wo 2025/080587 A2 | AT O0 0 TR0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert 3
OO rganisation > 00 0 A0 RO RO 0
International Bureau = (10) International Publication Number
(43) International Publication Date = WO 2025/080587 A2
17 April 2025 (17.04.2025) WIPOIPCT
(51) International Patent Classification: (72) Inventors: CHANDRA, Haripin; c/o VERSUM
Not classified MATERIALS US, LLC, 8555 SOUTH RIVER PARK-

WAY, TEMPE, Arizona 85284 (US). HAYES, Taylor;

(21) International Application Number: o VERSUM MATERIALS US. LLC. 8555 SOUTH

PCT/US2024/050382 RIVER PARKWAY, TEMPE, Arizona 85284 (US). MAC-

(22) International Filing Date: DONALD, Matthew R., c/o VERSUM MATERIALS US,

08 October 2024 (08.10.2024) LLC, 8555 SOUTH RIVER PARKWAY, TEMPE, Arizona

(25) Filing Language: English 85284 (US). LEI, Xinjian, c/o0 VERSUM MATERIALS

- : US, LLC, 8555 SOUTH RIVER PARKWAY, TEMPE,
(26) Publication Language: English Arizona 85284 (US).

(30) Priority Data: (74) Agent: BENSON, David; c/o VERSUM MATERIALS US,

63/588,994 09 October 2023 (09.10.2023) US LLC, 8555 SOUTH RIVER PARKWAY, TEMPE, Arizona

) 85284 (US).
(71) Applicant: VERSUM MATERIALS US, LLC [US/US];

8555 SOUTH RIVER PARKWAY, TEMPE, Arizona (81) Designated States (unless otherwise indicated, for every
85284 (US). kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,

(54) Title: SILICON-CONTAINING FILMS HAVING SURFACES MODIFIED FROM HALOGENATED SILICON-CON-
TAINING COMPOUNDS

o

O =
T

4

o
%
©

o
o
T
——
-

5288¢
> —
e F———O———
P = ———
e =
e —

e —

B~ O~

¢ —O——

3¢ -0

PO~

GPC (A/cycle)

0.2}

0.1}

% 1 2 3 4 5 6 7 & 9 10 1
Sin Cycle#
FIG. 1

SiHnXa(NR'R?)4 o

(57) Abstract: A method for deposition of a high quality smooth and continuous silicon- containing film includes a) providing at least
one substrate in a reactor, b) heating the reactor to at least one temperature ranging from ambient temperature to about 750°C and
optionally maintaining the reactor at a pressure of about 100 torr or less, ¢) introducing into the reactor at least one first silicon precursor
comprising at least one organoamino group and at least one halido group having a formula whereinm -0, 1,2;n-1,2,3,and m +n
<3; X is selected from the group consisting of Cl, Br, and I; R! and R? are each independently selected from the group consisting of a
linear or branched C; to Cyy alkyl group, a linear or branched C; to C alkenyl group, a linear or branched C; to Cj¢ alkynyl group,
a C3 to Cyp cyclic alkyl group, a C; to Ce dialkylamino group, an electron
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withdrawing group, and a Cg to Cyo aryl group, to form a first silicon-containing layer, d) purging any unreacted precursor from the
reactor using inert gas, e) introducing a nitrogen source to react with the first silicon-containing layer to form a seed layer comprising
at least one selected from the group consisting of silicon nitride and carbon doped silicon nitride, f) purging the reactor using inert gas,
g) introducing at least one second silicon precursor comprising a halogenated silicon-containing compound into the reactor to react
with the seed layer and form a second silicon-containing layer comprising at least one selected from the group consisting of silicon
nitride, carbon doped silicon nitride, silicon oxynitride and carbon doped silicon oxynitride, h) purging the reactor using inert gas, i)
introducing a nitrogen source to react with the second silicon-containing layer to form a silicon nitride or carbon doped silicon nitride,
and j) purging the reactor using inert gas.



