2 16 November 2011
JP 4828417 B2 30 November 2011
JP 4892203 B2 07 March 2012
JP 4975099 B2 11 July 2012
JP 5013685 B2 29 August 2012
JP 5043014 B2 10 October 2012
JP 5331865 B2 30 October 2013
Jp 5417174 B2 12 February 2014
JP 5420409 B2 19 February 2014
JP 5484053 B2 07 May 2014
JP 5489717 B2 14 May 2014
JP 5579054 B2 27 August 2014
Ip 5628199 B2 19 November 2014

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
JP 5820870 B2 24 November 2015
KR 10-1047821 Bl 08 July 2011
KR 10-1047822 Bl 08 July 2011
KR 10-1054191 B1 03 August 2011
KR 10-1055997 Bl 11 August 2011
KR 10-1056%9 Bl 16 August 2011
KR 10-1056970  B1 16 August 2011
KR 10-1060542 Bl 30 August 2011
KR 10-1078627 Bl 01 November 2011
KR 10-1117051 Bl 22 February 2012
KR 10-1117052 Bl 22 February 2012
KR 10-1118006  B1 27 February 2012
KR 10-1118491 B1 12 March 2012
KR 10-1127777 Bl 26 March 2012
KR 10-1134325 Bl 09 April 2012
KR 10-1134329  B1 09 April 2012
KR 10-1136772 Bl 19 April 2012
KR 10-1136773 Bl 19 April 2012
KR 10-1147944  B1 24 May 2012
KR 10-1157847 Bl 22 June 2012
KR 10-1160100  B1 26 June 2012
KR 10-1164826 Bl 11 July 2012
KR 10-1168183 Bl 24 July 2012
KR 10-1199273 Bl 09 November 2012
KR 10-1283307 Bl 12 July 2013
KR 10-1283334 Bl 09 July 2013
KR 10-1312571 Bl 30 September 2013
KR 10-1338797 Bl 06 December 2013
KR 10-1376897 Bl 20 March 2014
KR 10-1385419 B1 25 April 2014
KR 10-1391075 Bl 30 April 2014
KR 10-1392120 Bl 07 May 2014
KR 10-1407218 Bl 12 June 2014
KR 10-1423349 Bl 24 July 2014
KR 10-1423350 Bl 24 July 2014
KR 10-1433393  B1 26 August 2014
KR 10-1442282 Bl 23 September 2014
KR 10-1455955 Bl 31 October 2014
KR 10-1468236 Bl 10 December 2014
KR 10-1475969 Bl 23 December 2014
KR 10-1487564 Bl 29 January 2015
KR 10-1493738 Bl 16 February 2015
KR 10-1506042  B1 25 March 2015
KR 10-1506352 Bl 26 March 2015
KR 10-1511925 Bl 13 April 2015
KR 10-1519674 Bl 21 May 2015
KR 10-1525265 Bl 02 June 2015
KR 10-2005-0060029 A 21 June 2005
KR 10-2005-0063748 A 28 June 2005
KR 10-2005-0067103 A 30 June 2005

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2024/026980

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
KR 10-2006-0025189 A 20 March 2006
KR 10-2006-0045411 A 17 May 2006
KR 10-2006-0045439 A 17 May 2006
KR 10-2006-0045448 A 17 May 2006
KR 10-2006-0045449 A 17 May 2006
KR 10-2006-0045450 A 17 May 2006
KR 10-2006-0048644 A 18 May 2006
KR 10-2006-0049724 A 19 May 2006
KR 10-2006-0049725 A 19 May 2006
KR 10-2006-0049726 A 19 May 2006
KR 10-2006-0051981 A 19 May 2006
KR 10-2006-0063805 A 12 June 2006
KR 10-2006-0063808 A 12 June 2006
KR 10-2006-0132987 A 22 December 2006
KR 10-2007-0117556 A 12 December 2007
KR 10-2008-0034935 A 22 April 2008
KR 10-2008-0041226 A 09 May 2008
KR 10-2009-0017582 A 18 February 2009
KR 10-2009-0024199 A 06 March 2009
KR 10-2009-0034912 A 08 April 2009
KR 10-2009-0034913 A 08 April 2009
KR 10-2009-0045287 A 07 May 2009
KR 10-2009-0045302 A 07 May 2009
KR 10-2009-0052331 A 25 May 2009
KR 10-2009-0069278 A 30 June 2009
KR 10-2009-0077794 A 15 July 2009
KR 10-2009-0091725 A 28 August 2009
KR 10-2009-0092269 A 31 August 2009
KR 10-2009-0092332 A 31 August 2009
KR 10-2009-0106512 A 09 October 2009
KR 10-2009-0130132 A 17 December 2009
KR 10-2009-0130133 A 17 December 2009
KR 10-2010-0020944 A 23 February 2010
KR 10-2010-0053518 A 20 May 2010
KR 10-2010-0087399 A 04 August 2010
KR 10-2010-0130230 A 10 December 2010
KR 10-2010-0131511 A 15 December 2010
KR 10-2010-0133459 A 21 December 2010
KR 10-2011-0028402 A 17 March 2011
KR 10-2011-0112300 A 12 October 2011
KR 10-2012-0005061 A 13 January 2012
KR 10-2012-0108063 A 04 October 2012
KR 10-2013-0032394 A 01 April 2013
KR 10-2014-0002811 A 08 January 2014
KR 10-2014-0028152 A 07 March 2014
KR 10-2014-0046485 A 18 April 2014
MY 135489 A 30 April 2008
MY 136159 A 29 August 2008
MY 137975 A 30 April 2009
MY 138656 A 31 July 2009

Form PCT/ISA/210 (patent family annex) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
MY 139040 A 28 August 2009
MY 139423 A 30 September 2009
MY 139592 A 30 October 2009
MY 139622 A 30 October 2009
MY 139627 A 30 October 2009
MY 140300 A 31 December 2009
MY 141428 A 30 April 2010
MY 143289 A 15 April 2011
MY 143956 A 29 July 2011
MY 144454 A 30 September 2011
MY 147719 A 15 January 2013
MY 147845 A 31 January 2013
MY 148605 A 15 May 2013
MY 152899 A 28 November 2014
MY 157906 A 15 August 2016
MY 162187 A 31 May 2017
MY 163666 A 13 October 2017
MY 171542 A 17 October 2019
PL 208010 Bl 31 March 2011
PL 208012 Bl 31 March 2011
PL 373857 Al 19 September 2005
PL 374502 Al 31 October 2005
RU 2004113416 A 20 July 2006
RU 2004115754 A 10 July 2005
RU 2328794 C2 10 July 2008
RU 233829 C2 10 November 2008
SG 10201501328 WA 29 April 2015
SG 115836 Al 28 October 2005
SG 115838 Al 28 October 2005
SG 115839 Al 28 October 2005
SG 115843 Al 28 October 2005
SG 115844 Al 28 October 2005
SG 118397 Al 27 January 2006
SG 118399 Al 27 January 2006
SG 118400 Al 27 January 2006
SG 118429 Al 27 January 2006
SG 121162 Al 26 April 2006
SG 136141 Al 29 October 2007
SG 136145 Al 29 October 2007
SG 140469 Al 28 March 2008
SG 140470 Al 28 March 2008
SG 144740 Al 28 August 2008
SG 171838 Al 28 July 2011
SG 174105 Al 29 September 2011
SG 174749 Al 28 October 2011
SG 174750 Al 28 October 2011
SG 174751 Al 28 October 2011
SG 174752 Al 28 October 2011
SG 175593 Al 28 November 2011
™ 200410299 A 16 June 2004

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
™ 200411722 A 01 July 2004
™ 200412613 A 16 July 2004
™ 200501270 A 01 January 2005
™ 200507145 A 16 February 2005
™ 200510961 A 16 March 2005
™ 200534934 A 01 November 2005
™ 200538212 A 01 December 2005
™ 200539337 A 01 December 2005
™ 200540938 A 16 December 2005
™ 200603217 A 16 January 2006
™ 200603218 A 16 January 2006
™ 200610006 A 16 March 2006
™ 200610042 A 16 March 2006
™ 200610084 A 16 March 2006
™ 200624207 A 16 July 2006
™ 200624745 A 16 July 2006
™ 200628236 A 16 August 2006
™ 200644098 A 16 December 2006
™ 200710600 A 16 March 2007
™ 200721380 A 01 June 2007
™ 200741806 A 01 November 2007
™ 200809003 A 16 February 2008
™ 200811312 A 01 March 2008
™ 200822212 A 16 May 2008
™ 200826767 A 16 June 2008
™ 200831703 A 01 August 2008
™ 200831704 A 01 August 2008
™ 200832556 A 01 August 2008
™ 200832586 A 01 August 2008
™ 200832612 A 01 August 2008
™ 200832613 A 01 August 2008
™ 200834726 A 16 August 2008
™ 200834737 A 16 August 2008
™ 200837835 A 16 September 2008
™ 200841379 A 16 October 2008
™ 200906479 A 16 February 2009
™ 200906499 A 16 February 2009
™ 200908104 A 16 February 2009
™ 200926273 A 16 June 2009
™ 201033403 A 16 September 2010
™ 201041091 A 16 November 2010
™ 201246376 A 16 November 2012
™ 123039 B 01 April 2005
™ 1230397 B 01 April 2005
™ 1236700 B 21 July 2005
™ 1246140 B 21 December 2005
™ 1248132 B 21 January 2006
™ 1251511 B 21 March 2006
™ 1255209 B 21 May 2006
™ 1262554 B 21 September 2006

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
™ 1270645 B 11 January 2007
™ 1275138 B 01 March 2007
™ 1278358 B 11 April 2007
™ 1287245 B 21 September 2007
™ 1288450 B 11 October 2007
™ 1289734 B 11 November 2007
™ 1292176 B 01 January 2008
™ 1299511 B 01 August 2008
™ 1299878 B 11 August 2008
™ 1310581 B 01 June 2009
™ 1315689 B 11 October 2009
™ 1330864 B 21 September 2010
™ 1346259 B 01 August 2011
™ 1352402 B 11 November 2011
™ 1362700 B 21 April 2012
™ 1367959 B 11 July 2012
™ 1367960 B 11 July 2012
™ 1378532 B 01 December 2012
™ 1378533 B 01 December 2012
™ 1385276 B 11 February 2013
™ 1385730 B 11 February 2013
™ 1390079 B 21 March 2013
™ 1391984 B 01 April 2013
™ 1393186 B 11 April 2013
™ 1403230 B 21 July 2013
™ 1417950 B 01 December 2013
™ 1419258 B 11 December 2013
™ 1435770 B 01 May 2014
™ 1443223 B 01 July 2014
™ 1447831 B 01 August 2014
™ 1453822 B 21 September 2014
™ 1457171 B 21 October 2014
™ 1462178 B 21 November 2014
™ 1489552 B 21 June 2015
™ 1584356 B 21 May 2017
us 2003-0075204 Al 24 April 2003
us 2004-0060195 Al 01 April 2004
us 2004-0060573 Al 01 April 2004
us 2004-0060580 Al 01 April 2004
us 2004-0060581 Al 01 April 2004
us 2004-0069319 Al 15 April 2004
us 2004-0069326 Al 15 April 2004
us 2004-0069329 Al 15 April 2004
UsS 2004-0178060 Al 16 September 2004
us 2004-0182422 Al 23 September 2004
us 2005-0139318 Al 30 June 2005
us 2005-0145265 Al 07 July 2005
us 2005-0145267 Al 07 July 2005
us 2005-0145268 Al 07 July 2005
us 2005-0148197 Al 07 July 2005

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2005-0155629 Al 21 July 2005
us 2005-0158473 Al 21 July 2005
us 2005-0217135 Al 06 October 2005
us 2005-0217137 Al 06 October 2005
us 2005-0217703 Al 06 October 2005
us 2005-0284767 Al 29 December 2005
us 2006-0005860 Al 12 January 2006
us 2006-0081270 Al 20 April 2006
us 2006-0088982 Al 27 April 2006
us 2006-0124153 Al 15 June 2006
us 2006-0150435 Al 13 July 2006
us 2006-0191560 Al 31 August 2006
uUsS 2006-0207636 Al 21 September 2006
uUs 2006-0254078 Al 16 November 2006
us 2006-0260932 Al 23 November 2006
us 2006-0269877 Al 30 November 2006
us 2007-0011905 Al 18 January 2007
us 2007-0023070 Al 01 February 2007
us 2007-0048447 Al 01 March 2007
us 2007-0107756 Al 17 May 2007
us 2007-0119477 Al 31 May 2007
UsS 2007-0218653 Al 20 September 2007
us 2007-0235409 Al 11 October 2007
us 2007-0240737 Al 18 October 2007
us 2007-0261594 Al 15 November 2007
us 2007-0264436 Al 15 November 2007
us 2007-0292603 Al 20 December 2007
us 2007-0292604 Al 20 December 2007
us 2007-0292615 Al 20 December 2007
us 2008-0006307 Al 10 January 2008
us 2008-0057182 Al 06 March 2008
us 2008-0057198 Al 06 March 2008
us 2008-0057221 Al 06 March 2008
us 2008-0085370 Al 10 April 2008
us 2008-0102210 Al 01 May 2008
us 2008-0102621 Al 01 May 2008
us 2008-0146025 Al 19 June 2008
us 2008-0169008 Al 17 July 2008
us 2008-0171292 Al 17 July 2008
us 2008-0230097 Al 25 September 2008
us 2008-0251148 Al 16 October 2008
us 2008-0254225 Al 16 October 2008
us 2008-0254621 Al 16 October 2008
us 2008-0260940 Al 23 October 2008
us 2008-0260963 Al 23 October 2008
us 2008-0260967 Al 23 October 2008
us 2008-0266367 Al 30 October 2008
us 2009-0095198 Al 16 April 2009
us 2009-0151753 Al 18 June 2009
us 2009-0173718 Al 09 July 2009

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2009-0176360 Al 09 July 2009
uUs 2009-0304914 Al 10 December 2009
uUs 2009-0320749 Al 31 December 2009
uUs 2009-0320884 Al 31 December 2009
us 2010-0009535 Al 14 January 2010
us 2010-0071730 Al 25 March 2010
us 2010-0108652 Al 06 May 2010
us 2010-0170803 Al 08 July 2010
uUs 2010-0239767 Al 23 September 2010
us 2010-0313443 Al 16 December 2010
us 2010-0319726 Al 23 December 2010
us 2011-0011335 Al 20 January 2011
us 2011-0039410 Al 17 February 2011
us 2011-0065273 Al 17 March 2011
us 2011-0155563 Al 30 June 2011
uUs 2011-0265823 Al 03 November 2011
us 2012-0045897 Al 23 February 2012
us 2012-0152147 Al 21 June 2012
us 2012-0269987 Al 25 October 2012
us 2013-0280917 Al 24 October 2013
us 2014-0322446 Al 30 October 2014
us 2014-0332037 Al 13 November 2014
us 2015-0034589 Al 05 February 2015
us 2015-0128861 Al 14 May 2015
us 2015-0132946 Al 14 May 2015
us 2015-0214093 Al 30 July 2015
us 6488040 Bl 03 December 2002
us 6616772 B2 09 September 2003
us 6954993 Bl 18 October 2005
us 6988326 B2 24 January 2006
us 6988327 B2 24 January 2006
us 7000622 B2 21 February 2006
us 7045018 B2 16 May 2006
us 7069937 B2 04 July 2006
us 7093375 B2 22 August 2006
us 7127831 B2 31 October 2006
uUs 7153400 B2 26 December 2006
us 7191787 Bl 20 March 2007
us 7192488 B2 20 March 2007
us 7198055 B2 03 April 2007
us 7234477 B2 26 June 2007
us 7240679 B2 10 July 2007
us 7252097 B2 07 August 2007
us 7264007 B2 04 September 2007
us 7293571 B2 13 November 2007
us 7297190 Bl 20 November 2007
us 7306662 B2 11 December 2007
us 7329321 B2 12 February 2008
us 7350316 B2 01 April 2008
us 7363727 B2 29 April 2008

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
us 7367345 Bl 06 May 2008
us 7383601 B2 10 June 2008
us 7383843 B2 10 June 2008
us 7383844 B2 10 June 2008
us 7387689 B2 17 June 2008
us 7389783 B2 24 June 2008
us 7395611 B2 08 July 2008
uUsS 7406972 B2 05 August 2008
us 7464719 B2 16 December 2008
us 7513262 B2 07 April 2009
us 7520284 B2 21 April 2009
us 7520285 B2 21 April 2009
us 7534307 B2 19 May 2009
uUsS 7568488 B2 04 August 2009
us 7584761 Bl 08 September 2009
uUs 7592259 B2 22 September 2009
us 7597765 B2 06 October 2009
us 7604011 B2 20 October 2009
us 7614411 B2 10 November 2009
us 7615486 B2 10 November 2009
us 7632376 Bl 15 December 2009
us 7675000 B2 09 March 2010
us 7686875 B2 30 March 2010
us 7704367 B2 27 April 2010
us 7722724 B2 25 May 2010
us 7731802 B2 08 June 2010
us 7749689 B2 06 July 2010
us 775299 B2 13 July 2010
us 7806126 Bl 05 October 2010
us 7810513 Bl 12 October 2010
uUs 7829152 B2 09 November 2010
us 7862663 B2 04 January 2011
us 7863179 B2 04 January 2011
us 7874260 B2 25 January 2011
us 7939139 B2 10 May 2011
us 7947157 B2 24 May 2011
uUs 7997288 B2 16 August 2011
uUs 8011116 B2 06 September 2011
uUs 8048283 B2 01 November 2011
us 8069813 B2 06 December 2011
us 8133812 B2 13 March 2012
us 8236382 B2 07 August 2012
us 8241701 B2 14 August 2012
us 8277675 B2 02 October 2012
uUs 8298325 B2 30 October 2012
uUs 8313580 B2 20 November 2012
us 8314027 B2 20 November 2012
uUs 8330072 B2 11 December 2012
us 8485120 B2 16 July 2013
us 8622020 B2 07 January 2014

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date

cited in search report (day/month/year) (day/month/year)
us 8747960 B2 10 June 2014
us 8771804 B2 08 July 2014
us 8844461 B2 30 September 2014
uUs 8916232 B2 23 December 2014
us 9117860 B2 25 August 2015
us 9287110 B2 15 March 2016
WO 2004-030051 A2 08 April 2004
WO 2004-030051 A3 02 September 2004
WO 2004-030052 A2 08 April 2004
WO 2004-030052 A3 29 July 2004
WO 2004-032160 A2 15 April 2004
WO 2004-032160 A3 24 June 2004
WO 2004-032160 A9 21 May 2004
WO 2005-003864 A2 13 January 2005
WO 2005-003864 A3 14 April 2005
WO 2005-005692 Al 20 January 2005
WO 2005-006431 Al 20 January 2005
WO 2005-096910 Al 20 October 2005
WO 2006-066100 A2 22 June 2006
WO 2006-066100 A3 06 November 2008
WO 2006-088713 A2 24 August 2006
WO 2006-088713 A3 11 January 2007
WO 2007-021654 A2 22 February 2007
WO 2007-021654 A3 08 November 2007
WO 2007-028156 A2 08 March 2007
WO 2007-028156 A3 22 May 2009
WO 2007-134182 Al 22 November 2007
WO 2008-002669 A2 03 January 2008
WO 2008-002669 A3 02 May 2008
WO 2008-002737 Al 03 January 2008
WO 2008-002977 A2 03 January 2008
WO 2008-002977 A3 06 March 2008
WO 2008-027205 A2 06 March 2008
WO 2008-027205 A3 24 April 2008
WO 2008-027214 A2 06 March 2008
WO 2008-027214 A3 13 November 2008
WO 2008-027215 A3 13 November 2008
WO 2008-027216 A2 06 March 2008
WO 2008-027216 A3 17 April 2008
WO 2008-027216 A9 22 May 2008
WO 2008-027386 A2 06 March 2008
WO 2008-027386 A3 21 August 2008
WO 2008-045648 Al 17 April 2008
WO 2008-051359 Al 02 May 2008
WO 2008-055007 A2 08 May 2008
WO 2008-055007 A3 03 July 2008
WO 2008-076677 Al 26 June 2008
WO 2008-088459 Al 24 July 2008
WO 2008-130517 Al 30 October 2008
WO 2008-130518 Al 30 October 2008

Form PCT/ISA/210 (patent family annex) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/US2024/026980
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2008-130519 Al 30 October 2008
WO 2009-008982 A2 15 January 2009
WO 2009-008982 A3 09 April 2009
WO 2010-080331 A2 15 July 2010
WO 2010-080331 A3 10 September 2010
uUs 2018-0261678 Al 13 September 2018 CN 107017157 A 04 August 2017
CN 107017157 B 07 April 2020
DE 102016114526 Al 20 April 2017
DE 102016114526 B4 21 October 2021
KR 10-2017-0046081 A 28 April 2017
KR 10-2019-0132615 A 28 November 2019
KR 10-2195673 Bl 29 December 2020
™ 201715590 A 01 May 2017
™ 1644349 B 11 December 2018
us 10658488 B2 19 May 2020
us 10923576 B2 16 February 2021
us 2017-0110552 Al 20 April 2017
us 2020-0161443 Al 21 May 2020
us 9972694 B2 15 May 2018

Form PCT/ISA/210 (patent family annex) (July 2022)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report

