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(57) Abstract: A substrate processing method for area selective de-
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second blocking layer is different from the first blocking layer, and
selectively forming a material film on the third film. In one exam-
ple, the first film contains a metal film, second film contains a met-
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METHOD FOR MITIGATING LATERIAL FILM GROWTH IN AREA SELECTIVE
DEPOSITION

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application s related to and claims priority to United States Provisional Patent
Apphlication serial no. 62/875882 filed on July 18, 2019, the entire contents of which are

heren incorporated by reference.

FIELD OF THE INVENTION
{6002] The present mvention relates to senmiconductor processing, and more particularly, to
methods for area selective film deposition using a plurality of blocking layers to reduce

lateral fim growth.

BACKGROUND OF THE INVENTION
{0003] Asdevice size is getting smaller, the complexity in semiconductor device
manufacturing 18 mcreasing.  The cost to produce the semiconductor devices is also
mcreasing and cost effective solutions and mnovations are needed. As smaller transistors are
manufactured, the critical dimension (CD) or resolution of patierned features is becoming
more challenging to produce. Selective deposition of thin films is a key step i patterning in
highly scaled technology nodes. New deposition methods for controlling lateral growth and

reducing defect density of selectively deposited matenals are required.

SUMMARY OF THE INVENTION
{0004] Embodiments of the invention provide methods for selective material film formation
using a plurality of blocking layers.
{8605] According to one embodiment, a substrate processing method mcludes providing a
substrate containing a first film, asecond film, and a third film, forming a first blocking layer
on the first film, forming a second blocking layer on the second film, where the second
blocking layer is different from the first blocking layer, and selectively forming a material
film on the third film.
{0606] According to another embodiment, the substrate processing method inchudes

providing a substrate containing a metal film, a metal-containing hner surrounding the metal
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film, and a dielectric film surrounding the metal-containing liner, forming a first blocking
layer containing a first self-assembled monolayer (SAM) on the metal film, forming a second
blocking laver containing a second SAM on the metal-containing liner, where the first SAM
is different from the second SAM, and selectively forming a material filn on the dielectric
film.
{86067} According to another embodiment, the substrate processing method includes
providing a substrate containing a metal film, a metal-containing hner containing a metal
compound and surrounding the metal film, and a dielectric film surrounding the metal-
containing hner, forming a first blocking laver containing a first self-assembled monolayer
{SAM) on the metal film, fornmung a second blocking layer contaiming a second SAM on the
metal-containing hiner, wherew the first SAM includes a thiol and the second SAM mcludes a
phosphonate. The method further includes selectively forming a material film on the
dielectric film by depositing the material film on the dielectric film, depositing material film
nuclet on the metal film, the metal-containing hner, or both the metal film and the metal-
containing hner film, and rermoving the material film nuclet by etching.

BRIEF DESCRIPTION OF THE DRAWINGS
{0008} A more complete appreciation of embodiments of the mvention and many of the
attendant advantages thereof will become readily apparent with reference to the following
detailed description, particularly when considered in conjunction with the accompanying
drawmngs, m which:
{0009} FIG. 1 1s a process flow diagram for a method of selectively forming a material film
on a substrate according to an embodiment of the invention;
{0010] FIGS. 2A — 2F show schematic cross-sectional views of a method of selectively
forming a matenal film on a substrate according to an embodiment of the mvention;
{8011} FIG 3 is a process flow diagram for a method of selectively forming a material film
on a substrate according to an embodiment of the nvention; and
{0012] FIGS. 4A — 4F show schematic cross-sectional views of a method of selectively

forming a material film on a substrate according to an embodiment of the invention.

3



W

10

J—
W

20

N
L

30

WO 2021/011761 PCT/US2020/042305

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS
{061 3] Embodiments of the tnvention provide methods for selective formation of a material
film on a surface of a semiconductor device using a plurality of blocking layers on the
ditferent substrate materials. Embodiments of the mvention may be applied to area selective
deposition (ASD) using surface sensitive deposition processes such as atomic layer
deposition {ALD), chemical vapor deposttion {CVD), and spin-on deposition.  The method
requires fewer processing steps when compared to conventional hthography and etching
processes and can further provide an mproved wargin for line-to-line breakdown and
electrical leakage performance i the semiconductor device.
{0014} Referring now to FIGS. 1T and 2A — 2F, the process flow diagram | mcludes, in 100,
providing substrate 2 containing a first filra 200 having a first surface 2004, a second film
202 having a second surface 202A, and a third film 204 having a third surface 204A. In the
example in FIG. 2A, the incoming planarized substrate 2 has the surfaces 200A, 202A, and
204A i the same horizontal plane. However, in other examples, one or more of the surfaces
2004, 202A, and 204A may be offset vertically. The first film 200, the second film 202, and
the third film 204, can have different chemical compositions. In one example, one of those
films mcludes a dielectric film, another fim includes a metal-contaiming liner, and yet
another film mcludes a metal film containing a pure or a substantially pure mwetal. The
dielectric film can, for example, contain SiOz, ALOs, HIO:, Ti,, Zr(3;, SiN, SICN, SiCOH,
or a combination thereof.
In one example, the dielectric film is alow-k material (k<4) that does not contain a metal
element. The metal-containing liner can, for exarople, contain a wetal compound such asa
metal nitride {e.g., TiIN or TaN) or a metal oxide (e.g., MnO; or ALO;), or graphene, or a
second metal film (e.g., Co or Ru} that s different from the metal film. The metal film can,
for example, contain Cu, Al Ta, Ty, W, Ru, Co, Ny, Pt, or Mo,
18015} In 102, the surfaces 200A, 202A, and 204A for the substrate 2are optionally cleaned,
modified, or both cleaned and modified, 1 preparation for ASD on one or more of the films
200, 202, and 204. A planarization process used for forming the exernplary planarized
substrate 2 can include a chemical mechanical polishing (CMP) process that uses a rotating
polishing pad and a chemical shurry. The CMP process can leave polishing residue and
oxidized material on the planarized substrate 2, and a surface cleaning process may be used
for removing those contammants.  The surface cleaning process can also provide the desired
surface termination for further processing or a separate surface modification process may be

9]
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performed to achieve the desired surface termination.  The surface cleaning process can
include exposing the substrate 2 to aliquid containing an acid (e g, citric acid or acetic acid)
or to a gas phase plasma {e.g., plasma-excited H, gas}.
{0016} In 104, the method includes forming a first blocking layer 201 on the first film 200.
This is schematically shown m FIG. 2B, The first blocking layer 201 canphysically prevent
or reduce subsequent deposition of a material film on the first film 200, According to one
embodument, the first blocking layer 201 mcludes a selt-assembled monolayer (SAM) that is
selectively formed on the first film 200 relative to the second film 202 and the third film 204
The first blocking layer 201 can be formed by exposing the substrate 2 to a reactant gas that
contains a molecule that is capable of selectively forming the SAM. SAMSs are molecular
assembhes that are spontancously formed on substrate surfaces by adsorption and are
orgamized into more or less large ordered domains. A SAM can include a molecule that
possesses a head group, a tail group, and a functional end group. A SAM is created by the
chemisorption of head groups onto the substrate surface from the vapor phase at room
temperature or above room terperature, followed by a slow organization of the tail groups.
Initially, at small molecular density on the surface, adsorbate molecules form either a
disordered mass of molecules or form an ordered two-dimensional "lying down phase”, and
at higher molecular coverage, over a period of munutes to hours, begin to form three-
dimensional crystalline or semicrystalline structures on the substrate surface. The head
groups assemble together on the substrate, while the tail groups assemble far from the
substrate.
{0017} The head group of the molecule forming the SAM may be selected m view of the
ability of the molecule to chemically bond to the different chemical species on different
surfaces. Examples of SAM molecules include thiols, silanes, carboxylates, and
phosphonates.  For example, a thiol may be used to form a SAM on a metal film, a sidane
may be used to form a SAM on a dielectric film, and a phosphonate may be used to form a
SAM on a metal-containing lner. A carboxylic acid canbe tailored for etther a metal film or
an oxide dielectric film. Examples of silanes include molecules that contain C, H, CL, F, and
St atoms, or C, H, Cl, and St atoms. Noo-limiting examples of silanes include
perfluorodecyitrichlorosilane {CF;{(CF,,CHCHLS81CT), chiorodecyldimethylsilane
(CHR(CH, )sCH,S#{CH1),Cl), octadecylirichlorostlane {(CH3(CH;,)»51ChL), and
tertbutyl{chloroydimethylsilane ((CH;3RCS{CH;RCH). Non-limiting examples of thiols
mnclude 1-octadecylthiol (CH3(CH:)CH:SH), 1-dodecylthiol {(CH3(CH;»1oCH,S8H), and
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VHH 2H 2H-Perfluoro- 1-decancthiol (CF5(CF,),CH,CH,S8H). Non-limiting examples of
phosphonic acids mcluide octadecyl phosphonic acid (CisH300:P) and decy! phosphonic acid
(CroH30:P). A non-limiting example of a carboxylic acid is decanoic acid (CoHz00,).

{001 8] In 106, the method further inchludes forming a second blocking layer 203 on the
second film 202, This is schematically show in FIG. 2C. The second blocking layer 203 can
include a SAM that is chemically different from the first blocking layer 201, In one example,
the second blocking layver 203 candensify the first blocking layer 201, In another
embodiment, the second blocking layer 203 may be formed on the substrate 2 before forming
the first blocking layer 201, In yet another embodiment, the formation of the first blocking
laver 201 and the second blocking layer 203 may overlap in time, for example by exposing
the substrate 2 to a reactant gas contaming two different SAM molecules.

{6019} In 108, the method further includes depositing a material film 205 on the substrate 2,
where the material film 205 is preferentially deposited on the third film 204 relative to the
second film 202 and the first film 200, due to the blocking eftects of the first blocking layer
201 on the frst film 200 and the second blocking layer 203 on the second film 202 As
depicted in FIG. 2D, the deposition of the material film 205 may not be completely selective
to the third film 204 due to meomplete blocking of the first and second blocking layers 201
and 203, and unwanted deposition of material film nucler 205A on the first material 200 and
on the second material 202 can oceur. The material film nuclei 205 have the same or similar
chemical composition as the material film 205, In another example, the film nuclet 20SA
may form a thin complete layer on the first film 200, the second film 202, or both, where the
thin complete layer is thinner than the matenal film 205 on the third film 204

{6020} In some examples, the material film 205 caninclude Si0,, a metal, a metal oxide, ora
metal nitride.  The metal caninclude a pure or substantially pure metal selected from Cuy, Al
Ta, Ti, W, Ru, Co, Ny, Pt, or Mo, for example. The metal oxide can, for example, include
HIO,, ZrG;, or ALO;. The metal nitride can, for example, mchide HIN, ZrN, or AIN. For
example, the metal oxide film may be depostted by ALD or plasma-enhanced ALD (PEALD)
using alternating exposures of a metal-containing precursor and an oxidizer {e.g, HpO, HhOy,
plasma-excited O, or O3), and the metal mitnide film mav be deposited by ALD or PEALD
using alternating exposures of a metal-containing precursor and an nitrogen-containing gas
(e.g., NHs, NyHy, or plasma-excited N}

{0021} According to one embodiment, as shown by the process arrow 110, steps 102 — 108
may be repeated at least once to increase a thickness of the material film 205 on the third film

5
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204, When step 102 1s repeated, the first and second blocking lavers 201 and 203 may be
removed, and then re-formed in steps 104 and 106.

18022} In 112, the method further includes optionally removing unwanted material film
nuclei 20SA from the first film 100 and the second film 102, This 5 schematically shown in
FIG 2E. The etching process can include a dry etching process, a wet etching process, or a
combination thereof. In one example, the etching process may mclide an atomic layer
etching (ALE) process. In some examples, the material film nuclei 205A may be removed
using gas exposures of an etching gas, for example using ACH;), BClL, TiCly, or SiCL.
{0023} According to one embodiment, shown by the process arrow 114, steps 102 — 108 and
112 may be repeated at least once to mcrease a thickness of the material film 205 that is
selectively formed on the third film 204

{0624} In one example, the removal of the material film nuclet 205 i step 112 may also
result in removal of the first and second blocking layers 201 and 203 from the substrate 2. In
another example, when the desired thickness of the material film 205 has been reached, the
first and second blocking layers 201 and 203 be removed by heating, for example. The
resulting substrate 2 is schematically shown in FIG 2F.

{0025} Referring now to FIGS. 3 and 4A-4D, the process flow diagram 3 includes, m 300,
providing substrate 4 containing a metal film 400 having a first surface 4004, a roetal-
containing hner 402 surrounding the metal film 400 and having a second surface 402A, and a
dielectric film 404 surrounding the metal-containing hner 402 and having a third surface
404A. This film structure and other similar film structures are commonly found in mtegrated
circuits where the metal-contammg hiner 402 acts as a diffusion barrier between the metal
film 400 and the dielectric film 404, The dielectric film 404 can, for example, contain Si05,
ALGOs, BIO,, Ti0,, Zr0,, SiN, SiCN, SiCOH, or a combmation thereof. In one example, the
diclectric film 404 1s a low-k matenal (k<4) that does not contain a metal element. The metal-
containing hner 402 can, for example, contain a metal compound such as a metal mtnde {(e.g.,
TN or TaN) or a metal oxide (e.g., MnO, or ALO3), or graphene, or a second metal film
{e.g., Coor Ru) that 1s different from the metal film 404, The metal film 404 can, for
example, contain a pure or a substantially pure metal that inclades Cu, Al Ta, Ty, W, Ry, Co,
Ni, Pt, or Mo.

10026} In 302, the surfaces 400A, 402A, and 404A are optionally cleaned, modified, or both
cleaned and modified, i preparation for area selective deposition of a3 material film on the
dielectric film 404, The surface cleaning process may, for example, include exposing the

6
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substrate 4 to a quid containing an acid (e.g., ciric acid or acetic acid) or to a gas phase
plasma (e.g, plasma-excited H; gas).

{8027} In 304, the method inchudes forming a first blocking layer 401 on the metal film 400.
This 1s schematically show i FIG. 4B. The first blocking layer 201 can physically prevent or
reduce subsequent deposition of a material film on the metal film 400, According to one
embodiment, the first blocking layer 401 mchides a SAM that is selectively formed on the
metal film 400 relative to the metal-containing liner 402 and the dielectric film 404. The first
blocking layer 401 may be formed by exposing the substrate 4 to a reactant gas containing a
thiol thatis capable of selectively forming the SAM on the metal film 400, Non-limiting
examples of thiols mclude I-octadecylthiol (CH3(CH,)CH,SH), 1-dodecylthuol
{(CH3(CH,),oCH,SH), and 1H,1H 2H 2H-Perfluoro-1-decanethiol (CF(CF,CH,CH,SH).
{8028} In 3006, the method further includes forming a second blocking layer 403 on the metal-
containing liner 402. This is schematically show m FIG 4C. The second blocking layer 403
is chemically different from the first blocking layer 401. According to one embodiment, a
reactant gas containing a phosphonate head group may be used to selectively form the
blocking laver 403 containing a SAM on the surface 402ZA of the metal-containing liner 402.
Non-himiting examples of phosphonic acids mclude octadecyl phosphonic acid (CeH340:P)
and decyl phosphonic acid (CoH30:P). A non-limiting example of a carboxylic acid
mehudes decancic acid (CioH20O2)

{6029] In another embodiment, the second blocking layer 403 may be formed on metal-
containing hner 402 before forming the first blocking layer 401 on the metal film 400. In yet
another embodiment, the formation of the first blocking layer 401 and the second blocking
fayer 403 may overlap m time, for example by exposing the substrate 4 to a reactant gas
containing two different SAM molecules.

{6036} In 408, the method further includes depositing a material fil 405 on the substrate 4,
where the material film 405 is preferentially deposited on the dielectric film 404 relative to
the metal-containing liner 402 and the metal film 400, due to the blocking of the first
blocking layer 401 on the metal film 400 and the second blocking layer 403 on the metal-
containing liner 402, As depicted in FIG. 4D, the deposition of the material film 405 may not
be completely selective to the dielectric film 404 due to mcomplete blocking of the first and
second blocking layers 401 and 403, and unwanted deposttion of material film nucler 405A

on the metal film 400 and on the metal-containing lner 402 may occur.
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{8631} In some examples, the material film 405 caninclude Si0,, a metal oxide, or a metal
nitride.  The metal oxide can, for example, include HIG,, Zr(,, or ALO;. The metal nitride
can, for example, mnclude HIN, ZrN, or AIN. For example, the metal oxide film may be
deposited by ALD or PEALD using alternating exposures of a metal-containing precursor
and an oxidizer {(e.g., HoO, HzOy, or plasma-excited O, or O3), and the metal nitnide  film may
be deposited by ALD or PEALD using alternating exposures of a metal-contaiming precursor
and an nitrogen-containing gas {(e.g., NHy, NoH,, or plasma-excited N, ).

{0032} According to one embodiment, as shown by the process arrow 410, steps 402 — 408
may be repeated at least once to increase a thickness of the material film 405 on the dielectric
film 204. When step 402 is repeated, the first and second blocking layers 401 and 403 may
be removed, and then re~formed in steps 404 and 4006

{8033} In 412, the method further includes optionally removing unwanted material film
nuclet 405A from the metal film 100 and the metal-containing hner 102, This is
schematically shown in FIG. 4E. The etching process caninclude a dry etching process, a
wet etching process, or a comabination thereof. In one exarple, the etching process may
mclude an ALE process. In some examples, the material film nuclei 405A may be removed
using gas exposures of an etching gas, for example using ACH;), BCl, TiClL, or SiCL.
{0034} According to one embodiment, shown by the process arrow 414, steps 402 — 408 and
412 may be repeated at least once to increase a thickness of the material film 405 that 8
selectively formed on the dielectric film 404,

{0035} In one example, the removal of the maternial film nucler 405 1n step 412 may also
result in removal of the first and second blocking layers 401 and 403 from the substrate 2. In
another example, when the desired thickness of the material film 405 has been reached, the
first and second blocking layers 401 and 403 be removed by heating, for example. The
resulting substrate 4 is schematically shown m FIG. 4F. To one example, film structure in
FIG. 4F can mclade a self-aligned via formed above the metal film 400 and the metal-
containing hner 402 by the material film 405

{0036] Methods for area selective film formation using a plurality of blocking layers have
been disclosed in various embodiments. The foregoing description of the embodiments of the
mvention has been presented for the purposes of illustration and description. It is not
mtended to be exhaustive or to limit the mvention to the precise forms disclosed. Thus
description and the claims following include terms that are used for descriptive purposes only
and are not to be construed as limiting. Persons skilled in the relevant art can appreciate that

8
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many modifications and variations are possible in hght of the above teaching Persons skilled
mn the art will recognize various equivalent combinations and substitutions for various
components shown i the Figures. It is therefore intended that the scope of the mvention be

hmited not by this detaded description, but rather by the claims appended hereto.
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WHAT IS CLAIMED IS

I. A substrate processing method, comprising:
providing a substrate containing a first film, a second film, and a third film;
forming a first blocking layer on the first film;
forming a second blocking layer on the second film, wherein the second blocking
layer s different from the first blocking laver; and

selectively forming a material film on the third film.

2. The method of claim 1, wherein the first film, second film, and the third film are selecied

from the group consisting of a metal film, a metal-contaming hner, and a dielectric film.

3. The method of claim 2, wherein the metal-containing liner contains a metal compound or

a second metal film that 15 different from the metal film.

4. The method of claim 3, wherein the metal compound includes TiN, TaN, MnO; or ALO;s,

and the second metal film includes Co or Ru

5. The method of claim 2, wherein the metal film includes Cu, Al Ta, T1, W, Ru, Co, Ni, Pt,

or Mo.

6. The method of clamm 2, wherem the dielectric film mcludes Si0,, ALQ,, HIO,, TiO,,

ZrOy, SN, SiICN, Si#COH, or a combination or thereof.

7. The method of claim 1, wheren the first blocking layer and the second blocking layer

contain self-assembled monolayers (SAMs).

8. The method of claim 7, wherein the SAMs include a thiol, a silane, carboxylate or a

phosphonate.

9. The method of claim 1, wherein the material film includes $i0,, a metal, a metal oxide, or

a metal nitride.

10. The method of claim 9, wherein the metal oxade contains HEO,, Zr(;, or AL O;, and the

metal nitride contains HEN, ZrN, or AN,
10
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t1. The method of claim 1, wherein the selectively forming the material film oo the third film
includes:

depositing the mwaterial film on the third film;

depostting material film nuclei on the first film, the second film, or both the first film
and the second film; and

removing the material film nuclet by etching,

12. A substrate processing method, comprising:

providing a substrate containing a metal film, a metal-containing hiner surrounding the

metal film, and a dielectric film surrounding the metal-contaming liner;

torming a first blocking laver contamming a first self-assembled monolayer {(SAM) on
the metal film;

forming a second blocking layer containing a second SAM on the metal-containing
liner, wherein the second SAM is different from the first SAM; and

selectively forming a material film on the dielectric film.

13. The method of claim 12, wherein the metal-containing liner contaims a metal compound

or a second metal film that is different from the metal film.

14. The method of claim 13, wherein the metal compound mclides TiN, TaN, MnO, or

AbO;.and the second metal film includes Coor Ru

15. The method of claim 12, wherein the metal film includes Cu, Al Ta, T1, W, Ru, Co, Nj,

Pt, or Mo.

16. The method of claim 12, wherein the dielectric film imchides Si0,, ALG;, HIO,, Ti0,,
210y, SIN, SiCN, SiCOH, or a combination thereof.

17. The method of claim 12, wherein the first SAM includes a thiol and the second SAM

mchudes a phosphonate.

18. The method of claim 12, wherein the material film mcludes Si0,, a metal, a metal o;ade,

or a metal nitride.

11
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19. The method of claim 12, wherein the selectively forming the material film on the
dielectric film inclades:

depositing the material film on the dielectric filim;

depostting material film nuclei on the metal film, the metal-contaiming liner, or both
the metal film and the metal-containing liner; and

removing the material film nuclet by etching,

20. A substrate processing method, comprising:
providing a substrate containing a metal film, a metal-containing hner containing a
metal compound and surrounding the metal film, and a dielectric film surrounding the metal-
containing liner;
forming a first blocking layer containing a first self-assembled monolayer (SAM) on
the metal film;
forming a second blocking layer containing a second SAM on the metal-containing
Hner, and
selectively forming a material film on the dielectric film by:
depositing the material film on the dielectric film;
depositing material film nuclet on the metal film, the metal-contaiming liner, or both the
metal film and the metal-containing hner film, and

removing the material film nuclet by etching,

21. The method of claim 20, wherein the first SAM includes a thiol and the second SAM

mehudes a phosphonate.

22. The method of claim 20, wherein the second SAM includes a phosphonate or a

carboxylate.

23. The method of claim 20, wherein forming the second SAM densifies the first SAM.
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