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The damascene or dual damascene process has become a future trend in integrated circuit
manufacturing, especially in the copper metallization process. In a typical copper damascene
scheme, dielectric layers are formed over a passivation layer on a substrate. An etch stop layer may
be formed between two dielectric layers and a cap layer may be formed over the topmost dielectric
layer. A via and trench are patterned into the dielectric layers to the passivation layer. Then a
barrier metal layer is deposited within the trench and via, followed by deposition of a copper layer

to fill the damascene opening.

Low dielectric constant materials are preferably used to reduce capacitance. An integration
challenge facing damascene interconnects incorporating low dielectric constant materials and
copper is the adhesion of these low dielectric constant materials to other damascene films. Poor

adhesion is a cause for reliability concerns. In recent experiments, the inventors have determined
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using ion implantation. U.S. Patent 4,849,248 to Hashimoto discloses silicon ion implantation into
silicon dioxide to control grain size. U.S. Patent 6,153,523 to Van Ngo et al shows the use of an
ammonia-containing plasma to roughen a copper surface to improve adhesion of an overlying

silicon nitride capping layer.
SUMMARY OF THE INVENTION
A principal object of the present invention is to provide an effective and very

manufacturable method of improving adhesion of dielectric films in the fabrication of integrated

circuit devices.



Anot her object of the invention is to provide a nethod
of i nproving adhesion o dielectric filnms in a
darnascene netal lization process. Yet another object
of the invention is to a nethod of inproving adhesion
of low dielectric constant filnms to other dielectric
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Also, in accordance with the objects of the invention, another method of improving
adhesion of low dielectric constant films to other dielectric films in a damascene process is
achieved. A low dielectric constant material layer is deposited on a substrate. A silicon-based
dielectric layer is deposited overlying the low dielectric constant material wherein the silicon-based
dielectric layer not silicon oxide whereby there is good adhesion between the low dielectric

constant material layer and the silicon-based dielectric layer.



enbodi nent of the present invention. Figs. 10 through
13 schematically illustrate in cross-sectiona
representation a second preferred enbodi ment of the
present invention. DESCRIPTION OF THE. PREFERRED
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The present invention proposes two alternative methods of improving adhesion of low
dielectric constant films to other dielectric films and barrier metals in a damascene process. It will
be understood by those skilled in the art that the present invention should not be limited to the dual
damascene application illustrated in the drawings, but can be extended and applied to any

application in which improved adhesion of dielectric films is desired.

The first embodiment of the present invention comprises a pre-treatment of a low dielectric
constant film before depositing a silicon oxide film. The first embodiment will be described with
reference to Figs. 1 through 9. The second embodiment of the invention comprises using a silicon-

based dielectric film other than silicon oxide over a low dielectric constant film. The second



metal interconnects, not shown, are fornmed in and on
the substrate and covered with an insulating Ilayer. A
passivation or barrier layer 12 may be forned over the
devi ce structures to a thickness of between about 50
and 5000 Angstrons, The passivation |ayer may conprise
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Referring to Fig. 2, a first low dielectric constant (k) material layer 18 is deposited over the
passivation layer 12 to a thickness of between about 500 and 50,000 Angstroms. The first low
dielectric constant material may be a porous or non-porous carbon-doped silicon oxide (such as
alkyl silsesquioxanes), a porous or non-porous doped silicon oxide film (such as fluorosilicate glass
(FSG) and phosphosilicate glass (PSG)), porous or non-porous organic polymers, or porous or non-

porous inorganic polymers.

Now, an etch stop layer or cap layer is to be deposited over the low-k material layer 18. For
example, in a dual-damascene process, there is often an etch stop layer interposed between two
low-k material layers. In a single damascene process, or in some cases in a dual damascene

process, there may be no etch stop layer, but a capping layer over the topmost low-k material layer.



The inventors have experinmented with various
pre-treatnents of the low -k Material |ayer before
deposition of the etch stop or capping |ayer. These
pre-treatnents included nitrogen plasma, argon

i npl antation, silicon inplantation, and phosphorus
iniplantalion. Only the silicon inplantation resulted
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silicon inplantation pre-treatnent of the present
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Fig. 2 illustrates the silicon implantation pre-treatment of the present invention. Silicon
ions are implanted into the low-k material layer at an energy of between about 5 and 30 KeV with a
dosage of between about 1 E 12 and 1 E 16 ions/cm?. The targeted mean depth of implantation is
between about 50 and 600 Angstroms. Fig. 3 illustrates the roughened silicon-implanted surface 21

of the low-k material layer 18.

Referring now to Fig. 4, after pre-treatment of the low-k material layer 18, the etch stop or
capping layer 22 is deposited to a thickness of between about 50 and 5000 Angstroms. The etch

stop or capping layer 22 comprises TEOS-based silicon oxide.



The roughened surface 27 of the lowk material |ayer
24 is showmn in Fig. 7. Now, a capping laver 30 is
deposited over the treated lowk material layer 24 to
a thickness of between about 50 and 5000 Angstrons,
as illustrated in Fig. 4. The second ion inplantation
is necessary only if the optional capping |laver 30 is
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metal layer 34 and a copper layer 36 by any of the conventional means, 1nc1ud1ng physical or

chemical vapor deposition and etchback or polishing or electroless plating, and so on.

The pre-treatment process of the present invention can be used in the presence of an etch
stop layer, in the presence of a capping layer, or in the presence of both an etch stop layer and a
capping layer. For example, in a single damascene process with no etch stop layer, the pre-

treatment of the present invention can be used if a capping layer is present.

The second embodiment of the present invention will be described with reference to Figs.
10 through 13. Referring now more particularly to Fig. 10, there is illustrated a portion of a

partially completed integrated circuit device. There is shown a substrate 10, preferably composed



A passivatk)n or barrier layer 12 may be fornmed over
the device structures to a thickness of between about
50 and 5000 Angstrons. The passivation |ayer nay
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Now, an etch stop layer or cap layer is to be deposited over the low-k material layer 18. For
example, in a dual-damascene process, there is often an etch stop layer interposed between two
low-k material layers. In a single damascene process, or in some cases in a dual damascene

process, there may be no etch stop layer, but a capping layer over the topmost low-k material layer.

It has been found by the inventors that an improvement in adhesion can be obtained without
the pre-treatment of the first embodiment if the etch stop or capping layer comprises a silicon-based
dielectric film that is not silicon oxide. That is, silicon nitride, silicon carbide, silicon oxynitride,

silsesquioxanes, or other silicon-based material that is not silicon oxide can be used. If silicon



in Fig. 11, can be deposited by chernical vapor
deposition or spin-coating foll owed by baking and/or
curing. The etch stop or capping layer 2' is deposited
to a thickness of between about 50 and 5000
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Now, as shown in Fig. 13, a dual damascene opening is etched through the first and second
dielectric layers, the capping layer and the etch stop layer, using one of the various schemes such as
trench-first, via-first, or embedded via. The dual damascene opening is then filled with a barrier
metal layer 34 and a copper layer 36 by any of the conventional means, including physical or

chemical vapor deposition and etchback or polishing or electroless plating, and so on.

The process of the present invention, using a silicon-based dielectric film, with the
exception of silicon oxide, over the low-k material film provides improved adhesion of the etch

stop and/or capping layer.
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t hi ckness of between about 500 and 50, 000 Angstrons.
3. The nethod according; to Caimt wherein said
silicon-based dielectric layer is selected From the
group consisting of. silicon nitride; silicon carbide,
silicon oxynitride, silsesquioxanes, and silicon-rich
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.. C rising: depositing; a first lowdielectric . .
et GREaRp B St seiee s Bprhe it Ptk Al Aihsitsrapioranes,
first lore dielectric constant material |layer is
Poroys PP P floPeth diligh R des oI P st aNH OB POroxs Riganicipolymers, and
si | sesqui oxanes, porous and nonporous doped silicon
porogs prfbron-espusuBorgaric pelymsty 8k or gani ¢ pol yners, and
porous and non-porous inorgani c polyners, depositing a
si Hemeitinp asdidoutibededclial¢atrietagdr veticpisinaysliconixede dvsripiag said low
silicon oxide overlying said first hew dielectric
dielecaitsdoasthntimdteridl alheidbe tiedy istgoed adlieSiof etheas bid I dielectric constant
between said first loan dielectric constant materia
matdriaV Rbcrad ssidistlicshbheamidasedagiel ectric etch stop
| ayer; depositing a second | ow dielectric constant
mat eri al | ayer overlying said etch stop | ayer,
wherein said second | ow dielectric constant materia
2. Tﬁe%%{&ho& §cc§§ii1?éttoeé’1aifn{ POLRE HPUR FA0SEHE é&ﬁga&t &L}eﬁlah‘yzl)ller has a
Sl S, porous and non-porous doped sill1con

! sesqul oXa
thick%)éésdo%’e eoh gggut %88 anE<9§) (Q (_)(R)o/&r?é'ls roms.

3. The method according to Claim 1 wherein said silicon-based dielectric layer is selected from
the group consisting of: silicon nitride, silicon carbide, silicon oxynitride, silsesquioxanes, and

silicon-rich silicon oxynitride.

4. The method according to Claim 1 wherein said silicon-based dielectric layer has a thickness

of between about 50 and 5000 Angstroms.

5. A method of dual damascene copper metallization in the fabrication of an integrated circuit
device comprising:
depositing a first low dielectric constant material layer over a substrate, wherein said

first low dielectric constant material layer is selected from the group consisting of: alkyl
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organi c polynmers, and porous and nonporous i norganic
pol yners; depositing a silicon-based dielectric
cappi ng layer which is not silicon oxide overlying
said second | ow dielectric constant material whereby
there is good adhesi on between said second |ose
dielectric constant material |layer and said
sils th)gegigsﬁ ?@g)glg ﬁllqr%] 18(1> ﬁ(yrrg{bsc(}]o%@@ B ggcgn (L)&Xeesgp(l)rgl?@egrhdr}l%n-parous organic
ctric constaqt material |ayer, said

P OIYEI%C (%B?)ro}l %Pgilnonéﬁ)&)?é’imdgﬂ“‘r% TIPESEn dielectric

const ant terial and formng a barrier netal
o e v teapareat GYEH o ibh sib LUV BAIN U AN e e overlying
..openin conpl ete said copper netallization in the
Saldfﬁgﬁrlw gtql%‘ﬁ’w onstagf ratpripl @@1@@3@ dhees seepd adhevion betwgen T3¢ first low
nmet hod according to Claimb5 wherein said first and
dielesgreotnasteahmalerial dayter agl mohstiamtbaserbdieleital elchpwpdayeave a
t hi ckness of betiveen about 50..1(c) and 50.000
angsyasoing .a séédnd.low el overd chodstastandtetial Gayle®o¥driBin® said etch stop layer,
wherein said silicon-based dielectric layer is

whefiil €6d &doAd M ditlberie ottt RAGKSE lafid i9delechdd ft&R e group consisting
nitride, silicon carbide, silicon oxynitride,

of: aBityll SIRREUHIORARE PoroBthd nl ot QR cfob&h Wﬁédrﬂ BQdbs ?@f&istaﬁlh 46n-porous

4. The method according to ereln s
ore B A RRE ol éf%"%“%‘o%%&%ﬁ%‘é%? néle%erSE\h'n&kﬂﬁéso? f

aeoier o g Ut BRMs G TR el p RIS R o gride grertying
said %ec%%g ft ; teieec m%%gétgntsf%tgnal w\ﬁlereby there is good adhesion between said
second low dielectric constant material layer and said silicon-based dielectric capping layer;

forming a dual damascene opening through said capping layer, said second low

dielectric constant material layer, said etch stop layer, and said first low dielectric constant
material layer; and

forming a barrier metal layer and a copper layer within said dual damascene opening to

complete said copper metallization in the fabrication of said integrated circuit device.

6. The method according to Claim 5 wherein said first and second low dielectric constant

material layers have a thickness of between about 500 and 50,000 Angstroms.
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dielectric constant material is selected fromthe
group consisting of: al kyl silsesqui oxanes, porous
and non-porous doped silicon oxides, porous and
non- por ous organi ¢ polyners, and porous and

i ron-porous inorganic polyners; and depositing a
silicon-basest dielectric |ayer overlying said | ow

7. Tl‘ijé 1%13‘[?18& ﬁéCBr(ﬁ?‘t%t@Qfm mgxrehﬁéald whemeal @e ﬁlelgctinc layer ]ﬁ selected from

l'i con- bas dielectric layer Is selected

the ggﬁ%ﬁn?‘?@? &t élP&)noI{Itrldél glflgo%rl:arbn%et 51!11?(?11 0 Ethgﬁ rgllse[s%luloxanes, and

sesqui oxanes, |co
i QXY it.r.ide wh by there is good adhesi on behveen said
$ICWBéQHPéV@H?9?§”§onstant material |ayer and said
silicon-based dielectric layer. 10. The net hod
according to Caim9 wherein said | ow dielectric
constant material |aver has a thickness of between

- Thegsethobargortie B l@oDS mhersin wirssilicon-bayerkdipheetrie dryers have a

according to Claimg wherein said silicon-based
thickaiiessl ddetween hlaope 60 had S0t Amgsknmss  of bet ween about 50
and 5000 Angstrons. 13

9. A method of forming a dielectric material layer comprising:

depositing a low dielectric constant material layer on a substrate wherein said low
dielectric constant material is selected from the group consisting of: alkyl silsesquioxanes,
porous and non-porous doped silicon oxides, porous and non-porous organic polymers, and
porous and non-porous inorganic polymers; and

depositing a silicon-based dielectric layer overlying said low dielectric constant material
wherein said silicon-based dielectric layer is selected from the group consisting of: silicon
nitride, silicon oxynitride, silsesquioxanes, and silicon-rich silicon oxynitride
whereby there is good adhesion between said low dielectric constant material layer and said

silicon-based dielectric layer.

10. The method according to Claim 9 wherein said low dielectric constant material layer has a

thickness of between about 500 and 50,000 Angstroms.

11. The method according to Claim 9 wherein said silicon-based dielectric layer has a thickness

of between about 50 and 5000 Angstroms.
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