;e3e" zt t uswrx~y6yT" zI { 7A METHOD TO FI LL A TRENCH AND TUNNEL BY USI NG ALD

SEED LAYER AND ELECTROLESS PLATI NG RELATED PATENT APPLI CATIONS: THI S

APPLI CATION | S RELATED TO DOCRET # CSOL-127, FILING DATE SERI AL NO.

ASSI GNED TO A COVMON ASSI GNEE. BACKGROUND OF THE | NVENTION (1) FIELD OF THE
I NVENTI ON This invention relates to a nethod to deposit by atom c | ayer
deposition, ALD, a copper barrier and seed |ayer for electrol ess copper
plating, filling trench and channel or tunnel openings in a danascene
process, for the fabrication of interconnects and inductors. (2)

DESCRI PTI ON CF %cﬁﬂi& %&EE.' s section a description of related Prior
Art background pdte 0 L ASTRENEH AP BUMDNEL BY USING ALY ed " Met hod

to Deposit a Copper Seed I nnect s" granted
May 1, 2001 to Ho et al .Sﬁesgfr‘%%%s ‘@%ﬁ%@ﬁggp@ﬁ?ﬁg a copper seed

| ayer in the manufacture of an integrated circuit device. The copper seed

| ayer is thin and conformal for subsequent el ectroless plating of copper. A
dielectric layer is patter RELATEN GATEBNTAreudchregonbes for planned dual -1
damascene interconnects. A barrier layer of tantalum titanium or tungsten
i s deposit SISy SPFRIRGTIAY 3F RBEATER TQ\ROCKET i ©S0hd 27|, a¥IRNNGt DRTE hes.
A copper seed | ayer is_deposited overlying the barrier |ayer by the
reaction of—euF2—wapsr M'? he—barrier: | NED §0 PgCOMMEN BSSDENEAM 4 81
entitled "Apparatus and Concept for Mnimzing Parasitic Chem cal Vapor
Deposition During Atom c Layer Deposition"” granted Oct. 23, 2001 to Sneh et
al. teaches a nethod and appatg&REURE! oR VP AgEPYM nation of filns
deposited in | ayered depositions, such as Atom c Layer Deposition (ALD) and
ot her sequential chem cal vapprrtepysod Bk (RERNTHoRCcesses. The CVD
deposited contam nation of ALD filns is prevented by use of a prereaction
chanber that ef frbési walrgnthos eseDdfey W eC aRitdididnabi BEpBaseONy £RRid tuents
to deposit on wall elenments of gas-delivery apparatus prior to entering the
ALD chambed2ygrsdepasitipn, ALDSE, d G pww: tHaedtitivbbhdd sebdFbapengEdr

Three-Di nensi onal _Integrated | nductor” granted Dec. 28, 1999 to Alford et
al . descri FeSE*REPABICOPPRARI*E Ty B klinge Firensbi andl chagwel oprcoil is

fabri cat edtu}'lgglf gb‘raj__lggtison process includes the steps of: depositing a
first photoresrst Fayerasof it nf oI5BT PHOESSi nEoanthei Fabrca®eer rench

Wth el ect pepiated 8Bhales Ay oresist layer -2 is deposited, and
first and gecond t‘r::encﬁ{’éss ar eC?](‘:Jbr med therein and filled with el ect ropl at ed

metal. A third photoresist layer is deposited and a trench forned therein,
and then filled with electroplated netal. The first, second, and third

photoresi st layers are thef2) eEsCRIPIEORXPOSREAADED t ARH 00p i nductor coil.
U S Pat. No. 6,329,234 81 entitled "Copper Process Conpatible CMOS
Met al-- | nsul at or Invethis Ggecidrora Stgyntipitd oandf related Prior Art

background patents follows.

U.S. Pat. No. 6,225,221 Bl entitled “Method to Deposit a
- Copper Seed Layer for Dual Damascene Interconnects” granted
May 1, 2001 to Ho et al. describes a method of depositing a
copper seed layer in the manufacture of an integrated circuit
device. The copper seed layer is thin and conformal for
subsequent electroless plating of copper. A dielectric layer

is patterned to form vias and trenches for prlanned dual



Its Process Flow' granted Dec. 11, 2001 to Ma et al. teaches that in nany

m xed-signal or radio frequency Rf applications, inductors and capacitors
are needed at the same tine. For a high performance inductor devices, a
thick netal layer is needed to increase performance, usually requiring an
extra maski ng process. The invention describes both a structure and net hod
of fabricating both copper netal-insulator-netal (MM capacitors and thick
nmetal inductors, simultaneously, with only one mask, for high frequency

m xed-signal or Rf, CMOS applications, in a danascene and dual danmascene
trench/via process. U S. Pat. No. 6, 146,458 entitled "Ml ecul ar Beam
Epi t axy Met SNt tidFemePnnests2080bavripopbayer of taddadumbes a net hod
of grow ng LIl nitride material on a substrate by

_é.la er of G oup ! ] _ _

nol ecul ar b %ﬁﬁ%&ﬁqﬁmﬁf (FRESERE dfedoPRRT e (Rvenlying thy diglesssing a
Substrate i h er._ (iL).reducing the pressure in_the vacuum
chanber to % r%%lrieTns%u?:?%bIvg'a%o?)uélp?f?ﬁ?lé%g:}%vé)“??&ﬁf F51SE dPYPThEEm

epi taxy, (iddpossitdd W Nikfal a I f first_supp

conduit into 1% he VaC)l,?lY%lg% arrbelrtﬂgoﬂ%ﬁgtg&t: h%‘gér%m% a&fel %\/‘\egctté\%r g {:ﬁgz
substrat e; b iwiths kel pargiarGlayer! | el enent in el enental formthrough
an outlet of a second supply conduit into the vacuum chanber so that said
Goup Il element flows towards the substrate. The net hod causes a | ayer
containing Goup Ill nitride to be grown on the substrate by nol ecul ar beam
epitaxy. U. S Pal.s.Neatt, 862, 65208n8i4| B0 et Oficd baypa BRRASLhHHON
Apparatus for Depositing Atom c Layer on Miultiple Substrates" granted Mar.
28, 2000 t &9areprtetfog] MiddmiribgsPanasi tik cCChawyiarald apgeirt DepocdkbDbn

appar atus capabl e of depositing a thin filmon a plurality of substrates.
The at omi c TUR/A9 &dpodrt LanespParasisient| granted Octou@d, cR@fbete Snekact or
installed uﬂztgf vaCUﬁglchanbgg, having a plurality of nodules which can he
assenbl ed and di'sa8&ERG G BETHRY| 7RG apparatus for avoiding

contamination of films deposited in layered depositions, such

as Atomic Layer Deposition (ALD) and other sequential
chemical vapor deposition (CVD) processes. The CVD deposited
contamination of ALD films is prevented by use of a pre-
reaction chamber that effectively causes otherwise-
contaminating gaseous constituents to deposit on wall

elements of gas-delivery apparatus prior to entering the ALD

chamber.

U.S. Pat. No. 6,008,102 entitled “Method of Forming a
Three-Dimensional Integrated Inductor” granted Dec. 28, 1999
to Alford et al. describes a method of fabricating a three-
dimensional inductor coil is fabricated. The fabrication
process includes the steps of: depositing a first
pPhotoresist layer, forming'a trench therein, and filling the

trench with electroplated metal. A second photoresist layer
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plurality of stages as spaces are partitioned by assenbling the plurality
of nodul es. Openings allow each stage to receive one substrate. Al so, there
is a plurality of gas supply lines installed in the nodules, for injecting
gases froma gas supply portion into the stages. -4 SUMVARY OF THE
INVENTION It is a general object of the present invention to provide an

i nproved nethod to deposit, by atom c |ayer deposition, ALD, a copper
barrier and seed | ayer for el ectroless copper plating, filling trench and
channel or tunnel openings in a damascene process, for the fabrication of

interconnecis(fnd i.nd ctor%1 grocess flow outlining the nethod of the
present i nveht SHESE (A BraRe drEBichase fafe Foamgdchannel s,

(2) O C Lt B30 19000 8APREL DAL SE. A e () Bl et ol ess

deposition of copper em cal of excess

copper, (5)piRMddideAaskli 94, d%&kﬁ&anaz{w £ BRG] 'Po% thaﬁ%&é_ i gnd

I nduct ors. Key to the nmethod of e present invention, 1S eposftlon by

atom c | ayedndlepiegi t6iQnedl wilth 08PEEoPR £ @ Mt Sea leqyai , f QecsHRSEequent
el ectrol ess copper plating of damascene trench and channel of tunnel

openi ngs. Hrel eidndeplicttorestihe lapersait@ntindn irdntivebd appekpbBteaconnect s
and inductors. -5 The foll ow ng processing steps summarize the basic
met hod of tqﬁiﬁiﬁiﬁﬂﬂ:1PﬂV€ﬁPFoﬁ°lF+rstly, providing a first

U.S. Pat. No. 6,329,234 Bl entitled “Copper Process
' Compatible CMOS Metal-Insulator-Metal Capacitor Structure and
Its Process Flow” granted Dec. 11, 2001 to Ma et al. teaches

that in many mixed-signal or radio frequency Rf applications,
inductors and capacitors are needed at the same time. For a
high performance inductor devices, a thick metal layer is
needed to increase performance, usually requiring an extra
masking process. The invention describes both a structure and
method of fabricating both copper metal-insulator—metal (MIM)
capacitors and thick metal inductors, simultaneocusly, with
only one mask, for high frequency mixed-signal or RE, CMOS
applications, in a damascene and dual damascene trench/via

process.,

U.S. Pat. No. 6,146,458 entitled “Molecular Beam Epitaxy
Method” granted Nov. 14, 2000 to Hooper et al. describes a
method of growing a layer of Group III nitride material on a

substrate by molecular beam epitaxy that includes the steps
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insul ating layer, Which overlies a sem conductor substrate with a

passi vating, etch stop |layer thereon. Also, providing a second insul ating

| ayer Which overlies the first insulating | ayer. Next, formng trench and
channel or tunnel openings in the insulating |ayers. Next, is the key step
of depositing a first copper barrier |layer which overlies the insulating

| ayers, by atom c | ayer deposition. Next, the second key step is of
depositing a copper seed |ayer which overlies the first copper barrier

| ayer, by atomic |ayer deposition. Next, electroless copper is plated on

t he copper seged layer_fiILing trench and channel or tunnel openings with an
excess of cUppertIFiHanapinghe subetsase ippperasut ahamierandig)anari zi ng

back the exgcess co r by cheni cal chani cal polishing. A deposition of a
second copﬁ?é%%lfrﬁpg%ﬁ §3¥f3r5 SPESpaPt gﬁﬁeﬁaﬁ}ﬁ‘i’% h&tﬁ'ﬂ?ﬁ‘? &L th®TESFPER, and
thus, the f L Gait fon:lal.d+C iqtercpnnects.and indyctors is
conpl et e. Tﬁ%é?ﬁ'vée%xgﬁﬂﬁggﬁggéntgﬁ#ér éeraoclg%%l%e/ltcaararﬁ?a&lese?ﬁ g 'Wth

reference t gidde fufigned ARALM TRAL SugORR JIORASYNG dabald 5.aYg been

omtted and are understood by those skiTled in the art. Mre det of
this i nvent¢onheirte isttat dthel Rrathem" BESAREPTEON KT Tile RRERERRER1EWBODI MENTS'
section. -6 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her

advant ages ®wands the esmbistmagee badt (itelcsufplyiny tah@xpiugf arredlement
enbodi nents, Wth reference to the attached drawi ngs that include: Fig. 1,
whi ch in criddelemantlaforgpitbsenght sprovtlektefite sadend isupplyart of the
met hod of the Pr.gsent ig%lenti on, the formation of trenches and channels.

TBEe. £R& vamarT, eBrmRen 3R i et 193id SRoe® EAZ second part

Fig. 2, whi ST cros

of method qf; 406, PrASHAL [ om c l.ayer deposition of the
copper barrier and cc%%%ertogégggl g@%r.&%g%a%ﬁ,' vﬂviﬁ CPTRE 588588 onal
represent aliffer containing Group III nitride to be grown on the

substrate by molecular beam epitaxy.

U.S. Pat. No. 6,042,652 entitled “Atomic Layer
Deposition Apparatus for Depositing Atomic Layer on Multiple
Substrates” granted Mar. 28, 2000 to Hyun et al. describes an

atomic layer deposition (ALD) apparatus capable of depositing
a thin film on a plurality of substrates. The atomic layer
deposition apparatus includes: a vacuum chamber, a reactor
installed in the vacuum chamber, having a plurality of
modules which can he assembled and disassembled as desired. A
plurality of stages as spaces are partitioned by assembling
the pilurality of modules. Openings allow each stage to
receive one substrate. Also, there is a plurality of gas
supply lines installed in the modules, for injecting gases

from a gas supply portion into the stages.

A



illustrates the third part of nethod of the present invention, the

el ectrol ess deposition of copper form ng excess copper on the surface. Fig.
4, which in cross-sectional representation illustrates the final part of

t he met hod of the present invention, in Which the excess copper is renoved
fromthe surface and planarized by chem cal nechanical polishing. -7-

Fig. 5is a process flow chart of outlining the nethod of the present :
i nvention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS It is a general object
of the present invention to provide an inproved nethod to deposit, by
atom c | ayer deposition, ALD, a copper barrier and seed | ayer for

el ectrol ess copper plating, filling trench and channel or tunnel openings
in a danascene process, for the fabrication of interconnects and inductors.
The process flow outlini ng SUNMMARSt @BdTBE IFENFEMENt invention is as
follows: (1) formation of trenches and channels, (2) atom c |ayer
deposition of pdppers Fageneradndbjeetl, of 3fhel ot sl te I vdeRADNt ikan of
copper, (4) chenical nechanical golishing back of excess copper, and (5)
barrier defRTtidh ansiimpreyefi rgthedhte operesihi & erhvedics lageri nduct or s.
The foll ovw%?qchsr.ot[c.essi ng._steps outline the nmethod: Firstly, providing a
first insul g Ter ARhi 8hCBPRPFi BRrEite AR et davsroferate Wth a

passivatin t eon. Al rovidi.n second_i nsul ati ng
| ayer over Igeileés\rl;ttc”E’e:L %Ps?ltogﬁ%%u%’ggl ﬁﬁ%a@’éff“i\ix‘i’f%% %"%g €k 9hd channel
or tunnel OoREMJYLHMILES Gk 8t a2RdsSECONG-das atg riNgXlonl S the
key step of deposif%n& ggfirst coppzréﬁaﬂgféégg%ﬁ ﬂd%géﬁ%y%ggrlcaélbn

of interconnects and inductors.

A process flow outlining the method of the present

invention is as follows:

(1) Formation of trenches and channels,

(2) Atomic layer deposition of copper barrier and seed,
{3) Electroless deposition of copper,

(4) Chemical mechanical polishing back of exéess copper,
(5) Barrier deposition, SiN, forming copper

interconnects and inductors.

Key to the method of the present invention, is the
deposition by atomic layer deposition of the copper barrier
and seed layer for subsequent electroless copper plating of
damascene trench and channel or tunnel openings. The end

result is the fabrication of inlaid copper interconnects and

inductors.



| ayer which overlies the insulating |layers, by atom c |ayer deposition.
Next, the second key step is of depositing a copper seed | ayer \Wich
overlies the first copper barrier |ayer, by atom c |ayer deposition. Next,
el ectrol ess copper is plated on the copper seed layer filling trench and
channel or tunnel openings Wth an excess of copper. Finally, the excess of
copper is renoved and pl anari zi ng back the excess copper by chem cal
mechani cal polishing. A deposition of a second copper barrier |ayer is
performed Which overlies the copper, and thus, the fabrication of inlaid
copper interconnects and inductors is conplete. Referring to Fig. 1, Wich
in cross-sectional representation illustrates the first part of the nethod

of the present i'ﬂ'}/ee@toil rgm.tnhe formation of trenches and channels. The
substrate is a sit1con SUbser BFE“E551B9eP Lo Simariac the Pesfisrmed a thin

passi vat i ngy [ . .a first insulating.layer 14 is
forned, and ?ﬁﬁllo? ;Hﬁsele%%%(ﬁe?lﬁ%sﬁﬁgté%ﬁbgﬁl ay%JFrs_L%Px’s Ifr@rvﬁg&.n AGafrrst
referring tindilgatih p_ra?»élld' Jegdniena ' ctQr: e with a thin
passi vating, etch sﬁ%p ayer 12 thgfgg%£g$ﬁ£ %%%%con J%?%}Ségﬁg ?%?e 10

i ncl udes orwitdr anpasﬁi&peﬁagofehﬁﬁUkﬁ&ﬁrmbjgﬁeiﬂéﬂed%nd@ggogoggggggygg

mat eri al and one or nore active and/or passive devices, forned in or~ over
the substr &t eeqndgasudating dapeorwhick dvderoonneed fi%st S$hEULhHILS .
such as, vias, contacts, trenches, netal wiring and the |ike. The first
(14) and sEcBiRF «( Mot nfornipggtrageh sand echannml s tolnedwopeslings rin
constantlﬂgﬁgiaj rtnateﬁials coqgrising: SiN, Si0, SOG spin-on glass, PE
pl asma enhanced SHEE: LR T hnet YR iR S teRarSgeaRPeit S a
fluorinat edessidd I kQ..a ickness range .from2,Q00 to 10, 000
Angstrons,qﬁ%ﬁ%é%?%%e%ygggfégﬁeﬁégéf @%ﬁ%}‘ﬂﬁ §§Fﬁ Sor*8BEAELRP n- on

gl ass. As skRiafiCdbyNakbfiicliafOF "BLodLY L1 [ INaide 14n2Nd5869NH 16, ¢
insulating layers are trench and channel “or tunnel’ openi ng aep|c¥eﬁ ™ the
absence of dmsifl aiepogitahgr aatopRef sddd U dy@Fivthich Wikt ReEkNthe first
cross-sectional representation illustrates the second part of netﬁodﬁof t he
present i nRaPFieanbarhdent daver| dyeratepiosilidyer depashitish.cneper barrier
and copper seed |ayer, over the insulating |layers 14 and 16. These thin

| ayers ar e SHFOIPESt 6OBReT chs Bhaked e thee avppiernaseednlagebafilbingnd
seed | ayer E% rggerred to as 20, in Fig. 2. The barrier layer thickness is
bet ween 20 6 2RHGSPPBRRT Ahdtimek ARsAingsewithyar evapessefl of copper
is also be Ot tronms and. i s _deposited over the barrier

| ayer. A |?§?@%f2b£?§?§?9ha eriars 1s q%dﬁﬁ*i tEBEE™?VeRedBLi ti on

t enper at ur @1hekrighngf B4 ceXaRP! &céﬁé&?ﬁ%ﬁ %?t %hér.ggﬁ’er%& a.ozg:iot 500 C.

The copper barrier |ayer overlying i ng yers, i sed of
Ti N, Ti Si NpoIdbhifighka §&badheish MiNla JNnOkopplsr bMieQefQié ed, by
atom c | ayer deposition, as outlined in TABLE 1. The atom c | ayer

deposi t i onperfhgiedevbicheovétiddecizoppeipaigr bndr taad, copper seed |ayers
above, is a discontinuous thin filmgrowh nethod, whereby exactly one
nonol ayer &RPFdsptdannef einlrid commerdntercanoects| aydr iseposéts as cycl e.
This is acconggighed by self-limting surface reactions of precursor
conpounds “R¥Pafi®“B", "which formthe desired product "S' in a binary cycle
conprising two sequential half-reactions, as outlined in TABLE 1. Note,
both hal f-reactions are conplete and self-limting at the nonol ayer |evel,
and t herefore, t j j S osited the atom c | ayer
deposition is cgﬁt%oﬁg%n%/&%nﬁ{eﬂn%%r %6"&% g'ﬁﬁﬁegda'gé‘ﬁﬁsﬂﬁ?o‘ge%‘iﬂ}‘?& The
copper bar wieh rayeresyertyitie Hie ddisidyaty ; . d |sed of
precursors conpound A plus conpgﬁﬁh B tg %Fgﬁghg%ﬁ%%bn%égéxéﬁﬁéﬁﬁﬁﬁ§? by
atom ¢ | aydetdepsshaverbedriaitaes aadgarbr QHH@QSEQO&QQ{ AR QBT Wt D
atom c | ayer deposition conditions of: approximte substrate tenperature
ranges froiPl15BetarebMaBe aetmitlls wEd thisTABKEN Lol £66 W €a et GRS thieom 10
to 200nmTorr_ _deposition rate ranging from0.01 to 0.6 nmper cycle, and
pul se tine 9%?9?%5“’?%@%.% EREFERRED: BNBODIMBNES bf sedieiatet ai | ed
specifications listed in TABLE 1 are the foll ow ng chem cal conpounds . and
formul ae : TEMAT is
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-11 Ti [ N(CZHs) 2] 4, tetrakis-(ethylnethylamdo) titaniunm TDVAT is
Ti[N(CH3) z] 4, tetrakis-(dinethyl (amno) titanium TBTDET is N(Et2)3Ta =
NBu~, .tert-butlylimdo tris-(diethylam do) tantalum TABLE 1 PRECURSORS: A
SUBSTRATE T (C) B S 400t 0500Ti C 4NH3Ti N350t 0500Ti | 9NH3Ti N300t 0400(Ti C 3

+Ti 2C12) +

NH3Ti N150t 0400 TEMATNH3Ti N150t 0250TDVATSI HgTi Si N200t 0500TaCl sNH3TaN, 200t 0300
TBTDETH~ radi cal sTaN 500 MoCl's NH3 Mb2N and MoN 500 NbCl's NH3 NbN -12 300
to 550 WFs NH3 WAx Det ai |l ed specification for the copper seed |ayer
overlying the copper barrier layer, conprising copper deposited by atomc

| ayer deposition conditions: thickness range from20 to 200 Angstronmns,
approxi mate tenperature range from 200 to 300 C, pressure range from1l0 to
200mTorr, deposition rate ranging fromO0.01 to 0.05 nm per cycle, and pul se

time varying from0.05 t Q5 $REpRd T§§ﬁgéﬁﬁ%@r&ﬁm@§°pper seed | ayer

deposition is conprises precursors o

copper (1 1) - hexafihcpaeeiy aga! 0RELE REvARRRGLS tﬁ)&jﬁ) ﬁ%\%ﬂ?{g&%‘ are

hept anedi one and Water vapor, as a first step, en conpound B

reduci ng adesst idsopmmdpedolinothboppaféfred Cothsdthenhtd hA thORRELrsged Laver.
Referring to Fig. 3, which in cross-sectional representation illustrates

the third gt aditashedodreminge phatemcludention, the el ectrol ess
deposition of copper 30, over the barrier and seed | ayer 20, form ng excess
copper on the surface. The thick copper layer 30 dips into the trench,
channel and tun&%buoagnhﬂgs The glated t hj ck copper -13

¢h in cross-sectional representation
illustrates the first part of the method of the present

invention, the formation of trenches and channels.

Fig. 2, which in cross-sectional representation
illustrates the second part of method of the present
invention, the atomic layer deposition of the copper barrier

and copper seed layer.

Fig. 3, which in cross-sectional representation
illustrates the third part of method of the present
invention, the electroless deposition of copper forming

excess copper on the surface.

Fig. 4, which in cross-sectional representation
illustrates the final part of the method of the present
invention, in which the excess copper is removed from the

surface and planarized by chemical mechanical polishing.



deposition is approxi.mately from 2,000 to 10,000 Angstrons in thickness.
The el ectrol ess pl ated copper on the copper seed layer, filling trench and
channel or tunnel openings with an excess of copper, conprising the
foll ow ng deposition conditions: a liquid plating bath m xture conpri sing
CuS04, HF, HCl, CH20 Wth heating in a tenperature range from25 to 65 C
Referring to Fig. 4, Wiich in cross-sectional representation illustrates
the final part of the nmethod of the present invention, in Wich the excess
copper is renoved fromthe surface and planarized by chem cal nechani cal
polishing. Thus, is fornmed both inlaid copper interconnect Wring and
copper |nductorsFng)i£Hﬁ a Rapeesisnflywt chgat nof coilginidg ithe method
Cross- sect|o€a5hre resentation, illustrates the planarization of the excess
material in° é%ﬁﬁ?nﬁﬂhﬁmﬁﬁtlaﬂd tunnel openings channels to form
conducting interconnect wiring, with inlaid copper in a damascene process.
Note, the excess material in the thick copper layer is polished back and

pl anarized, along wt BE@E%??}\/%? ok hfrﬂﬁ)ag | ; RS@éd Eg&wg&g%ﬁggd | ayer, by

chem cal nechanlcal pol 1 sh After a se copper barrier

layer 42 overlying ide cRpRea148b636}, ofStﬁépﬁéééé%ﬂ: %vpe'ﬁ@.{'gn to

pl asma- enhanced chem cal vapor deposition, and is -14 conprised of a

| ayer of Sidyovide arhiizipresed magheg téodepsdit 0 BPUkoMGS1aQEs. This

conpl etes the process and the barrier layer is used as a bottomlayer in

form ng subdeRpritiicropPad, i at erppancbasried amilusteat SayBrerefor e, the above
rocessin

P 9 electroless copper plating, filling trench and channel or

tunnel openings in a damascene process, for the fabrication

of interconnects and inductors.

The process flow outlining the method of the present
invention is as follows: (1) formation of trenches and
channels, (2) atomic layer deposition of copper barrier and
seed, (3) electroless deposition of copper, {4) chemical
mechanical polishing back of excess copper, and {5) barrier
deposition, SiN, forming both copper interconnects and

inductors.

The following processing steps outline the method:
Firstly, providing a first insulating layer, which overlies a
semiconductor substrate with a Passivating, etch stop layer
thereon. Also, providing a second insulating layer overlies
the first insulating layer. Next, forming trench and channel
ox tunnel openings in the first and‘second insulating layers.

Next, is the key step of depositing a first copper barrier



steps can be repeated to produce multi-level netal wiring and inductor

| ayers. In summation, referring to Fig. 5 the process flow chart outlining
the nethod of the present invention is as follows: (51) Formation of
trenches and channels, (52) Atom c |ayer deposition of copper barrier and
seed, (53) Electrol ess deposition of copper, (54) Chem cal nechani cal
pol i shing back of excess copper, (55) Barrier deposition, SiN, formng
copper interconnects and inductors. Wile the invention has been
particularly shown and described Wth reference to the preferred

enbodi nents_thereof, it will be understood by those skilled in the art that
various chahdeer vt Averdigst dhes ingylatingdbayerholty deparid Agykrom t he
spirit and %CO e.of the invention. -15 What is clainmed is: 1. A nmethod to

deposit a cOPRRTIBHItHi d1e%id e Ferape: keer skeR i i derasigdngpirat i ng,

filling trep or.t.unnel openin I p.the fabrication of
i nt erconnect‘g'&?alé;%dslérié(}ﬁ(r:itrll s, w@&ﬁ%r Pé’?ﬁg"‘?ﬁegﬁ%lf’oﬁ’hg‘“ﬁpﬁfs, 3EZ-Br ovi di ng

a first insybpdid Ny AUQImi PGl &ngs%ggj:ﬁprhﬁl&ﬂOrefe%orl%t&esl \#é:ta?)g?:l ng

passi vating, etch stop | ayer fhereon; provi dihg a secon

| ayer over|ysnelstedl dr ridle icdppedt kBed| axps:r ££11404 NEAhdH eReh addnchannel
or tunnel openings in the insulating |ayers; (d) depositing a first copper

barrier | ayer owwrdlyioppreiamios wishl ahi agcéayess, cdppert OFimdiayer degaesition;
(e) depositing a copper seed |ayer overlying said first copper barrier
| ayer, by BEPRTS | éﬁmmgﬁbgﬁtpgnpved and planarizing back the excess

copper by chemical mechanical polishing. A deposition of a
second copper barrier layer is performed which overlies the
copper, and thus, the fabrication of inlaid copper

interconnects and inductors is complete.

Referring to Fig. 1, which in cross-sectional
representation illustrates the first part of the method of
the present invention, the formation of trenches and
channels. The substrate is a silicon substrate 10, over the
substrate 10 is formed a thin passivating, etch stop layer
12. Next, a first insulating layer 14 is formed, and finally

a second insulating layer 16 is formed.

Again, referring to Fig. 1, provided is a semiconductor
substrate 10, with a thin passivating, etch stop layer 12
thereon. The semiconductor substrate 10 includes 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 module, and one or more interconnect




(f) perform ng el ectrol ess copper plating copper on said copper seed |ayer
filling trench and channel or tunnel openings wth an excess of copper; (9)
renovi ng sai d excess of copper and planarizi ng hack the excess copper by
chem cal mechani cal polishing; (h) depositing a second copper barrier |ayer
overlying the copper, thus conpleting the fabrication of inlaid copper

i nterconnects and i nductors. -16 2. The nethod of claiml, wherein said
substrate includes a sem conductor substrate or nodul e, Werein the
substrate conprises sem conductor device structures such as gate el ectrodes
and source/ggén%%re ions. .3. The method of claim1l, Wherein said substrate

i ncl udes a 5@ et SPBuBSyr ¥taSor CABEREES - Vianghes haetalswiniag
conpri ses sem t. i LSbr res, such as at.e el.ectrodes,
e caneuendl BE BBl EhY ] S S ohd o RsatPene. 4. The

source/drain regions and nul fip

met hod of clajdpsl.a icRid iRkt beeysl aﬂéﬂ%ﬁ&ﬁ&rno%%%z %%@%g&%?rhéﬂd

i nductors are fabricated by repeating steps € net hod

of clai m 1, materiils seipriisiay:andigecond, | §6¢! Pined YHalLs ke I\ﬁﬂ?HBﬁésed

of low dielectric constant material or materials conprising: SIN SO SOG
spi n-on gl eanhamREed|THOfe deliznettodFot] anet dapddicdsi | a2a odenaskli 890,

hal ogenated_Si O, fluorinated silicate glass in a thickness range from 2, 000
to 10,000 Anpanisiatedisiddrate gasyDie henthidknegso rageoSirbmod , 000 SE6,

spi n-on gl N 4 . _The method of claim1, wherein said first copper
barrier | a;a/gf’ %{Péﬁ”ﬁs%c’fﬂﬁe AREAPAEPAPY &5 chemiqadnyiepead depoFition| Si N,

TaN, TaNx, Mzt angd :MON), N, o eposi t by .atom c | ayer
depositicnnéto a’tEgggggésgﬁgﬁafHés¥$%%$%%£¥duﬁ Ixndst FeFRed7inThRS net hod
of claim 1, sihalaid 5 debbhgt 130919515199:[:;& HayDL", r%vg:ll;:leyzllcﬂga;l €

insul ating layers conprising precursors of” co ound" pTus compound B to
yi el d conpathathnzl @epesnhed biedindl Gepiyifdd GRPAIHd I2@Renc@MBE Si NG a

t hi ckness range from 20 to 200 Angstrons, with atom c |ayer deposition
condi t i ons igfsulmbimgx maeeisdnperat ure range from 150 to 550 C, pressure
range from 10 to 200nTorr, deposition rate ranging fromO0.01 to 0.6 nm per
cycle, and pulse tinme varying fromO0.05 to 0.5 seconds. 8. The nethod of
claim1l1, wherei %aid_first copper barrier layer overlying the insulating
| ayers conprisi%f FrECRPs&PsFHE - chnpdirh An Hxrgss-sestdongdi 3 + Tizd z),

o T THNAA, AAEE MO, e, Bt comoui
present invention, the atomic layer deposition of a first
copper barrier and copper seed layer, over the.insulating
layers 14 and 16. These thin layers are difficult to sketch,
therefore the combination of barrier and seed layer is
referred to as 20, in Fig. 2. The barrier layer thickness is
between 20 to 200 Angstroms, and the copper seed layer
comprised of copper is also between 20 to 200 Angstroms and
is deposited over the barrier layer. A list of barrier
materials is found in TABLE 1. Deposition temperature for
TaN, for example, is approximately between 200 to 500 °C. The
copper barrier layer overlying the insulating layers, is

comprised of TiN, TiSiN, TaN, TaN,, (Mo,N and MoN} , NbN, or

-10-




overlying the insulating |layers conprising precursors of conpound A TDVAT,
Ti [N(CH3) z] 4, tetrakis-(dinmethyl (amno) titanium plus conmpound B, SiH4, to
yiel d conpound S, TiSiN, deposited by atomic |ayer deposition. 10. The

met hod of claim1, Werein said first copper barrier |ayer overlying the

i nsul ating layers conprising precursors of compound A, Tads, plus conmpound
B, NH3, to yield conmpound S, TaNx, deposited by atomi c |ayer deposition.

11. The method of claiml1l, wherein said first copper barrier |ayer
overlying the insulating |ayers conprising precursors o conpound_A, TBTDET,
N(Et 2) 3Ta =MBudePPEiftegubYyrEAmHe tayer (dimsitiiom, dep vablahed) ipl us
conmpound 8, ‘L icals, to yield conpound S, TaN, deposited by atomc

| ayer deposrtion.”"12. The nmethod of claim1, Werein said first copper
barrier layer overlying the insulating |ayers conprising precursors of
conpound A, Mod's, plus -19 conpound B, NH3, to yield conpound S, MZ2N

and MN, deposi tmh Rycdidmaykay QEpdEROSbA | flendd- aalld JRied Of gl ai m 1,

Wherein said first
copper barrier and copper seed layers above, is a

discontinucus thin film growth method, whereby exactly one
monolayer of desired material is formed per atomic layer
deposition cycle. This is accomplished by self-limiting
surface reactions of precursor compounds “A” and “B7, which
form the desired product “87 in a binary cycle comprising two
sequential half-reactions, as outlined in TABLE 1. Note, both
half-reactions are complete and self—limiting at the
monolayer level, and therefore, the total film thickness
deposited by the atomic layer deposition is controlled by the
number of applied deposition cycles. The copper barrier layer
overlying the insulating layers, is comprised of precursors
compound A plus compound B to yield compound S, deposited by
atomic layer deposition, thickness range from 20 to 200
Angstroms, with atomic layer deposition conditions of:
approximate substrate temperature ranges from 150 to 550 °C,
as outlined in TABLE 1, pressure ranges from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.6 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

Some of the detailed specifications listed in TABLE 1

are the following chemical compounds and formulae : TEMAT is

-11-




. copper barrier layer overlying the insulating |ayers conprising precursors
of conpound A, Nbd s, plus conpound 8, NH3, to yield conmpound S, NbN,
deposited by atom c | ayer deposition. 14. The method of claim1l, Werein
said first copper barrier layer overlying the insulating |layers conprising
precursors of conpound A, WF6, plus conpound 8, NH3, to yield conpound S,
WAX, deposited by atom c | ayer deposition. 15. The nethod of claim1,
Wherei n said copper seed |ayer overlying the first copper barrier |ayer,
conpri sing copper deposited by atom c |ayer deposition, and further,

t hi ckness ran from?20 to 200_Ang§trons, wi_th atom c |ayer q%?osition

condi ti ons ot I Upfrtaliinatetialiher Rthelnethyd amice) 26htaplang EOMAE cisur e
range from,0 Opiror,r,.  deposi L. on rangi fram0.01 to 0,05 nm per
cycle, and %’t‘ﬁﬁsgﬁﬁ? 4'v§1;re§}:|rﬁ§9 ré%lﬂ?féya% ga’b’?%&ser%otrﬂ’&m“-?gmmfg. fhe
method of of g4 ra MAGEALY $314-ERBREILARES LAVEl (AHMERGdbYe 17t
copper barrier lTayer, conprising precursors of cohpoun

copper (1 1) hexspdd 114 .0acet yacet onat e or copper(thd) Z, tetranethyl

hept anedi one and water vapor, as a first step, then followed by conpound B,
reduci ng agent isopropanol or formalin, to yield S, copper seed | ayer,
deposited by atom c | ayer deposition. 17. The method of claim 1, wherein
said el ectrol ess plated copper on the copper seed layer, filling trench and
channel or tunnel openings with an excess of copper, conprising the
foll owi ng deposition conditions: a liquid plating bath m xture conprising
CuSOQ HF, HCl, CH20 Wth heat in a tenperature range from25 to 65 C,

yi el di ng a -copper—ptatihg—thie aeH-Rg C .
18. The method of claim11l, wherein said
chem cal nechani cal polishing, to forminlaid copper interconnect Wring
and inductors. 19. The nethod of cleastg,1 wherein said second copper
barrier layer overlying the copper, conprises a |layer of Si N, deposited by
PECVD, pl asnma-enhanced -21 chem cal vapor deposition, with thickness
rangi ng from 200 to 1000 Angstrons. 20. A nethod to deposit a copper
barrier and seed | BPECURSORE|:echr ol ess d@pper plating, sfilling trench and
channel or tunnel %geni@ s in the fabrication of interconnects and

i nduct ors, TEHAFRAS 4§,ﬂﬁg)follomjng steps: (a) providing a first insulating

| ayer, overiﬂ}/ddﬁgcba %m' conduct&gr iubstr e wth a passivating, etch stop
& % 3k et T

| ayer thereon; roviding a bnd i ‘ating | ayer 6yérlying said first
insul ating l#Lres s00 TiT, NH; TiN

~300 to 400 (TiCl; + TiyCl,) + NHs TiN

~150 to 400 TEMAT NH3 TiN

~150 to 250 TDMAT SiH, TiSiN

200 t0 500 TaCls NH3 TalN,

200 to 300 TBTDET H' radicals TaN

~500 MoClcg NH; Mo.,N and MoN

~500 NbC1; NH3 NbN

-12-



(c) formng-trench and channel or tunnel openings in the first and second
insul ating layer; (d) depositing a first copper barrier |ayer, conprised of
TaN, overlying said insulating |layers, by atom c |ayer deposition, and into
the trench and channel or tunnel openings; (e) depositing a copper seed
| ayer overlying said first copper barrier |ayer, by atom c |ayer
deposition; (f) performng el ectrol ess copper plating copper on said copper
seed layer filling trench and channel or tunnel openings with an excess of
copper; -22 (g) renoving said excess of copper and pl anarizing back the
excess copper by chem cal nechanical polishing; (h) depositing a second
copper barrier layer, conprised of SiN, overlying the copper, thus
conpleting t fabrdgation of il aid copper interconnects and i nductors.
21. The net h%@oo c%§aqam 20, whgr@éi n sai dﬁéﬁbstrate i ncl"@%es a seni conduct or
substrate or nodul e, wherein the substrate conprises sem conductor device
structures SUCNH as gare efectrodes amd sourcerdrar-—regt-ons—22—Fre—+et hod
of claim 20, Werein said substrate includes a sem conductor substrate or
nodul e, Wherein the substrate conprises sem conductor device structures,
such as, gate el ectrodes, source/drain regions and nmultiple |evels of netal
i nterconnections. 23. The nethod of claim20, wherein nultilevel inlaid
copper interconnects and inductors are fabricated by repeating steps (b)
t hrough (h). 24. The nethod of claim 20, wherein said first and second
insulating |layers are conprised of low dielectric constant material or
materials conprisi,ng,. S N_S.0 SOG spLn-o | ass, PE plasma enhanced TECS
-23  tetraet hOXD)S/éSI alne? 3?68&??98%3°ﬂa¥%’@eﬁ5€?e‘i?%ﬁﬁ s9sfor@¥gted silicate
glass in a g4d t 000 Angst.rons, deposited by CVD
cheni cal vaporﬂ%g%zi%%g%ggfggg&grgggﬁ-g#%fhs‘gs)?m .SJ'Wecﬁé’Pﬁgd of claim
20, \Wher ei ndgpidl fdd Yy GeRRCE Dayeiede ; i e | e
| ayers, is ;%ﬁ%risedig} Ti N, Tié?N, Té%L %%Kﬁyq%k%gﬁ?g%%'N%%??kﬂ%kg or WX,
deposi ted bsangeriron 2Petodeposhhystrohs, aapdidiiiest angendthtant28gs0 200
Angstrons. 26. The net hod gf claim 20, Wherein said first

from 200 to 300 °C, pressure range from 10 to 200mTorr,

deposition rate ranging from 0.01 to 0.05 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds. Furthermore,
the copper seed layer deposition is comprises precursors of
compound A, copper (II)-hexafluorcacetyacetonate or

copper (thd);, tetramethyl heptanedione and water vapor, as a
first step, then followed by compound B, reducing agent

isopropanol oxr formalin, to yield S, the copper seed layer.

Referring to Fig. 3, which in cross-sectional
representation illustrates the third part of method of the
present invention, the electroless deposition of copper 30,
over the barrier and seed layer 20, forming excess copper on
the surface. The thick copper layer 30 dips into the trench,

channel and tunnel openings. The plated thick copper

-13-



copper barrier layer overlying the insulating |ayers conprising precursors
of- conpound A plus conpound B to yield conpound S, deposited by atomc

| ayer deposition, conprising a thickness range from20 to 200 Angstrons,
Wth atomi c | ayer deposition conditions of: approximate tenperature range
from 150 to 550 C, pressure range from 10 to 200nTorr, deposition rate
ranging fromO0.01 to 0.6 nm per cycle, and pulse tine varying fromO0.05 to
0.5 seconds. 27. The nethod of claim 20, wherein said first copper barrier
| ayer overlying the insulating |ayers conprising precursors of conpound A,
Tid4, Tilg, (Tid3 + Ti2Cl2), or TEMAT, Ti [N CZHS)2]9,

t et raki s( et FSPAEL FAAM i ) APPECRARREMLY pEBIM CA PO b BLO MM, Bingst24éms yhel d
conmpound S, _.Ti deposj,ted by atgom c | ayer deposition. 28. The method of
clai m 20, what Nf’hesssg-i hg P&F‘%BE&F%&HF@? FORRAT RreriBA wPPPeE sASdl ati ng

| ayers conp{ising Hr ound TDNAT, Ti [ N(CH3) 27a,,
tetrakis-( diﬂr‘%ﬁw%&%ﬁg‘r O“:r%t"gﬁ‘i %%gpsﬁaen%@%&iﬁi §H§é{’-"{g§ yi&pgan
conmpound S, eddeit N, ol ired ; QE] RSl 0, .. The net hod of
claim 20, Werein said f%gtc?%gg%?g%grkﬁéff?gﬁer é%é%%ﬁ%%}*fﬁe i nsul ati ng
| ayers conmpeosdingiqifseC UraS Aismuat ﬁmanﬂﬂedbéth1ﬁg;ghréﬂdg&dyaggggn@u§0 NFB, to
yi el d conpound S, TaNx, deposited by atom c | ayer deposition. “30. The

met hod of CRi rHCA), GHaOr wiibhsheatting sin coppetpdratiorer rhayar £oyar2yifg t he
insulating |aygers conprising precursors of conpound A, TBTDET, N(Etz)3Ta =
NBu' , tert-%@tFylinido tris-(diethylam do) tantalum plus conpound B, H
radicals, to yield conpound S, TaN, deposited by atom c | ayer deposition.
31. The nethod of claim 20, Wherein said first copper barrier |ayer

overlying the i R lLayers -25 conpri sin recursors of conpound A,
MO s, plus cong%%%%&g%gNﬁ§,%%g'y%élHhﬁgﬂpkﬁwﬁféé%%ﬁﬁﬁﬁﬁ%%&iNbN, deposi t ed
by atom ¢ | Ahiedlenalslon0n11 82 rI08s TBEL O £ GLANMGD culfigreln sapd T st

copper barrier layer overlying the 1 nsulating ITayers conpri Sing p? cursors

of conpoundthe pPHEent phwenteBROURSE 8hiéﬁ£%hé(bﬁéé§éjdﬁﬁﬂ@%“ﬂg Pembl

deposited by atom c | ayer deposition. 33. The nethod of "claim 20, erein
said first Toppaihehauriface apdr pbasatyzed by echdmmildaal meghbhayess conpri sing
precursors of_ conpound A, W6, plus conpound B, NH3, to yield conpound S,
WX, deposiRLd-Ihing-ofhes) ajer fdepedi botn, islhid eppeirhdd tefk-cohagat 20,
wherei n sai d copper seed |ayer overlying the first copper barrier |ayer,
conprising‘?iﬁﬁﬁg?%ﬂgp8§PP§H b?dﬁFBﬂ¥%rnge?3%kposition, and further,

t hi ckness range from 20 to 200 Angstronms, with atom c | ayer deposition
conditions of: approximate tenperature range from 200 to 300 C, pressure

range from 10 t ge4QQ34aL YQQeggéﬂii 8@ g%_e {fanqli ng fJ. om 9,91 to 0.05 nm per
cycle, and pulse tine varying TromO0.0 o 0.5 séeconds.
‘representation, illustrates the planarization of the excess
material in the trench, channel and tunnel openings channels
to form conducting interconnect wiring, with inlaid copper in
a damascene process. Note, the excess material in the thick
copper layer is polished back and Planarized, along with
regions of the barrier and copper seed layer, by chemical
mechanical polish (CMP). After this step, a second copper

barrier layer 42 overlying the copper 40 (30) , is deposited

by PECVD, plasma-enhanced chemical vapor deposition, and is

-14-



-26  35. The nmethod of claim 20, wherein said copper seed | ayer overlying
the first copper barrier |ayer, conprising precursors of conpound A

copper (1 1) hexaf | uor oacet yacet onate or copper(thd)2, tetranethyl

hept anedi one and water vapor, as a first step, then followed by conpound B,
reduci ng agent isopropanol or formalin, to yield S, copper seed | ayer,
deposited by atom c | ayer deposition. 36. The nmethod of claim 20, wherein
said el ectrol ess plated copper on the copper seed layer, filling trench and
channel or tunnel openings Wth an excess of copper, conprising the
foll ow ng deposition conditions: a liquid plating bath m xture conprising
CuSQq, HF, TigeH A #h 1pFer PR §iVendplrat thickneage fanginds from630C,

yi el ding a copper plating thickness ranging from2,000 to 10,000 Angstrons.
37. The netfREUC Angshrepes . whhiei Aospletex cdvs woppers iandplthrabhzegeback
by chem cal mechanical polishing, to forminlaid copper interconnect wring
and i nduct okayergis Hsedneishedbottohalay@d, imhfsmiimes aiubssewentd cepper
barrier layer overlying the copper, conprises a |layer of Si N, deposited by
PECVD, pl asimtesrdrameets- 33d icleatoss . VERere£aRositHe ibodkt BrbBEckngss
rangi ng from 200 to 1000 Angstrons. 39. A nethod to deposit a copper
barrier andsisged daay®le tepeakeat €6l pssaced pRIL 1l -aldvad, m&kﬁhiagriﬁgngﬂdand
channel or tunnel openings in the fabrication of interconnects an

i nductors, LHgYdcy NGykke .following steps: (a) providing a first insulating
| ayer, overlying a sem conductor substrate with a passivating, etch stop

| ayer thereon; (b) providing a second insulating |ayer overlying said first
insulating layer; (c) form ng trench and channel or tunnel openings in the
first and secondr pukmatting, | a¥eerr{f) €N} ! 910 thef biebesQPPEL DA €T

| ayer, conprised of TaN, TaNx, TiN, TiSiN, Nx, NbN, “or WAx, overlying

sai d i nsul ahant lcadisingy theomethbdyef flopaaiddemt WnkBnaibhi ckngss of 50
to 2,000 Angstronms, and into the trench and channel or tunnel openings; (e)
- deposi ti ng BIdGMFer seed | ayer, conprised of copper, overlying said first

copper barrjer I%yer, b% atgm c |l ayer deposition Wth a thickness o 20 to
200 Angstrofe:! (FPTPerisrnPhgtErReke S| dmelspl ati ng copper, Wth a

thi ckness (¥52%’09Q0h2c19a939 é@ﬁgéiéqgh é¥1éggﬁlrp%ggiger and seed,
(53) Electroless deposition of copper,
(54) .Chemical mechanical polishing back of excess copper,
(55) Barrier deposition, SiN, forming copper

interconnects and inductors.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it wil} 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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28 seed layer filling trench and channel or tunnel openings Wth an
excess of copper; (g) renoving said excess of copper and planarizing back
t he excess copper by chem cal nechani cal polishing; (h) depositing a second
copper barrier layer, conprised of SiN, overlying the copper, and with a
t hi ckness of 200 to 1,000 Angstrons, thus conpleting the fabrication of

I nl ai d copper interconnects and i nductors. 40. The nethod of claim 39,
wherein said substrate includes a sem conductor substrate or nodul e,
Wherein the substrate conprises sem conductor device structures such as
gate el ectrodes and source/drain regions. 41. The nethod of claim 39,
wherein said substrate includes dhathiisomdadmed daebstrate or nodul e,
wherein the substrate conprises sem conductor device structures, such as,
gate el ectrodes, source/drain regions and multiple |l evels of netal

I nt erconnections. 42., Th f claim39, wherein nultilevel inlaid
copper interconnects la'ndil n t&gtggr goa FPPEbY i T LWMPHR BasFderi Apdseepd (b)

L0 1) e, TRl S A7 iy L
channel or tunnel openings in the fabrication of
interconnects and inductors, comprising the following
steps:

(a) providing a first insulating layer, overlying a
semiconductor substrate with a passivating, etch stop
‘layer thereon;

(b) providing a second insulating layer overlying said
first insulating layer;

(c) forming trench and channel or tunnel openings in
the insulating layers;

(d) depositing a first copper barrier layer overlying
said insulating layers, by atomic layer deposition;

(e) depositing a copper seed layer overlying said first
copper barrier layer, by atomic layer deposition;

(f) performing electroless copper plating copper on
said copper seed layer filling trench and channel or
tunnel openings with an excess of copper:;

(g) removing said excess of copper and planarizing back
the excess copper by chemical mechanical polishing;

{h) depoéiting a second copper barrier layer overlying
the copper, thus completing the fabrication of inlaid

copper interconnects and inductors.
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constant material or materials conprising: SiN, SiO SOG spin-on glass, PE
pl asma enhanced TEGCS, tetraethoxysilane deposition, hal ogenated Si G
fluorinated silicate glass in a thickness range from 2,000 to 10, 000
Angstrons, deposited by CVD chem cal vapor deposition or SOG spin-on

gl ass. 44. The nethod of claim 39, wherein said first copper barrier |ayer
overlying the insulating layers, is conprised of TiN, TiSiN, TaN, TaNx,
(MoZN and MoN), NbN, or WAx, deposited by atom c | ayer deposition, to a

t hi ckness ranging from 20 to 200 Angstrons. 45. The nethod of claim 39,
wherein said first copper barrier layer overlying the insulating |ayers
conprising precursors of conpound A plus conpound 8 to yield conpound S,
deposited by atom c | ayer deposition, conprising a thickness range from 20
to 200 Angstronms, with atom c | ayer deposition conditions of: approxinate
tenperature range fromI50 to 550 C, pressure range from 10 to 200mTorr,
deposition rate rangidy fihenmmetbbddt ofOchaim herwitamsdim saidl pubserhicae
varying from0.05 to 0.5 seconds. 46. The nethod of claim39, wherein said
first copper barirdrudes & sepécepdngteonesipstraite my Impdnle - 3Beredonpri si ng
precursors of conmpound A, TidQ Til4, (Tad3 + Ti2Cl2), or TEMAT

Ti [ N( CzHs) 2] 4, t‘g?‘f AR FEPRYESRE IBFREFPRMHRT Flars s FisHREUBES NH3,
to yield conpou 1] e ited.by atgmc |la deposit.ion. 47. The

met hod of cl ai mn%'bél \ﬁéerlgealt% %g%&tt s %%‘gp%?u’f)cé%/&i’a’“fé%?&mﬁ\?erl ying the
insulating layers conprising precursors of conpound A, TDMAT, Ti[N(CH3)2]g,
tetrakis-(dimethyl (amno) titanium plus conpound B, SiH4, to yield
compound S, Ti SI N, deposiThedml¥haHoBECclayRr1 dapasididaidB subliergekhod of
claim 39, wherein said first copper barrier |ayer overlying the insulating
| ayers conpri si ngpginetis sosemikcondnpbondsdbs eis o Intslvi@patageBn NH3, to
yi el d conpound S, TaNx, deposited by atom c | ayer deposition. 49. The

met hod of cl ai mB® syhstaatesgoaptires sopberndngtirddviyper sereckyrag,t he
insulating |layers conprising precursors of conpound A, TBTDET, N(Etz)sTa
"NBU , text-but! yF95h d6 1 FaEE GLECKTPIRP doFOrEFRAATARD FaFEo®snddnd B, H-

radicals, toyi enllud].tci%rlpemiréq"e§3 -cl;%Ntne &POh g:gcc? neac.;[toingncs .l ayer deposi tion.

4. The method of claim 1, wherein multilevel
inlaid copper interconnects and inductors are fabricated

by repeating steps (b) through (h).

5. The method of claim 1, wherein said first and
second insulating layers are comprised of low dielectric
constant material or materials comprising: SiN, 8ioO,
S0G spin-on glass, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SioO,
fluorinated silicate glass in a thickness range from
2,000 to 10,000 Angstroms, deposited by CVD chemical

vapor deposition or S0G, spin-on glass.
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-31
overlying the insulating |ayers conprising precursors of conpound A MU s,
pl us conpound B, NH3, to yield conpound S, Md2N and MN, deposited by
atom c | ayer deposition. 51. The nethod of claim 39, wherein said first
copper barrier layer overlying the insulating |ayers conprising precursors
of conpound A, Nbd s, plus conpound B, NH3, to yield conmpound S, NbN,
deposited by atom c | ayer deposition. 52. The nmethod of claim 39, wherein
said first copper barrier layer overlying the insulating |layers conprising
precursors of conmpound A . WF6, plus conpound B, NH3, to yield conpound S,
WAX, deposited by atom c |ayer deposition. 53. The nethod of claim 39,
wherein said copper seed |ayer overlying the first copper barrier |ayer,
conpri sing copper deposited by atom c | ayer deposition, and further,

t hi ckness range from 20 to 200 Angstrons, Wth atom c |ayer deposition
condi ti ons of : appr o) -nailket erpberdt afeclaimgel f rvtie2Mith tsaidD&iCstpr essure
range from 10 to 200nTorr, -32 deposition rate ranging from0.01 to 0.05
nm per cycl e, arfPRRA%®arTiery apryphgovedhyng®sthe inilsddagddayess, The

met hod of claim39, \Werein said copper seed

\ r | ayer overlying the first
copper barrier |GG iy PrecNr sHRY, o?al?gﬂnﬂ%?m gnd %ON) , NbN,

copper (11) hexaf | uorgace t.e _or, copper(thd).2, tetranethyl

hept anedi one anﬁa@g‘f ‘\% %%%Qgg}%yfaftr% cgflea&ert ﬁ&ﬁ’c’fgélgcmﬁed@%yacorrpound B,
reduci ng agent |iSORIKHRARO0L £Qr I N5t .0, V4 ]ﬁggger seed | ayer,
deposited by atom c | ayer gg%éggt?gh# %%:&%£§%é§§%? of claim 39, Wuerein
sai d el ectrol ess plated copper on the copper seed layer, filling trench and
channel or tunnel openings Wth an excess of copper, conprising the

fol | owi ng deposition 7condhei method bf qolatiml Bt iwig:ksdinh sEig BE@seonpri si ng
Cus04, HF, HCO, CHZO Wth heat in a tenperature range from25 to 65 C,

yi el di ng a copp&toRRes bagrirrckA¥Ss euaylvipd ridm ZAm300atdng016§8rangst r ons.
56. The nethod of claim 39, Wierein said excess copper is planarized back
by chemical nectf8fFEHSIRE PERFHESCES PHreoTRAund & @dver coRPeradnBet® wiring

and i nductors. - 7. The thqd of.claim 39, wherein said second copper
barrier |ayer oé%lﬁ r‘mi'gj’“'Pﬁgf‘Elggpea?P% ﬁ%?ﬁ?s%%_%tqnﬁ'fellaérﬁr_saﬁ?%éﬁbgﬁ_ed by
PECVD, pl asma- enhanead cRei gk AROL ASRES #4020V JoBl akBEsshaNgi Ng
from 200 to 1000 Angstromis. -34 !

with atomic layer deposition conditions of:

approximate temperature range from 150 to 550 °c,
Pressure range from 10 to 200mTorr,
‘deposition rate ranging from 0.01 to 0.6 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

8. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A} TiCl,, TiI,, (TiCl,

-+ TiyCl,), or TEMAT, Ti[N(C;Hs):],, tetrakis-
(ethylmethylamido) titanium, plus compound B, NH3;, to
Yield compound S, TiN, deposited by atomic layer

deposition.
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9. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors §f compound A, TDMAT, Ti[N(CHi).l.,
tetrakis- (dimethyl (amino) titanium, plus compound B,
SiH;, to yield compound S, TiSiN, deposited by atomic

layer deposition.

10. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TaCls, plus
compound B, NHj3, to yield compound S, TaN,, deposited by

atomic layer deposition.

11. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TBTDET, N(Et;)sTa =
NBu®, tert-butlylimido tris-(diethylamido) tantalum,
plus compound B, H' radicals, to vield compound S, TaN,

deposited by atomic layer deposition.
12. The method of claim 1, wherein said first

copper barrier layer overlying the insulating layers

comprising precursors of compound A, MoCls, plus

-19-
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cal] calU] ca] cal] ca] cal] ca] cal] ca] caU] ca] cal] ca] caU] cal] cal] cal] cal] cal] cal] ca

"k gk R | ol " 2 3; 3A3v3>7?7(8
98?3';]] 3?]><g?U][ (L:J?’} ]c (ﬁﬁ]wcga fggl c%U]%aejlgzedaL?]o?:naPé] %g/UL]S(’:aﬁﬁég%gg{}ga caU] cal] ca

U] cal] cal] cal] calegajscaidiic &y] atbhta] tayd£ adsddaaldmal] ca* 838,
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cay Cal cal] Ca] cal] Cal caU] cal] Ca| Ca
] U ] Y ] Y ig. UkheL%et od of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, NbCls, plus

compound B, NH3, to yield compound §, NbN, deposited by

atomic layer deposition.

14. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, WFg, Plus compound
B, NH3, to yield compound S, WN,, deposited by atomic

layer deposition.

15. The method of c¢laim 1, wherein said copper seed
layer overlying the first copper barrier layer,
comprising copper deposited by atomic layer deposition,
and further, thickness range from 20 to 200 Angstroms,
with atomic layer deposition conditions of:
approximate temperature range from 200 to 300 °c,
pPressure range from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.05 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.
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filling trench and channel or tunnel openings with an
excess of copper, comprising the following deposition
conditions: a liquid plating bath mixture comprising
CusS0O,, HF, HCl, CH,0 with heat in a temperature range
from 25 to 65 °c, yielding a copper plating thickness

ranging from 2,000 to 10,000 Angstroms.

18. The method of claim 1, wherein said excess
copper is planarized back by chemical mechanical

polishing, to form inlaid copper interconnect wiring and

inductors.

19. The method of claim 1, wherein said second
copper barrier layer overlying the copper, comprises a

'1ayer of S5iN, deposited by PECVD, plasma-enhanced
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chemical vapor deposition, with thickness ranging from

200 to 1000 Angstroms.

20. A method to deposit a copper barrier and seed
layer for electroless copper plating, filling trench and
channel or tunnel openings in the fabrication of
interconnects and inductors, comprising the following
steps:

(a) providing a first insulating layer, overlying a
semiconductor substrate with a pPassivating, etch stop
layer thereon;

(b) providing a second insulating layer overlying said
first insulating layer;

(c) forming trench and channel or tunnel openings in
the first and second insulating layer;

(d) depositing a first copper barrier layer, comprised
of TaN, overlying said insulating layers, by atomic
layer deposition, and into the trench and channel or
tunnel openings;

(e) depositing a copper seed layer overlying said first
copper barrier layer, by atomic layer deposition:

{f) performing electréless copper plating copper on
said copper seed layer filling trench and channel or

tunnel openings with an excess of copper;
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(g) removing said excess of copper and planarizing back
the excess copper by chemical mechanical polishing;

(h} depositing a second copper barrier layer, comprised
of SiN, overlying the copper, thus completing the
fabrication of inlaid copper interconnects and

inductors.

21. The method of claim 20, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate comprises semiconductor device structures

such as gate electrodes and source/drain regions.

22. The method of claim 20, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate comprises semiconductor device structures,
such as, gate electrodes, source/drain regions and

multiple levels of metal interconnections.

23. The method of claim 20, wherein multilevel
inlaid copper interconnects and inductors are fabricated

by repeating steps (b) through (h).

24. The method of claim 20, wherein said first and
- second insulating layers are comprised of low dielectric
constant material or materials comprising: SiN, SioO,

SOG spin-on glass, PE plasma enhanced TEOS,
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26. The method of claim 20, wherein szaid first
copper barrier layer overlying the insulating layers
comprising precursors of compound A plus compound B to
yield compound S, deposited by atomic layer deposition,
comprising a thickness range from 20 to 200 Angstroms,
with atomic layer deposition conditions of:
approximate temperature range from 150 to 550 °c,
Pressure range from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.6 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

27. The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TiCl,, Til,, (TiCl,
+ Ti;Cly), or TEMAT, Ti[N(CsHs):]., tetrakis-

(ethylmethylamido) titanium, plus compound B, NH;, to
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yield compound S, TiN, deposited by atomic layer

deposition.

28, The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TDMAT, Ti[N(CH3) 214,
tetrakis- (dimethyl (amino) titanium, plus compound B,
SiHq, to yield compound S, TiSiN, deposited by atomic

layer deposition.

29, The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TaCls, plus
compound B, NH;, to yield compound S, TaN,, deposited by

atomic layer deposition.

30. The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TBTDET, N(Et;)s3Ta =
NBu®, tert-butlylimido tris-(diethylamido) tantalum,
plus compound B, H' radicals, to yield compound S, TaN,

deposited by atomic layer deposition.

31. The method of claim 20, wherein said first

copper barrier layer overlying the insulating layers

25-



.10%00& ()- ¢ -109%0& ()- 10900& ()-j- 10900& ()-j SSTT3UU| [: NA410

109900& ()- ~Cl099, 0& ()- Y10900& ()- c 10900& ()- 109%00& ()-- c

109908 () - UNWWHWW-WN [ : - 41000 P; 10%0&' ()-  610%00& ()-  34YL0M0& ()- ¢
| ' CLOY®0& ()-- ¢ Y%A0%00& () - WWWWWKXX0A41000 F 109%WME ()- v

f 2109008& () -
1090MVE ()-M F

‘comprising precursors of compound A, MoCls, plus

compound B, NH3, to yield compound §, Mo,N and McN,

deposited by atomic layer deposition.

32, The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, NbCls, rlus
compound B, NH;, to yield compdund S, NbN, deposited by

atomic layer deposgsition.

‘33. The method of claim 20, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, WFs, plus compound
B, NH3, to yield compound S, WN,, deposited by atomic

layer deposition.

34. The method of claim 20, wherein said copper
seed layer overlying the first copper barrier layer,
comprising copper deﬁosited by atomic layer deposition,
and further, thickness range from 20 to 200 Angstroms,
with atomic layer deposition conditions of:
approximate temperature range from 200 to 300 °C,
Pressure range from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.05 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.
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35. The method of claim 20, wherein said copper
seed layer overlying the first copper barrier layer,
comprising precursors of compound A, copper (II)-
hexafluorocacetyacetonate or copper(thd),, tetramethyl
heptanedione and water vapor, as a first step, then
followed by compound B, reducing agent isopropanol or
formalin, to yield S, copper seed layer, deposited by

atomic layer deposition.

36. The method of claim 20, wherein said
electroless plated copper on the copper seed layer,
filling trench and channel or tunnel openings with an

excess of copper, comprising the following deposition

conditions: a liquid plating bath mixture comprising

CusS0O,, HF, HCl, CH;O with heat in a temperature range
from 25 to 65 °c, yielding a copper plating thickness

ranging from 2,000 to 10,000 Angstroms.

37. The method of claim 20, wherein said excess
copper is planarized back by chemical mechanical
polishing, to form inlaid copper interconnect wiring and

inductors.

38. The method of claim 20, wherein said second
copper barrier layer overlying the copper, comprises a

layer of SiN, deposited by PECVD, plasma-enhanced
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chemical vapor deposition, with thickness ranging from

200 to 1000 Angstroms.

39. A method to deposit a copper barrier and seed
layer for electroless copper plating, filling trench and
channel or tunnel openings in the fabrication of
interconnects and inductors, comprising the following
.steps:

(a) providing a first insulating layer, overlying a
semiconductor substrate with a rassivating, etch stop
layer thereon;

(b) providing a second insulating laver overlying said
first insulating layer;

(c) forming trench and ‘'channel or tunnel openings in
the first and second insulating layer:;

(d) depositing a first copper barrier layer, comprised
of TaN, TaN,, TiN, TiSiN, MoN,, NbN, or WN., overlying
said insulating layers, by atomic layer deposition with
a thickness of 50 to 2,000 Angstroms, and into the
trench and channel or tunnel openings;

(e) depositing a copper seed layer, comprised of
copper, overlying said first copper barrier layer, by
atomic layer deposition with a thickness of 20 to 200
Angstroms;

(f) performing electroless copper plating copper, with

a thickness of 2,000 to 10,000 Angstroms, on said copper
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seed layer filling trench and channel or tunnel openings
with an excess of copper:

(g) removing said excess of copper and planarizing back
the excess copper by chemical mechanical polishing;

(h) depositing a second copper barrier layer, comprised
of SiN, overlying the copper, and with a thickness of
200 to 1,000 Angstroms, thus completing the fabrication

of inlaid copper interconnects and inductors.

40. The method of claim 39, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate comprises semiconductor device structures

such as gate electrodes and source/drain regions.

41. The method of claim 39, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate comprises Semiconductor device structures,
such as, gate electrodes, source/drain regions and

multiple levels of metal interconnections.

42, The method of claim 39, wherein nultilevel
inlaid copper interconnects and inductors are fabricated

by repeating steps (b) through (h).

43. The method of claim 39, wherein said first and

second insulating layers are comprised of low dielectric
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constant material or materials comprising: 8iN, SioO,
SO0G spin-on glass, PE plasma enhanced TEOS,
tetraethoxysilane deposition, halogenated SioO,
fluorinated silicate glass in a thickness range from
2,000 to 10,000 Angstroms, deposited by CVD chemical

vapor deposition or S0OG, spin-on glass.

44. The method of claim 3%, wherein said first
copper barrier layer overlying the insulating layers, is
comprised of TiN, TiSiN, TaN, TaN,, (Mo,N and McN) , NbN,
or WNy, deposited by atomic layer deposition, to a

‘thickness ranging from 20 to 200 Angstroms.

45. The method of claim 3%, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A plus compound B to
yield compound S, deposited by atomic layer deposition,
comprising a thickness range from 20 to 200 Angstroms,
with atomic layer deposition conditions of:
approximate temperature range from 150 to 550 °c,
pressure range from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.6 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

46. The method of claim 39, wherein said first

copper barrier layer overlying the insulating layers
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comprising precursors of compound A, TiCl,, TiI,, (TiCl,
+ TizClz) , or TEMAT, Ti[N(C,Hs).]ls, tetrakis-
(ethylmethylamido) titanium, plus compound B, NH;, to
yield compound S, TiN, deposited by atomic layer

deposition.

47. The method of claim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TDMAT, Ti[N(CHs)>2]4,
tetrakis-(dimethyl (amino) titanium, plus compound B,
SiH;, to yield compound S, TiSiN, deposited by atomic

layer deposition.

48. The method of c¢laim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TaCls, plus
compound B, NH3, to yield compound S, TaN,, deposited by

atomic layer deposition.

49. The method of claim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TBTDET, N(Et,);Ta =
NBu', tert-butlylimido tris-(diethylamido) tantalum,
plus compound B, H' radicals, to yield compound S, TaN,

deposited by atomic layer deposition.
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50. The method of claim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, MoCls;, plus
compound B, NH3, to yield compound S, Mo,N and MoN,

deposited by atomic layer deposition.

51. The method of claim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, NbCls;, plus
compound B, NH;, to yield compound S, NbN, deposited by

atomic layer deposition.

52. The method of claim 39, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, WF¢, plus compound
B, NH3, to yield compound S, WN,, deposited by atomic

layer deposition.

53. The method of claim 39, wherein said copper
seed layer overlying the first copper barrier layer,
comprising copper deposited by atomic layer deposition,
and further, thickness range from 20 to 200 Angstroms,
with atomic layer deposition conditions of:
approximate temperature range from 200 to 300 ‘c,

Pressure range from 10 to 200mTorr,
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and pulse time varying from 0.05 to 0.5 seconds.

54. The method of claim 39, wherein said copper
seed layer overlying the first copper barrier layer,
comprising precursors of compound A, copper (II)-
hexafluoroacetyacetonate or copper(thd),, tetramethyl
heptanedione and water vapor, as a first step, then
followed by compound B, reducing agent isopropanocl or
formalin, to yield S, copper seed layer, deposited by

atomic layer deposition.

55. The method of c¢laim 39, wherein said
electroless plated copper on the copper seed layer,
filling trench and channel or tunnel openings with an
excess of copper, comprising the following deposition
conditions: a liquid plating bath mixture comprising
CuS04, HF, HCl, CH,0 with heat in a temperature range
from 25 to 65 °c, yvielding a copper plating thickness

ranging from 2,000 to 10,000 Angstroms.

56. The method of claim 39, wherein said excess
copper is planarized back by chemical mechanical

polishing, to form inlaid copper interconnect wiring and

inductors.
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57. The method of claim 39, wherein said second
copper barrier layer overlying the copper, comprises a
layer of SiN, deposited by PECVD, plasma-enhanced
chemical vapor deposition, with thickness ranging from

200 to 1000 Angstroms.
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