WO 2021/158633 PCT/US2021/016376

CLAIMS

What ix olaimed ic

1. A method of forming asilicon-contatning layer on g semiconductor substrate, the
method comprising:
{a} exposing the semiconductor substrte to o sibicon-containing precursor ina
process chamber, wherein the silicon~containing precursor is g compound that bas:
at least one S-St bond;
at feast one $1-X bond, wherein X is selected from the group consisting
of a hatogen, triflate, tosyiate, ON, Ny, and NRiRe, wherein Ry and Rs are
independently selected from the group consisting of H, and an alky!, wherein Ry and
Rz are cither hoked to form a evelie ning structuwre or not linked: and
at least ong Si-R bond, wherein R s selocted from the group consisting
of H, and an alkyl
M exposing the sensiconductor substrate to a reactant in the process
chamber; and
{0y reacting the silicon~containing precursor with the reactant on a surfaee
of the semiconductor substrate to form at least a portion of the silicon-containing
laver, wherein operations (a} ~ (o) are performed at a temperate of at least about 300

°C

2 The method of claimt 1, wherein the reactant is an oxygen-containing reactant
and whevein {¢) comprises reacting the silicon-containng precugsor with the oxygen-

contatning reactant in an absence of plasma to form a silicon oxide fayer.

3 The method of claim 1, forther comprising purging the process chamber
between exposures of the seniconductor substrate to the silicon~containing precursor

andd the reactant.

4. The method of claim 1, wherein operations (a) — () are porformed ata

ternperature of at least about about 330 °C.
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5 The method of ¢lainy 1, wherein the silicon-containing precursor is selected
from the group consisting off

R R
R-Si-Si-X

RR

R g R . wherein cach R s the same or different and is independently
ted

selected from the group consisting of H, and C1-C3 alkyl.
5. The method of claim 1, wherein the silicon-vontaining precursor is selected
from the group consisting ofr 1-chlorodisiiane, -dimethylaminodisitane, 1-

dicthvdaminotrisifang, 1-bromotetrasilane, and 1,2-bis{diisopropyiamine)disilane,

7. The method of claim 1, wherein R i5 an alkyl, and whersin the silicon-

contaming precursor does not inclade 3i-H bonds,

& The method of elabm 1, further comprising repeating operations {ak-{g) wndl

the silicon-contalning laver reaches a target thickness.

9, The mothod of claim 1, wherein the mothod comprises depostiing a first
portion of the silicon-containing laver in @ absenve of plasma and & sceond portion of
the siicon-containing layer using ¢ plasma-gssisted reaction while using the sanme

siicon-containing precursor fiw both thermal and plasma-assisted deposition.

10, A method of forming a siticon-contaiiing laver on'a sepdeonductor substrate,
the method comprising:
fa} exposing the semiconductor substrate to a sthicon-containing precursor in a

process chanther, wherein the sihcow-containing precursor is 8 compound that has:
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at feast one silicon atom that forms bonds with at least two nitrogen

atoms, wherein the at teast two nitrogen atoms are Haked to form a evelic ring;

() cxposing the senuconductor substrate o a reactant 1 the process
chanther; and

foy  reacting the sthicon-containing precursor with the reactant on a surface
of the semiconductor substrate to form at least a portion of the silicon-containing
layer, wherein operations {a} — (¢} are porformed at @ tenwperature of at least about 300
.

[+

11, The method of claim 10, wherein the silicon-containing precursor is a

compound sclected from the group consisting of:

[N
L’x *‘éi: A
N~ N
Nt

CONR
N~ -
R/ S,I\N

RIN R

R
erSi\N’
N2
R

R
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wherein each R is the same or ditferent and is idependently sclected from the group
consisting of H, and alkyl, and wherein each Ry is the same or different and 15 an
alkyl

12, The method of claim 10, wherein the reactant is an oxygen-containing reactant
and whorein {v) comprises reacting the sihioon-containing precarsor with the oxygen-

containing reactant i an abscnce of plasma to form a sibicon oxide layer,

13 The method of claini 16, further comprising purging the process chamber
between exposures of the semiconductor subsirate to the silicon-containing precursor

and the reactant.

14, The method of claim 10, wherein operations (8) ~ (¢} are performed at a

emperature of at least about greater than about 330 °CL

15 The method of cham 10, fiwther comprising repeating operations {a)-{c) wntd

the sificon-containing laver reaches o target thickness,

16, The method of clanm 10, wherein the method comprises depositing a first
portion of the silicon-containing laver in an absence of plasma and 1 second portion of
the silicon-contaimng layver using & plasma-asaisted reaction while using the same

silfcon-comtainng preowsor for both thermal and plasma-assisted deposition.

17, Amethod of forming a silicon-containing laver on a semiconductor substeate,
the method conyprising:

{3} exposing the semiconducior substrate to a silicon-containing precursor in &
process chamtber, whereiy the stlicon-contatrung precursor is @ compound that has:

at least one mitrogen atom that forms bonds with at least two silicon

atoms:

D) exposing the semicondactor subsiraie 1o a roactant in the process
chamber; and

{¢}  reacting the sihicon-containing precursor with the reactant on a surface

of the semiconductor substrate to form at least a portion of the silicon-containing
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tayer, wherein operations {a} - {¢) are performed at a temperature of af least about 340

“C.

18. The method of claim 17, wherein the silicon-containing precursor is:
Ry
N,

Roaisic?

R’
R R

wherein each R is the same or different and 15 independently selected from the group
consisting of H, and alkyl, and wherein cach R is independently selected from the
group consisting of H, alkyvi, and SR ™:, wherein each R® is independently selected

from the group consisting of H, and an alkyl.
8. The method of claim 17, wherain the silicon-containing precursor is:

RR R
3
N
Rosi iR
R R

20. The method of claim 17, wherein the silicon-containing precursor is selected
from the group consisting of wis(irimcethylsilyl)amine, trisilylamine,

wopropyi{disityhamine, ethyl-bis(trimethylsityl)amine, disilythydrazine.

210 The method of claim 17, wherein the reactant is an oxygen-containing reactant
and wherein (¢) comprises reacting the siicon-comtainimg precwwsor with the oxygen-

contaning reactant in an absence of plasma to form a silicon oxide layer,

22 The mucthod of claum 17, further comprising purging the process chamber
between exposures of the semiconductor substrate 1o the sthicon-cmstaming precursor

and the reactant.

23 Themethod of claim 17, wherein operations (a) -~ {¢) are performed at a

temperature of at least abowt greater than about 550 °C.
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24, Themethod of clainy 17, further chmprising repeating operations {a}-(¢) wntil

the silicon-containing layer reaches a target thickness.

2% Thewethod of claim 17, wherein the method comprises depositing  fivst
portion of the siicon-contatming layer in an absence of plasma and a second portion of
the silicon-containing layer using a plasma-assisted reaction while using the same

silicon~comntainmy precwrsor for both thormal and plasma-assisted deposition.

26 A methed of forming a silicon-containing layver on a semiconductor substrate,
the method comprising:

{a) exposing the samiconductor substrate to a silicon-containing precursor in &
process chamber, wherein the silicon-contaiming precursor is a compound that has:

at least one siHcon atom that fores a bond with a moiety selected from

the group consisting of -Ni, -ON, -OTf (iritlate), and ~OTs {tosylats);

(b}  exposing the semicondoctor subsiraie to a reactant in the process
chamber, and

{c}  reacting the silicon-containing precursor with the reactant on a swrface
of the semiconduector substrate to form at least a portion of the silicon-containing
layer, wherein operations (a) ~ (¢} are performed at a temperanee of at least about 300
(.

27. The mcthod of clatm 26, wheroun the silicon-confaining provarsor is:

SiXaRe, wherein cach X is mdependently selected from the group consisting of -Ny, -
ON, -OTT (niflare), and ~OTs {tosviate), cach R is mydependenty selected fromi the
group consisting of H, an alkyd, and NR'R?, wherein each R! and R? is independently
selected from the group consisting of H, and an alky!, wherein R and R¥ are cither
limked to form a cvelic ring structure ornot linked, and wheretnnis 123, muis 1-3, and

niis 4

28, The method of claim 26, wherein the reactant is an oxygen-containing reactant
angt wherein (¢} conyrises reacting the silicon-tontaining precursor with the oxygen-

containing reactant in an absence of plasma to form a silivon oxide layer.
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20 Awmethod of forming a silicon-containing layer on a semiconductor subsirate,
the method comprising:

{a) cxposing the semuconductor substrate to a sthcon-costaining precursor in a
process chamber, wherein the silicon-contaiming precursor 8 a compoend fhat has:

at least ome sthicon atom that foros bonds with at least two oxygen

atoms, wherein the at least twe mivgen atoms are linked to form a oyclic ring;

(b} cxposing the senuconductor subsirate 1o 3 reactant m the process
chamber, and

{c} reacting the siivon~containing precurser with the reactant on a surface
of the semicondactor substrate o form at least a portion of the sificon-containing
layer, wherein operations {a) - (¢) are perfonned at a tomperature of at least about 500

°C.

3. Themethod of elaim 29, wherein the two oxygen atoms are derived from a fi-

diketonate motety,

3L A method of forming a sihcon~containing layer on a semiconductor substrate,
the muethod comprising:

() exposing the semiconductor substrate to a silicon-containing precursor in g
process chamber, wherein the silicon-contaiming precursor is a compound that has:

at least one silicon atom that is part of a cyvelic ring;

{b) exposing the senuconductor substrate (o a reactant i the process
chamber; and

{c) reacting the silicon-containing precursor with the reactant on a surface
of the senvicondactor substrate to fonm at least a portion of the silicon~contaimng
layer, wheretn operations {(a) — {¢)-are perfonocd at 3 taoperature of ab least about 300
°C.

32, The method of claim 31, wherein the silicon-containing precarsor is selected

from the group consisting of compounds 12, 13, 14, and 15

33 The method as in any of the claims §, 10, }7_26, 29, and 31, wherem the
siticoncontaming laver is selected from the group consisting of silicon mitnide, silicon

oxymifride, siicon carbide, and silicon oxyearbide.
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34, The method of claim 1, wherein the silicon-containing preawsor is SR X,
wherein n s selected from 2 1o 1, and wherein gach R 15 the same or different and 18
independently selected from the group consisting of H, an alkyl, an alkenyl, and an
alkynyl.

35 The method of claim 1, wherein the silicon-containing precursor comprises at

least one sificon atoim that is pact of & evele.

36, The method as inany of the olaims 1, 10, 17, 26,29, and 31, further comprising:
applying photoresist to a semicmductor substrate;
exposing the photoresist to light;
patterning the photoresist;
transferring the pattern o the semiconductor substrate; and

selectively removing the photoresist from the senuconducior substrate.

7.

‘b

‘

An apparstus for depesiting a sikeon-contining layer on o semiconductor

substrate, the apparatus comprising:

a process chamber configured for housing the semiconductor substrate, wherein
the process chamber includes an inlet for inroduction of a siticon~comtaining procuvser;
and  a conwoller comprising program fnstructions for causing deposition of the
sitheon-comtaining laver on the semmcondactor substrate in sccordance with any of the

mothods of claims 1, 10, 17, 26,29, and 31,

-35-



