;yze3eYVTF2, 6bTBML j~ A METHOD TO | MPROVE ADHESI ON OF DI ELECTRIC FI LMS I N
DAMASCENE | NTERCONNECTS BACKGROUND OF THE | NVENTION (1) Fie/d of the

| nveption The invention relates to a nethod of netallization in the
fabrication of integrated circuits, and nore particularly, to a nethod of

i nprovi ng adhesion of |ow dielectric constant materials to other materials
duri ng NeBTHEPR aTP oRMPROYReARRRSE QR t OF eD BELEQTREYF af EEME | I UPAMASCENE
Description of the Prior Art The danascene or dual danascene process has
beconme a future trend in intefVRERECENECTFt manufacturing, especially in
the copper netallization process. In a typical copper damascene schene,
dielectric layers are fornmed over a passivation |layer on a substrate. An

etch stop | ayer may beB%EﬁEﬁSFQQFQFEQ§E“9N9EE&?8ﬁriC | ayers and a cap | ayer
[

may be formed over the topnos ctric layer. A via and trench are
patterned into the dielectric layers to the passivation |layer. Then a
barrier nmetal layer is deposited within the trench and via, followed by

deposi tioy eficagceppenel a¥eent@ohill the damascene opening. Low
dielectric constant materials are preferably used to reduce capacitance. An

i ntegration chal |l enge fraei ngvdamasaecmneliatesr conaeameshbacofporati ng | ow
dielectric constant materials and copper is the adhesion of these |ow

di el ect metaddngeinbnmanertihel §abeiceéepndaradosrgriitieds ciPoortadhesdon is a
cause for reliability concerns. In recent experinents, the inventors have
det er ni ReF et Par tieulactiiox 9 lfame thPROSE. Bapaeving aghesione ofi dowot adhere
wel | on carbon-doped silicon oxide materials such as al kyl sil sesqui oxanes

and per @GS arar@Rs PR PaFeSiired (6 A *a etHidd 5o diprdve adhesi on
g];lt L(r)l\tN g{e%ﬁ.ﬁ%%igoonsltn‘;{%an% I%rézlcffaalé:i:é;géa%fo ti@ﬁ:regq‘laq:le%c tcrilr%uqattse.rl als. US
(2) Description of the Prior Art
The damascene cr dual damascene process has
become a future trend in integrated circuit manufacturing,
e§pecially 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

AR

*159159*
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layer to fill the damascene opening.



silicon ion inplantation into spin-on-glass to inprove adhesion to an
overlying silicon nitride layer. U S. Patent 6,143,670 to Cheng et al shows
a nitrogen ion inplantation into a polyner |ayer to inprove adhesion to an
overlying layer containing silicon, oxygen, and nitrogen. U.S. Patent
5,985,750 to Oda inplants silicon ions into a BPSG Layer to form a danmage
| ayer before depositingoe diebedrelanoephbast crabenisbyeareU. S. Patents
6,117,798 to Fang et al and 5,459,086 to Yang teach an ion inplantation
into spPRebRgRRLEY %e%r%%eﬁ%d%?-s%%cab%%t| ol inBegPakEPR 5, 192, 697 to
n-on-glass using ion 2 | ant at |

L h
P:’?ggtteac ggﬁggr%ggf*ﬁghsgﬁ?ﬁcﬁ? cIBERECSPPELR FBﬁOF%nFaﬁf‘ﬁgl E)ﬂwl nto

| d t at t 153.523 t
ol LronafepELEE bocoRRtIRL HLRLD IR 50y CBPBSHSQFOQPSuSﬂg‘ﬁSégco%%grNgo ©
ggmggtggsﬂamﬁpg%g\e egneeaw%gxeeqaiy {608 dagagREng | ayer.

princi paI ject o resent rnvention is to

prOV'def@@méffeﬁEb¥eaéﬂngSﬁy1EBQUEQEEEr%QEerEEEQBQ1QEy'EBBQE&HQ adhesi on
of dielectric films in the fabrication of integrated circuit devi ces.

Anot her 1gbjreekn®fl ekberimeakki, 0fhieS ih@eptovisdpagendktedmihedMhati Ng
adhesion of dielectric filns in a damascene netal lizati on process. Yet

anot her tefireethokytshé anev¢TEOS) -bssed &idstcbhod cafidenpridvined adhegieon of | ow
dielectric constant filns to other dielectric filnms in a damscene process.

I n accomedrc &nicerbome dopjedc 54 1dfcophicx iidey avitieard ad smeriedd a¢f alipilovi ng

adhesi on qf | ow dielectric const%pt filnms to other dielectric fl%ns in a
damascersé sesquioxanes and perhy r0511azanes is desired to

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 toc 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



3 process is achieved. A low dielegtric constant nmaterial |ayer is
deposited on a substrate. Silicon ions are inplanted into the | ow
dielectric constant material |ayer. Thereafter, a TECS-based silicon oxide
| ayer is deposited overlying the Low dielectric constant material wheréby

there is goo dhesi o tween |o | i,C nst.ant erial |ayer and

t he TE@%@&(&&% 'conrb'§1 \clligatreaﬂ/te\r% 'déAst’?‘{ ntoag'{c)aosr °cte°n\?é’tshdﬁiseesobj ects of
the inventy oy ANPUNSH JIRLDOG O AoV b AdESLOfk Ao | L] ect i C
constant™ TiTms 10 oter dielectric 1ilms Tn a damascene process is

achi evecgraﬁ low di el@cd I'i g Const@M s IR £51 88 V&Y MNgd SedEPOSIASLL A
substrate. A silicon-based dielectric |layer is deposited overlying the | ow
di el ectds SONGE afthmdRe £F e caheled Np1hensi té cotudraseda dispest ric layer is
not silicon oxide whereby there is good adhesi on between the | ow dielectric
const andunfieei &b imyecovanadhdsicn| ¢fombaseer iy sh@ctil tecdmyeitr BR EF
DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings formng a materi al
part ofcappingekayePption, there is shown: 4 Figs. 1 through 9
schematically illustrate in cross-sectional representation a first
preferred enbodi nent of the present invention. Figs. 10 through 13

schematically illustrate | saseat Lo sentation a 'second
preferred enbodi ment of tEQMg?gZeRE ?ﬁéegﬁpgﬁfg SCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present invention proposes two alternative nethods of
i nprovi ng adhesion of |ow dielectric constant filnms to other dielectric

films and barrier nmetahSpi-AinaiganteesaetPb@cens. pkbswhk! ihecHRE8RSE80d by
those skilled in the art that the present invention should not be limted

to the duabrdarasceane eEgpkitidlel and kewst manhedachut-he 1dr awicthgd, olfiut can be
extended and applied to any application in which inproved adhesi on of
di el ect imprbvling aghdedionedf Hhieleictsticedtiddisnent tbe tfhérpraséont pfiventi on

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 dielectric 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



conprises a pre-treatnent of a low dielectric constant filmbefore
depositing a silicon oxide film The first enbodinment will be described
with reference to Figs. 1 through 9. The second enbodi nent of the invention
conprises using a siliconbased dielectric filmother than silicon oxide
over a low5 dielectric constant film The second enbodi nent will be
descri bREPREH efeckireedo B gow 1di¢leoughc 1enghent i paterhdbdi nent of
the present invention now will be described with reference to Figs. 1

t hr ought 3YeRef Br APAYS hbRf iR @ pHRF A ERty $HIFFYR ION$h@FR is illustrated
a portion of art] al C leted integrated ciycuit device. There is
shown al%%g%?gaﬁelﬁg? ég%fgggdgbeg%ﬂgﬁégdc%?sﬁ%ﬂ cw?t?ﬁf?#nga§?frcon.

Devi ce , Su N e, e t , ce.a LQ4regions,
and netg é?%%gﬁgghngcfg?sﬁ% %%g%h}l%§§ éggﬁédlgﬁggngsoﬁg?ﬁéggg%strate and
cover edoWb iy @Agi fad! ablNgiboyeEri A PAASENALI RALEEI RAr hhekeb3YBhetd MaY be
formed over the device structures to a thickness of between about 50 and
5000 Angst gosd. adhespassheabeeon Loayetiabgceonpr coAassahtcmatartialde, silicon
carbide, silicon oxynitride, silicon dioxide, boron nitride, or BLOK (from
Appl i edlbdmeer ealskhef BEO8xhapké. sRefieoni ngitle Fager2, a first | ow
dielectric constant (k) material layer 18 is deposited over the passivation

| ayer 12 to a thickness of between about 500 and 50, 000 Angstrons. The
first low dielectric constant nmaterial may be_ a porous or non-ggrous

car bon- doped silicon okﬂéé'(%BcﬁcﬁgrQFRﬁﬁy§FF§e§ i ORARESF, & 58Pous or

- doped sili [ fil , h fl ilicat I FSG d
6 PhoSBHESHREa: aGIREs (BSRRY. ofolBHESSEoRBERIES Srgdie » pol ymer o
or por %ie%c%g'cp%%‘é% 'n@o'is%pﬂ Ctﬁo'caﬁi%rrsai'éci‘@cﬁ%’lcetﬁ;i & Cig; layer or cap
| ayer is to be ep05|te3 over The Towk waterial ayer §° “For exanple, in

a dual - GaRRRCanR JURGESS il BekE dvaof L an 120, elich &han J axkisdapler posed

between two lowk naterial |ayers. In a single danascene process, or in
SONE CasRtdrial duflerdaRPIERPRR iIRLRCRTS a s e be NG iatidbmiysdayer,

but a capping | ayer over the topnost Ilowk material layer. Preferably in

t hi s enmiad IRidrid Neaywrixc i Stdep i teapRivig Uiy oMd |1dwe & ell(Hmised silicon
oxi de layer. It has been found that for a TECS-based silicon oxide |ayer
havi ng adrts e sw tgrmeiat le whehran 2 G0 Andsitaorrhasmabrd isdhssti ot tlatdr
underlying lowk material |ayer is experienced. The inventors have

experi meirt e tni sl iean auslds echenefivrdiiter®fig reoqdvadhemien iRgtyeger before
depositigon of the etch stop or capping |ayer. These pre-treatnents included

ni t r ogerct sl A58 RMET Ip| CRRSaTUn, MEF 3T Toh T amag i BRe Shbt ¢sphor us

i npl ant ation |y the silicon inplantation resulted in non-peeling of the
over | yi ﬁljgaﬁﬁ)éga%%%cg&}%ei?¥eo’?ﬁ the lowk material layer. A dramatic

i nprovenent in adhesion strength was observed, Further, the shall ow
i npl antation of the invention does not change the

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this descripticn, there is shown:



7 dielectric constant of the dielectric film thus nmaintaining its
integrity. Fig. 2 illustrates the silicon inplantation pre-treatnent of the
present invention. Silicon ions are inplanted into the lowk material |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/cpR, Th rgeted_nmean depth [ antatjon.is

bet ween about 50 and 6gggﬁngzt%§ﬁgggﬁia.S§RFPPS§F?§E§SQPL%S baghehdd
silicon-] a : a 2 | o : er.l ) r ring now
o Fi g Chooar pec iy S EBpELaghp REph f kAR bk B rer PUEl edBoaREEE” 1o
stop or ¢apRkNGrbavak 23avenitdeposited to a thickness of between about 50
and 5000 Angstrons. The etch stop or capping |layer 22 conprises TECS-based
silicon oxide. If layer 22 is an etch stop |ayer, a second |lowk nmateri al

| ayer 24 is deposited over the etch stop layer 22, as shown in Fig. S
Silicon ion inplantati ¢igzs 19 ddaiomghelfPosvheras ixayjly- ildatheateof the
second lowk material layer 24, as shown in Fig. 6. 8 The roughened

sur f ace 127 cafosishe dchwonanir@n @S endpdriopy § sestpmeh BrefRprged7. Now, a
capping layer 30 is deposited over the treated lowk material layer 24 to a
t hi ckneSfdipanfe & HUPERPI BOGR AR st rons, as illustrated in Fig. 8.
The second ion inplantation is necessary only if the optional capping |ayer
30 is to be deposited. Now, as shown in Fig. 9, a dual damascene opening is
etched through thﬁ?ésdﬁpﬁlﬂq e HBaldds v HENTRe capping |ayer
and the etch stop layer, using one of the various schenes such as
trench-first, via-first, or enbedded via. The dual danascene opening is
then filled with a barrier nmetal |ayer 34 and a copper |ayer 36 by any of

t he conventional neans,Théchieks et piysd el o p £heds € W pOX t laposidd on and
et chback or polishing or electroless plating, and so on. The pre-treatnent
process mdthdds ps£shmbronirent adinechon bef used diheldetpteseneetadit an et ch
stop layer, in the presence of a capping layer, or in the presence of both
an etch Sibps| ayeothed diedpptnigc| fybns #od kxanpeée, métabs simghe danascene
process with no etch stop layer, the pretreatnent of the present invention
can be udmas¢ene cRPPFragSt aybk Vilpreeewpdenpstood 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 é low dielectric constant film
before depositing a silicon oxide f£ilm. 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 f£ilm other than silicon oxide over a low



The second enbodi nent of the present invention will be described with
reference to Figs. 10 through 13. Referring now nore particularly to Fig.
10, there is illustrated a portion of a partially conpleted integrated
circuit device. There is shown a substrate 10, preferably conposed of
nmonocrystalline silicon. Device structures, such as gate el ectrodes, source
and dr afhetegrohs, canataptaf i1 Rt er Boanseeendnenbefsnantaréli oPfed in and on
t he subgtrate and covered with an insulating | ayer. A_passivation or
barri er SPEGEILES MHAFPHECFBF RREC oVRr F BB - ddli EBTSPPhctdres to a thickness of
bet ween about 50 and 5000 Angstrons. The passivation |ayer may conprise
silicon nitride, silicon carbide, silicon oxynitride, silicon dioxide,
boron nitride, or BLOKy(EreM-8pPLihEdaMREER BleSknef ggegéﬁ%pliﬁveétfibss_t | ow
dielectric constant (k) material layer 18 is deposited over the passivation
| ayer lacWowalthbeknessr@bebehweanrabeutn2@08cardgsQ, Q0@nABgghr ons. The
first low dielectric constant material may be a porous or non-porous

car bon- 8efedriinki cow orirdeppstichudsralykylo fiilkgsedquitbeaneed)s, a porous or
non- porous doped silicon oxide film (such_as fluorosilicate glass (FSG or
phosphoditlueiEe tedass POPSEPR, OfoRoBSrSi adN- Foreletedgdmtegsaitpfers, or
porous or. non-paorous inorganic polynmers. 10 Now, an etch stop_l ayer or

cap | ay&t Tt HY 18posiTTET SotEr SERET GwSHbRdeCall drapde IRF abEyr ~ exanypl e,
in a du%%hpag% ceqﬁgfrocesst ngre isloften a& ef.ch s%%p H@ er ig%% posed
bet ween WG I°6W: K TmBtPEPN AR S8y er'd® B4 SSigl & aits et procees,* 6 in
sone ca . .a sc 0 , e top | ayer,
but a CZ‘%Ei agr{e] f&%ﬁét#g&t’hgggggﬁoé%ﬁgvéa{;ﬁ{mearte@%a ‘| a%&ef%ﬁhas beef
found by e dSNRRLALS ddRRlsrdfd MREQ @BHed Nt AUIRSIRN GAD AbAlAlded

wi thout the pretreatnment of the first enbodinent It the etch stop or

cappi Ng drdY o LY |¥i0h S ldLOEDRREA )& eCH igaddd VBt dis not silicon
oxide. That is, silicon nitride, silicon carbide, silicon oxynitride,

si | sesquxAnRes)l BfeOtiEmS} IH st b vt efialddiate | StNodt eddd can oxi de
can be used. If silicon oxynitride is used, silicon-rich silicon oxynitride
is preferrgdiciibessidi contvissehddltin 28, ard | 2610 alregs troms g. THe can be
deposited by chem cal vapor deposition or spincoating foll owed by baking
and/ or @assigrafimn elxdestgy cronapiBegs1 byern 28i tsidlepositedot 0 a

thi ckness of between about 50 and 5000 Angstrons. |f layer 23 is an etch
stop | ay@ P ecHhbl Fom- gyt eridg . | sikrcon dkoxedRsi peronveitiiée et ch
stop layer 23.._as_sho in Fig, 12.. a_cappin ayer 26 is 11

deposi t et oéé?xtﬁﬁr?%wﬁpffa?%%?%?e‘f’a? %,\824f?’6 x?rﬁ?iﬁness of between about
50 and 5000 Angstrons. Again, silicon nitride, silicon carbide,

si | sesqui oxanes, silicon oxynitride, or other silicon-based material that
i's not silicon oxide Paﬁepérﬂfﬁﬁ 8§ £0g. capphngilayeiow! i8hbEepDc
oxynitride is used, silicon-rich silicon oxynitride is preferred. Now, as
shown i ncéngtad8, (R)dnatedhahsteper 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



opening is etched through the first and second dielectric layers, the
capping layer and the etch stop |ayer, using one of the various schenes
such as trench-first, via-first, or enbedded via. The dual damascene
opening is then filled with a barrier netal |ayer 34 and a copper |ayer 36

by any p(gfostp%% o nvergé onlglr rgoph sical _or. chem_cal_ vapor

i ncl] udi .
deposi tfI'on and ‘er’chibac "sgg(l IS i)rfg ESF°8 ectrrooé’s-é’oﬁloautsi @gagﬁ& so on. The
proces food pr, jJwenti _A4sd & Rdd=an based . diel ectric film
with t e&eyxc%%)t'i odétsg‘grsc%% con rg% ée, cgl\%er thgﬁ oW %%na%?\eer il film provi des
i nproved adhesi on of the etch stop and/or capping |ayer. The process of the
present invention, using pre-treatnent of a lowk dielectric material film

before depositing a TEw) ayeretdiereomerl Bfetisdeap Sidyeon-Ppasebel 12
dielectric film with the exception of silicon oxide, over the | owk

mat er i alegos Mt ed covelestite ahew+ic ealtesi oh lagerovishentFoverxddelepriior art .
The adhesi on inprovenent has been shown with a peel test and with a

nmodi fi ed 4ape-dABRSTRARSCPTPERST n ERRPRNEF Mt 1815 APREH R | 13K ON seri al
nunber 09/ 771,512 fi]ed on_ Janpary, 25, 20_0]%. Wiil e the i nvention has been
parti cultRFFHPIRD %\B‘ﬂeﬁ%sEV?btﬂ“WtrﬁaY%‘f’e? M ¢ t hel hrafeIEe

orood Tl sLASkBlockiow bl be bodersLond By Aasg SkLLetohp, Lhe . na

vari ous changes i orm an ng fromthe

SPi Tt BPdcscoDechl bNRal UENk) 0B:cINBL b S1EYEEIPE S ddopidy fhgiei hod of

form ng electric material layer conprising: depositing a Tow<dielectric
const anhy8Rt @hbakohA¥8E ?BwakSHASEFALE; layer. Preferably in this

embodiment, the etch stop or capping layer will be a TEO0S-
based silicon oxide layer. It has been found that for a
TECS-based silicon oxide layer having a thickness greater
tHéA 2000 Angstroms, poor adhesion to the underlying low-k

material layer is experienced.

The inventors have experimented with various
pre-treatments of the low-k materia% layer before deposition
of the etch stop or capping layer. These pre-treatments
‘included nitrogen plasma, argon implantation, silicon
implantation, and phosphorus implantation. 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. Further, the

shallow implantation of the invention does not change the



5 inplanting silicon ions into said |ow dielectric constant material |ayer;
and thereafter depositing a TECS-based silicon oxide |ayer overlying said

| ow.di el ectric constant material whereby there is good adhesi on between
said ow 10 dielectric constant nmaterial |ayer and said TECS-based silicon
oxi de layer. 2. The nethod according to CaimJl wherein said |owdielectric
const anféllr?&teeqqrﬁc iSO e?jtcft?lb?n R YU croﬁ@'stﬁﬁﬂ‘bs dt3 1 Bt %nd

non- por oys_ car.bon-hased silicon oxi des, porous and non-porous doped silicon
oxi des, %%f ol%}stbe%rdlbcﬁ’o'n- porous organi c polyners, and porous and non-porous

i norganic polynmers. 3. The nethod according to Claim21 wherein said | ow
dielectric constant material |ayer has a thickness of between about 500 and
SO, 000 Angstroms. 4. Theigethod: pecordieg €9e G Al fedn WS Bamt S8idh st ep of
inplanting silicon ions into said low dielectric 14 constant materi al

| ayer coppe+isesatmgitandi nghsapdesaht convennsomt adhikhesyyiois beteveen about
5 and 30 KeV at a dosage of between about 1 E 12 and 1 E 16 ions/cnR. 5.
The net hodp hawoedi gte otiBk al pwikwhaternasaldver| atoani eneray ecf npl ant ed
into said low dielectric constant material |ayer to a depth of between
about 50b%ﬁue%@0a¢mﬁgt$oﬁgq 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

TEQOS-based silicon oxide.

If layer 22 is an etch stop layer, a second
low~k material layer 24 is deposited over the etch stop laver
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.



6. The nethod according to Caim1l wherein said TECSbased dielectric |ayer
has a thickness of between about 50 and 5000 Angstrons. 7. A nethod of
forming a dielectric nmaterial |ayer conprising: depositing a |low dielectric
constant material |ayer on a substrate; and depositing a silicon-based
dielectric layer overlying said |low dielectric constant material wherein
sai d silicon-based die¥%%t¥@%9h99@¢ parfacestfiebntxi HewwheRr@bgridkre is
good adhesi on_between said | ow dielectric constant nmaterial |ayer and said

si | i conba¥8eq aﬁeFécﬁgPE“Ié9e??9157' 8O e nBERBY ActRY I ndPt 55C ai m 7
wherein sai d.l| ielectri a terial .i el ect romthe group
consistﬁﬁaog%Fggggggg %ha %BﬁggééogéwggrESE?BéEde§YFFng g?iaesz por ous
and ”O”tBQEQH%sgoB%dbékgbﬁﬁnaﬁéh@e§o.Q960§§08“ﬂn 07 BRLOUg 50T gani ¢

pol ymers, and porous and non-porous inorganic polyners. 9. The nethod

accor di Rg 1@ t&ladied {inwWegei B8.sairdel @Wcdngl @ehr kmptanshanbnmakeri al | ayer
has a thickness of between about 500 and 50, 000 Angstrons. 10. The net hod
accor di mgcdess@ry mniywhidér ¢hr saitdosialli capphiagedageel 80t Ksctbaper is
selected fromthe group consisting of: silicon nitride, silicon carbide,

si | i con d@PPfithEdde, sil sesqui oxanes, and silicon-rich silicon oxynitride.
11. The nmethod according to Caim7 wherein said silicon-based dielectric
| ayer has a thickness of between about 50 and 5000 Angstrons. 12. A nethod

of dual damascene COpp%&mﬂe%@léﬁ%aﬂ(¥ﬁlﬁ1g. 9, a dual damascene

opening is etched through the first and second dielectric
layers, the capping layer and the etch stop layver, 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

depeosition 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 lavyer,
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 fabrication of an integrated circuit device conprising: depositing a
first low dielectric constant material 16 5 layer over a substrate;

i npl.anting silicon ions into said first low dielectric constant nateri al

| ayer; thereafter depositing a TECS-based silicon oxide etch stop | ayer
overlying said first low dielectric 10 constant material whereby there is
good adhesi on between Saedskicosd leowodiigleatt pifc tbenprasentatiaviealt ibayer and
sai d TECS-based silicon oxide etch stop |ayer; depositing a second | ow

di el ect Wiiéd lcBRs B8RCTARELEr Walth Hpderensd Hond 18ai-d 18t ERTeoveH L&yer; 15
inplanti%% silicon ions into said second | qQw dielectric caonstant materi al

| ayer; CREFEAATS PRYpESE kG d FEASHasd? SitGi-caf o §& Scdppi ng | ayer

overlyiqql%%%%a %%p%dga%%fgﬁﬂé¥ngiﬁ%rtially 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.

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 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) or
phosphosilicate glass (PSG)), porous or non-porous organic

polymers, or porous Or non-porous inorganic polymers.
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constant material whereby there is good adhesi on between 20 said second | ow
dielectric constant material |ayer and said TECS-based silicon oxide
capping layer; formng a dual danmascene openi ng through said capping | ayer,
said second |ow dielectric constant naterial |ayer, said etch stop | ayer,
and said first low 25 dielectric constant material layer; and formng a
barrier metal |ayer amP% c¥ppRECha§EPPWERYEH QA SRRIUERY HankS cERePBpeni ng

to conplete said copper, nefalljzatjon,i he fapricatiOi O said,
it egr aPERoE Frti SvaByFre Tk RateRal Lven R orte norrareiar nia
wher ein SghglihéﬁéséaﬂeSSEQQQSAOW%HE§LEELVb?t&R”%ﬁaQ£cHB£€6bai§ are
sel ected from the group consistfng of: porous and nonporous car bon- based
siliconigxbd88seROpOYSATLNONDONONSNnHORSdasi LAGORsOXi H8Sa BORQUE and

non- por ous organi ¢ polyners, and porous and non-porous inorganic polyners.
14. Thedamhbednacpebdesg,torCiai som2 wheeei insai dubilr dkmasdesaecond | ow
dielectric constant material |ayers have a thickness of between about 500
and 50, p@OcArgst tbrse M8y Bhenpethodl atopr demgrt obCkaancapwhar éagesai d
steps of inplanting silicon ions into said first and second |ow dielectric
const anPVvedEt &healtopageis Lewnpr maseriigd| daveng 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/cn2. 16. The nethod according to Claim 12 wherein said

silicon ions are inpla Eeg gn Q sak% first d se%on% I%wt%? Ieg}ric

constant nateri al Iaye?s 552 &P Sde§W gﬁ ab3at 50 San a%O@ Angst r ons.
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 cxynitride, 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

11



18 17. The method according to Claim12 wherein said TECS based
dielectric layer has a thickness of between about 50 and 5000 Angstronmns.
18. .A nmet hod of dual damascene copper netallization in the fabrication of
an integrated circuit device conprising: depositing a first low dielectric
constant material 5 | ayer over a substrate; depositing a silicon-based

di el ect@g¢rosited sovpr| tyerleowek |Natrr bl dldvest 24 o di efictkiasonst ant
material wherein said_silicon-based dielectric etch stop |ayer is_not

si | i coPRXYeRM viMeP by ? R RO OREIEF Athesi 892 bt vibkhl GoR R ¥Eride | ow

dielectrificonstant teri er and said silicon-bafed dielectric etch

. | 1
stop |aye cﬁ%pﬁgf?f a'aség%%ﬁg'T?ﬁ?%ﬁ%ie%f}fﬁoﬁoﬂ§¥%h THater9%l | ayer
Overlylgghéﬁlgifiggn§£ggeéaﬁg£érial that is not silicon oxide can be

used as the capping layer. If silicon oxynitride is used,

silicon-rich silicon oxynitride 1s 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 layver, 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 laver 36 by any of'the
conventional means, including physical or chemical vapor

deposition and etchback or polishing or electroless plating,

and so on.

-~ w»
¥

The process of the present invention, using a

silicon-based dielectric film, with the exception of silicon
oxide, over the low-k material f£ilm 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 cr using a silicon-based

12



15 depositing a silicon-based dielectric capping |ayer overlying said
second | ow dielectric constant material wherein said silicon-based
dielectric capping layer is not silicon oxide whereby there is good
adhesi on between said second | ow dielectric constant material |ayer and 20
sai d silicon-based dielectric capping |layer; formng a dual danmascene
openi ng PRrSEGRT4SI §118, wibkPprhe eiyeptieai afseébhacn oA dfer eBYPFC

t ant teri I i,d,etch st I d id.first |
di ol et 1 ERCCORET S SRaE 8P af 11Oy BF OV ARG o2 85RO RgPAPBSHPPer metal | ayer
and a copp &ok%%QEthLQk”tﬁé'g QB?'aQQWasgﬁﬁeagnggeg R@ g808h8h% Egkd.
copper netallizationin the'f Brlcatlon of "sai Irntegra 8 circuit device.

19. The mREMONRGROLILRTal BeChaiB:18 nheraih sakdafieieh aadeseeand | ow
dielectric constant materials are selected fromthe group consisting of:

por ous andexVHi®e@Us nCabbeanaasngdusisl.i cenemt deplikakavs aadilRQNPorous
doped silicon oxides, porous and non-porous organic polyners, and porous
and non- pamies I09QT7danica 2pdliyedr en Z@nubrey st h@doagcording to Caim 18
‘wherein said first and second | ow dielectric constant material |ayers have
a thickness of between about 500 and 50, 000 Angstronms. 21. The net hod

according to Claim 18 wherein said silicon-based dielectric |ayer is
sel ected fromthe group"dds &hendrorentsian dsif hean @riqulesd Year bi de,

silicon oxynitride,. sil sesqui gxanes,_and silicaon-rich silicon oxynitride.
gﬂ%wn and 'descri éﬁ J%t reference to the preferred y

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 is:

13



20 22. The nmethod according to C aimZ8 wherein said silicon-based
dielectric layers have a thickness of between about 50 and 5000 Angstrons.
21 Ay. AN . A Ar. A AALCA{.A AL A A A AL Ay&%0 A& A9. AF9. A & A&% A 9DRnef ?@
F. }xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] cTa] cTa] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca]ca]calcalcalcalc$a! 56P Qi j 9:23 efvw

}xsni d_Z] ca] ca] setredicefcabenjfg] sabealeakeakcaheakealcahgalcal ca] cal cajcal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

Yu& 27Qvb} xsmpdiZjca} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! N| C67

, XTU} xsni d_Z] cafenpeafénpca] éaypcdieapcirég] capsspos] cateafied] ¢ajea] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]calcaJca]cajcall_8 9

R #A##%$$$$W§ RRe_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

i : ) I 0% * .)) *>+C+r+h, i,

? Ci] (2:9 ]uca] Calrcamg]‘l% ]ﬁ}: Eﬁ%%;%ﬁ% %%%Z%%%]Dﬁ%%ﬁl@} gg’f”cgl%%}]e%%)?ﬂj ca] ca]r ca] i:a

: . 1 //11/1]]?0E0s0122

D S B B B R O o o o o] el ol ool sl oo
ca] ca] ca] ca] ca] ¢abg¢ah¢abhe¢abepbeaksahcal eabsabeakeaksalicalt akiakd$; N,

<<P<V<<<<<=) =Z====>??7s???7@ BHBTBBB} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]c

a] ca] ca] cajlagkeabeakagliaal caliaahen] caklalkealicalenkstahtamaaleakaal cal cal cal ¢
a! BBCCDEUE} EC FFFF" GRGN GGGGEGEH3HgHHHI 41 cl 111 JTJJJ} xsni d_Z] ] ca] ca] ca] ca] ca] ca]

ca] ca] ca] caheakbg] thpra] da] gapdaladhlesdlona heaweenc &ladd] Aamwca] ca] ca] ca] ca] ca]
cal] ca! JJKUKKKKL1L7L| MVMENDOPPDP| PPPPQ QrQQQQ RXRRRRR} xsni d_Z] ] ca] ca] ca]ca] c

a] ca] 8] capéelesferalc asposjtealtc aladairdallc Aoy anda]sedldc AECS|-bajseal] ca] ca] cal ¢
|
a]ca]ca]caéﬁiﬁcon oxide layer.

2. The method according to Claim 1 wherein said low
dielectric constant material is selected from the group
consisting of: porous and non-porous carbon-based
silicon oxides, porous and non-porous doped silicon
oxides, porous and non-porous organic polymers, and

porous and non-porous inorganic polymers.

3. The method according to Claim 1 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

14



T: ThTnTTUSY UUUUVV2W WAKXXXYYRRRR} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caDRnf H* @ 1
0% ()-9910%& ()-," 10%& ()-310%&k ()- OyZo%dO0%& ()-Ls10%& ()-"F10%& ()-ZFi K*
S6nl0% & ()- | 1109%& ()-"10%& ()-T"109& ()-Tyl0%& ()- 109 ()-!109& ()-°
F."~"BS6m0% "10% & ()-4yGl0% & ()- mM10% & ()-"10% & ()-L10% & ()-10 10
10 "~ bcdef |i&S6atfts sdtdovahl&léyenyaddpehdes) ipplatthiy( 3asd0%

h& ()- 10 10 10 y7 10% & () - YucAi KS6nl0% !"10%h& ()-10% h& ()- !'10%
h& ()-!aF "19%3 hchg' {9ng a0%ahsenyrapiphgberweendEbREENBOSNA! BO K6Yo

h& ()-3.:10% h& ()-& 10% h& ()-& 10% h& S y&10% hé&' (%-s! 10%

h& () - 24567b&S6R109528€1064 aeweemo%&u(:) ®18% ang) 11 EodPgipns/e8%h 10 h
10 hSl 7s10% h& () - QSTUV_@56mL0% " SL10% & ()-'y!10% : & ()- 10t 10t

10t S7s10% & ()-9. 10% & ()-, 10% & ()-DbN dE_@56nmL0%

Gl0% & Ye 10 0 % 10% %0,&' CS6nL0%
é 10%,&52) 5 S%Q&&%fxéé/éﬁé?%b %g %%b&lagh 9 %ﬁe&gln %g{d Sghlkgﬁb
10: Y751096&7ﬁbn§&a¥é1Q%b&aﬁkeé&nquN§§§ﬁ&Q%w dt@lectric constant

material layer to a depth of between about 50 and 600

Angstroms.

6. The method according to Claim 1 wherein said TEQS-

based dielectric layer has a thickness of between about

50 and 5000 Angstroms.

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

depositing a low dielectric constant material layer
on a substrate; and

depositing a silicon-based dielectric layer
overlying said low dielectric constant material wherein
said silicon-based dielectric layer is not silicon oxide
whereby there is good adhesion between said low
dielectric constant material layer and said silicon-

based dielectric layer.
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100 10 f7s10% & ()-9(mM'10% & ()- '910% & ()-F '10% & ()-F '10% & ()-1_
"dEYNCS6MLO0% 9% 109%& ()- f @ 10% ()- $10%&' ()-Z
, 3109&' ()-f109%& ()-fMBLO%& ()-"""""#A#$SbCSENLO0% 1096& ()- &

"10958& () - @10%6& ()-!10%& ()- 10 10 10@7s10%& () - $IRBEEEEEXMHCSEMLO%
10% o0& ()- 105 105

105Y7s109%6& .( )rHem kA im# (9ccd@liiip & d )C1d i 9D &Hdre i *{a i H@A+B+dE: / 10' 0
10' 07 10% 0& ()- (F"10% o0& ()-"'10% o0& ()-1Y"10% o0& () -
f 109 0&' () 0B & i(9 -BwGHan t UIBOICIIDOE) NGS: tred (Erom the group
consisting of: porous and non-porous carbon-based
silicon oxides, porous and non-porous doped silicon

oxides, porous and non-porous organic polymers, and

porous and non-porous inorganic polymers.

9. The method according to Claim 7 wherein said low
dielectric constant material layer has a thickness of

between about 500 and 50,000 Angstroms.

10. The method according to Claim 7 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.

11. The method according to Claim 7 wherein said
silicon-based dielectric layer has a thickness of

between about 50 and 5000 Angstroms.

12. A method of dual damascene copper metallization in
the fabrication of an integrated circuit device

comprising:

depositing a first low dielectric constant material

16



10: 10:710% & ()-f"10% & ()-f10% & ()-"10% & ()- @0% & () -

10' 0E0s01444) 5aBYNCS8' o

10:1-10% & ()-s&Y"10% & ()-Y.:10% & ()-'ky"10% & ()-1"10% & ()-Z10% & () -
)5,5-5.5/566 88bC8' 0 10:yY¥%G10% & ()-Z"10% & ()- ,10% & ()-G'10% & ()- 10
10° 10°yl 7 10% & ()-819] 9999999aVK@' o 10: 10t 10t

10t @10% Rappr! bieb@OYEb& Ehte9L0 10% & ()-.10% & ()-& '10% & () - @®S$; N,

<<P<S<T<WV<dYNC8' o 10: 1 10 10 10&l 7
implanting silicon ions into said first low
dielectric constant material layer;
thereafter depositing a TEOS-based silicon oxide
etch stop layer overlying said first low dielectric
10 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;
15 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
20 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
25 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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109 ()-& 109 ()-'!'10%& ()-@10%& ()- F"10%& ()- V<<<<<=)=dEYNC8'o 10: 1
T10%re () - 10%m& () - YS10%r&' () -3 10%r& () - Y10%& ()-IL
10%r& () -)=Z====>??dEYNC8' 0 10: 1
10%m& ()-10%r& ()-:!'10%r& ()-110%& ()-10%& ()-F
, 1098 () - ?7s???@ @@ @@IE: / 10m 10m 810%m& ()-210%& ()-0
10%& () - - 19%mEhé ) m&tOFE: ¢ rd JAH % €1 a 2D GHBABKY: daid first
10nmR109%& ()-10%& ()- 10%& ()-LylOo%& ()-yl0%& ()-y&l0%&' ()- 10nmBHBTBBBBCIE: /
10m 10%&' (9ndedeednd ) lew dielectric constant materials are
selected from the group consisting of: porous and non-
porous carbon-based silicon oxides, porous and non-
porous doped silicon oxides, porous and non-porous

organic polymers, and porous and non-porous inorganic

polymers.

14. The method according to Claim 12 wherein said first
and second low dielectric constant matexrial layers have

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

15. The method according to Claim 12 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 1 E 16 ions/cm=.

16. The method according to Claim 12 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.
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"F10%<& (pasedxdielectodwilpyeFshosxa thitbowss( pfMbetwaeh) abdit]IKUKIELC
10nFf ) 109%<&' () -F 310%<& ()- W10%& ()-3%$10%& ()-Y " 110%& ()- @
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18. A method of dual damascene copper metallization in
the fabrication of an integrated circuit device
comprising:
depositing a first low dielectric constant material
5 layer over a substrate;
depositing a silicon-based dielectric etch stop
layer overlying said first low dielectric constant
material wherein said silicon-based dielectric etch stop
layer is not silicon oxide whereby there is good

10 adhesion between said first low dielectric constant
material layer and said silicon-based dielectric etch
stop layer;

depositing a second low dielectric constant
material layer overlying said etch stop layer;

15 depositing a silicon-based dielectric capping layer
overlying said second low dielectric constant material
wherein said silicon-~based dielectric capping layer is
not silicon oxide whereby there is good adhesion between
said second low dielectric constant material layer and

20 said silicon-based dielectric capping layer;

forming a dual damascene opening through said
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y)10% & ()-' Y M 10% & () -%0% & () - mInTTUBUj UUUXY: /
10(@ilO@Z&méFerQ§@@@&YFY1 $03@&etrh §@%¥&19YEK10WEQ'§Piﬁ&11@%2&ﬂGWL
lO(UUVVQVVVWﬂE /[ 10(" 10%Z&fg) %WMO%WZ& ().-#

dielectric constan materlal layer, and

25 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.

19. The method according to Claim 18 wherein said first
and second low dielectric constant materials are
selected from the group consisting of: porous and non-
porous carbon-based silicon oxides, porous and non-
porous doped silicon oxides, porous and non-porous

organic polymers, and porous and non-porous inorganic

polymers.

20. The method according to Claim 18 wherein said first
and second low dielectric constant material layers have

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

21. The method according to Claim 18 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.
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