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ALUMINUM FLUGRIDE ETCH FROM
ALUMINUM-CONTAINING COMPONENTS

MOCORPORATION BY REFERENCE
{8081] A PCT Request Form is filed concurrently with this specification as part of the present
application. Each application that the present application claims benefit of or prionty to as
identified in the concwrrently filed PC'T Request Form is incorporated by reference herein 1n their

entireties and for all purposes.

BACKGROUND

{80921 in asemiconductor device fabrication process, various materials are deposited on mterior
surfaces of a process chamber or the surfaces of components in the process chamber forming wall
deposits. Wall deposiis may be asource of contamination for a substrate in a subsequent operation,
and the thickness may imcrease with repeated numbers of operations. Wall deposits mav be
removed from the interior surfaces of the process chamber without or the surfaces of components
in the process chamber.

{8063]  The background description provided herein is for the purposes of generally presenting
the context of the disclosure. Work of the presenily named inventors, to the extent it is described
in this background section, as well as aspects of the description that may not otherwise qualify as
prior art at the ime of filing, are netther expressly nor impliedly admitted as prior art against the

present disclosure.

SUMMARY

{00041  One aspect involves a method of cleaning aluminurn fluonide or alumnum oxyfluoride,
where the method includes providing a fluorine-containing species into a process chamber in
which one or more components are located, removing the one or more components out of the
process chamber; and cleaning the one or more components with an etch composition, wherein the
one or more components includes aluminum, aluminum alloy, or alununum-containing material,
[B008] In some embodiments, cleaning the one or more components includes eiching the
aluminum luonde or aluminum oxvfluoride from a surface of the one or more components.
{8086]  In some embodiments, cleaning the one or more components ncludes separating the
aluminum fluoride or aluminum oxyfluonde from a swrface of the one or more components.

{8087] In some embodiments, the one or more components inciudes a pedestal, a showerhead,
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or a showerhead-pedestal.

{B008] In some embodiments, the eich composition includes a hvdroxy! group-containing
solution  including  potassiumm  hydroxide, sodium  hydroxide, anuwvoniwm hydroxide,
tetramethyviammonium hydroxide, tetrasthviammoniim hydroxide, or combinations thereof.
{08091 In some embodiments, a concentration of the hydroxy! group-containing solution is about
0.1 to about 45 percent weight/volume,

{0010]  in some embodiments, a concentration of the hvdroxy! group-contarning solution is about
0.5 to about 30 percent weight/volume.

{00111  In some embodiments, the concentration of the hvdroxyl group-containing solution is
about 1 to about 20 percent weight/volume.

{8012} In some embodiments, the concentration of the hvdroxyl group-coniaining solution is
about 1.5 to about 10 percent weight/volume.

{8013]  In some embodiments, the concentration of the hydroxyl group-containing solution 1s
about 2 to about 7 percent weight/volume.

[80314]  In some embodiments, the ong or more components are cleaned for aboutl 0.1 to abowt 45
roinuies.

{8018]  in some embodiments, the one or more componenis are cleaned for about 1 to abowt 30
mimes.

[8016] In some embodiments, the one or more componenis are cleaned for about 1 to about 10
minues.

{8017] In some embodimenis, the one or more components are cleanad for about S 1o about 25
minutes.

[0618]  In some embodiments, the one or more components are cleaned for about 8 to about 20
minutes.

{8019] In some embodimenis, the one or more components are cleaned for about 10 to about 15
mines.

{8028]  In some embodiments, wherem the fluorine~-containing species includes nitrogen fluoride
plasma.

[0023] The method further includes depositing a filim on 4 subsirate in the process chamber prior
to providing the fluorine-contairung species into the process chamber.

{80221 The method further includes removing the substrate out of the process chamber after
depositing the film.

{8023] The method further includes providing the one or more componenis in the process

chamber after cleaming the one or more components with the etch composition.
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{00241  Another aspect involves a method of etching in a process chamber, where the method

mcludes exposing the surface of the component comprising alunuonum fluonde or alumioum
oxvtluoride to a fluorine-containing species, wherein the surface of the component includes
aluminum, alominum alloy, or aluminum-containing materials, and exposing the aluminum
fluoride or aluminum oxyfluoride to an etch composttion, wherein the etch composition includes
a hydroxyl group-containing solution.

{00258] In some embodiments, the component includes a pedestal, a showerhead, or a
showerhead-pedesial.

{00261  In some embodiments, exposing the surface of the component to the fluorine-containing
species includes forming the aluminum fluoride or the aluminum oxvfluoride on the surface of the
component.

{00271 In some embodiments, wherein exposing the aluminum fluoride or the aluminum
oxvfluoride to the etch composition includes soaking the coraponent 1o the eich composition.
[0028] In some embodiments, exposing the surface of the component to the etch composition
inchides soaking the component in the etch composition.

{00291 Insome embodiments, the fluorine-contaming species includes nitrogen fluoride plasma,
{08361 The method further includes, prior to providing the fluorine-containing species, exXposing
the surface of the component to a precursor, thereby forming a silicon-containing film on the
surface of the component.

{803¥] The method further ncludes providing the one or more componenis o the process
chamber after exposing the aluminum fluoride to the etch composition,

{06321 In some embodiments, the etch composition includes potassium hvdroxide, sodium
hvdroxide, ammonium hvdroxide, tetramethyvlammmonium  hydroxide, tetracthyvlarmmonium
hydroxide, or combinations thereof.

{8033] In some embodiments, the concentration of the etch composition is about 0.1 10 about 45
percent weight/volume.

{8034]  In some embodiments, the conceniration of the eich composition 13 about 0.5 to about 30
percent weight/volume.

[80358] In some embodiments, the concentration of the etch composition is about 1 to about 20
percent weight/volurne.

{8036]  in some embodiments, the concentration of the etch composition is about 1.5 to about 10
percent weight/volume.

{8037] In some embodiments, the conceniration of the etch composition is about 2 o about 7

percent weight/volume.

73]
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[0038] In some embodiments, the component i3 exposed {or about 0.1 to about 45 minutes.
{00391 In some embodirnents, the component is exposed for about 1 to about 30 nuoutes.
{8040] in some embodimenis, the component is exposad for about 1 to about 10 nunutes.
{8041] In some embodimenis, the component is exposed for about 5 to abowi 25 minutes.
{8042] In some embodiments, the component 1s exposed for about § {o aboul 20 minutes.
{0043]  In some embodiments, the component s exposed for about 10 to about 13 roinutes.
{0044] Still another aspect involves a method of cleaning a component, where the method
inchides providing a component including an aluminum-containing swrface, and cleanung the
component using a hvdroxvl-contaming coraposition.

{80458]  in some embodiments, cleaning the component includes soaking the component i the
hydroxyl-containing composition.

{8046] In some embodiments, the component includes a pedestal, a showerhead, or a
showerhead-pedestal.

{8047 In some embodimenis, the hydroxyi-containing composition includes potassium
hvdroxide, sodiom hydroxide, ammonmum  hydroxide, tetramethylammonium  hydroxide,
tetracthylammonum hydroxide, or combinations thereof

{8048] in some embodiments, a conceniration of the hydroxy! group-containing solution is about
0.1 to about 45 percent weight/volume.

{08491  1In some embodiments, a concentration of the hydroxy! group-containing solution is about
0.5 to about 30 percent weight/volume,

[B056]  In some embodiments, the concentration of the hydroxyl group-containing solution is
about 1 to about 20 percent weight/volume.

{8051] In some embodiments, the concentration of the hydroxyl group-containing solufion is
about 1.5 to about 10 percent weight/volume.

{8052] In some embodiments, the concentration of the hvdroxyl group-coniaining solution is
about 2 (o about 7 percent weighi/volume,

[0053] Sl vet ancther aspect involves an apparatus, the apparatus including a process chamber
mcluding one or more alummum-containing components in the interior of the process chamber, a
first gas source fluidly coupled to the process chamber, a second gas source fluidly coupled to the
process chamber, a plasma source fluidly coupled to the process chamber, and a controller
configured to: {a) cause a precursor in the process chamber to form a film on the substrate; and (b}
cause a fluorine-containing species in the process chamber.

{8054] In some embodiments, the one or more components s made of aluminum, aluminum

alloy, or aluminum-containing material,
- &2
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[80358]  In some embodiments, the one or more components includes a pedestal, a showerhead,

or a showerhead-pedestal.
{8056]  In some embodiments, the film includes silicon oxide, silicon nitride, doped or undoped
polysilicon, or doped or undoped silicon carbide.
5 {0687] In some embodiments, the fluorine-contaimng species includes fluorine-containing

source gases, fluonine~contaimng plasma, or mixture thereof.
[0058]  in some embodiments, the fluorine-comtaining source gas includes nitrogen trifluoride
{(NF3), molecular fluonne (Fz), carbon tetrafluoride (CF4), carbon hexafluoride (C2Fs), xenon
diftuoride (XeF2), fluoromethane (CH:F), difluoromethane (CHzF2), tetrafluoroethylene (CoFs),

10 hexafluoroethane (CU2Fs), octaflucropropane (CsFe), sulfur hexafluoride (8¥¢}). or combinations
thereof.
{8059] In some embodiments, the plasma source includes a remote plasma source.

[8068] These and other aspects are described further below with reference to the drawings.

15 BRIEF DESCRIPTION OF THE DRAWINGS
{8061] Figure 1 15 a flow chart of an example method of cleaning surfaces of one or more
components i a process chamber according to some embodiments.
{8062] Figure 2 1s a flow chart of an example method of cleaning a component according {o

some embodirments.

fov
o

[8063] Figure 3A-3F are scanning electron macrograph images showing the etching of aluminum
fluoride from the surfaces of a component with etch time according to some embodiments.

[0064]  Figure 4 18 a graph tlustrating the size range and nurnber of aluminum fluonde particles
on the backside of a subsirate prior to and after cleaning a showerhead-pedestal undemeath the

subsirate according 1o some embodiments.

[\
(V4

{8068] Figures SA and 5B show block diagrams of an example substrate processing system
according {0 some embodiments,
[8066]  Figure 6 shows a schematic of an example process system that may be used to perform

the methods described herein.

30 DETAILED DESCRIPTION
{80671  in the followimg description, numerous specific details are set forth 1o provide a thorough
understanding of the presented embodiments. The disclosed embodiments may be praciiced
without some or all of these specific details. In other instances, well-known process operations

have not been described in detail 1o not unnecessanly obscure the disclosed embodiments. While



(7

10

i5

20

30

WO 2024/243158 PCT/US2024/030270

the disclosed embodiments will be described in conjunction with the specific embodiments, it will

be understond that 11 18 not intended to it the disclosed embodiments.

TERMINOQLOGY
{8068] The term “acyl,” or “alkanovl,” as used mterchangeably herein, represents groups of 1,

3,4, 5,6, 7. 8 or more carbon atoms of a straight, branched, cyeclic configuration, saturated,

~

P
unsaturated and aromatic, and combinations thereof, or hydrogen, atiached to the parent molecudar
group through a carbonyl group, as defined herein. This group is exemplified by formyl (-C{O)H),
acetyl {Ac or -C{O)Me), propionyl, isobutyryl, ltanoyl, and the like. In some embodiments, the
acyl or alkanoyl group is -C{O-R, in which R is hydrogen, an aliphatic group, or an aromatic
group, as defined herein.

{8069] By “alkanovioxy” 15 meant an alkanoy! group, as defined herein, attached to the parent
molecular group through an oxy group, as defined herein. This group is exemplified by acetoxy
(-0Ac or ~OQC{O)Me). In some embodiments, the alkanovioxy group 15 -OC{O}-R, in which R 1s
hvdrogen, an aliphatic group, or an aromatic group, as defined herein.

{80706] By “aliphatic” 13 meant a hvdrocarbon group having af least one carbon atom {0 50 carbon
atoms {C1-50), such as one to 25 carbon atoms {Ci2s), or one to ten carbon atoms (Ci- 10), and which
mcludes alkanes (or alkyl), alkeves (or alkenyl), alkyvnes (or alkvnvi), including cyclic versions
thereof, and further including siraight- and branched-chain arrangements, and all stereo and
position isomers as well.  An aliphatic group is unsubstituied or substituted, e.g.. by a2 fimctional
group described herein. For example, the aliphatic group can be substituied with one or more
substitution groups, as described herein for alkyl.

{8078] By “aliphatic-carbonyl” is meant an aliphatic group that is or can be coupled o 2
compound disclosed herein, wherein the aliphatic group is or becomes coupled through a carbonyl
group (~C{O}-). In some embodiments, the aliphatic-carbonvi group is -C{O}-R, 1n which R 15 an
optionally substituted aliphatic group, as defined herein.

{8072] By “aliphatic-carbonyloxy” is meant an aliphatic group that is or can be coupled to a
compound disclosed herein, wherein the aliphatic group 13 or becomes coupled through a
carbonvioxy group (-OC{0}-). Insome embodiments, the aliphatic-carbonvioxy group is -OC{O)-
R, in which R 1s an optionally substituted aliphatic group, as defined herein.

[0073] By “aliphatic-oxy™ 15 meant an aliphatic group that is or can be coupled to a compound
disclosed herein, wherein the aliphatic group is or becomes coupled through an oxv group (-C{O}-
). In some embodiments, the aliphatic-oxy group is ~O-R, i which R 15 an optionally substituted

aliphatic group, as defined herain.

6
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[0074] By “ahiphatic-oxycarbonyl”™ is meani an aliphatic group that 13 or can be coupled to a
compound disclosed herein, wherein the aliphatic group 15 or becomes coupled through an
oxvearbonvl group (-C{0Y0-). In some embodiments, the aliphatic-oxycarbony! group is -C{(3)0-
R, in which R is an optionally substituted aliphatic group, as defined herein.

{8075] By “alkyl-aryl”

“alhenyi-aryl” and “alkynyil-aryl” 1s meant an alkyl, alkenvl, or alkynyl
group, respectively and as defined herein, that s or can be coupled {or attached) to the parert
molecular group through an arvl group, as defined herein. The alkyl-aryl, alkenvi-aryl, and/or
alkynvi-ary] group can be substituted or unsubstituted. For example, the alkvl-arvl, alkenyl-aryl,
and/or alkynvl-aryi group can be substituted with one or more substitution groups, as described
herein for alky! and/or aryl. Exemplary unsubstititted alkvl-aryl groups are of from 7 o 16 carbons
{716 alkyi-aryl), as weli as those having an alkyl group with 1 to 6 carbons and an aryi group with
4 1o 18 carbons (e, Crs alkyl-Cais arvl). Exemplary onsubstituied alkenyl-aryl groups are of
from 7 to 16 carbons {Cr.i6 alkenyl-aryl), as well as those having an alkenyl group with 2 10 6
carbons and an arvl group with 4 to 18 carbons {ie, Czs alkenvi-Caas aryl) Exemplary
unsubstituted alkvovi-arvl groups are of from 7 1o 16 carbons (Crae altkynyl-arvl}, as well as those
having an alkynyl group with 2 1o 6 carbons and an arvl group with 4 to 18 carbons (e, (zs
allkynyi-Caas arvh). In some embodiments, the alkyvi-aryl group is -L-R, in which L 1s an aryl group
or an arylene group, as defined herein, and R is an alkyl group, as defined hereim. In some
embodiments, the alkenyl-arvl group 15 -L-R, in which L 15 an aryl group or an arviene group, as
defined heren, and R 1s an alkenv] group, as defined herein. In some embodiments, the alkynyl-
aryl group is -L-R, in which L is an arv] group or an arviene group, as defined herein, and R 1s an
alkynyi group, as defined herein.

{8076] By “alkenvl” 1s meant an unsaturated monovalent hydrocarbon having at least two carbon
atom 1o 50 carbon atoms {Ca-so), such as two to 25 carbon atoms {Cr2s), or two 10 ten carbon atoms
{C210), and at least one carbon-carbon double bond, wherein the unsaturated monovalent
hydrocarbon can be derived from removing one hydrogen atom from one carbon atom of a parent
alkene. An alkenvl group can be branched, straight-chain, cvclic {e.g., cvcloalkenyl), ¢is, or trangs
{eg., Eor 7} An exemplary alkeny! includes an optionally substituted {224 alkyi group having
one or more double bonds. The alkenyl group can be monovalent or multivalent (e.g., bivalent)
by removing one or more hvdrogens to form appropriate attachment to the parent molecular group
or appropriate attachment between the parent molecular group and another substitution. The
alkenyl group can also be substituted or unsubstituted. For example, the alkenyl group can be
substitited with one or more substitution groups, as described herein for alkyl. Non-himiting

alkenyl groups include allvl (All), vinyl (V1), I-butenyl, 2-butenvl, and the like.
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{06777 By “alkoxy™ is meant ~OR, where R is an optionally substituted aliphatic group, as

described herein. Exeroplary alkoxy groups include, but are vot linmuted to, methoxy, ethoxy, n-
PrOpoXy, 1SOpropoxy, u-butoxy, t-butoxv, sec-buioxy. n-pentoxy, trihaloalkoxy, such as
rifluoromethoxy, eic. The alkoxy group can be substituted or unsubstitited. For example, the
alkoxy group can be substituted with one or more substitution groups, as described herein for alkyl
Exemplary unsubstituted alkoxy groups include Cia, Cre, Ciaz, Cras, Cias, Ciazo, or Cros alkoxy
SToupSs.

{00781 By “alkoxvalkyl™ 1s meant an alkyl group, as defined herein, which is substituted with
an alkoxy group, as defined heremn. Exemplary unsubstituted alkoxyalkyl groups include between
2 to 12 carbons (Cz.12 alkoxyalkyl), as well as those having an alkyl group with 1 to 6 carbons and
an alkoxy group with 1 to 6 carbons (1.e., Cis atkoxy-Cie alkyl). In some embodiments, the
alkoxvalkyl group is -L-O-R, in which each of L and R 15, independently, an alkyi group, as defined
herein.

{8079] By “alkoxycarbonyi” is meant -C{0)-OR, where R is an optionally substituted aliphaiic
group, as described herein,  In particular embodiments, the alkoxyearbonyl group is -C(0)-0ak,
m which Ak 15 an alkyi group, as defined herein. The alkoxycarbonyl group can be substituted or
unsubstitined.  For example, the alkoxvcarbonyl group can be substituted with one or more
substitution groups, as described herein for alkyl. Exemplary unsubstitited alkoxycarbony! groups
mclude Czs, Cos, Co7, 212, Coo16, Co-15, Ca-zo, o1 Cz24 alkoxyearbonyl groups.

{8086] By “alkvl”1s meant a saturated monovalent hydrocarbon having at teast one carbon atom
to SO carbon atoms (Ci-s0), such as one 1o 25 carbon atoms (Crzs), or one to ten carbon atoms {Cs-
103, wherein the saturated monovalent hydrocarbon can be derived {from removing one hvdrogen
atorn from one carbou atorn of a parent compound {e.g., alkane). An alkyl group can be branched,
straight-chain, or cychic {e.g , cvcloalkyl). An exemplary alky! includes a branched or unbranched
saturated hydrocarbon group of 1 to 24 carbon atoms, such as methyl (Me), ethvl (Ef), n-propyi
{nPr), iso~-propyvt GPr), n-butyl (nBua}, iso-buiyl (Bu), sec-butyvl (sBu), tert-butyl (iBu), pentyl (Pe),
n-pentyl (nPe), isopenty]l (1Pe), s~-pentyl (sPe), neopenty] (neoPe), tert-pentyl (1Pe), hexyl (Hx),
heptyl (Hp}. octvi (Oc), nonyi (INn), decyl {De), dodecyl, teiradecyl, hexadecyl, eicosyl, tetracosyl,
and the like. The alkyl group can also be substituted or unsubstituted. The alkyi group can be
roonovalent or roultivalent {e g., bivalent) by rernoving one or roore hy drogens to form approprate
attachment to the parent molecular group or appropriate attachment between the parent molecular
group and another substitution. For example, the alkyl group can be substituted with one, two,
three or, in the case of alkyl groups of two carbons or more, four substituents independently

selected from the group cousisting oft (1) Cie alkoxy (e g, -O-R, in which Rs Crs alkyl); (23 Ci-
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¢ alkylsuifinyl {e.g., -S{O}-R, in which R 1s Cis alkyl) (3) Cis alkylsulfonyl (eg., -SG2-R, in

which R is Crs alkyl); (4) amino(e.g., -NR'R?, where each of B! and R? is, independently, selected
from hydrogen, aliphatic, heteroaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined
herein, or any combination thereof, or R! and R?, taken together with the nitrogen atom to which
each are attached, can form a heterocyelyl group, as defined herein); (5) aryl; (6) arvialkory (eg.,
-0-L-R, i which L is alkyl and R s arvl); (7 arviovl {e.g., -C(O)-R, in which R is arvl}; (8) azido
{e.g, -N3¥ (9 cvano (e.g., -UN}): {10} aldehyde (e.g., -C{O3H); (11) Csg evcloalkyl; (12) halo;
{13y heterocyclivl {e.g., as defined herein, such as a 5-, 6- or 7-membered ring contaiming one, two,
three, or four non-carbon heteroatoms); (14) heterocyelvlosy (eg., -O-R, i which R is
heterocyclvl, as defined hereiny; (15} heterocvelyloyl (e g, -C{O)}-R. in which R is heterocyclyl,
as defined herein); {16) hydroxyl {e. g, -OH); (17} N-protected amino; (18) mitro {e.g., -NQGz2); (19}
oxo {g.g., =0} (20 Cis thioalky]l (eg., -S-R, in which R is alkyly 1) thiol {s.g., -SH};
(223 -CO2R! where R’ is selected from the group consisting of {a) hydrogen, (b} Crs alkyl, (¢} Cs.
12 arvl, and (dy Cas aryl-Crs alkyl {eg., -L-R, in which L 15 Cis alkyl and R 15 Caas aryi);
(23) -C{ONR'R?, where each of R! and R? is, independently, selected from the group consisting
of {a) hydrogen, {b} Cis alkyl, (¢} Caas arvl, and {d) Cas arvl-Crs alkyl (e.g., -L-R, in which L is
(16 alkyl and R is Cae arvi); (24) -SO2R’, where R’ 15 selected from the group consisting of (a)
Cro abbyl, (b Caas aryl, and (¢} Caas arvl-Cis alkyl {e.g., -L-R, in which L is Cis alkyl and R is
Cais arvl); (25) -8O2NR'R?, where sach of R! and R? is, independently, selected from the group
consisting of {a) hvdrogen, (b} Ci alkyl, (¢} Cars aryl, and (d) Cas arvl-Crs alkvl{eg., -L-K, 10
which L is Cis alkyl and R is Caas arvl); and (26) -NR'R? where each of R! and R? is,
independently, selected from the group consisting of (a) bvdrogen, (b} an N-proiecting group, (¢}
Cre alkyl, (d) Cos alkenvl, () Cos alkynyl, () Caas arvl, {(g) Caas arvl-Cie alkyl {eg., -L-R, in
which L 1s Cis alkyl and R 1s Caas arvl), (h) Caoe cyeloatkyl, and (1) Cse cvcloatkyvi-Cre alkyl (2.2,
-L-R, in which L is Cus alkyi and R is Ca.s eycloatkyl), wherein in one embodiment no two groups
are bound fo the nifrogen atom through a carbony! group or a sulfony! group. The alkyl group can
be a primary, secondary, or tertiary alkyl group substituted with oune or more substituents {e. g., one
or more halo or alkoxy). In some embodiments, the unsubstituted alkyl group is a Crs, Crs, Ci-
12, Ci-16, C1-18, Crzo, or Cr24 alkyl group.
{00811 By “alkviene,” “alkenvlene,” or “alkvnvlene” s roeant a multivalent {e.g., bivalent) form
of an alkyl, alkenvl, or alkynvl group. respectively, as described herein. Exemplary alkylene
eroups inciude methylene, ethviene, propylene, butylene, etc. In some embodiments, the alkviene
group 13 a €13, Cus, Croiz, Crota, 18, Cro, Crag, Coa, Cos, Coor2, T8, Czas, Coz0, o Cos

alkvlene group. In other embodimnents, the alkylene group 15 a Cas, Cos, Caa1z, a1, Caas, C20e,
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or Co2s alkenylene or alkynviene group. The alkviene, alkenvlene, or alkynvlene group can be

branched or unbranched. The alkylene, alkenyiene, or alkvnylene group can also be substituted or
unsubstitined. For example, the alkviene, alkenylene. or alkynvlene group can be substituted with
one or more substitidion groups, as described herein for alkyl.

S [8082] By “alkvisuthnyl” 1s meant an alkyl group, as defined herein, attached to the parent
molecular group through an -S{0}- group. In some embodimenis, the unsubstituied alkylsulfinyl
group is a Cre or Crz alkylsulfiny] group. In other embodiments, the alkylsuifinyl group is -8{(O)-
R, which R 15 an alkyl group, as defined herein.

{00831 By “alkyvisulfinvlalkyl” 15 meant an alkyl group, as defined herein, substituted by an
10 alkylsuifiny] group. Insome embodiments, the unsubstitited alkylsulfinvialkyl groupisa Crz o1
{224 alkylsulfinylalkyl group {e.g., Cis alkyisulfinyi-Cis alkyi or Craz aliylselfingl-Croiz alkyl).
In other embodiments, the alkylsuifinylalkyvl group 15 -L-8{G}-R, in which each of L and R 13,
mdependently, an alkyl group, as defined herein.
{0084] By “alkvisulfonyl” is meant an alkyl group. as defined hersin, attachad io the parent
15 molecular group through an ~-SOz- group. In some embodiments, the ansubstituted abkylsulfonyl
group 1s a Cis of Craz alkyisulfouyl group. To other embodiments, the alkvisulfony] group s -502-
R, where R is an optionally substituted alkyl {e.g., as described herein, mcluding optionally
substittted T2 alkyl, haloalkyi, or perfluorsalkyi}.

[0085] By “allylsulfonylalkyl™ 1s meant an alkyl group, as defined herein, substituted by an

20 alkvlsulfonyt group. In some emnbodiments, the unsubstituted alkylsulfonvialkyl group is a Coz
or Cra alkvisulfonvialkyl group {e.g., Cis alkvisulfonyl-Cre alkvi or Cra2 alkylsulfonyi-Crn
alkyl). In other embodiments, the alkvisulfonylalkyvl group is -L-SO2-R, in which each of L and
R is, independently, an alkyl group, as defined herein.

{8086] By “alkynyl” is meant an unsaturated monovalent hydrocarbon having at least two

25  carbon atom io 50 carbon atoms {Cz-s0), such as two to 25 carbon atoms {Czos), or two to ten

carbon atoms (Czio), and at least one carbon-carbon triple bond, wherein the wnsaturaled
monovalent hydrocarbon can be denved from removing one hydrogen atom from one carbon atom
of a parent alkvne. An alkynvl group can be branched, straight-chain, or cyclic {eg.
cycloatikvavl). An exemplary alkynyl includes an optionally substituted Cazaq alkyl group having
30 oneormore triple bonds. The alkvovl group can be cychce or acyehe and 1s exeraplified by ethynyl,
1-propynyl, and the like. The alkyny! group can be monovalent or multivalent (e g, bivalent) by
removing one or more hydrogens to form appropriate attachment to the parent molecular group or

appropriate attachment between the parent molecular group and another sabstitution. The alkyny]
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group can also be substituted or unsubstiteted. For example, the alkynyl group can be substituted

with one or more substifution groups. as described herein for alkyl

{80871 By “ambient temperature” 1s meant a temperature ranging from 16°C to 26°C. such as
from 19°C 10 25°C or from 20°C 1o 25°C.

[0088] By “amide” is wean -C(ONR'R? or -NHCOR!, where each of R! and R? is,
mdependently, selected from hydrogen, aliphatic, heteroaliphatic, aromatic, as defined herern, or
any combination thereof, or where R' and R, taken together with the nitrogen atom to which each
are attached, can form a heterocvcly! group, as defined herein.

[0089] By “amino” is meant -NR'R?, where each of R! and R? 15, independently, selected from
hvdrogen, optionally substitited ahiphatic, opticnally substituted hetercaliphatic, optionally
substituted aromatic, optionally substituted hetercaromatic, optionally substituted syl or
optionally substituted silvloxy, as defined herein, or any combination thereof; or where R and R,
{aken together with the nitrogen atom fo which each are attached, can form a heterocyclyvl group,
as defined herein. In particular embodiments, each of R and R? is, independently, H, optionally
subsiituted alkyl, optionally substituted alkoxy, oplionally substituted arvl, optionally substituted
arvioxy, optionally substituted alkyl-arvl, optionally substituted arvi~alkyl, optionally substituted
silyl, or optionally substituted silyloxy. In particular embodiments, R' and R® can be taken
{ogether, with the nitrogen atom to which each is aftached, 1o form an optionally substituted
heterocyclvi

{0096] By “aminoalkyl” is meant an alkyvl group, as defined herein, substituted by an amino
group, as defined herein. In some embodiments, the aminoalkvl group is -L-NR'R?, in which L is
an alkyl group, as defined herein, and each of R! and R?is, independently, selected from hydrogen,
aliphatic, heteroaliphatic, or aromatic, as defined herein, or any combination thereof: or R! and RZ,
taken together with the nitrogen atom to which each are attached, can form a heterocyclvl group,
as defined herein. In other embodiments, the aminoalkyl group is -L-C(NR'R*}R)-R?, in which
L is a covalent bond or an alkyl group, as defined herein; each of R! and R? is, independently,
selected from hvdrogen, aliphatic, hetercaliphatic, or aromatic, as defined herain, or anv
combination thersof: or R' and R?, taken together with the nitrogen atom to which sach are
attached, can form a heterocyclyl group, as defined herein; and each of R® and R is, independently,
H or alkyl, as defined herein.

{0091] By “amunooxy’ is meant an oxy group, as defined herein, substituted by an amino group,
as defined herain. In some embodiments, the aminooxy group is -O-NR'R?, in which each of R'
and R? is, independently, selected from hydrogen, optionally substituted aliphatic, optionally

substituted heteroaliphatic, optionally substifuted aromatic, optionally substituted hetleroaromatic,
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optionally substituted silvl, or optionally substituted silvloxy, as defined herem, or any
combination thereof; or R' and R°, taken together with the niirogen atom to which each are
attached. can form a heterocyclyl group, as defined herein. In particular embodiments, each of R
and R? is, independently, H. optionally substituted alkyl, optionally substituted alkoxy. optionally
substituted arvl, optionally substituted arvioxy, optionally substitted alkyl-aryl, optionally
substituted arvi-alkyl, optionally substituted silyl, or optionally substituted silyloxy.

{0092] By “aromatic” is meant a cvclic, conjugated group or moiety of. unless specified
otherwise, from 5 to 15 ring atoms having a single ring (e g., phenyl) or mudtiple condensed rings
m which at feast one ring is aromatic {e.g., naphthyl, indolvi, or pyrazolopyridinyi); that is, at least
one ring. and optionally multiple condensed rings, have a continuous, delocalized zm-electron
svstem. Tvpically, the number of out of plane n-electrons corresponds to the Huckel rule {4n+2).
The point of attachment {o the parent structure typically 15 through an aromatic portion of the
condensed ring svstem. An aromatic group 18 unsubsiituted or subsiituied, e.g., by a functional
group described herein. For example, the aromatic group can be substituted with one or more
substitution groups, as described herein for alkyvl and/or arvi.

{6093] By “aromatic-carbonyl” 15 meant an aromatic group that is or can be coupled o a
compound disclosed herein, wherein the aromatic group is or becomes coupled through a carbonyl
group (-{{0)-). In some embodiments, the aromatic-carbonyi group is -({3)-R, in which R is an
optionally substituted aromatic group, as defined herein.

[8094] By “aromatic-carbonvioxy™ 15 meant an aromatic group that is or can be coupled to a
compound disclosed herein, wherein the aromatic group is or becomes coupled through a
carbonvioxy group (-OC(0)-). In some embodiments, the aromatic-carbonyloxy group is -OC{O}-
R, mn which R is an optionally substituted aromatic group, as defined herein.

{8098] By “aromatic-oxy’ is meant an aromatic group that 1s or can be coupled o a compound
disclosed herein, wherein the aromatic group is or becomes coupled through an oxy group (-O-).
In some embodiments, the aromatic-oxy group is -0O-R, in which R 15 an optionally substituted
aromatic group, as defined heren.

{8096] By “aromatic-oxycarbonvi” is meant an aromatic group that is or can be coupled to a
compound disclosed herein, wherein the aromatic group is or becomes coupled through an
oxvearbonyl group (<C(0)0-). In some embodiments, the aromatic-carbonyl group is -C(OY3-R,
m which R is an optionally substitined aromatic group, as defined herein,

{8097] By “aryl” is meant an aromatic carbocychic group including at least five carbon atoms (o
15 carbon atoms {Cs.1s), such as five to ten carbon atoms {Cs.a6}, having a single ring or multiple

condensed rings, which condensed rings can or may not be aromatic provided that the point of
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attachment {0 a remaining position of the compounds disclosed herein 1s through an alom of the

aromatic carbocvelic group. Arvl groups may be substituted with one or more groups other than
hydrogen, such as aliphatic, heteroaliphatic, aromatic, other functional groups, or any combination

thereof. Exemplary aryl groups include, but are not limuted to, benzyl, naphthalene, phenvi,

N

biphenyl, phenoxybenzene, and the hike. The term aryl also includes heteroaryl, which is defined
as a group that contains an aromatic group that has at least one heteroatom incorporated within the
ring of the aromatic group. Examples of heteroatoms include, but are not linuted to, nitrogen,
oxvgen, sulfur, and phosphorus. Likewise, the term non-hetercaryl, which 1s also mcluded 1o the
term aryl, defines a group that contains an aromatic group that does not contain a heteroatom. The
16 aryl group can be substituted or unsubstituted. The arvi group can be substituted with one, two,

three, four, or five substituenis independently selected from the group consisting of: {1} (e

alkanoy! {e.g., ~C{O}R, in which R is Crs alkyl};, (2) Cis alkvl; (33 Crs alkoxy {e.g., -O-R, in

which R is Cie alkyl): (4) Cis alkoxy-Cres alkvl {eg., ~L-0-R, 1n which each of L and R i3,

independently, Cie alkyly (53 Cre alkyisulfinyd (g.g., -S{0)-R, in which R is Cie alkvi): (6) Cis
15 alkylsuifinyl-Cie alkvl (g.g., ~-L-S{G)}-R, in which gach of L and R 13, independently, Cis alkyvi)
{7y Crs alkylsulfonyl {e.g., -SO2-R, in which R 1s Cis alky1): (8) Cis alkylsulfonyl-Cre alkyl (e g.,
-L-802-R, in which each of L and R 1is, independently, Cre alkyl);, (93 arvl (10} amino (e.g., -
NR'R® where gach of R! and R? is, independently, selected from hydrogen, aliphatic,

heteroaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined herein, or any combination

20 thereof: or R and R?, taken together with the nitrogen atom to which each are atiached. can form
a heterocyclvl group, as defined herein), (11) Cis aminoalkyl {e.g. -L™NR'R® or -L*
CONRIRZHRA)-RY, in which Lt s Cis alkvl; L2 is a covalent bond or Cis alkyl; each of R! and R?
15, ndependently, selected from hydrogen, aliphatic, beteroaliphatic,  haloaliphatic,
haloheteroaliphatic, aromatic, as defined herein. or any combination thereof; or R' and R taken

25 iogether with the nitrogen atom to which each are aftached, can form a heterocvelvi group, as

defined herein; and sach of R? and R* is, independenily, H or Crs alkyl), (12) heteroaryl (13) Ca1z
arvi~-Cis alkyl {e.g., ~L-R, m which L 15 Cre alkyvl and R s Caas aryl); (14) arvioyl (e.g., -C{O)-R,
in which R is aryl); (15) azido {e.g., -N3); {16} eyvano (e.g., -UN): {17} Crs azidoalkyvl (e.g., -L-Ns,
i which L is Cre alkyl); (18) aldehvde (e.g., -C(O); (19) aldehvde-Cus alkyl {e.g., -L-C{OMH,
30 m which L s Cro alkyl); (20) Cas eycloalkvl; (21) Css cyvcloalkvl-Crs alkyl {e.g., ~-L-R, n which
L 1s Cre alkyi and R is Cs.g cyveloatkyl); (22) halo: (23) Cis haloalkvl (e.g., -L4W-X or -LACOGR Y-
R? in which Lt is Cre alkyl; L? is a covalent bond or Cis alkyl: X is fluoro, bromo, chioro, or
iodo; and each of R! and R? is, independently, H or Crs alkyvl); (24) heterocyclyl {e.g., as defined

=
I

herein, such as a 5-, 6~ or 7-membered ning containing one, two, three, or four non-carbon
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heteroatoms): €25} heteroevelyloxy {(e.g., -O-R, in which R is heterocvelyl, as defined herein):

(26) heterocvelyvloyl {eg., -C{O)-R, 10 which R 15 heterocyelyl, as defined heremn); (27) hvdroxyl
(-OH): (28) Crs hvdroxyalky! (e.g., -LV-OH or -L2-C{OHYRY}-R?, in which L' is Crs alkyl: L7 s

a covalent bond or alkyl; and each of R! and R? is, independently, H or Cus alkyl, as defined

5 herein);, (29) nitro; (30) Cre nitroalkyl (e.g., -LINO or -LACONOYRY-R?, in which L is Cie
alkyl; L7 is a covalent bond or alkyl; and each of R* and R? s, independently, H or Cis alkyl, as
defined herem); (31} N-protected amino; (32) N-protected amino-Cig alkvl (33} oxo {e.g., =0

(343 Crs thicalkyl (e.g., -8-R, in which R is Cus alkyl}, (35) thio-Cre alkoxy-Crs alkyl {e.g., -L-

8-R, in which each of L and R 1s. independently, Crs alkyl): (36) -(CH2:CO2RY, where 115 an

10 integer of from rero to four, and R’ is selected from the group consisting of {(a} hydrogen, (b} Cis
alkyvi, {¢} Cars aryl, and (d) Cas aryl-Cre alkyl (g.g., -L-R, in which L is Ci1 alkvl and R is Ca.1x

aryl); (37) -(CHziCONR 'R, where 1 is an integer of {rom zero to four and where each R! and R?

15 independently selected trom the group consisting of (a) hvdrogen, (b} Cie alkyl, {¢) Cas aryl,

and (d) Caas aryl-Cirs alkyl (eg, -L-R, m which L is Cue alkyl and R is Caz aryi):

15 (38) (CH2LSORE where 1 is an integer of from zero to four and where R} is selected from the
group consisting of (a) Cis alkyl, (b) Caas arvl, and (¢} Caas arvi-Cre alkyl {e.g, ~L-R, in which

L is Cre alkyl and R is Caas arvi); (39) -(CH2LSOaNR'R?, where 1 is an integer of from zero to

four and where each of R! and R? is, independently, selected from the group consisting of

{a} hydrogen, (b Cie alkyl, {¢} Ca1s aryl, and {d} Ca1s arvi-Cis alkyl {e.g., -L-R, in which L is

20 Cre alkyl and R s Caois aryl); (40) -(CH2WNR'R?, where 1 is an integer of {rom zero {o four and
where each of R! and R? is, independently, selected from the group consisting of (a) hydrogen, {b)

an N-proteciing group, (¢} Cre alkyl, (d) Czs alkenyl, {e} Cos alkynyl, () Caag arvl, {g) Caas aryl-
Crealkvl {e g, ~L-R, m which L is Cis alkyl and R 18 Caas arvl), (h) Cas eycloalkyl, and (1) Cas

cycloalkyi-Cie alkvl {e.g., -L-R, 1n which L is T alkyl and R 1s Cs.3 cycloalkyl}, wherein in one

[\
(V4

embodiment no two groups are bound to the nitrogen atom through a carbonyl group or a sulfonyl
group; (41} thiol (e.g., -SH): (42) perfluorcalkyvi (e.g., -{(CF2aCFs, in which n 1s an integer from 0
to 10} (43) perfluoroatkoxy (e.g., -O-(CF23aCFs, 1 which n 15 an mteger from 0 to 10); (44)
arvloxy {e.g., -0O-R, in which R 15 arvl); (45} cycloalkoxy (e.g., -O-R, i which R 15 cveloalkyi):
(46) cvcloalkylalkoxy {e.g., -O-L-R, in which L is alkyl and R 15 cvcloalkyly, and (47) arvialkoxy
30 {eg.-~0-L-R, i which L 1s alkv] and R 15 arvl). In particular embodiments, an unsubstituted aryl
group is a Ca1s, Caae, Carz, Carp, Csas, Csaa, Usrz, or Couro aryh group.

{8098] By “aryl-alkyl,” “aryl-alkenyl” and “arvi-alkynyl” is meant an aryl group, as defined

herein, that 1s or can be coupled {or attached) to the parent molecular group through an alkyl,

alkenyl, or alkynyi group, respectively, as defined herein. The arvi-alkyl, arvi~alkenyl, and/or arvl-
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alkynyl group can be substituted or unsubstitudted. For example, the aryl-alkyi, arvl-alkenyi, and/or

arvi-alkyny! group can be substituted with one or more substitution groups, as described herein {or
aryl and/or alkyl, Exemplary unsubstituted aryi-alkyl groups are of from 7 to 16 carbons (Cri6
aryi-atkvl), as well as those having an arvl group with 4 to 18 carbons and an alkyl group with 1
{0 6 carbons (e, Cais aryl-Cre alkyl). Exemplary unsubstituted arvi-alkenyl groups are of from
7 to 16 carbons (Cr.16 arvi-alkenyl), as well as those having an arvl group with 4 10 18 carbons and
an alkenv! group with 2 to 6 carbons (i.e., Csa.iz aryl-Cue alkenvl). Exemplary unsubstituted arvi-
alkynvl groups are of from 7 to 16 carbons (Crae aryl-alkynvl), as well as those having an aryl
group with 4 1o 18 carbouns and an alkvnvl group with 2 to 6 carbons (i.e., Cas aryl-Cas alkvnyl),
In some embodiments, the arvi-alkyl group is -L-R, in which L is an alkyl group or an alkyliene
group, as defined herein, and R 15 an aryl group, as defined herein.  In some embodiments, the
arvi-alkenyl group 1s -L-R, 1o which L 1s an alkeny] group or an alkenviene group, as defined
herein, and R s an aryl group, as defined herein. In some embodiments, the aryi-alkyoyl group 1s
-L-R, in which L is an alkynvi group or an alkynylene group, as defined herein, and R is an aryl
group, as defined herein.

{8099] By “arvlene” 1s meant a multivalent {e.g., bivalent) form of an arvl group, as described
herein. Exemplary aryvlene groups include phenviene, naphthylene, biphenvlene, triphenyiene,
diphenyl ether, acenaphthenviene, antluylene, or phenanthrylene. In some embodiments, the
aryviene group is a Ca-1e, Ca-14, Caor2, Caet0, Co18, Co-14, Too12, or Co-10 arvlens group. The aryiene
group can be branched or unbranched. The arviene group can also be subsiituted or unsubstituted.
For example, the arylene group can be substituted with one or more substitution groups, as
described herein for arvh

{01001 By “arvialkoxy™ s meant an arvl-alkyl group, as defined herem, attached to the parent
molecular group through an oxygen atomn.  In some embodiments, the arviatkoxy group 1s ~O-L-
R, m which L is an atkyl group, as defined herein, and R is an aryi group, as defined herein.
[8181] By “arvloxy”™ is meant -OR, where R is an optionally substituled aryl group, as described
herein. In some embodiments, an unsubstituted arvioxy group is a Ca1s or Co.is arvioxy group. fo
other embodiments, R is an arvl group that is optionally substituied with alkyl, alkanoyl, amine,
hvdroxyl, and the like.

{01021 By “arvioxvcarbonyl” 15 mueant an arvioxy group, as defined herein, that 15 attached to
the parent molecular group through a carbonyi group. In some embodiments, an unsubstitited
arvioxvearbonyl group i1s a Csae arvioxycarbonyl group. In other embodiments, the

arvioxvearbonyi group 18 -C{OY0-R, in which R is an arvi group, as defined herein,
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{01031 By “arvlovl” is meant an arvl group that 1s attached to the parent molecular group through

a carbonyl group. In some embodiments, an unsubstituted arylovl group 1s a Cran arvioyl or Cs.o
arvioyl group. In other embodiments, the arylovl group is -C{O}-R, in which R is an aryl group,
as defined herein.

S [8184] By “arvioviowy” is meant an arvioy] group, as defined herein, that is attached to the
pareni molecular group through an oxy group. In some embodimnents, an unsubstituted arviovioxy
group is a Us.ae arvilovioxy group. In other embodiments, the arvliovioxy group 15 -OC(G)-R, in
which R is an aryl group, as defined herein.

{9198] By “azido” is meant an -Nz group.
16 {8186] By “azidoalkyl™ is meant an azido group attached to the parent molecular group through
an alkvl group, as defined herein. In some embodiments, the azidoalkyvi group 1s -L-Ns, in which
L is an alkyl group, as defined herem.
{8187] By “aro” is meant an -N=N- group.
{0108] By “carbamov!” is meant an amino group attached to the parent molecular group through
15 acarbonyl group, as defined herein. In some embodiments, the carbamoyi is -C{ONR'R? group,
where each of R! and R? is, independently, selected from hydrogen. optionally substituted
aliphatic, optionally substituted hetercaliphatic, optionally substituted aromatic, optionally
substituted hetercaromatic, optionally substituted silyl, or optionally substituted silvioxy, as

defined herein, or any combination thereof: or where R! and R?, taken together with the nitrogen

fov
o

atom to which each are attached, can form a heterocyelyl group, as defined herein

{8169] By “carbamovioxy” is meant a carbamoyl group, as defined herein, attached {0 the parent
molecular group through n oxy group, as defined herein.  In some embodiments, the carbamoyl
is -OC(OINR'R? group, where each of B! and R” is, independently, selected from hydrogen,

optionally substituted aliphanc, ophonallv substituted heteroaliphatic, optionally substituted

[\
(V4

aromatic, optionally substifiied heteroaromatic, optionally substituted silyl, or optionally
substituted silvloxy, as defined herein, or any combination thereof: or where R' and R?, taken
together with the nitrogen atom to which each are attached, can formo a heterocyclvl group, as
defined herein.

[01108] By “carbonmimudoyl” is meant a -C{NR}- group. Tn some embodiments, R 15 selected from
30 hydrogen, optionally substituted aliphatic, optionally substituted heteroaliphatic, optionally
substituted aromatic, optionally substituted hetercaromatic, optionally substituted silvl, optionally
substituted alkyl, optionally substitiied aryl, optionally substituted alkyi-arvl, or optionally
substituted aryl-alkyl, optionally substituted silvloxy, as defined herein, or any combination

thereof.
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[0118] By “carbonyl” s meant a -C{(}- group, which can also be represented as >C=0.

{01121 By “carboxyl” 15 meant a -COzH group or an amon thereol

{8113] By “catalyst” is meant a compound, usually present in small amounis relative to

reactants, capable of catalyzing a syntheiic reaction, as would be readily understood by a person
5 of ordimary skill in the art. In some embodiments, catalysts may include {ransition metal

coordination complex.

01314] By “cyanato” is meant a -OCN group.

fii6
8117

By “cycloaliphatic” 1s meant an aliphatic group, as detined herein, that is cyclic,

~%

{
[0118] By “cvano” is meant a ~-CN group.
{

10

]
1 By “cycloaikoxy™ is meant a cycloalkvl group, as defined herain, attached to the parent
molecudar group through an oxygen atom. In some embodiments, the cycloalkoxy group is -O-R,
i which R 1s a cevcloalky! group, as defined herein.
{0118] By “cvcloalkylalkoxy™ is meant a -O-L-R group, in which L is an alkvl group or an
alkylene group, as defined herein, and R i3 a cycloatkyl group, as defined herein.

15 [8119] By “cycloalkyvl” 15 meant a monovalent saturated or unsaturated non~aromatic cvelic
hvdrocarbon group of from three to eight carbons, unless otherwise specified, and s exemplified
bv cvclopropyl, cyvelobutyl, cvclopentyl, cvelohexvl, evcloheptyl, bicyelo[2.2. 1 hepivi], and the
like. The cycloalkyl group can alse be substituied or unsubstituted. For example, the cvcloalkyl

group can be substituted with one or more groups mcluding those deseribed herein for alkyl.

20 Further, cvcloalkyl may include one or more double bonds and/or triple bonds.
{81206] By “cycigheteroaliphatic” is meant a heteroaliphatic group, as defined herein, that is
cyclic.
{01211 By “disilanyl” is meant a group contairing an Si-81 bond. Tu some embodiments, the
distianyl group is a -SIRSRP-SIRPRYR® or -SIRMRPELSIRM R group, in which each of RS,
25 R¥ R¥ R¥™ and R¥ is, independently, H, optionally substituted aliphatic. optionally substituted

heteroaliphaiic, optionally substitted aromatic, optionally substituled heteroaromatic, or

optionally substituted anuno.

{$122] By “disulfide” is meant -SSR, where R i3 selected from hyvdrogen, aliphatic,

heterpaliphatic, haloaliphatic, haloheteroaliphatic, aromatic, as defingd heremn, or any combination
30 thereof

{81231 By “electron-donating group” is meant a functional group capable of donating at least a

poriion of its eleciron density into the ring o which it is directly aitached, such as by resonance.
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[0124] By “electron-withdrawing group”™ is meant a functional group capable of accepting

electron density from the ring to which it 15 dwectly attached, such as by mductive electron
withdrawal.

{8125] By “halo” ismeant ¥, CL Br, or L.

{0126] By “haloaliphatic” i3 meant an aliphatic group, as defined herein, in which one or more
hydrogen aioros, such as one to 10 hydrogen atoms, mdependently is replaced with a halogen atom,
such as fluoro. bromo, chloro, or 1odo.

{01271 By “haloalkyl” is meant an alkyvl group, as defined hereimn, where one or more hvdrogen
atorns, such as one to 10 hvdrogen atorns, independently is replaced with a halogen atom, such as
fluoro, bromo, chioro, oriodo. In an independent embodiment, haloalkyl can be a -UX5 group,
wherein sach X independently can be selected from fluoro, bromo, chloro, or iodo. In some
embodiments, the haloalky!l group is -L-X, in which L 1s an alkyl group, as defined herein, and X
is fluoro, bromo, chlore, or iodo. In other embodiments, the haloalkyl group is -L-COORD-R2,
in which L is a covalent bond or an alkyi group, as defined herein; X is fluoro, bromo, chloro, or
iodo; and each of R! and R* is, independently, H or alkyl, as deflined herein.

{01281 By “halohetercaliphatic”™ s meant a hetercaliphatic, as detined herein, in which one or
more hydrogen atoms, such as one to 10 hydrogen atoms, independently is replaced with ahalogen
atom, such as fluoro, bromo, chloro, or 10do.

[0129] By “heteroaliphatic” is meant an aliphatic group, as defined herein, mcluding at least one
heteroatom to 20 heteroatoms, such as one to 18 hetercatoms, or one {0 3 heleroatoms, which can
be selected from, bul not hmited to oxygen, mitrogen, sulfur, silicon, boron, selenium,
phosphorous, and oxidized forms thereol within the group. A hetercaliphatic group is
unsubstitiied or substituted, eg., by a funchional group described heremn.  For example, the
heteroaliphatic group can be substituted with one or more substitution groups. as described herein
for atkyi

{8138] By “heteroaliphatic-carbonyl™ is meanti a heteroaliphatic group that is or can be coupled
to a cornpound disclosed herern, wherein the heteroaliphatic group s or becomes coupled through
a carbonyi group (-C{G}-1. In some embodiments, the hetercaliphatic-carbony! group is -C{{-R,
in which R is an optionally substituted heteroahphatic group, as defined herein.

{$133] By “hetercaliphatic-carbonyvloxy™ 13 meant a heteroaliphatic group that 18 or can be
coupled to a compound disclosed herein, wherein the heteroaliphatic group is or becomes coupled
through a carbonyloxy group (<OC(G)-1 In some embodiments, the heteroaliphatic-carbonyloxy

group 13 ~OC(O)R, in which R i3 an optionally substituted heteroaliphatic group, as defined heremn.
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{0132] By “hetercaliphatic-oxy™ i3 meant a heleroaliphatic group that is or can be coupled to a

compound disclosed herem, wherein the hetercaliphatic group 18 or becomes coupled through an
oxy group (-C{O)). In some embodiments, the heteroaliphatic-oxy group is -O-R, in which R is
an optionally substituted heteroaliphatic group, as defined hersin,

{8133] By “hetercaliphatic-oxycarbonyl” 18 meant g heteroaliphatic group that is or can be
coupled 1o a compound disclosed heremn, wherein the heteroaliphatic group is or becomes coupled
through an oxycarbonyi group (-C{(O)0-). In some embodiments, the hetercaliphatic-oxycarbonyl
group ts -C{0-R, in which Ris an optionally substituited hetercaliphatic group, as defined herein.
{01341 By “heteroalkyl,” “hetercalkenvl,” and “heteroalkyny!” s meant an alkyl, alkenyl, or
alkyny group (which can be branched. straight-chain, or cyclic), respectively, as defined herein,
icluding at least one heteroatom to 20 heteroatoms, such as one to 15 hetercatoms, or one {o 5
heteroatoms, which can be selected from, but not hmited {0, oxygen, nitrogen, sulfur, silicon,
boron, selenium, phosphorous, and oxidized forms thereof within the group.

{8138] By “heteroalkylensg,” “hetercalkenviene,” and “hetercalkynyiene” is meant a multivalent
{e.g., bivalent) form of a hetercalkyl, hetercalkenvl, or hetercalkvnyl group, respectively, as
described hereimn.

{8136] By “heterocaromatic” 1s meant an aromatic group, as defined herein, mcluding at least one
heteroatom to 20 heteroatoms, such as one to 15 heteroatoms, or one 1o 5 hetercatoms, which can
be selected from, but noi limited to oxygen, nitrogen, sulfur, silicon, boron, selenium,
phosphorous, and oxidized forms thereof within the group. A heleroaromatic group 1s
unsubstituted or substitited, e.g., by a functional group described herein. For example, the
heterocaromatic group can be substituted with one or more substitution groups, as described herein
for alkyl and/or arvl

{81371 By “heteroaromatic-carbony!” is meant a heteroaromatic group that is or can be coupled
to a compound disclosed herein, wherein the heteroaromatic group is or becomes coupled through
a carbonyi group (~C{0)~). In some embodiments, the heteroaromatic-carbonyi group is ~-C{O)R,
i which R 1s an optionally substituted heteroaromatic group, as defined herein

{8138] By “hetercaromatic-carbonyloxy”™ is meant a hetercaromaiic group that 1s or can be
coupled to a compound disclosed herem, wherein the heteroaromatic group 18 or becomes coupled
through a carbonyioxy group (-OC{0}-). Tn some embodiments, the heteroaromatic-carbonyloxy
group is ~OC(OR, in which R 15 an optionally substituted heteroaromatic group. as defined
herein.

{8139] By “heteroaromatic-oxy” 1s meant a heteroaromatic group that is or can be coupledto a

corapound disclosed herein, wherein the heteroaromatic group 1s or becornes coupled through an
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oxy group (-0-). In some embodiments, the heteroaromatic-oxy group ts -O-R, in which R is an

optionally substituted hetercaromatic group, as defined herein.

{8140] By “hetercaromatic-oxycarbonyl” is meant a heteroaromatic group that is or can be
coupled to a compound disciosed herein, wherein the hetercaromatic group is or becomes coupled
through an oxycarbonyl group (<(C{030-). Tn some embodiments, the hetercaromatic-carbonyl
group 18 -C(0)0-R, 1w which R 15 an optionally substituted heteroaromatic group, as defined
herein.

{01411 By “heteroarvl” i3 meant an aryl group mncluding at least one hetercalom to six
heteroatoms, such as one to four heteroatoms, which can be selected from, but not hmited to,
oxvgen, nitrogen, sulfur, silicon, boron, selenium, phosphorous. and oxidized forms thereof within
the ring.  Such heteroaryl groups can have a single ring or multiple condensad rings, where the
condensed rings may or may not be aromatic and/or contain a heteroatom, provided that the point
of attachment is through an atom of the aromatic heteroaryl group. Heteroaryl groups may be
substituted with one or more groups other than hvdrogen, such as aliphatic, heteroaliphatic,
aromatic, other functional groups, or any combination thereof. An exemplary heteroaryvl includes
a subset of heterocyclyl groups, as defined herein, which are aromatic, t.e., they contain 4n+2 pi
electrons within the mono- or multicyclic ring system.

{8142] By “heteroarviens” is meant a mudtivalent {e g, bivalent) form of a heteroaryl group, as
described herein.

{0143] By “heteroatom” 15 meant an atom other than carbon, such as oxygen, nitrogen, sulfur,
silicon, boron, selemum, or phosphorous. In particular disclosed embodiments, such as when
valency consiramnis do not permit, a heteroatom does not include a halogen atom.

{6144] By “heterocyelyl” 1s meant a 5-, 6~ or 7T-merobered ning, unless otherwise specified,
containing one, two, three, or four non-carbon heteroatoms (e.g., independently selected from the
group consisting of nitrogen, oxvgen, phosphorous, sulfur, or halo). The 5-membered 1ing has
7exo 1o two double bonds and the 6- and 7-membered rings have zero (o three double bonds. The
ferm “heterocyelyl” also includes bicyclic, tncyelic and tetracyclic groups i which any of the
above heterocyclic rings is fused to one, two, or three rings independenily selected from the group
consisting of an arvl ring, a cyclohexane ring, a cvclohesene ring, a cyclopentane ring, a
cyclopentene ring, and another monocyche heterocvelic ring, such as indolyl, qumolyl,
isoquinolyl, tetrahvdroquinolyl, benzofuryl, benzothienyl and the like. Heterocyclics include

thirranvi, thietanyl, tetrahydrothienvi, thianyl, thiepanyl, azinidinyl, azetidinvl, pyrrolidinvi,

piperidinyl, azepanyl, pyrrolyl, pyrrohinyl, pyrazolyl, pyrazolinyl, pyrazohdinvl, 1midazolyl

imdazohnyl, mdazohdiny], pvndvl, homopipenidioyl, pyrazinyl, piperazinyl, pyrivoidinyl,
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pvridazinyl, oxazolvl, oxazolidinyl, oxazolidonyl, 1soxazolyl, isoxazolidinivl, worpholinyl,
thiomorpholinyl, thiazolvl, thiazolidinvl, wsothiazolvl, 1sothiazolidinyl, judolvl, quinolinyl,
isoquinolinyl, benzimidazolyl, benzothiazolyl, benrzoxazolyl, furvl, thienvl, thiarolidinyl,
isothiazolyl, isoindazoyl, trniazolyl, tetrazolyl, oxadiazolyl, wricvl, thiadiazolyl, pyrnimidvi,

fetrahvdrofuranyl,  dibydrofuranvl, dihydrothienyl, dihydroindolyl,  ietrabvdroquinolyvi,
tetrahy drotsoquinolvl, pyranyl, dibyvdropyranvl, tetrahy dropyranyl, dithazolyl, dioxanyl, dioxinyl,
dithianyl, trithianyl, oxazinyl, thiazinvl, oxothiolanyl, triazinyl, benzofiranyl, benzothuenyl, and
the like.

{01451 By “heterocyclvioxy” s meant a heterocyelyl group, as defined herein, attached to the
parent molecular group through an oxygen atom.  In some embodiments, the heterocyclyloxy
eroup is -O-R, in which R s a heterocyclyl group, as defined herein.

{8146] By “heterocyclvlovl” is meant a helerocyclyl group, as defined hergin, attached to the
parent molecular group through a carbonyl group. In soroe ernbodiments, the heterocyelyloyl
group is ~C{0)-R, in which R is a heterocyeivl group, as defined herein.

[0147] By “hydrazing” is meant -NRENRIR®, where each of RY, R, and R? is, independently,
selected from hvdrogen, optionally substituted aliphatic, optionally substituted heteroaliphatic,
optionally substituted aromatic, optionally substituted hetercaromatic, optionally substitined silyl,
or optionally substituted siltvioxy, as defined herein, or any combination thereof, or where a
combination of R! and R? or a combination of R% and R®, taken together with the nitrogen atom to
which each are attached, can form a heterocvelyl group, as defined heremn. In some embodiments,
each of R', R?, or R is, independently, H, optionally substituted alkvi, optionally substituted aryl,
optionally substituted alkvi-arvl, or optionally substituted arvl-alkvi In particular embodiments,
R?and R° can be taken together, with the nitrogen atom to which each is attached, to form an
optionally substituted heterocyclvl

{0148] By “hydroxyl” is meant -OH.

[0149] By “hydroxvalkyl” is meant an alkvl group, as defined herein, substituted by one to three
hvdroxyl groups, with the proviso that no more than one hydroxvl group may be attached to a
single carbon atom of the alkyl group and is exempiified by hvdroxvmethyl, dihydroxyvpropyl, and
the like. In some embodiments, the hvdroxvalkyl group is -L-OH, in which L 15 an alkyl group,
as defined herein. In other embodiments, the hydroxyalkyl group is -L-C{OHXR)-R?, in which
L is a covalent bond or an alkv! group, as defined herein, and each of R* and R? is, independently,
H or alkyl, as defined herein.

[0156] By “imidovl” s meant a motety including a carbonimidovl group. In some embodiments,

the imidoyl group is C{NRHR?, in which each of R and R? is, independently, selected from
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hvdrogen, optionally substitted aliphatic, optionally substituted hetercaliphatic, optionally

substituted aromatic, optionally substituted heteroaromatic, optionally substituted sibyvl, optionally
substitited alkyl, optionally substituted aryl, optionally substituted alkyi-arvl, or optionally
substituted aryl-alkyl, optionally substituted silyloxy. as defined herein, or any combination
thereof. In other embodiments, the imidovl group is -CNRBH, -CONRDRAX or -C(NRMHRAM in
which R! is hydrogen, optionally substituted aliphatic. optionally substituted hetercaliphatic,
optionally substituted aromatic, optionally substituted hetercaromatic, optionally substituted silyl,
optionally sobstituted alkyl, optionally substituted aryl, optionally substituted alkvi-aryl, or
optionally substituted arvl-alkyl. or optionally substituted silyloxy; R 1s an optionally substituted
alkyl or an optionally substituted aliphatic; and R 1s an optionally substituted arvl or an optionally
substittted aromatic.

[B151] By “imino” is meant a -NR-~ group. In some embodiments, R 15 selected from hydrogen,
optionally substituted ahiphatic, optionally substituted heteroaliphatic, optionally substituted
aromatic, or optionally substitiied hetercaromatic. In particular embodiments, R is H, optionally
subsiituted alkyl, optionally substituted alkoxy, oplionally substituted aryl, optionally substituted
arvioxy, optionally substituied alkyl-arvl, or optionally substituted aryl-alkyl.

{81521 By “isocvanato” is meant a -NCO group.

{8183] By “isocvano” is meant a -NC group.

{81584] By “ketone” is meant -C{OR or a compowund including such 3 group, where R is selected
from aliphatic, heteroaliphatic, aromatic, as defined heremn, or any combination thereof An
example of a ketone can include RIC(O)R, in which each of R and R’ is, independently, selected
from aliphatic, haloaliphatic, haloheteroahiphatic, heteroaliphatic, aromatic, aliphatic-aromatic,
heteroaliphatic-aromatic, as defined herein, or any combination thereof

{8158] By “mitro” is meant an -NO» group.

{0186] By “mitroalkyl” ts meant an alkyl group, as defined herein, substituted by one io three
nitro groups. In some embodiments, the nitroalkyl group is -L-NO, in which L 15 an alkvl group,
as defined herein. In other embodiments, the nitroalky! group is -L-C(NOXRH-R% in which L is
a covalent bond or an alkyl group, as defined herein, and each of R' and R? is, independently, H
or alkyl, as defined herein,

{01871 By “oxo” 1s meant an =0 group.

{0188] By “oxy” s meant ~O-.

{8189] By “perfluoroalkyi” is meant an alkvl group. as defined herein, having each hydrogen

atom substituted with a fluorine atom. Exemplary perfluorcalkyt groups include tnfluoromethyl,
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pentafluoroethyl, etc. Tn some embodiments, the perfluorcalkyl group 15 «(CF23CFz, 1o which n

1s an integer from O 1o 10,

{01668] By “perfluorcalkoxy™ 15 meant an alkoxy group, as defined herein, having each hydrogen
atom substituted with a fluorine atom.  In some embodiments, the perfluoroalkoxy group is -O-R,
in which R is a perfluorcalkyl group, as defined herein.

{016] By “salt” is meant an ionic form of a compound or structure {e.g., any formulas,
compounds, or compositions described herein), which includes a cation or anion compound to
form an electrically neutral compound or structure. Salts are well known in the art. For example,
non-toxic salts are described in Berge 8. M. et al., “Pharmaceutical salis,” J Pharm. Sci. 1977
January; 66{11-19; and 1 “Handbook of Pharmaceutical Salts: Properties, Selection, and Use,”
Wilev-VCH, April 2011 (Znd rev. ed,, eds. P. H Stahl and €. G Wermuth. The salis can be
prepared 1o situ during the final isolation and punification of the compounds of the wnvention or
separately by reacting the free base group with a sutiable organic acid (thereby producing an
anionic salt) or by reacting the acid group with a suitable metal or organic salt {thereby producing
acationic salt). Represeniative anionic salts include acetate, adipate, alginate, ascorbate, aspartate,
benzenesuifonate, henzoate, bicarbonate, bisulfate, bitartrate, borate, bromude, buiyrale,
camphorate, camphorsulfonate, chlonide, citrate, cyclopentanepropionate,  dighuconate,
dihvdrochloride, diphosphate, dodecylsulfate, edetate, ethanesuifonate, fumarate, glucoheptonate,
gluconate, glutamate, glvcerophosphate, hemisulfate, heptonate, hexanocate, hvdrobromide,
hydrochloride, hydroiodide, hydroxvethanesul{onate, hydroxynaphthoate, iodide, lactate,
iactobionate, lawrate, lawryl sulfate, malate, maleate, malonate, mandelate, mesylale,
methanesulfonate, methylbromide, methylnitrate, methylsulfate, mucate, 2-naphthalenesulfonaie,
mcolinate, nitrate, oleate, oxalate, palnutate, pamoate, pectinate, persulfate, 3-phenyipropionate,
phosphate, picrate, pivalate, polvgalacturonate, propionate, salicylate, stearate, subacetate,
succinate, suifate, tannaie, tartrate, theophyllinate, thiocyvanate, triethiodide, toluenesuifonate,
undecanocate, valerate salts, and the like. Representative cationic salts inchude metal salts, such ag
alkah or alkaline earth salis, e.g., barium, calcium {e.g., calcium edetate), hithium, magnesium,
potassium, sodivm, and the like; other metal salis, such as aluminum, bistmuth, iron, and 7inc; as
well as nontoxic ammonium, quaternary ammonium, and amino cations, including, but not Hmited
1o ammonium, tetramethyviammonium, ietracthylammonium, methylamine, dimethyviamine,
frimethylamine, triethviamine, ethylamine, pyridinium, and the like. Other cationic salts include
organic salts, such as chloroprocaine, cholineg, dibenrzylethvienediamine, disthanolamine,
ethylenediamine, methyiglocamine, and procaine. Yet other salts include ammonium, sulfonium,

sulfoxonium, phosphonium, imirsum, imidazolium, benzimidarolium, amudimum, guaradinium,
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phosphazinium, phosphazenium, pyridimium, etc., as well as other cationic groups described herein

{e.g.. optionally substituted isoxazolium, optionally substifuted oxazolium, ophionally substituted
thiazolium, optionally substituted pyrrolium, optionally substitited furanium, optionally
substitited thiophenium, optionally substitited imidazolium, optionally substituted pyrazolim,

S optionally substituted isothiazolium, optionally substitated inazoliom, ophionally substituted
tetrazobium, optionally substituied furazaniuro, optionally substituted pyndiuum, optionally
substituted pyrimidinunm, optionally substituted pyrazinium, optionally substituted friazimium,
optionally substitated teirazimium, optionally substituted pyridaziniom, optionally substituted
oxazinium, optionally substituted pyrrolidimaum, optionally substituted pyrazolidinium, optionally

10 substituted imidazolinium, optionally substitined isoxarolidinium, optionallv  substituted
oxazolidinium, optionally substituted piperazimium, optionally substitied pipendinim,
optionally substituied morpholimtum, optionally substituted azepanium, optionally substituted
azepmium, optionally substituted indolium, optionally substituted isoindolium, optionally
substituted  indolizinium,  optionally  substituted indazolium, optionally  substituted

15 benzimidazolinm, optionally substituted isoquinohnum, optionally substituted quunohzimium,
optionally substituted dehvdroquinolizinium, optionally substituied guinolimmum, optionally
substituted somdolinium, optionally substituted benzimidazolinium, and optionally substituted
puriniwm},

[0162] By “silyl” is meant a -SiR'R*R’ or -SiRIR- group. In some ermbodiments, each of RY,

20 R% and R° is. independently, H., optionally substituied aliphatic, optionally substituted
hetercaliphatic, optionally substituted aromatic, optionally substituted hetercaromatic, or
optionally substituied amino. In particular embodiments, each of RY, R2, and R¥ is, ndependently,
H, optionally substituted alkvl, optionally substituted alkoxy. optionally substituted aryl,
optionally substituted aryioxy. optionally substituted alkvi-arvi, optionally substituted arvi-alkyl,

25 or optionally substituted amino. In other embodiments, the silyl group 18 -S1{R){(ORB{NR2)., in

which each R is, independently, H, optionally subsiituied aliphatic, optionally substituted
heteroaliphatic, optionally substituted aromatic, or optionally substituted heteroaromatic; each of
a,b,and ¢ 20; and a+ b +c=3. In particular embodiments, each R s, independently, H, optionally
subsiituted alkyl, optionally substituted aryl, optionally substitited alkyl-aryl, or optionally
30 substituted arvi-alkyl.
{81631 By “ulyloxy™ is meant -OR, where R s an optionally substituted silyl group, as described
herein. In some embodiments, the silvioxy group is -O-SIR!R?R?| in which each of R}, R, and R®
15, independenily, H, optionally substitted aliphatic, optionally substituted hetercaliphatic,

optionally substituted aromatic, optionally substituted heteroaromatic, or optionally substituted
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amino.  In particular embodiments, each of RY, R% and R’ is, independently, H, optionally

subsiituted alkyl, optionally substituted alkoxy, optionally substituted aryl, optionally substituted
arvioxy, optionally substituted alkyl-aryl, optionally substifited arvi-alkyl. or optionally
substituted amino. In other embodiments, the silyloxy group 18 -O-SH{RL{OR®B(NR2}., inn which

5 each Ris, independently, H, optionally substituted aliphatic, oplionally substituted hetercaliphatic,
optionally substitited aromatic, or optionally substituted heteroaromatic; each of a, b, and ¢ 2 {;
and a+ b+ ¢ =3 In particular embodiments, each R is, independently, H, optionally substituted
alkyl, optionally substituted aryl, optionally substituted alkyvl-arvl, or optionally substituted aryl-
alkyl

10 {8164] By “sulfinvl” 1s meant an -S(O})- group.

{8168] By “sulfo” is meant an -S{0ROH group.

{B8166] By “sulfonyl” or “sulfonate” ts meant an ~-S(O)kz- group or a ~-SOzR, where R 1s selected
from hydrogen, aliphatic, heteroaliphatic, haloaliphatic, halohetercaliphatic, aromatic. as definad
herein, or any combination thereof.

15 {8167 By “thicalkyl” 15 weant an alkyvl group, as defined herein, attached to the parent
molecular group through a sulfur atom. Exeroplary unsubstituted thicalky! groups mclude Cis
thicalkyl, In some emboduments, the thicalky! group is -S-R. in which R is an alkyl group, as
defined herein.

[0168] By “thiol” i3 meant an -SH group.

20 j0169] A person of ordinary skill in the art would recognize that the definitions provided above
are not intended o include impermissible substitution pattems {e.g.. methyl substituted with 5
different groups, and the like). Such impermissible substitution pattemns are gasily recognized by
a person of ordmary skl 1o the art. Any functional group disclosed herein and/or defined above

can be substituted or unsubstituted, unless otherwise indicated therein.

[\
(V4

{8170] The terms “semiconductor wafer,” “wafer,” “substrate,” “wafer substrate” and “partially
fabricated integrated cirawit”™ may be used mterchangeably. Those of ordinary skill in the arnt
understand that the term “partially fabricated miegrated circuit” can refer to a semiconductor wafer
during any of many stages of infegrated circuit fabrication thereon. A wafer or substrate used in
the semuconductor device mdustry tvpically has a diameter of 200 mm, 300 mm, or 450 mm.
30 Examples of wafer maierials include silicon €81}, gailium arsenide (GaAs), and stlicon germanium
{81Ge). Besides semiconductor wafers, other workpieces that may take advantage of the disclosed
embodiments include various articles such as printed circuit boards, magnetic recording media,
magnetic recording sensors, murrors, optical elements, display devices or componenis such as

backplanes for pixelated display devices, flat-panel displays, mucro-mechanical devices and the
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iike. The workpiece may be of various shapes, sizes, and materals.

{8171] A “semiconductor device fabncation operation” as used herein is an operation performed
during fabrication of semiconductor devices. Typically, the overall fabrication process inchudes
muitiple semiconductor device fabrication operations, each performed i 18 own semiconductor
fabrication {ool such as a plasma reactor, an electroplating cell, a chemical mechanical
planarization fool, a wet etch tool, and the hike. Categonies of semiconductor device fabrication
operations mclude subtractive processes, such as etch processes and planarization processes, and
material additive processes, such as deposition processes {e.g., physical vapor deposition (FVD),
chemical vapor deposition (CVD), plasma enhanced chemical vapor deposition (PECVD), atomic
laver deposition {ALD), plasma erhanced atomic layer deposition (PEALD), electrochemucal
deposition, electroless deposition). In the context of eich processes, a substrate eich process
mcludes processes that etch a mask laver or, more genevally, processes that elch any layer of
matenal previously depostted on and/or otherwise residing on a substrate surface. Such an etch
process may etch a stack of layers in the substrate.

[0172] In the present disclosure, the terms “depositing,” and “forming” are used
mierchangeably. Also, the terms “laver,” “film,” and “thin film™ are used interchangeably. Oune
of ordinary skill in the art would understand that “forming” a “laver” in any of many stages of
miegrated circuit fabrication can refer to “depositing”™ a “film™ or “thin film” by one of various
film forming methods such as CVD, PECVD, ALD, or PEALD due to the decreased {eature sizes
m a semiconductor device.

>

01731 In the present disclosure, the term “cleaning.” “etching” and “removing” are used
i o & 5

interchangeably. In the context of an eich process, a person of ordinary skill would agree that
siching a matenal {rom the interior surfaces of a process chamber 18 equivalent to “cleaning” or
“removing” the material from the interior surfaces of the process chamber, thereby leaving the

interior surfaces free of the material.

INTRODUCTION

{8174] Semuconductor device fabrication operations may involve various deposition processes
to depostt various films to form integrated circuits and related devices by vartous methods
inchuding phvsical vapor deposition (PVD), chemical vapor deposition {CVD), plasma enhanced
chermical vapor deposition (PECVD), atomic layer deposition (ALD), or plasma enhanced atomic
laver deposition (PEALD). A consequence of the deposition process 1s that the various matenals
are not only deposited on a substrate where the various materials are to be deposited, but also on

the surfaces of components in the process chamber or on the interior surfaces of the process

2
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chamber 1y which deposition processes occur. One or more components n the process chamber
may include a showerhead, or a pedestal. The process chamber may also include a component
that may act as both a showerhead and a pedestal {or hereinafter referred to as a “showerhead-
pedestal”) in the interior of the process chamber. A showerhead-pedestal may be a pedestal that
may be involved i a backside deposition. Backside deposition may be defined as forming one or
more layers on the backside of a substrate that is opposite {o the substrate’s front side where at
least a portion of an electronic device are typically formed. For many applications, a backside
fayer may be deposited to compensate for wafer {1.e., subsirale) bow which may occur dus to a
nurnber of factors, such as but not lirouted to deposition of thick {ilms or high stress films on the
front side of the substrate. A backside layer may be formed from any one of many possible
materials including bui not himited to an amorphous silicon laver. During backside deposition, a
substrate may be positioned in a process chamber having both a showerhead and a bottom
showerhead (which may be a showerhead-pedestal), with a substrate holder 1o hold and support
the substrate between the top showerhead and a bottom showerhead.

[8178] A gaseous precursor or other reactant gas may be provided from a precursor source or a
source gas supply through a plurality of passages formed through the showerhead-pedestal.
Consequently, during deposition, deposits from the vanous materials are formed on the mierior
surfaces of the process chamber, including interior walls of the process chamber or the surfaces of
one or more componenis (1.e., paris) in the process chamber, and the deposited materials may
accunulate over time, forming a film or causing flaking of particles from the deposited materials.
Additionally, the deposited material may dissolve, detach, thermally desorb, or evaporate through
subsequent processes 1n the process chamber, which can cause contamination onto a subsirvate or
features formed on a subsirate being processed in the process chamber. For examople, the deposited
material may flake from the surfaces of the components as particles, and land on a substrate during
processing of the substrate. This contamination 1S one reason for low production yield or low
throughput, because the chamber may need to be frequently mamntained or cleaned (o prevent
corttarmanation; additionally or alternatively, contamivation mav also potentially cause device
reliability issues in the devices formed on the substrate. Accumulated materials are periodically

removed to avoid contamination of the process chamber,

[8176] One way of removing contaminants {e.g., wall deposits} deposited on surfaces in the
process chamber may be ntroducing a plasma ncluding fluotine (F) species. A plasma may
mclude one or more species generated by igniting a gas, and may be referred 1o as plasma-activated
species or plasma species. The {erm “plasma” may vefer o the ong or more plasma~-activated

species or plasma species or any other species formed in the plasma. For example, radicals may
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be one or more species generated in a plasma, and may be referred 1o as plasma-activated species.

The radicals may be referred to as atom radical or radical species. For example, hydrogen radicals
may also be referred to as hydrogen atom radicals or hydrogen radical species. In some
embodiments, all, or substantialiy all, or a substantial fraction of the hydrogen atom radicals can
be in the ground siate, e.g., at least abowt 30% or about 95% of the hydrogen atom radicals adjacent

the substrate may be 1o the ground state.

{0177]  in some embodiments, the plasma may include radicals, positive ions, electrons, charged
neuirals, other plasma species, or combinations thersof. In some embodiments, fluorine-
containing species include floorine-containing source gases ncluding fluorine atoms, fluorine-
contatning plasma (e.g., radicals, positive ions, electrons, charged neutrals, and other plasma
species), or combinafions thereof In one example, fluorine-containing species may include
foorine-conlaining source gases, fluorine-containing radicals, positive ions, electrons, charged
neuirals, a plasma thereof, or combinations thereof. For example, Huorine~-containing species may
include a plasma of one or more fluornine-containing source gases, e.g., nitrogen trifluoride (NF3)

plasma.

{0178] For this type of cleaning, one or more source gases {e.g., cleanming gases) including
mitrogen trifluoride (NFs), molecular fluorine (F2), carbon tetrafiuonde {CF4), carbon hexatluonde
{C2Fs), xenon difluoride (XeF»), fluoromethane (CHsF), diflucromethane (CHaF2),
fetrafluoroethylene {{2F4), hexafluorcethane {(C:Fs),  octafluoropropane {(sFs), sulfur
hexafluoride (SFs), and combinations thereof, and other {luorine-containing compounds {ie.,
fluorine-containing reactanis), may be supplied to a plasma source. The plasma source mayv be an
nductively coupled plasma reactor, a capacitively coupled plasma reactor, a microwave plasma
reactor, a DO plasma reactor, or a laser~-created plasma reactor. The plasma generated from the
plasma source may nclude one or more radicals, and How nto the process chamber to rermove
accumulated maternials deposited on the inderior surfaces of the process chamber. For example,
fluorine-containing species {e.g., NF; plasma) may react with silicon (51} in silicon-containing
deposits on the inlerior surfaces of the process chamber or on the surfaces of one or more

components, generating silicon tetrafluoride (SiF4) that 15 volatile.

{0179] A process chamber may include inderior surfaces of the process chamber or one or more
componenis {e.g., a pedestal, a showerhead, or a showerhead-pedestal} that are made of a matal
sach as aluminom, aluminum alloy, or aluminum-contaimng matenal. Fluorine-containing species
may react with silicon (81} i the silicon-contating deposits o remove the silicon~containing

deposits from the interior surfaces of the process chamber. Fluorine-containing species mav also
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react with alumnimun in the aluminum-containing component to form alominum fluoride (AlFR)

{e.g.. aluminum trifluoride, AlFs) or alumimum osyfluoride (AIOxFy). The imiroduction of the

fluorine-containing species {e.g., NF; plasma) into the process chamber may generate AlFx or
AlOxFy-containing layers or particles on the surfaces mcluding alumimum, e.g., interior walls of
the process chamber or the swrfaces of the aluminume-confaining components.  After periodic
cleamng of the inver chamber surfaces using fluorine-contairang species, AlFx or AIOxFy may
also be cleaned from the interior surfaces to avoid further contanination of a substrate in a

subsequent semicondactor fabrication process.

PROCESS FLOW

{91808] Figure | tllustrates a flow chart 100 of an example method of cleaning surfaces of one or
more componenis in a process chamber according to some embodiments. In optional operation
110, a substrate may be provided in the process chamber having interior surfaces, and defining a
space in which a substrate is posiioned for processing, e.g., deposition or etching. For example,
a substrate may be transferred to the interior of the process chamber by a substrate transfer module
{eg., a robot arm unit) for providing a clean, presswrized environment {0 minimize risk of
contamination of substrates being processed as they are moved from the exterior of the process
chamber to the interior of the process chamber. In some embodiments, the substrate may include
one or more features formed on the substrate. For example, the one or more features may be one
or move partially fabricated integrated circuits. In some embodiments, the substrate without any
features may be provided. Prior io optional operation 110, a substrate may be cleaned to remove
any undesirable laver deposited on the substrate. The process chamber may also include one or
more components provided in the interior of the process chamber. The components may include
a pedesial, a showerhead, or a showerhead-pedestal, and may be mechanically coupled with other
paris i the process chamber. n some embodiments, the interior surfaces of the process chamber,
or the surfaces of one or more components (such as any one or more of the pedestal, showerhead,
or showerhead-pedestal, among others) may include aluminum, aluminom allov, or aluminum-
contaimng material.

{0181] in optional operation 120, a precursor and a reactant may be provided into the process
chamber for depositing a laver on the subsirate. The precursor may be a silicon-containing
precursor described herein, and may be depostied in the one or more features on a substrale (o
form a sitlicon~containing laver, e.g., sthicon oxide, silicon nutnide, doped or undoped amorphous
siticon, doped or undoped silicon carbide, or combinations thereof. A silicon-contaiing layer

may be formed on the fromt or froniside of the substrate, or a silicon-containing iayer may be
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formed on the backside of the subsirate. The “front” of the substrate may refer (o the surface of
the substrate where a semiconductor device may be partially fabricated. In some embodiments,
the “front” of the substrate 1s upward facing or facing a showerhead positioned over the substirate.
in some embodiments, the silicon-containing laver 1s formed on the backside of the substrate. For
example, one or more silicon-containing lavers mayv be formed on the backside of the substrate to
counteract the bending of deposited multiple lavers on the frontside of the substrate. Operation
120 may also mvolve the deposition of another silicon-contaiing laver with different chemical
composition on top of the silicon-containing layer formed n operation 120, A silicon-containing
laver may be deposited by any suitable depostiion process such as PVD, CVD, PECVD, ALD, or

PEALD.

{0182] For some embodiments, deposition of the silicon-containing layer can occwr by flowing
one or more silicon-containing precursors into the process chamber housing the substrate. The
sthicon-contaming precursors are delivered to a region over a surface of the subsirate where they
are adsorbed onto the surface of the substrate and may be thermally decomposed or chemically
adsorbed onto sites on the surface of the substrate o form a highly conformal silicon-containing
faver. Tn some embodiments, forming a silicon~contaimng laver by CVD may involve controlling
the deposition pressure ranging about 0.1 to about 40 Torr, or aboui 0.5 to about 20 Tormr. Substrate
femperature during the deposiiion may be controlied to be about 300 to about 700°C, or about 400
{0 about 650°C. After deposition, a step coverage for the silicon-containing layver may be at least
ahout 85%. In some embodiments, a step coverage may be at least about 90% or at least about
95%.

{0183] Withowt being limuted by any theory, silicon-contaming precursors having low sticking
coefficients may be capable of producing highly conformal silicon layer. “Sticking coefficient” is
a term used to describe the ratio of the number of adsorbate species (e.g., fragments or molecules)
that adsorb/stick to a surface compared to the total number of species that impinge upon that
surface during the same period of time. The symbol 8¢ is sometimes used to refer to the sticking
coetficient. The value of 8¢ 15 between O (meaniong that none of the species stick) and 1 {meaning
that all of the impinging species stick). Various factors affect the sticking coefficient, mcluding
the type of impinging species, surface temperature, surface coverage, structural details of the
surface, and the lanetic energy of the impinging species. Certain species are inherently more
“sticky” than others, making thero more likely to adsorb onto a surface each time the species
impinges on the surface. These stickier species have greater sticking coefficients {all other factors
being equal}. In some cases, the sticking coefficient of the precursors (at the relevant deposition

conditions) may be about 0.05 or less, for exarople about 0.001 or less.
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{0184] While thermal deposition or thermal decomposition mayv be used to deposit a silicon-

contatning film, plasma-based deposition may be used m addition to or as an alternaive to thermal
deposition or decomposition. in one example, radicals may be generated in a plasma source and
miroduced into the process chamber during deposition. In some embodiments, a source gas such
38 a hydrogen-containing gas is mtroduced to a plasma sowrce and the plasma ignites the
hvdrogen-containing gas which roay form excited hvdrogen radicals. In some implementations,
when the excited hydrogen radicals lose their energy, or relax, the excited hydrogen radical may
become a substantially low energy state hydrogen radical or a ground state hydrogen radical.
Hydrogen radicals in a substantially low energy state or ground state can be capable of breaking
Si-H and/or Si-S1 bonds while generally preserving Si-0O, Si-N, and/or $i1-C bonds. In some
implementations, process conditions may be provided so that excited hydrogen radicals lose
energy or relax {o form substantially low energy state or groumd siate hydrogen radicals.

{0185] The sthicon-containing precursors and the source gas for the hydrogen radicals may be
defivered with other species, including carrier gas. Example carrier gases include but are not
himited 1o argon (Ar), hehium (He), neon (Ne), kryplon (Kr), and xenon (Xe). The concentration
of the carner gas can be substantially greater than the concentration of the source gas. As used
herein, “substantially greater” with respect to the concentration of carrier gas relative o source gas
can refer to a percentage by volume that i1s at least three times greater. By way of an example,
hydrogen gas may be provided i a heliurn carrier gas at a concentration of about 1 to about S0%
hydrogen. The presence of the carmer gas can contribute to increased ionmzation of the source gas
and reduced recombination. Though lower pressure typically facilitates increased ionization of
the sowrce gas and reduced recombination, the presence of the carrier gas can serve the same effect.
Even at a hgher pressure, a substantial fraction of radicals may be generated with minimal
recombination when a carrier gas such as helium is flowed with the source gas. Higher pressure
i the process chamber dwing deposition may tmprove the conformality of a silicon-containing
laver. Higher pressure in the process chamber may correspond (o a pressure range of about 1 to
about 10 Torr, or about | to about 5 Torr. The substrate temperature during a sthcon-containing
layer deposition may be controlied to be about 100 to about 400°C, or about 200 to about 300°C.

[0186] In some embodiments, the silicon-containing precursor may be delivered to a processing
region over a surface of the substraie. I soroe embodiments, depending oun the parameters for
depositing a silicon-containing layer, the silicon-containing precursor may also be delivered to
other locations on the interior surfaces of the process chamber and surfaces of the components
other than the substrate on which a silicon-containing precursor is supposed {o be deposited. For

example, a silicon-containing precursor may deposit on the jotenior surfaces of the process
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chamber, on the surfaces of a pedestal, a showerhead, or a showerhead-pedestal and may thus form
a silicon-contaiming laver. Depending on the operations n the process chamber, the silicon-
containing material deposited on the interior surfaces of the process chamber or surfaces of the
components may have composttions including silicon, carbon, nitrogen, oxygen, or combinations
thereof. The silicon-containing matenal mway be formed as alaver or tiny particles. As the number
of the subsirates processed {e.g., deposition or eiching) in the process chamber or the duration of
the operation (e g.. deposition or etching} increases, the thickness of the silicon-contaiming material
formed on the mnterior surfaces increases which can cause flaking and particle defects, and thus
roay become a contarnination source for a substrate in the subsequent operation. For example, the
siticon-containing material may sublime and be re-delivered to another location in the chamber,
and/or mav be re-deposited in the features on the substrate. In another example, silicon-containing
particles or flakes may fall o the ground of the process chamber. The intertor surfaces of the
process chamber, including miterior walls of the process chamber or the swrfaces of one or more
componenis {i.e., parts} in the process chamber, mav be periodically cleaned to remove silicon-
containing materials from the mtenior surfaces of the process chamber afier a certain number of
the subsirates are processed or afier the duration of the operations exceeds a certain time pentod.
{81871 In some embodiments, after the interior surfaces of the process chamber are deposited
with the silicon-containing lavers, one or more subsirates in the process chamber may be removed
out of the process chamber. For example, the substrate may be transferred by a substrate transfer
module (e.g.. a robot arm unit) to the extenor of the process chamber. Inoperation 130, a fluorine-
containing species may be supplied into the interior of the process chamber for a certain duration
for chamber cleaning, that is, cleaning the silicon-containing laver deposited on the inlenior
surfaces of the process chamber including interior walls of the process chamber or the surfaces of
one Or more components {i.e. paris) in the process chamber. As described. fluonine-containing
species may include fluorine-containing source gases, fluorine-containing plasma {e.g., radicals,
ions, charged neutrals, and other plasma species), or combinations thereof. In one example, the
Buonne-conlaining species, e.g., nifrogen trifluoride (NF3) plasma, may react with silicon in the
sihicon-containing material, thereby generating a silicon tetrafluoride (8iFs} byproduct that is
volatle and may be relatively easily removed from the interior of the process chamber.

{0188] Insome embodiments, in addition to the reaction between the silicon-containing material
and a fluorine-containing species, an aluminum-containing {e.g., aluminum, aluminum alioy, or
other aluminum-containing material) component, e.g., a showerhead, a pedestal, a showerhead-
pedestal, or interior walls of the chamber, may also be exposed to the fluonine-containing species.

in some embodiments, the components roay have a surface including aluoyoum, alununum alloy,
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or other aluminum-containing material. The exposure of the aluminume-containing components to

the fluotine-contairung species may generate AIFx or AIOxFy byproducts on the surface of the
components. In one example, the byproducts may include aluminum nfluoride (AlF3).  AlFX
mcluding AlFs or AIOxFy may not be volatile, and may not be easily removed from the surfaces
5 of the componenis. In some embodiments, a stlicon-containing waterial on the interior surfaces
of the process chamber may be cleaned or removed in the form of, for example, silicon
tetrafluoride, while AlFx or AlOxFy may still remain as a condensed form, e.g., in the formof a
fayer or particles on the interior surfaces of the process chamber. AlF; or AIO<Fy may be formed
on any surface ncluding alunwnum, alumanom alloy, or aluminum-contaming matenal 1o the
10 mterior of the process chamber that is exposed 1o a fluornne-containing species. For example, for
a showerhead-pedestal that may be used in the backside deposition, AIFx or AlOxFy may be
formed not only on the external surfaces of a showerhead-pedestal, but also on the surfaces of a
plurality of gas passages {e.g., holes) passing through the showerhead-pedestal. The amount of
AlFx or AlOxFy formed on the surfaces of the components may depend on the parameters for
15 cleaning the interior surfaces of the process chamber. For exaraple, supplving a fluorine species
{e.g., NF3 plasma cleaning) for a longer duration may generate an increased amount {e.g., thicker
laver, or bigger or aggregated particles) of AlFx or AlOxFy deposited on the mterior surfaces of

the process chamber.

[8189] In some embodimenis, the components that are removed in operation 140 may be, when

20 being used m the process chamber, mecharucally and/or fluidly coupled to the process chamber or
other parts in the process chamber. For example, the components may include a pedestal, a
showerhgad, or a showerhead-pedestal.

{03901  In operation 140, the components having layers or particles including AlFx or AlOsFy
deposited on the surfaces may be removed from the process chamber for cleaning AlFx or AlOxFy

25 fromthe surfaces. Prior to operation 140, the operation of the process chamber may be interrupted

or stopped. For example, an apparatus including the process chamber may not be operational or
may be shut down prior to operation 140. A vacuum pump fluidly coupled with the process
chamber may be configured 1o be not operational, and the process chamber may noi be under low
chamber pressure. In one example, the process chamber may be at atmospheric pressure,

30 {63191] The componenis may be disassembled or detached from the process chamber, and
transferred out of the process chamber during operation 140, For example, the components may
be removed using a transfer arm from the process chamber.

{01921 Alternatively, in some embodiments, the components having surfaces deposited AlFx or

AlOxFy layers or particles may not be removed from the process chamber. Tustead, etch operation

33



WO 2024/243138 PCT/US2024/030270
according to some embodiments may be performed in the interior of the process chamber withowt

moving the components out of the process chamber,
{01931 In operation 150, the components having AlFx or AlOxFy formed thereon may be

exposed to one or more etch compositions for a certain time period, thersby removing the AlFx or

N

AlOxFy from surfaces of the components. In some embodiments, the etch compositions may
melude a hydroxyl group-containing cornposttion such as a hydrosyvl group-contaiming gas or
plasma. The hydroxyl group-containing composition may include a hydroxyl group-containing
alkali composition, and may inchide potassium hydroxide (KOH), sodium hydroxide (NaOH),
ammonium  hydroxide (NHiOH), tetramethylammonium  hyvdroxide (TMAH, CsHisNO),
10 tetracthylammonium hydroxide (TEAH, CsHxniNO) or combinations thereof  In some

embodiments, the etch compositions (e.g., hydroxyl group-containing composition) may be nuxed

with water or detonized water (o form an etch composition solution. The etch composition solution

may include a hydroxyvl group-containing solution having a certain concentration. In some

embodiments, the concentration of the etch composition solution, which may include potassium
15 hydroxide (KOH), sodium  hyvdroxide (NaOH), ammonium  hyvdroxide  (NHaOH),
tetramethylanuooniuro bydroxide (TMAH, C4HiNO), tetracthviammoniom hydroxide (TEAH,
CsHziNOY, or combinations thereof as descrnibed herein, may be about 0.1 to abowt 45 percent
weight/volume [% (W/V)|, about §.5 1o about 30 % {W/V), about 1 1o about 20 % {W/V}, about

1.5 1o abowt 10 % {(W/V}, or about 2 to about 7 % (W/V). In some embodiments, the eich

20 corpposiion solution may contact the AlFx or AlOxFy formed on the components for about 0.1 to
about 45 minutes, about 1 to about 30 minutes, about 1 to about 10 minutes, about 5 to about 25
minutss, about € to about 20 minutes, abowt 10 fo abowt 20 mimstes, or about 10 1o abowt 15
roinutes. The duration may depend oun the thickness of the AlFx or AIOxFy or the condition of the
surface {e.g., surface roughness etc} on which AIFX or AIOxFy is formed or other process

25  conditions during operation 150,

[8194] 1 is to be undersiood that any eich composition described herein and the exposure time
of AlFx or AIOxFy to the etch composition may be combined to remove AlFx or AlOxFy from
the surfaces of the component according to some embodiments. For example, AlFx {e.g., AlF3)
or AlOxFv may be exposed to a potassium hydroxide solution having a concentration of about 1
30 to about 20 % (W/V) for about 1 to about 30 munutes, about 1 to about 10 minutes, about 5 to
about 25 nunutes, about 8 to about 20 munutes, or about 10 to about 15 minutes. In another
example, AlFx (e g., AlFs) or AlOx¥y on a component may be exposed {0 a potassium hvdroxide
solution having a conceniration of about 3 to about 10 % (W/V) for about § o about 25 minutes.

In vet another example, a sodium hydroxide solution with about 1.5 1o about 10 % (W/V} may be
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used in removing AlFx or A1OxFy by scaking for about {0 about 20 minutes, or aboul 10 o about

15 minutes. o some embodiments, the temperature of the etch compositions solution during AlFx

etch may be ambient temperature.  In some embodiments, the temperature may be set at or may

be adiusted from about 0 to about 100°C, or from about 10 {o about 90°C. In some embodiments,

S ultrasonic frequency {e.g. greater than 20 KHz) may be applied to the component during at least a
portion of the treatment time period to increase the efficiency of the etch operation.

{0I98] After exposure of the AlFx or AlOxFy coated component to an etch composition soiution

{e.g., hvdroxy! group-containing composition mixed with water) with a certain concentration {or

a certain duration, the componeni may be removed {rom the etch composition solution.

10 Subsequently the component may be rinsed using high purity detonized water to remove any etch

composition {e.g., hydroxyl group-containing composition} remaining on the surface of the

component. After rinsing, the component may be baked at about 200°C, from about 30 to about

140°C, or from about 100 to about 110°C for any suitable duration, such as about 0.1 to about 8

howrs, about 1 1o about 6 hours, or about 3 to about 5 howrs {0 remove any remaining moisture

15 from the surface of the component. After exposure 1o the solution, the rinsing, and the baking, the

component may be substantially free of AlFx or AlOxFy. 1o one embodiments, component may

be considered to be substantially free of AlFx or AlOxFy when the number of AlFx or AlOxFy in

the form of particle or other condensed forms is fess than the number of AlFx or AlOxFy on anew

replacement component.

20 {0196]  In operation 160, the coroponent that is substantially free of AlFx may be considered o
be “recovered” such that it can be reused again 1n the process chamber. This is distinct from using
anew replacement component part. Here, for example, the components may be transferred to the
mtertor of the process chamber for rejustallation for subsequent operations such as deposition, or
etch. In some embodiments, the component or a package including the one or more components

25  may be re-assembled to the process chamber or another components in the process chamber.

Subsequently, the process chamber may be operated to reach a vacuum level (e, vacaum level)
that 1s suitable for a subsequent operation, e.g., depositing a layver or etching a laver. In some
embodiments, a substrate may be transferred into the process chamber prior to or after reaching
the desived pressure range for an operation such as a deposition, and a chemical precursor for
30 depostiing a silicou~cortaimng laver and a reactant may be provided for depositing a laver. In
another example. a subsirate may be transferred into the process chamber for eiching at least a
portion of the features on the subsirate.
[0197] TFigure 2 illostrates a flow chart 200 of an example method of cleaming the surface of a

coraponent according 1o some embodiments. In operation 210, a coroponent having an alumanum-
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containing surface may be provided. In some embodiments, the surface may include alominum,

alurninum alloy, or other aluminum-containing matenal, In some embodiments, the surface may
mclude aluminum, aluminum alloy, alummum fluoride (e g, alumimmm rifluoride), aluminum
oxyfluoride, or combinations thereof The component may include a showerhead, a pedestal, a
5 showerhead-pedestal, or any other components or parts associated with the operation of a progess
chamber.
{0198] in optional operation 220, a fluorine-containing species may be provided to the surface
of the component, thereby forming AIFx or AlOxFy on the aluminum-containing surface. The
fluorine-contaimang species may nclude a plasma including fluorine species as described herein,
16 For example, a fluorine-contaming species may include a plasma of one or more fluorine-
containing gases, e.g., nitrogen triflugride (NF3) plasma.
[0199] In operation 230, the component mav be exposed to an etch composition solution. In
some embodiments, the component may be soaked in the etch composition solution for etching
any aluminum fluoride or aluminum oxyfluoride that may be present on the surface of the
15 component. The eich composition solution may include potassium hydroxide, sodivm hydroxade,
amyponium hvdroxide, tetramethviammonum hydrovide, tetraethylanmyononiure hydroxide, or
combnations thereof. In some embodiments, the concentration of the etch composition solutions
may be about $.1 1o about 45 percent weight/volume [% (W/V}], about 4.5 {o about 30 % (W/V),

about 1 {0 about 20 % (W/V), abowt 1.5 to about 10 % (W/V), or about 2 to about 7 % {(W/V). In

20 addition fo soaking, an etch composiion solution may also be provided to the surface of the
component via gas phase by atomiring an efch composition solution at an elevated temperatime
such as about 10°C to about 90°C.

{92008]  Figures 3A-3E are scanming eleciron micrograph (SEM) images showing the progress of
AlFx etching from the suwrfaces of a component with etch time according to some embodiments.
25  Figures 3A-3E show the cross-sectional areas for an aluminum-containing componeni (2.2.,

showerhead-pedestal} 310. A black area 330 in the lower portion of the images i Figures 3A-3F
corresponds to carbon for preparing SEM samples. The component having the surface coated with
AlFx laver 320 was soaked in a potassium hydroxide (KOH) solution with a conceniration of 1.5
to 10 % (W/V) for various soaking time. The presence of AlFx laver 320 was confirmed by
30 performung a chernical elemental analvsis using an energy dispersive spectroscopy (EDS, Hiutachs,
Japan}. Both guantitative and qualitative analysis showed that the layver 320 includes AlFx
mcluding AlFs. Figure 3A s the image taken prior to soaking the sample in the KOH sohution
{soak time = § minutes), and Figures 3B-3E are the umages taken with a 2 minute mcerements after

the soaking started. That s, Figure 3B 1s the irnage taken for the sample after 2 manutes of soaking,
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Figure 3C 15 taken for the sample after 4 nmumutes of soaking, Figure 3D is taken for the sample
after & minutes of soaking, and Figure 3E 15 taken for the sample afier 8 nunutes of soaking.
{0281] Figure 3A shows that about 4 to about 10 micron thick AIFX layer 320 is present on the
component surface prior to the eich operation. Figure 3B shows that no noticeable change in the
AlFx 320 was observed after soaking the component in the KOH sohution up to for about 2 mimutes.
Figure 3C shows that a gap 340 {eg.. darker lines} is formed along the boundary between
component 310 and AlFx 320 after about 4 minutes of soaking in the KOH solution. In some
embodiments, during the scak, the KOH sohution may have loosened or dissolved AIFS. In some
embodiments, the KOH solution may also have penetrated the boundary between AlFx 320 and
component 310 on which AlFx is formed, and loosened the adhesion between the AlFx and the
aluminum-containing surface of the component. Figure 3D shows that the AlFx laver is removed
from the surface of component 310 after about 6 munuies of soaking in the KOH solution. The
KOH, having {ully penetrated the gap 340 between the compounent and AlFx, may bave further
religved the adhesion of AlFx layver enough to fully separate AlFx laver from the surface of the
sluminume-containing component.  The absence of adhesion of AIFR to the surface of the
component may mmvolve hifting at least a portion of AlFx layer from the surface of the compounent,
which may be sinlar to a hifi-off, where a layer to be removed is detached from the underlving
substrate or underlving layer. Figure 3E shows that no further change 1s observed after AlFx is
removed {rom the component, and confirms that the lift-off of the AlFx 1s irreversible,

[0202] In sorme embodiments, any hydroxyl group-comtainung solution with a certain
concentration range as described herein may be used in eiching AiFx or AlOxFy from the
component surface.  The chemical composition and concentration of the hvdroxyl group-
contatning solution may be parameters m etchang AIFx or AlOxFy from the surfaces of the
component. For example, the concentration of the hydroxyl group-containing solution may be
mversely proportional to the time for etching AlFx or AlOxFy. Hydroxyl group-coniaining
solution having lower concentration may extend the time for etching AlFx or AIOxFv from the
surface of the component. A higher concentration of hyvdroxyl group-containing solution may
over-etch the component. For example, depending on the duration or a soaking temperature, a
hvdroxyl group-containing sohution having about 60 % {W/V) or above may etch out an alumimum-
contatning component.

{92831 in addition to SEM images taken for each step of etch operation with soak time. the
removal of AlFx may be confirmed separately by measuring the surface profile of the components
deposited with AIFx with soak time. For example, the showerhead-pedestal samples for Figures

3A-3C show the presence of an about 4 to about 10 micron thick laver on the component. For
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showerhead-pedestal samples for Figures 3D-3E, the surface profiling did notindicate the presence
of an additional layer on the compounent. These profiling studies may further confirm the
observation that AIFx 15 substantially removed by the KOH solution as shown in the SEM tmages
sequentially taken with soak time.

[0204] Tigure 4 is a graph llustrating the size range and the number of AlFx pasticles on a
showerhead-pedestal prior to and after cleaming operation according to some embodiments. The
horizontal axis of the graph in Figure 4 shows the range of AlFx particle size in an arbiirary scale.
The size range of AIFx particles mcreases from left to nght. The vertical axs of the graph
represents the relative number of AlFx particles on the surface of the showerhead-pedestal in alog
scale. Each group of bars includes three bars, that is, a reference {empty bar), before clean (dotted
bar}, and after clean (hatched bar). The height of the bar referred {0 as “referance” in each group
of bars corresponds to the number of AlFx particles on the swrface of an as~-manufactured
showerhead-pedestal, and was used as a reference to compare with the number of AIFX particles
measured afier chamber cleaning using a fluornne-contaming species, and after cleaning operation
according to some embodimenis. The height of the dotted bar referved to as “before clean”
corresponds to the number of AlFx particles on the surface of the showerhead-pedestal after
exposure to a fluorine-containing species for cleaning the intertor surfaces of a process chamber
after a certain duration of deposition operations or after a certain number of substrates are
processed {e.g., deposition of eich}. The height of the haiched bar referred to as “afier clean™
corresponds to the mumber of AIFY particles on the surface of the showerhead-pedestal afier
soaking the showerhead-pedestal in the eich composttion solution {(e.g., a hydroxyl group-
containing solution) for a certain time period as described herein.

{02051 For deternuning the size range and nurber of AIFX particles on the showerhead-pedestal
at each stage, the showerhead-pedestal with AlFx particles was vibrated at hugh frequency in a
fiquid medium to separate AlFx particles from the showerhead-pedestal. Detonized water {with
the resistivity up to about 2 million chm-cm, MOhm-cm) or ultrapure water (with the resistivity
up to about 18.2 MGhro~cm) roay be used as a iquad medium. The AlFx particles dispersed in the
liquid medivm were analyzed by a light scattering method to measure the size and number of AlFx
particles. Figure 4 shows that, compared to the as~-manufactored showerhead-pedestal, the number
of AIFx particles on the showerhead-pedestal increases atter the showerhead-pedestal was exposed
to the fluorine-containung species during the chamber cleaning using a fluorine-containing species.
This increase is due to the AlFx generated from the reaction between aluminum on the swface of
the showerhead-pedestal and a fuorine-containing species.  After cleaning the showerhead-

pedestal using a hydroxyi group-contairung solution according to some embodiments, the number
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of AlFx particles was reduced bv more than 99% compared to the particle numbers on the
showerhead-pedestal after the chamber cleaning. The reduction of the number of Al¥x particles
was observed for all size ranges of AlFx particles. In some embodiments, for most of the size
ranges measured, the number of AlFx particles after cleaning was comparable to or even less than
the number of AIFX particles on the as-mamufactured showerhead-pedestal. Figure 4 shows that
the clearuing operations using an etch composition as described herein are effective n removing
AlFx particles from an alununum-containing component that was exposed fo fluorine-containing
species. Further, this reduction in the number of AlFx particies may permit a showerhead-pedestal
to be rermoved from a process chamber, cleaned according to the embodiments, recovered in the
process chamber for additional uses without affecting the substrate contamination during an
operation, which may be beneficial in reducing manufacturing cost or operational cost of the

process chamber in an apparatus, ¢.g., deposition apparatus or etch apparaius.

Apparatus

{8286] FIG. SA 15 a block diagram that illustrates a subsirate processing svstem 532 used to
perform processing on a substrate (e.g., wafer} 502 according to some embodiments. As shown,
the substrate processing systern may include a process chamber 534, A center columm may be
configured to support a pedestal on which the wafer 502 is being processed, e g.. a film 15 being
formed on the top surface of the subsirate 502, or on the backside of the substrate 502. The
pedestal, in accordance with some gmbodiments disclosed herein, may be referred to as a

showerhead-pedestal 506, A showerhead 536 may be disposed over the showerhead-pedestal 506,

{0287]  in some embodiments, the showerhead 536 may be electrically coupled to power supply
5338 via a match network 540 for powering a plasma. The power supply 538 may be controlied by
a control module 342, e g.. a controller. In somwe embodiments, power may be provided (o the
showerhead-pedestal 506 instead of the showerhead 536, The control module 542 may be
configured {o operate the subsirate processing system 532 by executing process input and control
for specific process recipes. Depending on whether the top swrface of the subsirate 502 15 recetving
a deposited film or the bottom surface of the substrate 502 15 recetving a depostted film, the
controlier module 542 may set various operational mpirts for a process recipe, such as power levels,
tming parameters, process gasses, mechanical movement of a substrate 502, and/or the height of

the substrate S02 relative to the showerhead-pedestal 506

{02081  In some embodiments, the plasma energy mav be controlled by countrolling one or more

of the chamber pressure, a gas concentration, a R¥ source power, a RF source frequency, and a
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plasma power pulse timing. For example, RF power supply 538 and maiching network 540 may

be operated at any suitable power to form a plasma having a desived composition of radical species.
Examples of suitable RF power ranges may be about 50-1,000 watts (W}, or 100-500 W per station.
Likewise, RF power supply 538 may provide RF power of any suitable frequency. In some
embodiments, RF power supply 538 may be configared to control high- and low-frequency RF
power sources independently of one another.  Example low-frequency RF frequencies may
include, but are not limtted to, freguencies less than 1 MHz, or between 50 kHz and 600 kHz
Example high-frequency RF frequencies may include, but are not imited to, frequencies between
L8 MHz and 2.45 GHz.  In some embodiments, gh-frequency of 13.56 MHz or about 27 MHz
may be provided. ¥t will be appreciated that any suitable parameters mav be modulated discretely
or continuously to provide plasma energy for the surface reactions. In one non-limiting example,
the plasma power may be intermitiently pulsed to reduce jon bombardment with the subsirate

surface relative to continuously powered plasmas.

{0209]  in some embodiments, the center columm may also include 1Y pins, which are controlled
bv a fift pin control. Such lift pins may be used o raise the substrate 502 from the showerhead-
pedestal 506 to allow an end effector {(not shown) to pick the subsirate and to lower the substrate
302 after being placed by the end effector. The end effector may also place the substrate 502 over
spacers 544, As wiil be described below, the spacers 544 may be sized to provide a conirolled
separation of the subsirate 502 between a top surface of the showethead 536 {(facing the subsirate)

and a top surface of the showerhead-pedestal 506 (facing the subsirate).

{0210]  in some embodiments, the subsirate processing system 532 may further include a first
gas supply inchuding a first gas manifold 546 that is connected to first gas sources 548, e.g., gas
chermstry supplies from a {facihity and/or inert gases. For examiple, the gas chermstry supplies may
mclude one or roore sthicon-containing precursors described herein and one or more carrier gases,
FExamples of the carrier gas include, but not limited to heliwrn (He), neon {(Ne), argon {Ar}, krvpton
{Kr), xenon (Xe)}, deuterium (D), hydrogen (Hz), and nitrogen (N2}, In another example, one or
more fluorine-containing species may be fhadly coupled to the first gas supply mcluding the first
2as manifold 546 that is cormected to the first gas source 548, Fluorine-containing species include
fluorine-containing source gases, fluonne-coniaining plasma {e.g., radicals, ions, charged
neuirals), or maxtures thergof. Flucrine-containing source gas may include nitrogen trifluoride
{NFs), molecular fluonne (F2), carbon tetrafluoride (CF4), carbon hexafluoride (C2Fs), xenon
diftuoride (XeF2), fluoromethane (CH:F), difluoromethane (CHeF2), tetrafluorosthylene {CaFs),

hexafluoroethans ({(zF¢), octafluoropropane (CsFs), sulfur hexafluoride (8Fq), fluorine-containing
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plasma, or mixtures thereof. In some embodiments, the one or more flucrine-containing species

may be generated from a plasma source (e.g., a remote plasma source) that may be fluidly coupled
to the first gas supply mncluding the first gas manifold 346, Depending on the processing being
performed over a top surface of the substrate 502, the control module 542 may controls the delivery
of first gas sources 548 via the first gas manifold 546, The chosen gases may then be flown into
the showerhead 336 and disinbuted 1 a space volume defined between a face of the showerhead
536 that faces that substrate 502 when the substrate is resting over the pedestal and the substrate
502, In some embodiments, the one or more sources of gas and/or liquad may be provided by
atomizer as a fine spray without heating to an elevated temnperature the one or more sources of gas
and/or hiquid. In some embodiments, the one or more sources of gas and/or hiquid may be fuwther
diluted bv one or more suitable solvents or liquids designed to be suitable for atomization. The

vaporizing may be a direct inject vaporizer, a flow over vaporizer, or both,

{0211]  1In soroe embodiments, the substrate processing svstern 332 may {further include a second
gas supply ncluding a second gas manifold 550 that is connected to second gas sources 552, e g.,
gas chemistry supplies from a facility and/or inert gases. For example, the gas chemistry supplies
may mclude one or more silicon-containing precursors described herein and one or more carrier
gases. Examples of the carvier gas include, but not limited to helium (He), neon (Nej, argon (Ar),
krypton (Kr), xenon (Xe}, deuteriuom (1), hydrogen (H2), and nitrogen {Nz}. In another example,
one or more fluorine-containing species may be fhadly coupled to the {irst gas supply including
the first gas manifold 546 that is conmected to the first gas source 548, Fluorine-containing species
nclude fluorine-containing source gases, fluorine-containing plasma {e.g., radicals, ions, charged
neutrals), or mixtures thereof Fluorine-containing source gas may include mitrogen triffuoride
{(NF3), molecular fluonne (Fz), carbon tetrafluoride (CF4), carbon hexafluoride (C2Fs), xenon
diftuoride (XeF2), fluoromethane (CH:F), difluoromethane (CHzF2), tetrafluoroethylene (CoFs),
hexafluoroethans ({(zF¢), octafluoropropane (CsFs), sulfur hexafluoride (8Fq), fluorine-containing
plasmua, or mixtures thereof. In some embodiments, the one or more fluorine-containing species
may be generated from a plasma source {e.g., a remole plasma source) that may be fluidly coupled
to the first gas supply including the first gas manifold 546, Depending on the processing being
performed over a bottom swface of the substrate 502, the control module 342 may control the
delivery of second gas sources 552 wvia the second gas mamfold 550, The chosen gases may then
be flown mnto the showerhead-pedestal 306 and distnbuted in a space volume detined between a
face of the showerhead-pedestal 506 that faces an backside or under side {e.g., backside} of the
substrate 502 and the subsirate 502 when the substrate is resting over the spacers 544, The spacers

544 may provide for a separation that optimizes deposttion to the backside of the substrate 302,
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while reducing deposition over the top surface of the substrate S02. In some embodiments, while

deposition is targeted for the backside of the substrate 502, an inert gas may be flown over the top
surface of the substrate 502 via the showerhead 536, which may push reactant gases away from
the top surface and enable reactant gases provided from the showerhead-pedesial 306 1o be directed

{0 the backside of the substrate 502.

{0212] Further, the gases may be prenuxed or not.  Appropriate valving and mass flow control
mechanisms may be emploved fo ensure that the correct gases are delivered during the deposition
and plasma treatment phases of the process. Process gases may exit the chamber 534 via an outlet.
A vacoum pump {e.g., 2 one or two stage mechanical drv pump and/or a turbomolecudar pump)
may draw process gases out and maintaing a suitably low pressure within the reactor by a close

loop controiled flow restriction device, such as a throttie valve or a pendulum valve.

{8213} In some embodiments, the subsirate processing system 532 may further include an
atomizer and/or an vaporizer, each of which s fhudly coupled to the interior of the process
chamber, and one or more etch composition solution sources. The etch composition solution mav
nclude one or more hydroxyl group-comtaining solufion. The one or more hvdroxyl group-
containing solution may be prediluled {0 a certain concentration, or mixed with other ligund
medium (e.g., deionized water or ulirapure water) before delivered into the process chamber. The
atomizer may be provided as a fin spray without heating to an elevated temperatire to dehiver the
etch composition solution mto the process chamber for cleaning an interior wall of the process
chamber or one or more components in the process chamber. In some embodiments, an etch
composition solution with a certain concentration as described herein may be heated by one or
more heating element at a certain temperature. The heafed eich composition solution may be
delivered to the nlerior of the process chamber by an vaporizer. The vaporizer may be a direct

mject vaporizer, a ow over vaporizer, or both

{8214] insome embodiments, a carrier ning 554 may encircle an outer region of the showerhead-
pedestal 506, When the top surface of the substrate 502 is being processed, e.g . a material is being
deposited thereon, the carrier ring 554 may be configured to sit over a carrier ring support region
that is a step down from a substrate support region in the center of the pedestal showerhead-
pedestal 506, The top surface of the carrer ring 554 may be generally coplanar with the top surface
of the substrate 502, The carrier ring 554 may include an outer edge side of its disk structure, e.g.,
outer radius, and a substrate edge side of 115 disk structure, e.g., inner radius, that 15 closest (o
where the substrate 502 sits. The substrate edge side of the carrier ning 554 may also include a

plurality of contact support siructures or “tabs” which may be configured to hifi the wafer 502
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when the carrier ring 554 18 held by the spacers 544, The carrier ring 554 may include a plurality
of tabs with a quaniity selected from a range to support the substrate 502 during processing.

Additional details regarding embodiments of the tabs will follow.

{8218] FIG 5B is a block diagram that illustrates another substraie processing sysiem 532 used
{0 perform processing on the substrate 502, according to some embodiments. In some
erbodiments, spider forks 556 may be used to Iift and maindain the carrier ning 554 10 its process
height, e g.. to allow depositing i the backside of the substrate 502, The carmier ring 354 may
therefore be lifted along with the substrate 502. In some implementations, the carrier ring 554

may be rofated (o another station, e.g., in a muolti-station system,

{6216] Broadly speaking, the embodiments disclosed herein are for a system to deposit PECVD
films on the selective side of the substrate (front and/or back) with dvnamuc control.  Some
embodiments may include a dual gas-flowing electrode for defiming a capacitively-coupled
PECVD systern. The systern may include a gas-flowing showerhead 536 and a showerhead-
pedestal 506, In some embodiments, the gas-flowing pedestal {i.e, showerhead-pedestal) is a
combination showerhead and pedestal, which enables deposition on a backside of the subsirate.
The electrode geometry combines features of a showerhead, e.g., a gas maxing plenum, holes, hole-
pattern, gas jet preventing baffle, and features of a pedestal. Exarnples of features of a pedestal
mclude an embedded controlied heater, substrate-hft mechanisms, ability to hold plasma
suppression rings, and movability. This enables the transfer of substrates and the processing of

gasses with or withouwt RF power from the pedestal.

{0217] In some embodiments, the system may have a substrate hift mechamsm that tightly
controls paralielism of the substrates against the electrodes. In one example, this may be achieved
by setting up the Hit mechanism paraliel {o the two electrodes and conirolling manufacturing
tolerances, e.g., spindle or hift pins roechanisms. In another example, the lift may be achueved by
raising the substrate hift parts. This option may not allow dynamic control of the side that gets
deposited.

[8218] In some configurations, the hft mechanism may allow dynamically controlling the
substrate position during processing {before plasma, during plasma, after plasma) to control the
side of the deposition, profile of the deposition, and properties of deposited film. The system may
further allow selective enabling/disabling of the side where reactants are flown. One side can flow

the reactant and the other side can flow inert gases 1o suppress the deposition and plasma.

{02191  In some embodiments, the gap between the side of the substrate that does not need

plasma/dep may be tightly controlled. This distance mav be controlied to suppress plasma. By
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not controlling the distance, the substrate may be susceptible to plasma damage. For example, the
sysiem may allow a munumal gap from about 2 ram to about 0.5 mum, and i another embodiment
from abowt 1 mm to about .05 (linuted by the substrate bow), and such gap can be controlled. The

gap may be coniroiled depending on process conditions.

[82208] In some embodiments, the gas-flowing pedestal {i.e., showerhead-pedestal} may enable,
without hmitation: {a) thermal stabilization of the subsiraie to processing temperature prior o
processing; (b} selective design of hole patterns on the showerhead-pedestal 1o selectively deposit
film in different areas of the back-side of the substrate; {¢) swappable rings can be attached o
achieve appropriate plasma confinement and hole pattern; (d) stable subsirate transfer mechanisms
within chamber and for transferring substrate outside to another chamber or cassette — such as hft
pins, RF-coupling features, minimum-coniact arrays; (e} implement gas mixing features, &.g., such
as inner plenum, baffle and manifold lines openings; and () add compartments in the gas-flowing
pedestal (i.e., showerhead-pedestal) to enable selective gas flow to different regions of the

backside of the subsirate and conitrol flow rates via flow controliers and/or multiple plenums.

{0221] In another embodiment, dynamic gap conirol using substrate lift mechanism enables: (a)
conirol of the distance from deposition or reactant flowing electrode to the side of the substrate
that needs deposition or in the middle so that both sides can be deposited; and (b) the hift
mechanism to control the distance dynamically during the process {(before plasma, during plasma,
after plasma) to conirol the side of the deposition, profile of the deposition, and deposition film
properties. In anocther embodiment, for a deposition mode used to deposit on the backside of the
substrate, film edge exclusion control is highly desirable to avoid lithography-related overlay
problems. The lift mechanism used in this system s done via a carrier ring 554 that has a design
feature 1o shadow the deposition on the edge. This specifies the edge exclusion conirol via the

design and shape of the carner ring.

{82221 Figure 6 is a schematic of a process system suitable for conducting deposition procasses
m accordance with embodiments. The system 600 includes a transfer module 603, The transfer
modide 603 provides a clean, presswrized environment to minimize nisk of contammunation of
substrates bemg processed as they are moved between various reactor modules. Mounted on the
transfer module 603 1s a multi-station reactor 609 capable of performing ALD, treatment, and
CVD according to various embodiments. Mulii-station reactor 609 may include muliiple stations
611, 613, 615, and 617 that may sequentially perform operations in accordance with disclosed
embodiments. Each of the multiple stations 611, 613, 615, and 617 may include a process

chamber. For example, multi-station reactor 609 may be configured such that station 611 performs
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a backside deposttion of poly-Si sublayer by PECVD or PEALD, station 613 performs a backside
deposition of a~-Si sublayer by PECVD or PEALD, station 615 performs a first froni side deposition
of Si-based film by PECVD or PEALD, and station 617 may perform a second front side
deposition of Si-based film by PECVD or PEALD. Stations may include a heated pedestal or

substrate support, one or more gas inlets or showerhead or dispersion plate.

{0223] Retumning to Figure 6, also mounted on the transfer module 603 may be one or more
single or multti-station modules 607 capable of perfornung plasma or chemical (non-plasma) pre-
cleans, other deposition operations, or etch operations. The module may also be used for various
treatmenis to, for example, prepare a substrate for a deposition process. The system 600 may also
include one or more substrate source modules 601, where subsirales are stored before and after
processing. An atmospheric robot (not shown} in the atmospheric transfer chamber 619 may first
remove substrates from the source modules 601 to loadlocks 621, A substrate transfer device
{generally a robot arm unit) in the transfer module 603 may move the substrates from loadlocks
621 to and among the modules mounted on the transfer module 603, The loadlocks 621 may
include a remote plasma source. Where the loadlock 621 includes a remote plasma source, the
subsirate may be exposed to a remote plasma treatment to treaf the substrate surface in the loadlock
prior {o being introduced mto a processing chamber. A remoie plasma generated from a remote
plasma source mav be supplied to each process station {described below) for cleaning the mterior
surfaces according to methods described here. In some embodiments, the remote plasma source
may be fluidly coupled (o a first process gas supply (not shown here) Lo recetve a process gas from
the first process gas supply to generate a plasma, and to provide the plasma generated info the

process chamber. In other embodiments, a divect plasma may be generated in the process chamber.

[0224] In various embodiments, a system controlier 642 13 employved to control process
conditions during deposttion.  The system controller 642 will typically wnclude one or more
memory devices and one or more processors. A processor may include a CPU or computer, analog

and/or digital input/output connections, stepper motor controller boards, etc.

[0225] The systemn controller 642 may control all the activities of the deposition apparatas. The
system controller 642 executes system condrol software, mcluding sets of instructions for
controlling the timing, muxture of gases, chamber pressure, chamber temperature, substrate
temperature, radio frequency (RF} power levels, substrate chuck or pedestal position, and other
parameters of a particular process. Gther compuder programs stored on memory devices associated
with the system controller 642 may be eroploved in some embodiments. For example, the system

controller 642 may be designed such a-$i sublayer and poly-51 sublayer are alternately deposited
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by changing process parameters, e.g., the flow rates and durations for silicon-containing precursor,

and camier gas; chamber temperature, substrate temperature, chamber pressure, RF frequencies,

and RF powers for a-S1 deposition and poly-Si deposition.

{0226] Typically there will be a user interface associated with the system controller 642, The
user interface may include a display screen, graphical software displays of the apparatus and/or
process conditions, and user inpul devices such as pointing devices, kevboards, touch screens,

microphones, stc.

{8227] System control logic may be configured in any switable way. In general, the logic can be
designed or configired in hardware and/or software. The instractions for controlling the drive
circuitry may be hard coded or provided as software. The instructions may be provided by
“programming.”  Such progranuning is understood to include logic of any form, ncluding hard
coded logic in digital signal processors, application-specific integrated circuits, and other devices
which have specific algonithms implemented as hardware. Programming is also understood fo
include software or firmware instructions that may be executed on a general-purpose processor.

Sysiem control software may be coded in any suitable computer readable programming language.

{0228] The computer program code for controliing the germanium-containing reducing agent
pulses, hydrogen flow, and timgsten-contaiming precursor puises, and other processes in a process
sequence can be written in any conventional computer readable programuming language: for
example, assembly language, C, {++, Pascal, Fortran, or others. Compiled object code or script
is executed by the processor o perform the tasks identified in the program.  Also as indicated, the

program code may be hard coded.

{0229] The controller parameters relate to process conditions, such as, for example, process gas
composition and flow rates, temperature, pressure, cooling gas pressure, subsirate temperature,
and chamber wall temperature. These parameters are provided to the user in the form of a recipe

and may be entered utilizing the user interface.

{8230] Signals for monitoring the process may be provided by analog and/or digital input
connections of the system controller 642, The signals for controlling the process are output on the

./

analog and digital output connections of the system 600,

{023¥] The system software may be designed or configured in many different ways. For
example, various chamber component subroutines or control objects may be written to control
operation of the chamber componenis necessary 1o carry out the deposifion processes in

accordance with the disclosed embodiments. Examples of programs or sections of programs {or
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this purpose include substrate positioning code, process gas control code, pressure control code,
and heater control code. For example, the svstem software may be designed such that a program
or sections of a program ncludes perfornung alternating depositions of a-Si sublayer and poly-Si
sublaver by changing the flow rates and durations for silicon-containing precursor, and carrier gas;
{emperature; chamber pressure; RF frequencies: and RF powers {or a-81 deposition and poly-Si

deposition.

{0232] 1n some implementations, a system controller 642 is part of a system, which may be part
of the above-described examples. Such systems can include semiconductor processing equipment,
inchiding a processing tool or tools, chamber or chambers, a platform or platforms for processing,
and/or speaific processing compounenis (a substrate pedestal, a gas flow svstem, eic). These
svstems may be integrated with electronics for controlling their operation before, during, and after
processing of a semiconductor substrate or substraie. The elecironics may be referred (o as the
“controller,” which may control various components or subparts of the system or systems. The
system controller 642, depending on the processing requirements and/or the type of system, may
be programumed to control any of the processes disclosed herein, including the delivery of
processing gases, femperature settings {e.g., heating and/or cooling), pressure settings, vacuum
setiings, power settings, radio frequency (R¥) generator settings in some systerns, RF matching
circuit settings, frequency settings, flow rate settings, fluid delivery settings, positional and
operation settings, substrate transfers mto and out of a tool and other transter tools and/or load

locks connected to or interfaced with a specific system.

{0233] Broadly speaking, the controller may be defined as electronics having various integrated
circuits, logic, memory, and/or software that receive instructions, issue instructions, control
operation, enable clearing operations, enable endpoint measurerments, and the like. The integrated
circutts moay nclude chips o the form of firmware that store program mstructions, digital signal
processors {[38Ps), chips defined as application specific integrated circuits (ASIC s}, and/or one or
more microprocessors, or microconirollers that execute program instructions (e.g., software).
Program instructions mway be instructions communicated to the controller 1n the form of various
ndividual settings {or program files), defining operanional parameters for carrving out a particular
process on or for a semiconductor substrate or {0 a svstem. The operational parameters may, in
some embodiments, be part of a recipe defined by process engineers to accomplish one or more
processing steps during the fabrication of one or more layers, materials, metals, oxides, silicon,

silicon dioxide, surfaces, circuits, and/or dies of a substrate.

{8234] The system conirolier 642, in some implementations, may be a part of or coupled to a
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computer that is integrated with, coupled (o the system, otherwise networked to the system, or a
combination thereof. For example, the systern controller 642 may be in the “cloud” or ali or a part
of a fab host computer system, which can allow for remote access of the substrate processing. The
compuier may enable remote access to the system io monitor current progress of fabrication
operations, exammine a history of past fabrication operations, examine irends or performance
metrics from a pluraliy of fabrication operations, to change parameters of current processing, to
set processing steps to follow a current processing, or to start a new process. {n some examples, a
remote computer {e.g. a server} can provide process recipes to a system over a network, which
may mclude a local network or the Intemet. The remote computer may include a user interface
that enables entry or programming of parameters and/or settings, which are then conmmunicated to
the system from the remote computer. In some examples, the controlier recetves instructions in
the form of data, which specify parameters for each of the processing steps to be performed during
one or more operations. It should be understood that the parameters may be specific to the type of
process 1o be performed and the type of tool that the controller is configured to interface with or
conirol. Thus, as described above, the controller may be distributed, such as by inclading one or
more discrete controllers that are networked together and working towards a common purpose,
such as the processes and conftrols described herein.  An example of a distributed controller for
such purposes would be one or more integrated circuits on a chamber in communication with one
or more infegrated circuits located remotely (such as at the platform level or as part of a remole

cornputer) that combine fo control a process on the chamber,

[0238]  Without limitation, exampie systenms may include a plasma etch chamber or module, a
deposition chamber or module, a spin-ninse chamber or module, a metal plating chamber or
module, a clean chamber or wodule, a bevel edge eich charsber or module, a phvsical vapor
deposition (PVD) chamber or module, a CVD chamber or module, an ALD chamber or module,
an atomic layer etch {ALE) chamber or module, an ton implantation chamber or module, a track
chamber or module, and any other semiconductor processing systems that may be associated or

used n the fabrication and/or manufacturing of semiconducior substrates.

{0236]  As noted above, depending on the process step or steps to be performed by the tool, the
coniroller mught commumicate with one or more of other tool circuits or modules, other tool
components, cluster tools, other tool interfaces, adjacent {ools, neighboring tools, tools located
throughout a factory, a main computer, another controller, or tools used 1n material transport that
bring containers of substrates to and from tool locations and/or load ports 1n a semiconductor

manufacturing factory.
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{02371 The system controller 642 may mclude various programs. A substrate positioning
program may mclude program code for controlling chamber components that are used to load the
subsirate onto a pedestal or chuck and to control the spacing between the substrate and other parts
of the chamber such as a gas inlet and/or target. A process gas control program may inchude code
for controlling gas composition, flow rates, pulse times, and optionally for Howing gas into the
chamber prior to deposition i order to stabilize the pressure in the charober. A pressure countrol
program may include cade for controlling the pressure inn the chamber by regulating, e.g., a throttle
valve in the exhaust system of the chamber. A heater control program may include code for
controdling the current to a heating unit that 1s used to heat the substrate. Altemnatively, the heater

control program may control delivery of a heat transfer gas such as helium to the substrate chuck.

{8238] FExamples of chamber sensors that may be monitored during deposition include mass
How controllers, pressure sensors such as manometers, and thermocouples located in the pedestal

or chuck. Appropriately programmed feedback and conirol algorithuns may be used with data from

these sensors to maintain desired process conditions,

{023%] The foregoing describes implementation of disclosed embodiments in a single or multi-
chamber semiconductor processing tool. The apparatus and process described herein may be used
m conjunction with lithographic patterming tools or processes, for example, for the fabrication or
manufacture of semiconductor devices, displays., LEDs, photovoltaic panels, and the like
Typicaily, though not necessarily, such tools/processes will be used or conducted together in a
common fabrication facility. Lithographic patterning of a film typically inchudes some or all of
the following steps, each step provided with a number of possible tools: (1) application of
photoresist on a workpiece, i.e, subsirate, using a spin-on or sprav-on tool; {2} curing of
photoresist using a hot plate or furnace or UV curing tool; (3) exposing the photoresist (o visible
or UV or x-ray hght with a tool such as a substrate stepper; {4} developing the resist s0 as o
selectively remove resist and thereby pattern it using a tool such as a wet bench; (5} transferring
the resist pattern into an underlving film or workpiece by using a dry or plasma-assisted etching

ool and {6} removing the resist using a tool such as an RF or microwave plasma resist siripper..

{0248]  In the foregoing description, nurserous specific details are set forth to provide a thorough
understanding of the presented embodiments. The disclosed embodiments may be practiced
without some or all of these specific details. In other instances, well-known process operations
have not been described in detail to not unnecessarily obscure the disclosed embodiments. While
the disclosed embodiments are described 10 conjunction with the specific embodiments, 1t will be

understood that it is not intended to himit the disclosed embodiments.
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[0243] Although the foregoing embodiments have been described in some detail for purposes of

clarity of understanding, 1t will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. It should be noted that there are many
alternative ways of implementing the processes, systems, and apparatus of the present
embodiments. Accordingly, the present embodiments are (o be considered as ilusirative and not

resinictive, and the embodiments are not to be hmited (o the details given herein.

Conglusion

{6242] Although the foregoing embodiments have been described 10 some detail for purposes of
clarity of understanding, 1t will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. It should be noted that there are many
alternative ways of implementing the processes, systems, and apparatus of the present
embodiments. Accordingly, the present embodiments are (o be considered as ilustrative and not

restrictive, and the embodiments are not to be hmited to the details given herein.
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CLAIMS
What is cloimed is:
5 i A method of cleaning alummunum fuoride or aluminum oxyfluoride, the method

COMPIISING:
providing a fluorine-containing species inio a process chamber in which one or more
coraponends are located;
removing the one or more components out of the process chamber; and
10 cleaning the one or more components with an etch composition;
wherein the one or more components comprise alumimum, aluminum alloy, or ahuminum-

contatning material.

~5

2. The method of claim 1, wherein cleaning the one or more componenis comprisas etching

the aluminum fluoride or aluminum oxyfluoride from a surface of the one or more components.

-
(V4

3. The method of claim 1, wherein cleaning the one or more componenis comprises
separating the aluminum fluoride or aluminum oxyfluoride from a surface of the one or more

commponents.

4, The method of claim 1, wherein the one or more componenis comprises a pedestal, a

showerhead, or a showerhead-pedestal.

26 s The method of ¢laim 1, wherein the etch composition comprises a hydroxyl group-
contatning solution comprising potassium hydroxide, sodium hydroxide, aromormum hvdroxide,

tetramethylanmumonium hydroxide, tetrasthvlianunontum hydroxide, or combinations thereof.

6. The method of claim 5, wherein a concentration of the hydroxyl group-containing

solution 1s about 0.1 to about 45 percent weight/volume.

25 7 The method of claim 6, wherein the conceniration of the hydroxyl group-contaimng

solution 1s about 2 to about 7 percent weight/volume.

8. The method of claim 1, wherein the one or more componertds are cleaned for about 0.1 fo
about 435 minutes.
9. The method of claim 1, wherein the fluorine-containing species comprises nitrogen

30 fluoride plasma.

10. The method of claim 1, further comprising:
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depositing a film on a substrate n the process chamber prior to providing the fluorine-

containing species into the process chamber.
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Provide a substrate in a process chamber having 110
aluminum including interior surfaces and a gt
component in the process chamber

é 120

Provide a precursor and one or more reactants into
the process chamber thereby depositing a silicon-
containing layer on the substrate and intenor
surfacas of the process chamber

% 130

Provide fluorine-containing species into the process ¢
chamber

% 140

Remove the one or more components out of the ¢
process chamber

é 150

Expose the one or more components deposited '
with aluminum fluoride to an etch composition

é 160

Recover the one or more components into the
process chamber

gerxacoonorxaso,

FiG. 1
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NS
o
[

210

FProvide a component comprising an aluminum-
containing surface

% 220

Frovide fluoring-containing species to the 4
component to form aluminum fluoride or aluminum
oxyfluoride
é 230
!,,...__J

Expose the component {0 an sich composition

FIiG. 2
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