1 5 MAY 2006 A METHOD TO | MPROVE ADHESI ON OF DI ELECTRI C FI LM5 | N DAMASCENE
| NTERCONNECTS BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to a nethod of netallization in the fabrication of
integrated circuits, and nore particularly, to a nethod{df MAYPERIG ng
adhesion of low dielectric constant materials to other materials during
nmetallization in the manufacture of integrated circuits. (2) Description of
the Prior Art The damascene or dual damascene process has becone a future
trend in integrated circuit manufacturing, especially in the copper

met al | i zatjsaygyy g%gst%apﬂdw ADHYSRIN SORPEELHARRC 8PE RS "By ﬂtg ﬁﬁﬁ:“ c

| ayers are forne ver a passivation |layer on a substrate st op

| ayer may be formed between tymediceha@idds | ayers and a cap Iayer may be
formed over the topnost dielectric layer. A via and trench are patterned
into the dielectric layers to the passivation |ayer. Then a barrier netal
| ayer is deposited wthin the trench and via, followed by deposition of a
copper layer to fill tHKiREBUEMEF Openi INVENT ION

(1} Field of the Invention

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularly, to a method of improving adhesion of low
dielectric constant materials to other materials during

metallization in the manufacture of integrated circuits.

(2) Description of the Prior Art

The damascene cor dual damascene process has
become a future trend in integrated circuit manufacturing,
especially in the copper metallization process. 1In a typical
copper damascene scheme, dielectric lavers are formed over a
passivation layer on a substrate. BAn 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 lavers to the
passivation layer. Then a barrier metal layer is deposited
within the trench and via, followed by deposition of a copper

layer to f£ill the damascene apening.




1 5 MAY 2006 Low dielectric constant materials are preferably used to
reduce capacitance. An integration challenge facing damscene

i nterconnects incorporating low dielectric constant materials and copper
is the adhesion of these |ow dielectric constant materi &5 MAY @tifer
damascene filnms. Poor adhesion is a cause for reliability concerns. In
recent experinents, the inventors have determ ned that tetraethoxysilane
(TECS) - based silicon oxide did not adhere well on carbon-doped silicon
oxide materials such as al kyl silsesqui oxanes and perhydrosil azanes. It is
desired to find a methody toid mmrove: adhiest o0 afatom gi gl getric constant
materials wth other dielectric materials. U S. Patent 6,184,123 to Ge et
al di sclposefembist igah ionrddptantaid Ontandd. SpR- D GhAss: 40 | nprove
adhesion to an overlying silicon nitride layer. U S. Patent 6,143,670 to
Cheng etchalllshows faaing cpems omeé nplant @nmoact$ Nntocerpot yoefigl ayer to

i nprove adhesion to an overlying |ayer containing silicon, oxygen, and

ni t r ogetiedeStiPg amnsBRY85Nat5D- ol Odmnd npdapes 55 | ttonadoasiont of a BPSG
| ayer to. forma damage | ayer before depositing a fluorine anorphous
carbon [tfse 19vs dimpkaiisl 6, aIs st tea e Bt B0 eler 51aB8s088et 0 Yang

t each a%_ion i npl antatjon into spin-on-
ilms. 'Poor adhesion is a cause for reliability concerns.

In recent experiments, the inventors have determined that
tetraethoxysilane (TEQS)-based silicon oxide did not adhere
well on carbon-doped silicon oxide materials such as alkyl
silsesquioxanes and perhydrosilazanes. It is desired to find
a method to improve adhesion of low dielectric constant

materials with other dielectric materials.

U.S. Patent 6,184,123 to Ge et al discloses a

silicon ion implantation into spin-on-glass to improve

adhesion to an overlying silicon nitride layer. U.S. Patent
6,143,670 to Cheng et al shows a nitrogen ion implantation
into a polymer layer to improve adhesion to an overlying
layer containing silicon, oxygen, and nitrogen. U.S. Patent
5,985,750 to Oda implants silicon ions into a BPSG layer to
form a damage layer before depositing a fluorine amorphous
carbon layer. U.S. Patents 6,117,798 to Fang et al and

5,459,086 to Yang teach an ion implantation into spin-on-

glass to prevent moisture absorption. U.S. Patent 5,192,697

to Leong teaches curing of spin-on-glass using ion



gl ass to prevent noisture absorption. U S. Patent 5,192,697 to Leong
teaches curing of spin-on-glass using ion 2 1 5 MAY 2006 inplantation. U S.
Patent 4,849,248 to Hashinoto discloses silicon ion ingg?§§§t?@m into
silicon dioxide to control grain size. U S. Patent 6,1 Van Ngo et
al shows.the wuse of an anmoni a-containing plasnma to roughen a copper
surface to inprove adhesion of an overlying silicon nitride capping |ayer.
SUMVARY OF THE | NVENTI ON A principal object of the present inventionis to
provide an effective and very manufacturable nmethod of inproving adhesion

of d|e|e£&§1&h{é{ﬂ§n'n the. fﬁ@Eéﬁéth°§4@f248”%89ﬁ§£§gm§£6081ﬁ6 §§E%es'

Anot her object of the invention is to provide

adheSI(Nsiﬁl&bﬁﬂﬁﬁﬂriﬁpiéﬁﬁ@ti@nalngén§§§§@§nn%i@%k&éa£50808£9§ vet
anot her object of the inventionis to a net I nproving a esi on of

| ow di el®cdin csCoast ants. fravent o6 pt befsdetectshengh! 88 hn andanasgene
process. In accordance with the objects of this invention a nethod of

i mpr ovi g adhiestoramhon b diwt@tt ing 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.

Another object of the invention is to provide
a method of improving adhesion of dielectric films in a

damascene metallization process.

Yet another object of the invention is to
a method of improving adhesion of low dielectrie constant

films to other dielectric films in a damascene Process.,

In accordance with the objects of this
invention a method of improving adhesion of low dielectric

constant films to other dielectric films in a damascene




constant filns to other dielectric films in a damascene 3 1 5 MAY 2006
process is achieved. A low dielectric constant material |ayer is deposited

on a substrate. Silicon ions are inplanted into the_Ipwg-)iﬁAe?c ﬁ'c _
constant material layer. Thereafter, a TECS-based sili C(]) dz Elﬁayer is

deposited overlying the low dielectric constant naterial whereby there is
good adhesion between |ow dielectric constant material Iayer and the

TECS- based silicon oxide |ayer. Also, in accordance with the objects of the
i nvention, another method of inproving adhesion of |ow dielectric constant

i iel ¥ il i . scene process i s achieved. A low
I:I: lalméct ?}I?dﬁss?ﬁtﬂn%‘gﬁé'al q}saiy%?aﬁhse g%brsjl‘?e RS UBREFELRL A

i 1icon-ikasad i digl e layel d g,gp(ﬁcs'_te overlying the |ow dielectric
ionstant ateri al mpﬁglei n the si Iuigbcon- aéseddsd}e %‘%‘%’r}%ﬁ? ayer is not

si | i con implder twherieinys thet & duvs @ﬂ%@ﬁéﬁi@h%%%té@a* Oi"égé l ectric

constant material layer and the silicon- based dielectric Taye BRI EF
DESCRI PTheN e tRHE PRAVIINGD dsred hel laicaanuanyd a1 L e Ngsad o544 gy a
material part of this description, there is shown:
overlying the low dielectric constant material whereby there
is good adhesion between low dielectric constant material

layer and the TEOS-based silicon oxide layer.

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. 2 silicon-based
dielectric layer is deposited overlying the low dielectric
constant material wherein the silicon-based dielectric laver
is not silicon oxide whereby there is good adhesion between

the low dielectric constant material layer and the silicon-

based dielectric layer.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanving drawings forming a

material part of this description, there is shown:




MAY 2006 Figs. 1 through 9 schematically illustrate in
grgsg-sectional rgpresentatign a first preferred enbodi ment of the present
invention. Figs. 10 through 13 schematically illustrate in cross-sectional
representation a second preferred enbodi nent of the prepﬁ ﬁAtqgﬁgtlon.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present inveit poses two
alternative nethods of inproving adhesion of |ow dielectric constant
films to other dielectric filnms and barrier nmetals in a danmascene process
It will be understood by those skilled in the art that the present

i i d I |ication,
ooy oted T fhaot perdadh ok hLoubiiCs (WS RRRPES ﬁfgpbmatfazang/n .
appl i catdr@ys-idb i Gl MREOVEd. adhesi on of 9é€'§§é£erre r%mxe?éé eshre ;

first enbodi ment of the present Invention <CconRprisSes a t of a

ili film The
| ow di elceictitiec monsdmntididmtidygf ore depositing a sili C_on oxi de
first enbodinment wll be described with reference to Figs. 1 through 9.

The second enbodi ment of the invention conprises using a silicon- based
dielectric filmother than silicon oxide over a | ow
Figs. 10 through 13 schematically illustrate
in cross~sectional representation a second preferred

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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




51 5 MAY 2006 dielectric constant film The second enbodi nent will be
described with reference to Figs. 10 through 13. The first enbodi nent of
the present invention now wi |l be described with reference to Figs. 1
through 9. Referring now nore particularly to Fig. 1, qg'emlfuﬁﬁ
illustrated a portion of a partially conpleted integrate circurt device.
There is shown a substrate 10, preferably conposed of nonocrystalline
silicon. Device structures, such as gate el ectrodes, source and drain
regions, and metal interconnects, not shown, are for med in and on the

substratg o7 i nsul.ating | ayer. assivation or barrier
layer 12 may quoé(;‘r%rrcggs%\%/%gf emdeu* %‘?‘F% U?I&EO‘? entiWitknBSs of
bet ween ghout; By and 1p0Q0: The ssivation |layer may conprise
silicon nitride, si Iq_i con  car %g{%ﬁ 3 conP@xgl'Nf?‘rl?lae silicon dioxide,
boron nitride, or BLOK (from Appli ed Material s), for exanple. Referring to
Fig. 2, afirst lowdielectric constant (k) nmaterial |layer 18 is deposited
over the passivation Imyersdds %@é&&@&ﬂ@%f%h@%%@@é'n@bf%eﬁw gnd

a

50, 000 Angstrons. The first |ow dielectric constant materia
porous &evhi-lgorsusicsantidredopeth sidfeomoxite Figs. 1 through 9.

Referring now more particularly to Fig. 1, there is

illustrated a portion of a partially completed integrated
circuit device. There is shown a substrate 10, preferably
composed of monocrystalline silicon. Device structures, such
as gate electrodes, source and drain regions, and metal
interconnects, not shown, are formed in and on the substrate
and covered with an insulating layer. BA passivation or
barrier layer 12 may be formed over the device structures to
a thickness of between about 50 and 5000 Angstroms. The
passivation layer may comprise silicon nitride, silicon
carbide, silicon oxynitride, silicon dioxide, boron nitride,

or BLOK (from Applied Materials), for example.

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



such as al kyl silsesqui oxanes), a porous or non-porous doped silicon
gxide filnl(guch as fﬂuorosilicate glass (FSG and 6 1 5 MAY 2006
phosphosi | i cate glass (PSG)), porous or non-porous organikt5 MAYyigegs, or
porous or non-porous inorganic polyners. Now, an etch stop layer or cap
layer is to be deposited over the lowk material layer 18. For exanple, in
a dual -damascene process, there is often an etch stop layer interposed
between two lowk nmaterial |layers. In a single damascene process, or in
sone cases in a dual danmascene process, there nmay be no etch stop | ayer, -

but a cappispBokaYekateyer ddie (FeRMDSt JAawds Mt ‘%{drﬁ-'pldxg%@a -Qﬁ%%{f%abl y in

this enbodi nent, the etch stop or capping |ayer wl -~ based

si | i conpoXyderkayerr. pbtrofias oheernf-gudulshatndrdfad ¢ He@Shased silicon oxide
| ayer having a thickness greater than 2000 Angstroms, poor adhesion to the
underlying lowk nmaterial |layer is experienced. The inventors have
experimented with various pre-treatnents of the lowk material |ayer
before deposition of N edehedicdp storcdppieny drayemn 1TEhese ipf ecd rneat ment s
included nitrogen plasma, argon inplantation, silicon inplantation, and
phosphoaﬁgoﬁhﬁggnf’aﬁffoﬁPEO%PWtkhélasﬁewil@én layer 18. For example, in

a dual-damascene process, there is often an etch stop layer
interposed between two low-k material layers. 1In 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. Preferably in this
embodiment, the etch stop or capping layer will be a TEOS-
based silicon oxide layer. It has been found that for a
TEOS-based silicon oxide layer having a thickness greater
than 2000 Angstroms, poor adhesion to the underlying low-k

material layver is experienced.

The inventors have experimented with various
pre-treatments of the low-k material layer before deposition
of the etch stop or capping layer. These pre-treatments
included nitrogen plasma, argon implantation, silicon
implantation, and phosphorus implantation. O©Only the silicon
implantation resulted in non~peeling of the overlying TEQS-
based oxide from the low-k material layer. A dramatic
improvement in adhesion strength was observed. Turther, the

shallow implantation of the invention does not change the




i npl antation resulted in non-peeling of the overlying TECS- based oxide
fromthe lowk material layer. A dramatic inprovenent in adhesion strength

was observed. Further, the shallow inplantation of the izéfmiion does not
change the 7 1 5 MAY 2006 diel ectric constant of the diel AY 2806m t hus
maintaining its integrity. Fig. 2 illustrates the silicon inplantation
pre-treatnment of the present invention. Silicon ions are inplanted into
the lowk naterial |ayer at an energy of between about.5 and 30 KeV with a
dosage of between about 1 E 12 and 1 E 16 ions/cnR. The targeted nean

dept h of giknpkaptati I e about, 5Q and 600 Angstrons. Fig.. 3
illustrates thg ﬁ%uéﬁ@ﬁé %&F%f%%ﬁ:%ﬁé%ﬁéﬁf%ﬁﬁ?@@% %%qﬁ RHE L3 G
materi al ikayentd8riRRgferring nowto Fig. 4, after pre-treatnent of the
low-k material |ayer 18, the etch stop or capping |layer 22 is deposited to
a thickness of between about 50 and 5000 Angstronms. The etch stop or
cappi ng | ayer 22 conprises TEOS-based silicon oxide. If layer 22 is an

etch stop layer, a secomdg.l awik Inmtetitals ldpersidd dos depasited Quer the
etch stop | ayer '
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.

If layer 22 is an etch stop laver, a second
low-k material layer 24 is deposited over the etch stop layer
22, as shown in Fig. 5. Silicon ion implantation 25 is again
performed as a pre-treatment of the second low~k material

layer 24, as shown in Fig. 6.




22, as shown in Fig. 5. Silicon ion inplantation 25 is again performed as
a pre-treatnent of the second lowk material |ayer 24, as shown in Fig. 6.
8 1 5 MAY 2006 The roughened surface 27 of the lowk material layer 24 is
shown in Fig. 7. Now, a capping |layer 30 is deposited oyér Mapeljpgeat ed
low-k material layer 24 to a thickness of between about 50 and 5000
Angstrons, as illustrated in Fig. 8 The second ion inplantation is
necessary only if the optional capping layer 30 is to be deposited. Now,
as shown in Fig. 9, a dual damascene opening is etched through the first-

and second dielectric Tﬁ&eféugﬁgﬁeﬁaﬁﬂkﬁgcgaﬁero?nghghﬁogL%hm$§%giéiyer’

using one of the various scheimes such as trench-first, "via-fi

enbeddediay@r Jhei glugthoWanBgceng. openi Rg,i syt hep,f L it barri er
netal |ayer 34 and a copper Iay%r 36 by gﬁyao? ?ﬁe bc%%@é%tggngﬁ neans,

i ncl udi ndephystedl over ctivai tabavePolowdrPRSEELOR) andyet-chhagk gr polishing

or electroless plating, and so on. The pre-treatnment process of the

present thisemsomLare beeaseabontt he pnéseoce Bhganrekheh skop | ayer
illustrated in Fig. 8. The second ion implantation is

necessary only if the optional capping laver 30 is to be

deposited.

Now, as shown in Fig. 9, 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 pre-treatment process of the present
invention can be used in the presence of an etch stop laver,
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.




[ nce of a capping layer, or in the presence of both an etch
;?oghfasgssgnd a cappingplager. For exanple, in a single damascene procez:
with no etch stop layer, the pre- treatnent of the prengtMggéﬁ@aLog_cant
used if a capping layer is present. 9 1 5 MAY 2006 Thel ge &rbo hgen

of the present invention wll be described with reference to Figs.

through 13. Referring now nore particularly to Fig. 10, there is devi ce
illustrated a portion of a partially conpleted integrated CIrCUIfl_eVIC .
There is shown a substrate 10, preferably conposed of nonocrystalline

g ; tructu , 3 ect.rodes, source . and drain
Tegi ons. and metal inierconneerd BRnHRL oL oEL BB prERERE s e o

] j i i i barrier
tieil Brigle cOvetedbMiit Hi 8N LosNLaLLROLayeL,, A pasgi.vation. or
FESZ:riéﬁ;ay be forned ove% t he device struct ?es o] arPHQ%kEQSS of

n Rebouring and 5000 pagsicabsrlFhecprssi vapi opplbayer my conprise
g?frﬁgn nitride, silicon carbide, silicon oxynitride, silicon dlo.xlde,I
boron nitrieRtrBreBLOCEr oo Apphipar bbb elyabshplbobaexagRbeatAgfi rst 1ow

dielectric constant (k) material |layer 18 is deposited over the
circuit device. There is shown a substrate 10, preferably
composed of monocrystalline silicon. Device structures, such
as gate electrodes, source and drain regions, and metal

interconnects, not shown, are formed in and on the substrate

and covered with an insulating layer.

A passivation or barrier layer 12 may be
formed over the device structures to a thickness of between
about 50 and 5000 Angstroms. The passivation layer may
comprise silicon nitride, silicon carbide, silicon
oxynitride, silicon dioxide, boron nitride, or BLOK (from
Applied Materials), for example. A first low dielectric
constant (k) material layer 18 is deposited over the
passivation layer 12 to a thickness of between about 5000 and
50,000 Angstroms. The first low dielectric constant materialh
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) or
phosphosilicate glass {PSG)), porous or non-porous organic

polymers, oOr porous or non-porous inorganic polymers.

10




passivation |layer 12 to a thickness of between about 5000 and 50, 000
Angstrons. The first low dielectric constant material mnay be a porous or
non- por ous carbon-doped silicon oxide (such as alkyl silségquyxngs), a
por ous or non-porous doped silicon oxide film (such as fluorosilicate

gl ass (FSG or phosphosilicate glass (PSG), porous or non-porous organic
pol ynmers, or porous or non-porous inorganic polynmers. 10 1 5 MAY 2006 Now,
an etch stop layer or cap layer is to be deposited over the lowk naterial
| ayer 18. For exanple, in a dual -damascene process, there is often an etch

stop layer interposedielWesn 4149, Isoe/ggﬂ( lr@e%r iég}miaggﬁl;gyeg na ’é% | e

damascene process, or in sonme cases in a dua pr ocess, fer e may

be no etlepostiapd ayer, thit lawcappiaig:diayer ayMerid he dopmst, low k; materi al
| ayer. It has been found by the inventors that an inprovenent i'n adhesion

can be 8bfaPAcdawipsiione Phogese, tuleataret aftdrhe idisdh epbasdinpgpif the

etch stop or capping |layer conprises a silicon-based dielectric filmthat
i s not lgFP?ESﬁeéxP&éwe?ﬁaftwoS,103«1—|ki owrteniitarli deyyesid.i cam cardiirdgle silicon
oxynitr&de si | sesqui oxanes, qr other silicon-based material that is not

oil i conBURGECRRNPEACE58d. OFf 18 ISoen 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
oxynitride is used, silicon-rich silicon oxynitride is
preferred. The silicon-based film 23, illustrated in Fig.
11, can be deposited by chemical vapor deposition or spin-
coating followed by baking and/or curing. The etch stop or

capping layer 23 is deposited to a thickness of between about

50 and 5000 Angstroms.

If layer 23 is an etch stop layer, a second
low-k material layer 24 is deposited over the etch stop layer

23, as shown in Fig. 12. Now, a capping layer 26 is

it




oxynitride is used, silicon-rich silicon oxynitride is preferred. The
silicon-based film23, illustrated in Fig. 11, can be deposited by

chem cal vapor deposition or spin- coating foll owed by baking and/ or
curing. The etch stop or capping |ayer 23 is deposited to_a thickness of
bet ween about 50 and 5000 Angstrons. If layer 23 is an étﬁﬂwﬁfdmﬂﬁayer, a
second lowk material |layer 24 is deposited over the etch stop |ayer 23,
as shown in Fig. 12. Now, a capping layer 26 is 11 1 5 MAY 2006 deposited
over the lowk material |layer 24 to a thickness of between about 50 and
5000 Angepoeis.edAgaidy tHd GRL NIgd4 de;, 51 Sild i de,. si|sesqui oxanes,
silicon oxynitride, or other si Inik{:ﬁo%’-albaalseidé%%gfgﬁgt%a%h}%krh%?s sfticon

oxi de cartbeenuséduas StthereaEwioTy Ardyirond . si;{&&ﬁp’ axyi tod drgi%siélesed,
silicon-rich silicon oxynitride is preferred. w, as shown in Fig. 13,
dual dafddéena cepdriidey iss letecied dturough difel ddr Bx ANtk seeond, di el ectric

| ayers, tge cappi.ng layer and the etch stop |ayer, using one of the

var i ous°5Efigned 14 GOR R Sefemen-etiiagt  thata-ifs nstt, «orlienbegddet: Wa, ghe dual
danascepgeapgni@g is_then filled with a barrier netal |layer 34 and a
copper layer *36 By SAPPH St H&ver- If silicon oxynitride is used,

silicon-rich silicon oxynitride is preferred.

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 rlating,

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.

The process of the present invention, using
pre~treatment of a low-k dielectric material film before

depositing a TEOS layer thereover or using a silicon-based

12




conventional neans, including physical or chem cal vapor deposition and

et chback or polishing or electroless plating, and so on. The process of
the present invention, using a silicon-based dielectric film wth the
exception of silicon oxide, over the lowk material film provides inproved
adhesion of the etch stop and/or capping |ayer. The pr oqafﬁwgf 2@ e present
i nvention, using pre-treatnent of a |lowk dielectric mat'e I | m before
depositing a TECS | ayer thereover or using a silicon-based 12 1 5 MAY 2006
dielectric film with the exception of silicon oxide, over the |owk -

mat eri aldféleaproyi fdes, drapead i dhesiop. i ovenpent over the prior art.
The adhesi on i nprovenent has gggnggﬁggnlaPyﬁ%asbggFOPe§F1§ﬁd WER a

nmodi f i edcHeapow-astmafeesLr | peth i Pr&91 PELAEN &%% nt JApplication serial
nunber 09/ 771,512 filed on Janué?y 2%, 2001?? FlgaﬁgglPﬁvention has been

parti culiatdsovermwn anelr deise rpbesc Wt b, I efgL enge h L8
enbodi nents thereof, it will be understood by th%%goékﬁwpéngpﬁnthgagrt

that vali%us Luyesiin 4 geehndedetahd swiey BemodBde-ui Lhgut cdeparting
fromthe spirit and scope of the
(deéscribed in co-pending U.S. Patent Application serial

number 09/771,512 filed on January 25, 2001).

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.

What is claimed isg:

13




invention. What is clainmed is: 13 1 5 MAY 2006 1. A nethod of formng a
dielectric material |ayer conprising: depositing a | ow diel ectric constant
material |ayer on a substrate wherein said | ow di el ectrilcd MAYs

material is selected fromthe group consisting of: porous doped silicon

oxi des, non-porous carbon doped silicon oxides (which is not siloxane SOG),
porous and, non-por.ous oragani ¢. pol.ymers Qr ous and non- por ous

i nor gani ¢ %&Wrogforimﬁ% %ﬁ’te?eﬁ%lcsrﬁﬂx%%r%a}fe{)n@g?lﬁstl%g'sai d low dielectric

const ant nateriaI,Jay?r; a?d .thereafter.qigpsitiq& TEOS- based. silicon
oxi de |ayer ofd&oFyngdlakdilqcyis enypudnateial [oghet aniosiye SPemin Widloghy there
i s good adhesion between said |ow dielectric constant material _ |ayer and
sai d TEOSichsyErossippidppicrint isgslerigy diom e stoup GoptHEE ARG 4054 Hlieythi m |
wher ei n sai d non-porous carbon-based silicon oxides are al kyl

si | sesquibsikanesn-pgrouT habereddnsd shicenpriideiy(hdchap aptriloxags QG mpegigandow
dielectric constant material |ayer has a thickness of between about 500 and
50, 000 Angshoos orgdnic Phiynrees, hatip@oesoandi mog-foooSlimirganic pdipmedsn sai d step of
inmplanting silicon ions into said |ow dielectric constant material |ayer
conpri ses i mplAgkhtHg ssaiod iGislinte emdiiengiccticonretigyataial [het; waen about 5 and
30 KeV at a dosage of between about 1 E 12 and | E 16 ions/cnR2. 5. The

met hod accor diyag,ker &dpdiifthg 2 TREOKIBeSRlichnUxideater bORS Y Qid IR @Bk nt o
said low dielectric constant material |ayer to a depth of between about 50

and 600 é@r%?&n]'{ %%eriapwh%gk%f {Ekhe goo"i‘lca(a%s‘{i&pget\;vg’engaﬁli 1B i ri el s d
Si e |l ayer

TEGCS- basé 1'con oxl

material layer and said TEOS-based silicon oxide layer.

2. The method according to Claim 1 wherein said non-porous carbon-based silicon oxides

are alkyl silsesquioxanes.

3. The method according to Claim | wherein said low dielectric constant material layer has

a thickness of between about 500 and 50,000 Angstroms.

4. The method according to Claim 1 wherein said step of implanting silicon ions into said
low dielectric constant material layer comprises implanting said silicon ions at an energy of

between about 5 and 30 KeV at a dosage of between about | E 12 and 1 E 16 ions/cm’.

5. The method according to Claim 1 wherein said silicon ions are implanted into said low

dielectric constant material layer to a depth of between about 50 and 600 Angstroms.

6. The method according to Claim | wherein said TEOS-based silicon oxide layer

has a thickness of between about 50 and 5000 Angstroms.
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has a thickness of between about 50 and 5000 Angstrons. 14 1 5 MAY 2006 7.
A net hod of dual damascene copper netallization in the fabrication of an

integrated circuit device conprising: depositing a first Ip\ﬁ/ ﬂafldmﬁrl C
constant material |ayer over a substrate wherein said first lo ectric
constant material is selected fromthe group consisting of. porous doped
silicon oxides, non-porous carbon doped silicon oxides (which are not

sil oxane SOG), porous and non-porous organic polynmers, and porous and

; G porous and non-porous ofgani ¢ pol ymers, snd porous and
i o1 bct 1 11e AcBrerbr bR S aply »UlaRaRin F Sheisih iy ueEet basea

silicon oxide etch stop. | ayer overlying said first |ow dielectric constant
mat eri al S{REF SPICREPESINE: good adhesi on between said first low dielectric
constant material |ayer and said TECS-based silicon oxide etch stop |ayer;
deposi ting a gderssiitheladitsidieldedleqtiiccasiast materipd ey PusT 8 sHYratoyRFRiSAY sai d
etch stop |layer, wherein said second |low dielectric constant material is
sel ect ed fTrstdow diedecgicoupstactonasal iinglafed fpon degradppedsisting doporowd dwsd

non- por ous car bon doped silicon oxides (which is not siloxane SOG, porous
and non- pR{cot sxideg ath-ofak yarbsisdopzd dilioon oxidesa(wthidhaine parsdosane ISOUF)gpeThas
polymers; inplanting silicon ions into said second | ow dielectric constant

mat eri al ah@)ﬁ_@ﬁboroﬁ@@(g@ﬁi@tp@laf:r@%,)@l% brbk shd eRXProRAS @sbredrid §APmensi de cappi ng

| ayer overlying said secon | ow di el ectric constant material whereby there

I's good adhesiq QS8 AnRRGRNE s 1BW didb&liECddslaft ARBRLIANeTRL er i al
| ayer and sald @é@%g%ggeé sili1con OXIJG cappi ng layer; form'ng a dual
damascene Ope%erggafttep&é?)%gi%ng %L[%d\sél?z@%@ gli!:c%}/ §lide aé“ Qo;? ﬁ?%@eh?i\fsfg said first
low dielectric constant material whereby there is good adhesion between said first low
dielectric constant material layer and said TEOS-based silicon oxide etch stop layer;
depositing a second low dielectric constant material layer overlying said etch stop
layer, wherein said second low dielectric constant material is selected from the group
consisting of: porous doped silicon oxides, non-porous carbon doped silicon oxides (which is
not siloxane SOG), porous and non-porous organic polymers, and porous and non-porous
inorganic polymers;
implanting silicon ions into said second low dielectric constant material layer;
thereafter depositing a TEOS-based silicon oxide capping layer overlying said second
low dielectric constant material whereby there is good adhesion between said second low
dielectric constant material layer and said TEOS-based silicon oxide 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.
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dielectric constant material |ayer, said etch stop layer, and said first

| ow dielectric constant material layer; and formng a barrier netal |ayer
and a copper layer within said dual danmascene opening to conplete said
copper metallization in the fabrication of said integraqquQWTngt devi ce.
15 1 5 MAY 2006 8. The nethod according to Caim7 wherein said non-porous
car bon- based silicon oxides are al kyl silsesquioxanes. 9. The nethod
according to Claim7 wherein said first and second | ow diel ectric constant
materi al _| ayers have a.thjcknes f between about 500 .and, 50, 000. Angst r ons.
10, “The FelbOHCHEC ool HEE oo ny AT earr T BAPth BRI T HsPa g
siliconions into said first and second | ow dielectric constant materi al

| ayers coHptsilsesiuiospteint i ng said silicon ions at an energy of between
about 5 and 30 KeV at a dosage of between about 1 E 12 and 1 E 16
ions/cnR2. 11. The nethod according to Claim7 wherein said silicon ions are
inplanted into said first and second |low dielectric constant materi al

| ayers t 0. dhaepthbd adcohiitgveeblam ® uthefsth sandfirs6Q6l sangsitipeneelecti®c The net hod
according to Claim7 wherein said TECS-based silicon oxide etch stop | ayer
has a t hiceltes siaekiabaiae aivabolkn&e oAREwBEDoANSIE 4ndrFe,000 BunkstborMAY 2006 13.
A nethod of formng a dielectric material |ayer conprising: depositing a

| ow dielectric constant naterial |ayer on a substrate wherein said | ow

10. The method according to Claim 7 wherein said steps of implanting silicon ions into
said first and second low dielectric constant material layers comprises implanting said silicon
ions at an energy of between about 5 and 30 KeV at a dosage of between about 1 E 12 and |

E 16 ions/cm’.
{1. The method according to Claim 7 wherein said silicon ions are implanted into said
first and second low dielectric constant material layers to a depth of between about 50 and

600 Angstroms.

12. The method according to Claim 7 wherein said TEOS-based silicon oxide

etch stop layer has a thickness of between about 50 and 3000 Angstroms.
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dielectric constant material is selected fromthe group consisting of.
porous doped silicon oxides, alkyl silsesquioxanes, porous and non-porous
organi ¢ pol yners, and porous and non- porous inorganic pdl N&er886 i npl anting
siliconions into said |low dielectric constant naterial |ayer; and

t hereafter depositing a TECS-based silicon oxide |ayer overlying said | ow
dielectric constant material whereby there is good adhesi on between said

| ow dielectric constant material |ayer and said TECS-based silicon oxide

| ayer. 1 he according.to C.ai.m 13 wherein said | ow dielectric
conat ant HetdniA 1ayarokadiit i SuuuSsr b RE "about 500 and 50, 000
Angstrons. 15. The nethod, according to C.aim 13 wherein said st of

i npl anti ng siﬁF@ﬁH“@dﬁ%WFW%%“%%?Hm%PU%WﬁP |1aYef PR @ spliFatcy ‘”ﬂﬁf%&ﬁﬁT | ayer
conprises inplanting said silicon ions at an energy of between about 5 and
30 KeV atdieleqidsenyatant mpetfaeeleghrsifrom the groungrasistieg alsporgpsdesg siligg?  The

nmet hod according to Caim 13 wherein said silicon ions are inplanted into
sai d | owdideh,edityl sidseommstanes pomtieardatont-goyeys arganse pdpnprsomdiperaneend aggout 50
and 600 Angstrons. 17. The nethod according to Claim 13 wherein said

TECS- basedraislingganiopilgmedsayer has a thi ckness of between about 50 and 5000
Angstrons. 17 1 5 MAY 2006 18. A nethod of dual danascene copper

metal |'i zati on jinpPlahtgy fiBdUni 6@ in@salf loanlidledigERisRd: melefiglUbferdeMi ce
conprising: depositing a first low dielectric constant material |ayer over
a substrate WhgrLeim, § ogitinéhfI?EtQ.‘:i-Qé/é’eSjbiﬁl:&%;{i&&la??r!ﬁ/%@ﬂhg%&ﬁfv& dlebSic

sel ected fromthe group consisting of. alky si | sesqui oxanes, porous doped

silicon %éhggrﬁ mdt QP %61%99 3RS RS P Mihe R0 BRCeP Ry I8 Siele@RE constant

material layer and said TEOS-based silicon oxide layer.

14. The method according to Claim 13 wherein said low dielectric constant material layer

has a thickness of between about 500 and 50,000 Angstroms.
15. The method according to Claim 13 wherein said step of implanting silicon ions into said
low dielectric constant material layer comprises implanting said silicon ions at an energy of

between about 5 and 30 KeV at a dosage of between about 1 E 12 and 1 E 16 ions/cm?2.

16. The method according to Claim I3 wherein said silicon ions are implanted into said low

dielectric constant material layer to a depth of between about 50 and 600 Angstroms.

7. The method according to Claim 13 wherein said TEOS-based silicon oxide layer has a

thickness of between about 50 and 5000 Angstroms.
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por ous and non-porous inorganic polyners; inplanting silicon ions into said
first low dielectric constant material l|layer; thereafter depositing a
TECS- based silicon oxide etch stop layer overlying said fifristMAY G006
dielectric constant material whereby there is good adhesi on between said
first low dielectric constant material |ayer and said TECS-based silicon
oxi de et g ALABnbEYLlal AERRELL > ERARAM oh AN ARG 6r fOfieEARL TRt ef i al
| ayer overlying sard etch stop %yer ereln sai d secon ow dielectric
constant material is selected fromthe group consisting of. alkyl

si | sesquifBREhEE S FEFBEIS " and non- por ous doped silicon oxides, porous and
non- por ous organi ¢, pol yners, and_porous and:qgn-Porous Lnorg i C._pol.ymers;
i npl anti ng si RFRASHINEEHESt A gicdeqive s BRYOMENR JEr Qe AisEb LRV AR rEfer i al

| ayer; thereafter depositing a TECS-based silicon oxide capping |ayer
over | yi ndirs & distestircronstany ragtenad it sofested dipst @ﬁ@rWtC@ml@tfngMeﬁ*lgﬁy there is
good adhesi on between said second tow dielectric constant material |ayer
and sai dsilfe@@:ibames psidus dopedoiicde osppipnyub ayknon-papys ergarc golsmegarascene
openi ng through said capping |ayer, said second |low dielectric constant
mat eri al phRyeand sai-poretCinoskeip pbyers; and said first |ow dielectric
constant material layer; and formng a barrier netal |ayer and a copper
llayer within sapenhiadilidanesardeaRINE: B9 didl@ueodimkahensalig 1gepper
metallization in the fabrication of said integrated circuit device. 18 1 5

vhY 2006 19. [iSedRl B0iRAETHORIN01 HliilBrddt HIRRGH Rysal Rk Stiaand second

| ow di el ectric const erial layers have a thicknéss of " between about

00 and i?w Q%Qecﬁi‘cqcso%tﬁ inat@ il wEQFebWJ?@ g g§8& QLA bhQeth @il 1 wher ei n said
steps of ‘inplanting Silicon 1ons into sai
dielectric constant material layer and said TEOS-based silicon oxide etch stop layer;
depositing a second low dielectric constant material layer overlying said etch stop
layer wherein said second 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;
implanting silicon ions into said second low dielectric constant material layer;
thereafter depositing a TEOS-based silicon oxide capping layer overlying said second
fow dielectric constant material whereby there is good adhesion between said second low
dielectric constant matetial layer and said TEOS-based silicon oxide 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.
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first and second |low dielectric constant material |ayers conprises

inplanting said silicon ions at an energy of between about g ﬁgg ﬁ@ KeV at
a dosage of between about | E 12 and 1 E 16 ions/cnR. 21. h‘ B
according to Caim 18 wherein said silicon ions are inplanted into said
first and second |low dielectric constant material |layers to a depth of

bet ween ggf)ﬁ{%{g&%%scg%s% BRIZET BB heréi sl sl Q&%n@? HQ[@@Qﬁ Ezgax?c' m 18

wher ei n icon oxide etch stop layer has a 't ness of
0 and 50

bet ween ?nba? rial [ayers havea ’L(IDIQCK'S‘Q b4 Ren 'clebout 500 and 50,000 Angstroms.

20. The method according to Claim 18 wherein said steps of implanting silicon ions into said
first and second low dielectric constant material layers comprises implanting said silicon ions
at an energy of between about 5 and 30 KeV at a dosage of between about | E [2and 1 E 10

ions/ont’.
21. The method according to Claim 18 wherein said silicon ions are implanted into said first
and second low dielectric constant material layers to a depth of between about 50 and 600

Angstroms.

22. The method according to Claim 18 wherein said TEOS-based silicon oxide etch stop

layer has a thickness of between about 50 and 5000 Angstroms.
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