; e3euM HHI LKvKf ( M6AMI'Wi ; DEPGCSI TI ON OF. BARRI ER METAL | N DAMASCENE

| NTERCONNECTS USI NG METAL CARBONYL BACKGROUND OF THE | NVENTION (1) FIELD OF
THE | NVENTION This invention relates to a nethod of fabrication used for
sem conductor integrated circuit devices, and nore specifically to the
formation of single or dual damascene interconnects using a barrier netal

| ayer of WX or TaNx, deposited by plasma enhanced chem cal vapor
deposition (PECVD) using netal carbonyl precursors. (2) DESCRI PTI ON OF
RELATED ‘ART Titaniumnitride, tantalum and tungsten nitride have been

studi ed as barpj "E%ﬂia‘ e i barrier netal being
tantalumnitri d%.ﬁé iung@# Z?\F ni HI%'Z ?@%e%ag%%ﬁg? TERCRMNBETS seed

| ayer for electrol ess copper depasid ihﬁﬁ.‘ALTEﬂﬂﬁBﬁQLni tride can be deposited
by several techniques: reactive sputtering, chem cal vapor deposition

(i.e., tungsten hexafluoride and ammoni a) and by netal organi c chem cal

- vapor deposition (MOCVD). Deposition of tungsten nitride by chem cal vapor
deposition (CVD) using tungBAERGREYEH | QD ITHR IAVENTTOMNIi a can lead to a
reliability issue, which pertains to possible inclusion of fluorine in -1
the filmand potential gas phasELHER QR | THESNVENTION during the deposition.
As with tungst eg,hni tride,.tantalumnitride can al sgo be deposited through

reactive sputterPhg, T2RENFteR RIS MEthofcob) fabricatiom sed t rogen
and hydro . r i hem cal v r_depositign (MOCVD) (i.e.,
TBTDEyI'). %’-ﬁéﬁe@%ﬂ%??‘g‘?@%%%rﬂi Eu %‘%’%aqiea{nl?lé’c?r?ﬁ%rpﬁﬁl‘?f’gsanﬁn‘ga‘ﬁ‘g’?’ésuI% i(n the

i ncor por at isgacﬂkiaamqg N€o OFh& ANk t318r0 JEN& 1 hih B o RELAE egﬂl;'% 9{55$r o

background patents w I

. | now be described in this section.
5,691, 235 éntirbennédbs hostimg DeposiildmgetiangitgB-NoErifle Jsimagr a Source
Gas Conprising Silicon" granted Nov. 25, 1997 to Meikle et al. déescribes a
met hod of depesitedpplbysm@/RrlsEimpd\chaniea)| vapdr Ndeposptivmg gas. The

met hod di scl oses depositing tungsten nitride using a source gas m xture
havi ng a si(FEE¥R) pastes gartal qarbonylameekyrsguposi ting the tungsten
nitride to overlie a deposition substrate. A non-planar storage capacitor
has a tungsten nitride capacitor electrode. -2 U S Pat. No. 5,429, 989
entitled "Process for FabrjiGat.i | LLzat] St ture in a '
Sem conduct or Devi ce" gr andtzgdb?t%%}a?ﬁ%&g%bt@#—&é?%dﬁ e et al. shows an
MOCVD of Wusing WCO 6 and of WN using other netal -organo reagents. The
process for fabricating a netallization structure includes the formation of
an interlayer UBlitgniim MIRI GED AN UMD EBECEEng A IR £ SR £, PT ECUT SOT
havi ng as one conponent tungsten, is used to deposit the interlayer onto a

surface repeen otudisahsd el WRRHAt QLA tAD ADEDI Plac] %J%?JVD
a sur f aces

deposition process forns a conformal |ayer Wi ch evenly coat

of e OPeBBas ool va MR UAITE AL cLIUR 08008 1o L0, querTe the

interlayer. Because of conformal nature o ’ﬁr ocess,
refractory,gg aéslggdgiegpr}neq%f QsTRd QUsing .corrosi ye gasses such as
c
tungsten hexafl boride. i u segd Qayer gbr electroless
copper deposition. Tungsten nitride can be deposited by
several techniques: reactive sputtering, chemical vapor
deposition (i.e., tungsten hexafluoride and ammonia) and by
metalorganic chemical vapor deposition (MOCVD). Deposition of
tungsten nitride by chemical vapor deposition (CVD) using

tungsten hexafluoride and ammonia can lead to a reliability

issue, which pertains to possible inclusion of fluorine in
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US Pat. No. 5,354,712 entitled " Method for Form ng |nterconnect
Structures for Integrated Crcuits" granted Cct. 11, 1994 to Ho et al.
shows a copper dual damascene with WN barrier layers. A nethod is provided
for formng interconnect structures for ULSI integrated circuits.
Preferably, a barrier layer of a conductive material which forns a seed
| ayer for netal deposition is provided selectively on the side-walls and
“bottom of interconnect trenches defined in a -3 dielectric layer, and a
conformal |ayer of netal is selectively deposited on the barrier |ayer
wi thin the |nt%r onne h U.S. Pat 37,001 entitled "Method
for the Chemcar afd E@% f?%ﬁg?ﬁ Rﬂﬁﬂﬁﬂp eFFFHEIa§F8ﬂt€Hrh%$ 14,
2000 to FCal.oye os et .al. shows a Cu CVD process using WN or TaN barrier
| ayers. 3’6’[% PP&F'tE@ﬁosf‘?l FhtR opingstinn i iides &satalewppitrider ce
precursor for use in the chem cal vapor deposition of copper-based filns
are provi d&@® MEopPecHersFitad| threugh weaqhiveospattesisy, opkemical
| i gandst abi | i zed copper (l) beta-di ketonate precursor; and at |east one
copper (| 1) v5@cx- depesbhiaen pEERLr bbre. SUMBARY GktFeffeh NvihTHNdden)s a
general object of the present invention to provide an inproved nethod of
f ormi ng bamndebynmeikiorganicechamicik vapoxoplepiosdaiwacdMociD) e £oanect s
serve an inportant role in preventing the diffusion of copper into the
di el ectri c TETDET)I. eFoaseabartbar bsydher idefRo Sisldkooafol-maAls tgnaniit sdgle and
tantalumnitride in damascene interconnects using netal carbonyl as the
precur sor s reAnla Bhi €heSiABBiYoLditidie d¥F &3 nleNveNLheBonCORPS! ti@dMmascene
i nterconnects are becom ng increasingly common in -4 the art of _
i ntegrat edsgiimeuit manufacture. In typical damascene interconnects, the
trenches and vias are first patterned in one or nore dielectric materi al
| ayers. The barrier nmetal is then deposited, foll owed by copper seed | ayer,
and thereafter, bulk copper is deposited by el ectroplating. Finally, a
chem cal mechani | shi forne o =8 eXCess copper over
“the trenches anggihtgg'b P ??%E:éﬁg ﬁ?%ﬂﬂ1 |g%i3 P8¥aPRet hod of
fabrlcatlo% useg ghconductor |ntegrated circuit deV|ces, and nore
speC|f|caIIy ] Pﬁe %or BTt on %ﬁl%qhgle or dual danmascene i nterconnects
using a barrier netal layer of WNx or TaNx, deposited by plasma enhanced
chem cal vapor deposition (PECVD) usi ng netal carbonyl precursors. By using
a chem cal vapor. deposition ( process Wth these alternate carbonyl
precursors, many-8f PaE- bw%bl% %w%?%uﬂnﬁaileﬂ EMethodf of nB¢pPesitinge, gas
phase partlcle eneration, and incorporation of hal ogens or carbon into the
film ThisTURgEReRoNLindde daning mridunse SecvSompeidésgr Bbkicam® h ref er ence
to the preferred enbodi nents. Sone processing

granted Nov. 25, 1997 to Meikle et al. describes a method of

depositing WN by CVD using W carbonyl and N-containing gas.
The method discloses depositing tungsten nitridé using a
source gas mixture having a silicon based gas, i.e., silane
for depositing the tungsten nitride to overlie a deposition
substrate. A non-planar storage.capacitor has a tungsten

nitride capacitor electrode.



detail s have been omtted and are understood by those skilled -5 an the
art. Mre details of this invention are stated in the "DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS The

obj ect and ot her advantages of this invention are best described in the
preferred enbodi nents with reference to the attached draw ngs that include:

Fig. 1, which in cross-sectional representation illustrates the dual
damascene trench/via opening. Fig. 2, which in cross-sectional
representation illustrates the barrier netal |ayer, copper seed layer (too -

thin to be sho in 1gs.). Wth thick plated copper on top. Fig. 3, which
in cross-sectiond Eﬁges%ﬂt att 87 i 132 antittled R@oocessr £2&ti on of the

excess materi al F| .4, Which in cross-sectional representation
i | lustrates aéﬂréeﬁtuleal acHatatliizatieon N Exrsplarre: dadac Semdcdnifiatoon regi on

~in a sem conduct or substrate. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Barri er meavdice gspperdddnhscencl 998 et Finastad iver w¢ tile shpestamt rol e
of preventing the diffusion of copper into -6 the dielectric. The present
art teache¥OqV® ¢fpWsusing BI{COLNGSeRENKN udeéngndthant fidtdl todgdrde i n
damascene i nterconnects using netal carbonyl as the precursors. As an
out | i ne of relageptesehei precésoHntor ofyteri AIRSCANGetallization

structure includes the formation of an interlayer using an

MOCVD deposition process. A metal-organic Precursor, having

as one component tungsten, is used to deposit the interlayer

onto a surface region of a substrate at the bottom of an

opening. The MOCVD deposition process forms a conformal layer

which evenly coats all surfaces of the opening. Next, a

refractory metal layer is deposited to overlie the

interlayer. Because of conformal nature of the MOCVD

deposition process, refractory metal layer can be formed

using corrosive gasses such as tungsten hexafluoride.

U.S. Pat. No. 5,354,712 entitled “ Method for Forming
‘Interconnect Structures for Integrated Circuits” granted Oct.
11, 1994 to Ho et al. shows a copper dual damascene with WN
.barrier layers. A method is provided for forming interconnect
structures for ULSI integrated circuits. Preferably, a
barrier layer of a conductive material which forms a seed
layer for metal deposition is provided selectively on the

side-walls and bottom of interccnnect trenches defined in a

3.



- thickness from etme

i nterconnects are becom ng increasingly conmon in the art of integrated
circuit manufacture. In typical damascene interconnects, the trenches and
vias are first patterned in one or nore dielectric material |ayers. The
barrier netal is then deposited, followed by copper seed |ayer, and
thereafter, bulk copper is deposited by electroplating. Finally, a chemical
mechani cal polishing is perforned to renbve the excess copper over the
trenches and the dielectric. This invention relates to a nethod of
fabrication used for sem conductor integrated circuit devices, and nore

- specifically to the fornatlon of single or dual damascene interconnects
using a barFieStEs 1P¥fEr srdvixcorfammel IRympiafemmepplplissma enhanced

ch_em cal vas%q_r e[‘)rOil t| on E%O%Bu%%g??mat aIr (égaFrY%Oﬁn#d rlgﬁgihzg;ls v;go?

dep05|t|cn1$é§@@h°35gg%s§rghgﬁ these alternate carbonyl precursors, many of

the problens are solved, 1.ee., confornal coverage, gas phase particle
generation, incorporation of halogens or carbon into the film Referring to
“Fig. |, in cross-sectional representation, illustrates the layers used in a

dual damascene pr.ecesae. The. SHDEST 2061 %y e NlsGLYSLal (8L | con

semi conductor. Some of the othér nhteria ayers prOV|de ig. 1, are as
follows: s@hendir@lCapogubshbaieien Wi Cbog ﬁgﬁiﬂkﬁédpﬁﬁlhﬁ"ngEaﬁﬁé&rﬂ££ed -
nonocrystalline silicon, silicon-on-insulator (SO) and silicon-gernmani um
(Site), and4par080néd Kamdyetoagetreim showd G Tu ©vbegddedesd aBihgSwyat or,
which is not shown in cross-sectional Figs.). The sem conductor substrate 2
shoul d be @Fd&Adt Baarierpdasensy A methiad e depositdngageppeptbasgsdl ating
materi al a l.or cogductlve material and one or nore active and/or passive
devi ces, PR%PF GIBPST nRORTER (RERBITIAT tier Misee inaflieonbenicabr e

i nt er conne es. _suc v cts, trenches, metal wiring,
Wth a S|n§% H%% lggﬁﬁs eﬁgﬂﬁﬁﬁé§#%%£g%§ﬁﬁ arg praviredentRenvention
or ot her ”Eﬁ@%ﬂ%s%?oﬂﬂciﬂd%geaQ££xtJ$B“dff%éﬂ E%r°g%hg|§§%PIHSU|atlng

| ayer 3, an interlevel dielectric, 1s providéd over conduct or
substrat e. shtabeueasacebppbti () %et‘&t&hﬁﬁd}ﬁéé %?cech§sgfrovhxquatv‘fé§
patterned and enbedded 1 n a second insulating |ayer 4. , a thi ayer
of insul at one8coppde(DT) t Bataveikd tnrd idtREtsod . netal Wi ring 5 and
over the second insulating layer 4. Finally, a fourth |layer of insulator 14
is deposited over the third layer of insulator 8. An optional insulating
| ayer, acting as an etch stop layer during the etching of the third
i nsul ator, can be deposited between the second insulator |ayer 8 and the
-third insulator |ayer 14. Al n.optional _insulating cap |ayer, acting as
a CMP stop during the polishﬁﬁamﬁﬁ‘ 5b3ﬁ EﬁﬂE§?§nge dep05|ted over the
third insul atingel aye i i ns r. the fourth |ayer
. ¢! 2¥ %e%;};l é:b dih é’g f Q:fhet Ip\;gseg% é{igﬁg

of insulator 14 are t attern T eac PRE formng

trench 18 epabvoud aﬂd:.ﬁ(ﬂ:ﬁm?&i (ﬁé&w& dﬁo%ﬂaig MQE&QP%&LA.{QO%Q‘ Y&

processes-can be enployed to pattern the trench/via opening rleﬁuﬂ
can be 0.0Ohetald ﬂhceﬁ@;ﬂfuuhﬁikhdﬁéﬂﬂﬂtéaa&nh&c@s3H&k&@ §ﬁVﬁﬁﬁér£Q&E0n5

Aspect ratio can range from1l:1 to 50:1. Interlevel dielectric, or nore
correctly kpierinepreventing the diffusion of copper into the
dielectric. The present art teaches the deposition of

tungsten nitride and tantalum nitride in damascene

interconnects using metal carbonyl as the Precursors.

As a brief summary of the present invention, copper

damascene interconnects are becoming increasingly common in

4-



dielectric, is silicon oxide, deposited using PECVD or HDP-CVD with TECS as
one of the precursors in the thickness range from 2,000 Ato 12,000
Angstrons. The silicon oxide can be un-doped or doped (e.g., with fluorine,
or phosphorus, or -9 carbon). The trench/via build types of insulating
material are the follow ng: (a) undoped silicon oxide (b) doped silicon
oxide (c) organic polyner (d) porous or non-porous entity of the above. The
process deposition nmethod of these materials are the follow ng: chem cal
vapor deposition, or spin-coating followed by baking in ovens and curing in
furnaces. TABLE | DEP. OF WNx DEP, OF TaNx W CO) 6 + NH3 Ta(CO 4CP + NH3 W
(CO 6 + NS aF% pEojnéeprateg) eir eyidpmAnuirinre(.OOp6 typhicr¥a (CO) QCp +
N2H2 Ta(CO 4Cp + NO Note: NZHZ is hydrazine and CP is cycl o-pentadi ene.

Ref erri ng tBmpgeese ingerapheschs, t the chrdnrhds pmecwyissr arehfitrate used in
the present invention are listed, both for tungsten nitride barrier |ayer
and for tamedtexned: ihdenpaeri mere ajirledthc pmatertialntagbiksnd The NOt
restricted to these carbonyl precursors. Any precursor that contains both W
and CO, or bpxrded ©Otad iactberdepodited Nddldesied ByTabfphand

Ta(CO 5(pyridine). Associated with -10 each netal -organic (MO precursor

i s the readsiyes,gasdothgasaste AR, cdipdz0 G /daywds9@888, Ly dr azi ne and
nitrous oxide. Key to the nethod of the present invention Ts the fact that

t he di ssociedleictRoplatigof Fb@ihl#ﬂga ]\cﬂorfelnﬁc.@la?d«lcﬁ%nicglloggﬁﬂgﬁi €;d 8""’

all owi ng for easy dissociation. owi ng are the plasma enhance

chemical’ vaRetodaRasthi 2onbPEUN LML | ANS1S 84 LOLLROLE L UGSt ey ni Lri de

and tantalumnitride barriers: source tenpérature betvreéen appr oxil Mt el y 50

to 250 C, el r ;4 efReLature tween _ appr oxi ely 200 to 450
C, chanber \e%%egggggégg?%égﬁzé%pr oxéllfréa:t%enf f%&a‘\%%tsotﬁ. g ﬁwgéf?%w rate of
f

carbonyl = begtye oxLmately 1 to 30.sccm~flow rate of reactive gas or
gases between g%srﬁgglﬁné%%?yf%% ?%mﬁfﬁtfluscccté’ﬁ (RFEPERFAT ERESRAFri er gases),
with ratiogof flowrate of carbonyl to reactive gases between 1 to 1,000
and bet ween 1. 088"t 3%1. ™2 RFTHErCHIMatq &per Fagmataon pErsinglaior
trench/via cayLi ty. Mre ipportantly, the barrier metal in copper damascene
i nt er conneESLsShpaEcERR RTINSt asdngrebantiag netali 14ya¥ oF of
copper into the dielectric material. Barrier nmetal thickness is between
~appr oxi mat ¥y %0 %2 0dePaRdsedony . Pleses rentpnaedrichemi callnvapor
cross-sectional representation, -11

: deposition (PECVD) using metal carbonyl precursors. By using

a chemical vapor deposition (CVD) process with these
alternate carbonyl precursors, many of the problems are
solved, i.e., conformal coverage, gas phase particle

generation, and incorporation of halogens or carbon into the

film.

This invention has been 5ummarized above and described
with reference to the preferred embodiménts. Some processing

details have been omitted and are understood by those skilled



illustrates the filling of trench/via opening or cavity with conducting
nmetal in a dual danmascene process. Firstly, the trench/via cavity is filled
with a bl anket deposition of barrier layer material, as described above in
Table |. Referring again to Fig. 2, the barrier layer material 24
conpletely lines the trench/via opening or cavity, and is on the two | ayers
of insulator, 8 and 14, respectively. Next, a thin deposition of copper
seed layer (too thin to be shown in Figs.) is deposited upon the barrier
| ayer 24. Next thick conducting copper 26 is electroplated upon the copper
seed Iayeri_Tq§}thi%§ @gg er Iaxer 24 dips into the trench/via opening or
cavity. Thé I A%ed thi ofpER LR poti itk Invensdonarst ettptedoin| thet o
several mgrons in thickness. The copper i.s then optionally subjected to a
rapi d t her m=SRTEIPNgOF RFEF PREEE BEORRMENTS "t 5e4%806. For
el ectropl ati ng of copper, the copper seed |ayer thickness is from50 to
1,000 Angstrons thick. The thick copper top layer is from1l to 10 m crons
thick. If the process requires electroplating of copper, then the barrier
metal is WNx and TaNx. | RFRIE& PESCBIBTION UOF cPHE|DRAWIMasss pl ati ng of
copper, then the barrier netal is W\ and no copper seed layer is required
for W. -12  RBPePPIRGt 8ndj gther advantroessoft ithdal inwpnesent atéon,
illustrateg the Iana#iéatio of the excess material in the trench/via
openi ng or caV|F%SF51 5F B ohtm BT LT TR R &e s, Maghanafeseree t tog
contact Vi gpaW\ [ i i n. a . dual damascene process. The excess
mat eri al i%hfhgk?ﬁF§ ac%ﬁgggggéyéﬁgémf?%;ﬁééﬁ shed back and pl anari zed,
along with the top barrier |ayer material 24 and copper seed |ayer, by
chem cal mechanical polish (CW). Note, that in the final cross-sectiona
view, referringrtig.Fig. whiggaim, cidesWadichall hayebsBavhigdeg CWP rate
~close to copper is renoved fromthe top surface. The WN or TaN'lining the
vi a/ t r ench idlystiratesnthe ndngl tdrempopper tartichiieihi Bpenasgs as a di ffusion
barrier. The inportant conducting copper line and interconnect via is shown
with no clishing and they are not thinned. Hence, an inportant application
of the present [pnvenfion has been described, i.e., interconnect contact to
a mlti-Ievel cgﬁgﬂc ingh a® | FrREgectippiedaFEpreshetabioRhi ng process a
two step r tively close.palishing rates of the WN or TaN
barrier | S;})[gg' Htg gﬁ%g%%e?ﬁ%r%aﬁ% S aﬁef'aﬁﬁpﬁgﬁeﬁﬂeﬁnlﬁﬁ%’:t (ERe of
slurries uggdn Aolyxt } ont:nel lLer is for -13 this
process, which det g%tiﬂmg%?%ﬁ u'g) %’@ngggggeaﬂéggﬁsﬁ?%e’fr?%t??ﬁ"r based
on an increase in drive current. Referring to Fig. 4, Wiich in
- cross-sectional representation illustrates another application of the
present inventiBag.i3e. whidlectn icalscaricatbnhd gepbbsdepges &onduct i ng
diffusion region 6 in a sem conductor substrate 2. Both Figures 3 and Fig.
4 show t woldppFFEateenthefpkanagizatdnn ofy &hei orRcefnl yatdaeispeci fic areas
uni que to the understanding of this invention will be described in detail.
Simlar process steps are followed, as were outline above. However in Fig.
4, a starting ski%cog ghgghg.crystal sub trati 2 is provided with a doped
conducting diffuston fegion N "HB° STOMPRR-cFeRTEFeAFaE R act i s made by
a barrier } £anductdsn r+26, iQ+a, du dampascene trench/via
L2Y8L 24804 a1 %19?%%%, £8%.n! § %c?eaés &?ﬁ'ﬁ&%

process. Wth reference again to Thé process g as
folloms._Faisfusﬂoﬁf&ééiéﬂﬁﬂﬂfﬂiééﬁﬂc%%ﬁhc%oESsQﬁQQﬁéﬁ%g upon the substrate
2, over the doped diffusion region 6. Next a second thick insulating |ayer
15 is deposited over the first thick insulating |layer 9. The first and
- second insulating layers are patterned and reactive ion etched (RIE) to
formtrench/vi a openDESCRIPEFIONt OF EERt PREFERERED (EMBODIMENTS?24 material, WN
or TaN (ref. to Fig. 2), is -14 bl anket deposited, and upon Wiich a thin
copper seed | ay#3T¥1%% nehal s drbeopperndpmasfens . interclupusittse earvet he
barrier layer 24. Next, thick copper 26 i.s electrol ess deposited upon the
copper seetf ayEReri@niyidgle ife paevestingt theadliffusidie dihicippeappatol ayer
26 i s polished back and pl anarized w thout dishing, along with the top
barrier |ayer material 24 and copper seed |layer, by chem cal nechani cal
polish (CL4p). The end result of an interconnect inlaid copper 26 wring
and contact to a doped diffusion region_6, as shown in Fig. 4. Described
i.n the figures is a dual danmascene process, but the barrier |layer using
car bonyl precursors al so has ' : : :



applications for just vias-and/or trenches,

as a subset of the dual damascene process. This WAs pointed in the

i nt roduct

vari ous ¢

ion of the specifications, second paragraph. While the invention
has been.particularly shown and described Wth reference to the preferred
enbodi nents thereof, it wll be understood by those skilled in the art that
hanges in formand details nay be made w t hout departing fromthe
spirit and scope of the invention -15 What i.s clained is 1. A nmethod of

form ng conducting netal lines and interconnects i.n trenches and vias

t he fabricqﬁio .oﬁFintegr ed circuit devices using barrier netal |ayer of
WNX or TaNx eg%? i n

provi di ng
depositin
| ayer; bl
the layer

S&UST ngPRER TS LT Ly | FeRhas depggpiennet
qafubstrate having a thin insulator |ayer deposited upon it;

g HIRFER BRtFife and; tantakam fidride dn demageanene i nsul at or

anket depositing a | ayer of second thick insulator naterial above
Jtexeonpestst REERg i metahiearhanyds ias ther predurgopat t er ni ng and

etching of both the second and first thick insulator material to form

trench/ vi
over the
barrier;
renovi ng

a opening or cavity; depositing a blanket |ayer of barrier netal
substrate; depositing b%hplating conducting thick copper over the
a

t hen cREnPRaPURLEIPRNPE Fho Rrantnty inyeatirnzi ngrrhe damiscee

excess material, formng interconnect :
interconnects are becoming increasingly common in the art of

integrated circuit manufacture. In typical damascene
ipterconnects, the trenches and vias are first patterned in
one or more dielectric material layers. The barrier metal is
then deposited, followed by copper seed layer, and
thereafter, bulk copper is deposited by electroplating.
Finally, a chemical mechanical polishing is performed to
remove the excess copper over the trenches and the
dielectric. This invention relates to a method of fabrication
used for semiconductor integrated circuit devices, and more
specifically to the formation of single or dual damascene

- interconnects using a barrier metal layer of WN, or TaN,,
deposited by plasma enhanced chemical vapor deposition
(PECVD) using metal carbonyl precursors, in a thickness f:om
.between 50 to 2,000 Angstroms. By using a chemical wvapor
deposition (CVD) process with these alternate carbonyl

precursors, many of the problems are solved, i.e., conformal

in a single damascene process,



-16 inlaid netal wiring, i.n a damascene process with WNx or TaNx
‘barriers. 2. The method of claim1l, wherein said |layer of first thick
insul ator material i.s selected fromthe group consisting of: (a) undoped
silicon oxide, (b) doped silicon oxide doped with fluorine, phosphorus, or
carbon, (c) organic polyner, (d) porous or non-porous entity of the above,
whi ch are deposited by nmethods selecting fromthe group consisting of:
PECVD or |iDP-CVD with TECS as one of the precursors, or spin coating, in
t he thickness range from2,000 to 12,000 Angstrons, followed by an oven
bake and furnace cure. 3. The nethod of claim1, wherein said | ayer of
second t hi SCVSF&GPat FRSnBRRFT F2F H 8 SMRFH TSR 1 FBGFBAPRLIRRI fi ng of :

- (a) undoped silicon oxide, (b) doped silicon oxide doped with fluorine,
phosphor us 233C9eRFHER, CRERCR 4RFR cEhRISHA®-  (d) porous or non-porous entity
of the above, which are deposited by nethods selecting fromthe group
consi sting of : PREYPrdRIFRP- TV i tir TROS s antdonklt eppeeentabion, or spin
coating, in the thickness range from 2,000 to 12,000 -17 Angst r ons,

fol | oned by-ldmshretesakbeabayéxs mased cin @ dhallldemxetkod ptockasmThe ‘
wherein 'said barrier metal is conposed of WNx or TaNx, deposited by plasma
enhanced clsainstaxateapoisdapsingle nePHAID)s Miiidonmeleal conghabyl . psafiglr Sor s.
5. The method of claim1, wherein said barrier nmetal conposed of W\x or
TaNx, is degothiecdthyrphasaniehhbarers GrdicRld Vapeigdeposhieoas (PECVD)
wi th nmetal carbonyl precursors, barrier nmetal with thickness from
appr oxi mat @t 15%st:0 2eR000ARGSES O BubSeraltte 2TRIACH Qhethabd Butf L $&¢d
tungsten nitride and said tantalumnitride are barrier nmetals deposited by
pl asma enhapeed i 1 ¢al Seposidd PECVD),, - WV ak I
precursors, the Sggglsietai %ﬁﬁn(g%%&\m) co%:lqgi]i]i'(lcﬁ?{u)sséd Sa:rggatghe!"?%ﬁ%gmwhg:
source te Hu bet i e}y t r strate
Cemper at ur & oAt wass Sor o crre b Itokly' A Raksatol cBhaltEe s T
appr oxi mat L ) ory | ow rat e .of carbonyl . befween_approxi mately
1 to 30 st gﬁe])‘:ag’l %\%vkrgggegole%%% ?‘\&/)embaasn o ?é?rbef'ﬁégﬁ f.sLBEC’E shown
approximately 50 to 1000 scgn]#excl uding the carrier gase wth ratios of

C

flow rate EEPE8nFPEBPRACTIIR lyustEl rebssRapctsT| ?BB%LS?IB‘E bet ween

1,000 to 1, _barrier netal thickness is _between approximately 50 to 2,000
AngstronB.Should be understood to possibly include: one or more layers

> of insulating material and/or conductive material and one or
more active and/or passive devices, formed in or over the
substrate, or the like, and one or more interconnect
structures, such as, vias, contacts, trenches, metal wiring,
with a single or dual damascene formed acdording to the
present invention or other methods known in the art. Next, a
blanker of first insulating layer 3, an interlevel
dielectric, is provided over the semiconductor substrate,
Interconnect wiring 5, conducting line, is provided, which is
patterned and embedded in a second insulating layer 4. Next,

a third layer of insulator 8 is deposited over the patterned
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copper plating wherein thick copper is deposited by el ectroplating upon a
copper seed | ayer, which is deposited by CVD in a thickness range from 50
to 1,000 Angstrons, upon a barrier layer. 8. The nmethod of claim1, for
sai d conducting thick copper is copper, deposited in a thickness range from
1 to 10 mcrons. 9. The nethod of claim1, wherein a single damascene
process is a subset of said dual damascene, with a single damascene process
formng a via or a trench. 10. A nethod of using the dual damascene
technique to f rnLa_conguctive contact to a nulti-level netal line -19

and i nt er c 88t M3AIREr PngRPaR YR nthe se9rnd dGSulatiog Le¥eEofduct or

devi ces conprising: providing said conducting |line on an inter |evel
clielectri Enfiedh r §oBRtR {awek it tlataRthidais, deppsitetingvan the

insul ator | ayer upon the conducting |line; depositing a |layer of first thick
i nsul at or FdEEd drYapontt hesuhatentdr Amyemtidpadniasudepdngt Lagen, | ayer of
second thick insulator naterial above the |layer of the first thick

i nsul at or mEtdmigakrs pnoetdhngtemtlayen pmingy dbhehietghdhgt b€ ske otiiadd
first thick insulator material, insulating |ayer to formtrench/via opening
or cavity, isissflatgrdovant bet depsaiikd tbattpddmahedepesnt Rgsalhtanket | ayer
of barrier metal over the substrate using barrier netal |ayer of W\ or

TaNx,  depodidyed Byaphasha eniadchskswherscaayeaPas . dapasi t kancpPES) Wi th
metal carbonyl precursors; depositing by plating conducting thick copper

~over the bamsu@atiBbabapay&féer ¢ ot LR -4P G IMC AtopOklshgItne! anari zi ng
t he surface, renoving excess t hi ck copper and exceSs barrier
polishing of copper, can also be deposited over the third

insulating layer.

The third layer of insulator 8 and the fourth layer of
insulator 14 are then patterned and reactive ion etched (RIE)
forming trench 18 (arrow) and via 20 (arrow) openings. Many
photolithographic processes can be employed tolpattern the
trench/viaropening. The via hole can be 0.01 to 1 microns and
the trench can be 0.3um to several microns. Aspect ratio can

range from 1:1 to 50:1.

Interlevel.dielectric, or more correctly inter-metal
dielectric, is silicon ozide, deposited using PECVD or
HDP-CVD with TEOS as one of the precursors in the thickness
range from 2,000 A to 12,000 Angstroms. The silicon oxide can

be un-doped or doped (e.g., with fluorine, or phosphorus, or



-20. netal, formng inlaid interconnect and contact via to conducting
line, in a dual danascene process, wth W\ or TaNx barrier netal |ining
the trench/via. 11. The nethod of claim 10, wherein said |layer of first
thick insulator material is selected fromthe group consisting of: (a)
undoped silicon oxide, (b) doped silicon oxide doped with fluorine,
phosphorus, or carbon, (c) organic polyner, (d) porous or non-porous entity
of the above, Wi ch are deposited by nethods selecting fromthe group

- consisting of: PECVD or HDP-CVD Wth TECS as one of the precursors, or spin
coating, in_ _the thi &lﬁnezs rag9e,from_2 000 to 12,000 Angstrons, followed by
an oven bakKETRP)furREcEXERFR/Via buld vamrs off iasulating wasesialsai d

| ayer of second_thick insulator material is selected fromthe group

consi sting B® 9 Leddepdagsi | (rbruederrd gidicmspexisel i(bdnderede doped
Wth fluorine, phosphorus, or carbon, (c) organic polyner, (d) porous or
non- por ous SRR eFidre (gboorgankt abriymrexiefsbs iFoswusy omenhodposetect i ng
fromthe group consisting of: PECVD or HDP-CVD with TECS as one of the
precur sor s.enddtypiof the abowati nTheiprdédmss hiapomdtd onamgehbdoBE2+R80et 0
12,000 Angstrons, followed by an oven bake and furnace cure. 13. The net hod
of cl ai m 1Gatérdmdisn asai theafolbowimgal difemitigloseghorf ddbssoEidaNor

deposited by plasma enhanced chem cal vapor deposition (PECVD) W th netal

carbonyl prsgam-seatingd folhewart b b ikd drnckdnaragteicRrsagdiRarrier netal
conposed of WAx or TaNx, i.s deposited by plasma enhanced chem cal vapor
deposi ti on fim@¥R:s . Wi th netal carbonyl precursors, barrier netal with

t hi ckness from approxi mately 50 to 2,000 Angstrons. 15. The nmethod of claim
10, for said tungsten nitride and said tantalumnitride are barrier netals
deposited by plasma enhanced chem ceaamapor deposition (PECVD) with netal
carbonyl precursors, the deposition (PECVD) conditions used are the

foll owi ng: source tenperature between approxi mtely 50 to 250 C, wafer or
substrate tenperature between approximately 200 to 450 C, chanber pressure

bet ween appr oxi REEel QFOWNxt g 0. 5 ' DEP. OF TaN,
W(CO)¢ + NH; ' Ta (CO) Cp + NH;
W(CO) ¢ + N./H, Ta (CO) (Cp + No/H,
W(CO) ¢ + N.H, Ta (CO) 4Cp + NoH,
W(CO)¢ + NO Ta (CO) 4Cp + NO

Note: N:H, is hydrazine and C, is cyclo-pentadiene.

Referring to Table I, examples of the carbonyl
precursors that are used in the present invention are listed,
both for tungsten nitride barrier layer and for tantalum
nitride barrier layer. The present invention is not
restricted to these carbonyl precursors. Any precursor that

contains both W and CO, or Ta and CO is included, e.d.,

included are Ta(CO).,H and Ta(CO) s (pyridine) . Associated with

-10-



Torr, flow rate of carbonyl between approximately 1 to 30 scan, flowrate
of reactive gas or gases between -22 approxi mately 50 to 1000 scan
(exclucling the carrier gases), Wth ratios of flow rate of carbonyl to
reacti ve gases between 1 to 1,000 and between 1,000 to 1, barrier mnetal

t hi ckness is between approximately 50 to 2,000 Angstrons. 16. The nethod of
claim10, a copper seed |ayer of copper is needed for copper plating
wherein thick copper is deposited by el ectroplating upon a copper seed

| ayer, which is deposited by CVD in a thickness range from50 to 1, 000

Angst r ons, %ﬁﬁﬂ a barrier layer. 17. The nethod of claim 10, for said
conducting § I?erl:@g'ﬁ@f‘glaﬁ‘lﬁowg}  PERPIRTIR IS rFhe tifactivesgrange from 1l to

10 microns. 18. The nethod of claim 10, Werein a single danascene process
is a subset9%f®Ssai ATAQAL2daRhsEesen/hydregeni fgidratdmes eedenptecaess form ng
a.viaor a trench. 19. A nethod of using the dual damascene technique to
form a cond®¥tdee Fegntactheomathedi ebrche tporestopednv@a tiodi ikushansasd
i nterconnection mring pattern, in the fabrication of an MOSFET conpri sing:
provi di ng dhadctthee ddespciatienpaterdgippefl kbt UHeOW @i ONahdNTa ~ C O
sem conductor substrate; depositing a layer of first thick insulator
mat eri al upemdsheariendowat al1bkisd ; for easy dissociation. The following
are the plasma enhanced chemical vapor deposition (PECVD)
conditions used for both tungsten nitride and tantalum
nitride barriers: source temperature between approximately
- 50 to 250 °c, wafer or substrate temperature between
approximately 200 to 450 °C, chamber Pressure between
approximately 0.1 to 0.5 Torr, flow rate of carbonyl between
appreoximately 1 to 30 scem,. flow rate of reactive gas or
gases between approximately 50 to 1000 sccm (excluding the
carrier gases), with ratios of flow rate of carbonyl to
reactive gases between 1 to 1,000 and between 1,000 to 1. The
barrier metal layer acts a liner in the trench/via cavity.
_ More importantly, the barrier metal in copper damascene
interconnects serves the important role of preventing the
diffusion of copper into the dielectric material. Barrier

metal thickness is between approximately 50 to 2,000

Angstroms.

Referring to Fig. 2, in cross-sectional representation,
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bl anket depositing a | ayer of second thick insulator material above the

| ayer of the first thick insulator material; providing patterning and

et ehing of the second and first thick insulator material, insulating |ayer
to formtreneh/via opening or cavity, -etching down to the doped diffusion
regi on; depositing a blanket |ayer of barrier metal over the substrate
using barrier netal |ayer of WNx or TaNx, deposited by plasma enhanced

chem cal vapor deposition (PECVD) with netal carbonyl precursors;
depositing by plating conducting thick copper upon the barrier |ayer;

chem cal -nechani cal polishing, planarizing the surface, renoving excess

thi ck copperllifFratess §h3aﬁ%gé+nm%| trenghylvig iqreming erecevhbzcwitind
contact via to -24 the doped diffusion region, i.n a dual danmascene
process, weandppting mglRlbinr & eduabtddmiseeny pdvedssenFliksitdy, 26he The

- method of claim 19, wherein said |ayer of first thick insulator material is
sel ect ed friendhd vgaogpvibpsist faljled witl) audepsetsidebosntashdes (b) doped
silicon oxide doped with fluorine, phosphorus, or carbon, (c) organic

pol ymer, (®amuesudagernnatepialls £8tdéycnibdd ardvevan Wabeh are deposited
by nethods selecting fromthe group consisting of: PECVD or FOP-CVD with
TECS as onReferrifgDbgaiASOSSFi§l JPi s GiriGr 1RyeRerhhbckRessar ange from
2,000 to 12,000 Angstrons, followed by an oven bake and furnace cure.

The met hod defnpaledie 19in&@efﬁént%&)@i@roégnﬁﬁfc@}dcra%ﬁg 'Qg&'i‘ Obn
material is selected fromthe group consisting of: (a) undbped siTicon

oxi de, (b) ﬂﬂ%p%@osi5§%g$ 8¥ H2sGPPEG WM ¢ Nudd Yoy | Q%my%%%ﬁ?%?&usﬂegé car bon,

(c) organic pol yner, porous or non-porous €ntit € ébove,;mhich

are deposi tge .sel egt | fromt r Qup,.consistin f: PECVD or
HDP- CVD wi t%q@&g%g’gg%glég ?%eé%?%%ﬂrss%er‘g,e'l'%rers i °c§'§f"f‘n§,g gﬁ fﬁ wn
thi ckness ranggolf 9m 2 300:L0ed8 900 At phlIASL 4T 34! oMY P 8 OVEN

conducting copper 26 is electroplated upon the copper seed
layer. The thick copper layer 24 dips into the trench/via
opening or cavity. The plated-thick copper deposition is
approximately from lum to several microns in thickness. The
. copper is then optiohally subjected to a rapid thermal
annealing (RTA) treatment between 50 to 450 °C. For

. electroplating of copper, thé copper seed layer thickness is
from 50 to 1,000 Angstroms thick. The thick copper top layer
.is from 1 to 10 microns thick. If the process requires
electroplating of copper, then the barrier metal is WN, and
TaN.. IF the process requires electroless plating of copper,
then the barrier metal is WN, and no copper seed layer is

‘required for WN,.
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22. - The nethod of claim 19, Wherein said barrier netal is conposed of W\x
or TaNx, deposited by plasma enhanced chem cal vapor deposition (PECVD)

wi th nmetal carbonyl precursors. 23. The nethod of claim 19, wherein said
barrier nmetal conposed of WNx or TaNx, i.s deposited by plasma enhanced
chem cal vapor. deposition (PECYVD) with netal carbonyl precursors, barrier
nmetal -with thickness fromapproxinmately 50 to 2,000 Angstrons. 24. The

met hod of claim 19, for said tungsten nitride and said tantalumnitride are
barrier netals deposited by plasma enhanced chem cal vapor deposition
‘(PECVD) with netal carbonyl precursors, the deposition (PECVD) conditions
used are.the foPFGﬁFﬁQPgsgBrEbgte%pe*%uQHQ§QR§ﬁm§Q¢n&9pFeprﬁaeatytﬁﬂnI0 250
C, wafer or substrate tenperature between approximately 200 to 450 C,
chanber prdddmsé&rpseretheapbroarizrblion Rl the @xteEsr matbbdalr hh ctiod
carbonyl between approximately 1 to -26 30 scan, flow rate of reactive
gas or gasdwebpechiwén apprimgnat etyvily tin HGth sewductiabuihigrébinsaEri er
gases), with ratios of flowrate of carbonyl to reactive gases between 1 to
1,000 and bemimegnabd086ndactinpatsneictibiial, WittkAa3aia SopBEYELH in a
approximately 50 to 2,000 Angstrons. 25. The nethod of clalm19, a copper
seed | ayer chlalcapmpascefieNSLEE6ss OrTRONNAte A HaltrGiWREE R Bnbhigkegopper is
deposited by el ectropl ati ng upon a copper seed | ayer, which is deposited by

CVWDin a tmoggaesaa?agggsfigr@éﬂiéﬂ)eé,% AN &gﬁggﬁueav ngﬁéréwﬂh' ayer.

26. The neth of claim 19, for said conductin copper 1S copper,
deposited igpeatbl g5KRESS rfgﬁ&tfﬁ£%@ . 1 Cr Lo ke _net had of
clain119,_whgrei% a singfe anascenééﬁ%gééggﬂ%fézgégﬁbgg?goiag%qu@ﬁa
damascene; i S] S £ .pr s formng a via or a trench. -27
_ACs% A. AFc\.Mﬁbl.i Kglﬁgﬁﬂgg{%éﬁ]’ﬁg RERU. Ag. AU A< U8 A< Y . A#Y . A< U< . A<
q _ -

Note, that in the final cross-sectional view, referring
tb_Fig. 3 again, the WN or TaN layer having a CMP rate close
to dopper is removed from the top surface. The WN or TaN
lining the via/trench aids in containing the copper and the
liner acts as a diffusion barrier. The important conducting
copper line and interconnect via is shown ﬁith no dishing and

_thef are not thinned. Hence, an important application of the
present invention has been described, i.e., interconnect
contact to a multi-level conducting metal line (5).
Typically, the polishing process a two step CMP process
relatively close polishing rates of the WN or TaN barrier
layer to copper are achieved ideally and depend on the type

of slurries used. A Luxtron endpoint controller is used for
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A< < LA LAY Wk AP L AQY CARY LAY U

7LNPhXYabSDEXYwx{ uoi c] WQU] caU] cal] caU] cal] cal] caU] caU] cal] cal] cal] cal] cal] c
ay] cay cal] cal] cal] cay] cay] cal] cal] cal] cal] cal] cal] cal] cal] cal] caah-. 56;
<"pC a| vpj dMXRUU] caU] caU] calU] cal] cal] caU] cal] caU] cal] cal] cal caU] caU] caUl c

aU] calU] ca] cal] caU] cal] cal] cal] cal] ca
:g} Sgﬂdgigufﬂag]afﬂag]aa (l:J]aU] (l:J]aU] LaU] caU] cal] caU] caU] cal] caU] cal] caU] cal] ca] cau

calUjcab c d
1 lchDJ]qC\%Jj] 3’6‘1>L<J]RlCJaU]U]cgaU]U]cgaU]U]cgaU]U]cgaU]U]cgaU]U]cg?J]U]cgaU]U]ca] cal] cay caU] cal] cal] cay] cal

cal] cal] calj ca caU] ca ay] cav}- } ~B&Y| vpj d*XRUU] ca
Ul (l:J]aU] (l:J]aU] é%‘fﬁ]s% YF?L:%IUJ%% Lﬂai)jeglf&"g%ﬂ %ﬂ cqurrsErRs®fcal caUl call ¢
aU] cal] caU] cal] caU] caU] cal] cal cahi  SVwx
Zdeopzt nhb EiFE‘éBFcSFJ]‘-EE’d]”&a"Eﬂ Ph It dcEgBpeaiRadr i ue)| entFert] cal] cal ¢
aU] cal] cal] ca] cal] ca] caU] cal] cal] ca] calU] ca] caU] caU] caFTI

"W d| vpj d*XShb\ VPU] ] cal] caU] cal] cal] cal] cal] caU] cal] cal] cal] cal] cal] caU] caU
] caU] cal] cal] cal] caU] caU] cal] cal] cal] ca] caU] cal] cal] cal] cad@ *L4ppene

Referring to Fig. 4, which in cross-sectional
representation illustrates another application of the present
invention, i.e., electrical contact to an N' doped conducting

- diffusion region 6 in a semiconductor substrate 2. Both
Figﬁres 3 and Fig. 4 show two applications of the present

- invention. Only the specific areas unique to the
understanding of this invention will be described in detail.
Similar process steps are followed, as were outline above.
However in Fig. 4, a starting silicon single crystal
substrate 2 is provided with a doped conducting diffusion
region, N°, (6) in which electrical contact is made by a
barrier layer 24 and conducting copper 26, in a dual
damasgene trench/via process. With reference again to Fig. 4,
the process sequence is as follows. First, a thick insulating
layer 9 is deposited upon the substrate 2, over the doped
diffusion reéion 6. Next a second thick insulating layer 15
is deposited over the first thick insulating layer 9. The
first and second insulating layers are patterned and reactive
ion etched (RIE) to form trench/via opening or cavity. Next,

the barrier layer 24 material, WN or TaN (ref. to Fig. 2), is
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P #HEHEKSMSB] vpj dAXRhb\ VPU] U] cal] cal] cal)] cal] cal)] cal] cal] cal] cal] ca] ca

Ul cay] cal] cal] cal] cal] cal] cal] cal] cal] cal] caU] cal] cal] cal] cal] caU] cal] caMp$
$% YpLOBRBRL &P&QRUEE&

"G N.((1)h)))))$*%[*]| vpj d*XRhb\ VPU] U] cal] cal] cal] cal] cal] caU] cal] cal] cal] c
al] ca] cal] cal] caU] cay] cal] caU] cal] cal] cal] caU] cal] cal] cal] cal] cal] caU] cal] c
a[ *QFrxExExEEEAF 4L b+ HE?-G - - - - | voi d*XRhb\ VPU] U] caU] cal] ca] cal] ca
. U c”aU] cal] ca] caU] cal] caU] cal] cay] cal] cal] cal] cal] cal] caU] cal] cal] cal] cal] c
aU] cal] caU] cal] cal] ca--. A. //000000 Ucal] caUl ca] cal cal caUl call ca
1A1} 1111331464 v4 5’\567 s{7ztoi.c calU cal] cal] ca] cal] ca] ca

Ul c}aU] cayl };"] gdy) 23Y %ﬁ%%‘%ﬁ:dﬂ’@a]%a}%&@] &8¥PEaU| cal] ¢
a77uU9] 99: <<>
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PKNK~KZMgM MM O7 OMOOOPPLPQ+Q. Q@~xr | f~ ZUOF " [ VU] ca] cal] caU] cal] cal] cal] cal] c
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] caU] cal] ca@RBRFRORRRR S/ STUU2VWVWVHW WAWNNKNXDb XXXYY~xr | f* ZTNf ~ U] cal] cal] ¢
al] cal] calUdiatlinal)] aabhgaid ehUtra U sm W Lok a U] aldreaiheabhcahfcal caj ca
U] cal caU] cal] cal] ca] cal] cay caYBYzYYYZO/ZTZZZZ[ [a[ [ k\;
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a] caU] cal] cal] cal] cal] cal] caU] cal] cal] ca] cal caU] ca ca caU] ca
*a a8bObbhﬁﬁ#ﬁ@&%ﬁ%deﬁeaﬁeﬁﬁéeéééﬁﬁéét lnlald cop fﬂ

gFg| vpke _YSf " ZTNf " U] cal] ¢ Ul ca] cal GE cal] cay

' @09& Ul {9999
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cal] cal] cal cal] ca] cal] cal] cal] cal] cal cal] cal] cal] cal] cal] cal caU] cal caU]
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cal] caUl ca] cal] caU] ca] caU] cal] caU] ca
{1 6ol caul caUl cATECIBAN] CAUFRS CHUTh A HPL OABAE - oRp 105RoR 15 Y
S109%&' () - 109& (t%-‘ 109& é.) \10%& ()-s10%& ()-Saef H*: 10%&' ()-P9-!10%& () -
FC3+P" 109& 1898 L5T | Lagdesdiging ¥) precuxsoug alsefbac eF:

109&' () - 109l & ()-Y <S109$l & ()-&1098$I & ()- 109l & ()- 109l & ()-V101010°
MORSTaVK@ aPMﬁlfewom%fozowst oA @nd/ oy trevches() iekal8986%e () - $
10981 & ()-Y "1098l & ()- TQU}A?2VK@ 109%PC0! 10%&' ()-plv. g
109%&' () - lJFiamfmewroaesaews (3 -subi'eit) i &he) dwalOtBindlcené | prodss v
SS109%& ()-F 10%R& ()-yl0%& ()- 109%®& ()- 10 10 10!; 10%&' ()-- B&YaBuV7: v
210%R& () - TBAE0WRREP 6L R Eed 042 SEKS - Wh t3* RUNRIASN( bfY%zéO%eéifi&QQ’Q&i) - b@
lc OL! 109%&' ()-f 10%& ()- 107?

~ second paragraph. -

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.
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“100& ()- : 10% ()-=v 100 ()- CLO% ()-v! 10% ()-v 10% ()-|' WIEDC
11100 ()- < 3+109& ()- | 10%& ()-Y 940%& ()-! 10% ()-=, J 10% ()-
] abcddYNC: | 10 10 10; 109 ()-IV6j!10% ()-= P410%! ()-F |
2100 ()-. 10% ()-d@"""dE:/ 10 10; 10% ()-1110% ()-1"Y pl0%& ()-<
109& ()- VIO%& ()-)109%& ()- ""P'r""#3$xY:/ 10 M 10% ()-0
109 ()-i!'109%& ()-v  ]10%& ()-109% ()-)109%& () - 10$%}%D%&Q6&a?:/ 10-
109%' ()-*&109%& ()-( 109 ()- &v10%& ()- $FL0%& ()-! F| " 940%& ()- " &UESS.
"G KL MdE/ 10 10; 109 ()-Y7 10% ()-wS5 10%& ()-03M 10%&: ()-) 1

‘ ' What is claimed is:

1. A method of forming conducting metal lines and
interconnects in trenches and vias in the fabrication of
integrated circuit devices using barrier metal layer of
© WN, or TaN, deposited using metal carbonyl precursors,
comprising:
providing a substrate having a thin insulator layer
deposited upon it;
depositing a layer of first thick insulator material
upon the insulator layer;
blanket depositing a layer of second thick
iﬂsulator material above the layer of the first thick
insulator material;
providing patterning and étching of both the second
and first thick insulator material to form trench/via
opening.or cavity;
- depositing a blanket layer of barrier metal over
the substrate;
depositing by piating conducting thick copper over
the baﬁrier;
then chemical mechanical polishing, planarizing the

surface, removing excess material, forming interconnect
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TaN, barriers.

2. The method of claim 1, wherein said layer of
first thick insulator material is selected_from the
group consiéting of: (a) undoped silicon oxide, (b)
doped silicon oxide doped with fluorine, phosphorus, or
carbon, (¢) organic polymer, (d} porous or nen-porous

entity of the above, which are deposited by methods

-selecting from the group consisting of: PECVD or

HDP-CVD with TEOS as one of the precursors, or spin
coating, in the thickness range from 2,000 to 12,000

Angstroms, followed by an oven bake and furnace cure.

3. The method of claim 1, wherein said layer of
second thick insulator material is selected from the

group consisting of: (a) undoped silicon oxide, (b)

-doped silicon oxide doped with fluorine, phosphorus, or

carbon, (c) organic polymer, (d) porous or non-porous
entity of the above, which are deposited by methods
selecting from the group consisting of: PECVD oﬁ
HDP-CVD with TEOS as one of the precursors, or spin

coating, in the thickness range from 2,000 to 12,000
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Angstroms, followed by an oven bake and furnace cure.

4. The method of claim 1, wherein said barrier
metal is composed of WN, or TaN,, deposited by plasma
enhanced chemical vapor deposition (PECVD) with metal

carbonyl precursors.

5. The method of claim 1, whereih said barrier

metal composed of WN; or TaN,, is deposited by plasma

. enhanced chemical vapor deposition (PECVD) with metal
carbonyi Precursors, barrier metal with thickness from

approximately 50 to 2,000 Angstroms.

6. The method of claim 1, for said tungsten

" nitride and said tantalum nitride are barrier metals
deposited by plasma enhanced chemical vapor deposgsition
(PECVD} with metal carbonyl Precursors, the deposition
(FECVD) conditions used are the following: source
temperature between approximately 50 to 250 °%c, wafer or
substrate temperature between approximately 200 to 450
QC, chamber pressure between approximately 0.1 to 0.5
Torr, flow rate of garbonyl between approximately 1 to

30 scem, flow rate of reactive gas or gases between
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approximately 50 to 1000 scem (excluding the carrier
gases), with ratios of flow rate of carbonyl to reactive
gases between 1 to 1,000 and between 1,000 to 1, barrier
metal thickness is between approximately 50 to 2,000

Angstroms.

7. The method of claim 1, a copper seed layer of
copper is needed for copper plating wherein thick copper
is deposited by electroplating upon a copper seed layer,
which is deposited by CVD in a thickness range from 50

to 1,000 Angstroms, updh a barrier layer.

8. The method of claim 1, for said conducting
thick copper is copper, deposited in a thickness range

from 1 to 10 microns.

9. The method of claim 1, wherein a single
'~  damascene process is a subset of said dual damascene,
with a single damascene process forming a via or a

trench.

10. A method of using the dual damascene technique

to form a conductive contact to a multi-level metal line
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and interconnection wiring pattern, in the fabrication
semiconductor devicés comprising:
providing said conducting line on an inter-
level dielectric, which is on a semiconductor substrate:
depositing an insulator layer upon the conducting
line;
depositing a layer of first thick insulator material
‘upon the insulator layer; |
blanket depositing a layer of second thick
insulator material above the iayer of the first thick
insulator material;
pProviding patterning and etching of the second and
first thick insulator material, insulating layer to form
trench/via opening or cavity, etching down to the
conducting line;
depositing a blanket layer qf barrier metal over
the substrate using barrier metal layer of WN, or TaN,.,
deposited by plasma enhanced chemical vapor deposition
(PECVD) with metal carbonyl precursors;
depositing by plating conducting thick copper over
the barrier metal layer:;
chemical-mechanical polishing, planarizing the

surface, removing excess thick copper and excess barrier
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metal, forming inlaid interconnect and contact via to
conducting line, in a dual damascene process, with WN,

or TaN, barrier metal lining the trench/via.

11. The method of claim 10, wherein said layer of
first thick insulator material is selected from the
group consisting of: (a) undoped silicon oxide, (b)
doped silicon oxide doped with fluorine, phosphorus, or
carbon, (c) organic polymer, (d) porous or non-porous
entity of the above, which are deposited by methods
selecting from the group consisting of: PECVD or
HDP-CVD with TEOS as one of the precursors, or spin
coating, in the thickness range from 2,000 to 12,000

Angstroms, followed by an oven bake and furnace cure.

12. The method of c¢laim 10, wherein said layer of
second thick insulator material is selected from the
group consisting of: (a) undoped silicon oxide, (b)
doped silicon oxide doped with fluorine; phosphorus, or
carbon, (¢) organic polymer, (d) porous or non-porous
entity of the above, which are deposited by methods
.selecting from the group consisting of: PECVD or

HDP-CVD with TEOS as one of the precursors, or spin

21-
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coating, in the thickness range from 2,000 to 12,000

Angstroms, followed by an oven bake and furnace cure.
13. The method of claim 10, wherein said barrier

metal is composed of WN, or TaN,, deposited by plasma
enhanced chemical vapor deposition (PECVD) with metal

carbonyl precursors.

14. The method of claim 10, wherein said barrier
metal composed of WN, or TaN,, is deposited by plasma
enhanced chemical vapor deposition (PECVD) with metal
carbonyl precursors, barrier metal with thickness from

approximately 50 to 2,000 Angstroms.

15. The method of claim 10, for said tungsten
nitride and said tantalum nitride are barrier metals
deposited by ﬁlasma enhanced chemical wvapor deposition
(PECVD) with metal carbonyl precursors, the deposition
(PECVD) conditions used are the following: source
temperature between approximately 50 to 250 °C, wafer or
substrate temperature Between approximately 200 to 450
°c, chamber pressure between approiimately 0.1 to 0.5
Torr, flow rate of carbonyl between approximately 1 to

30 sccm, flow rate of reactive gas or gases between
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approximately 50 to 1000 scem (excluding the carrier
gases), witﬁ ratios of flow rate of carbonyl to reactive
gases between 1 to 1,000 and between 1,000 to 1, barrier
metal thickness is between approximately 50 to 2,000

Angstroms.

16. The ﬁethod of claim 10, a copper seed layer of
copper is needed for copper plating wherein thick copper
is deposited by electroplating upon a copper seed layer,
which is deposited by CVD in a thickhess'range from 50

to 1,000 Angstroms, upon a barrier layer.

17. The method of claim 10, for said conducting
thick copper is copper, deposited in a thickness range

from 1 to 10 microns.

18. The methed of claim 10, wherein a single
damascene process is a subset of said dual damascene,
with a single damascene process forming a via or a

. trench.

19. A methed of using the‘dual damascene technique

to form a conductive contact to a semiconductor doped
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" diffusion and interconnection wiring pattern, in the

fabrication of an MOSFET comprising:

providing an active device element, doped diffusion
region in a semiconductor substrate;

depositing a layer of first thick insulator material
upon the insulator layer;

blanket depositing a layer of segond thick
insulator material above the layer of the first thick
insulator material;

providing patterning and etching of the secoﬁd and
first thick insulator material,rinsulating layer to form
trench/via opening or cavity, etching down to the doped
diffusion region;

depositing a blanket layer of barrier metal over
the substrate using barrier metal layer of WN, or TaN,,

deposited by plasma enhanced chemical vapor
deposition (PECVD) with metal carbonyl precursors;

| depositing by plating conducting thick copper upon
the barrier layer; |

chemical-mechanical polishing, planarizing the
surface, removing excess thick copper and excess barrier

metal, forming inlaid interconnect and contact via to
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the doped diffusion region, in a dual damascene process,

with WN, or TaN, barrier metal lining the trench/via.

20. The method of claim 19, wherein said layer.of
first thick insulator material is selected from the
group consisting of: (a) undoped silicon oxide, (b)
doped silicon oxide doped with fluorine, phosphorus, or
carbon, (e¢) organic polymer, (d) porous or non-porous
entity of the above, which are deposited by methods
selecting from the group consisting of: PECVD or
"HDP-CVD with TEOS as one of the precursors, or spin
coating, in the thickness range from 2,000 to 12,000

Angstroms, feollowed by an oven bake and furnace cure.

21. The method of claim 19, wherein said layer of
second thick insulator material is selected from the
. group consisting of: (a) undbped silicon oxide, (b)
:doped silicon oxide doped with fluorine, phosphorus, or
carbon, (¢) organic polymer, (d) Porous or non-porous
entity of the above, which are deposited by methods
selecting from the group consisting of: PECVD or
HDP-CVD with TEOS as one of the precursors, or spin

coating, in the thickness range from 2,000 to 12,000
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Angstroms, followed by an oven bake and furnace cure.

22. The method of claim 19, wherein said barrier
metal is composed of WN, or TaN,, deposited by plasma
enhanced chemical vapor deposition (PECVD) with metal

carbonyl precursors.

23. The method of claim 192, wherein said barrier
metal composed of WN; or TaN,, is deposited by plasma
enhanced chemical vapor deposition (PECVD) with metal
carbon&l Precursors, barrier metal with thickness from

approximately 50 to 2,000 Angstroms.

24, The method of claim 19, for said tungsten
nitride and said_tantalum nitride are barrier metals
deposited by plasma enhanced chemical vapor deposition
(PECVD) with metal carbonyl precursors, the deposition
(PECVD) conditions used are the following: source
temperature between approximately 50 to 250 °C, wafer or
substrate temperature between approximately 200 to 450
°C, chamber pressure between approximately 0.1 to 0.5

Torr, flow rate of carbonyl between approximately 1 to
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approximately 50 to 1000 scem (excluding the carrier

gases), with ratios of flow rate of carbonyl to reactive

gases between 1 to 1,000 and between 1,000 to 1, barrier

metal thickness is between approximately 50 to 2,000

Angstroms.

25. The method of claim 19, a copper seed layer of
copper is needed for copper plating wherein thick copper
is deposited by electroplating upon a copper seed layer,

- which is deposited by CVD in a thickness range from 50

te 1,000 Angstroms, upon a barrier layer.

26. The method of claim 19, for said conducting
thick copper is copper, deposited in a thickness range

from 1 to 10 microns.

27. The method of claim 19, wherein a single
damascene process is a subset of said dual damascene,
with a single damascene process forming a via or a

trench.
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