METHOD TO FILL A TRENCH AND TUNNEL BY USI NG ALD SEED LAYER AND ELECTROLESS
PLATI NG RELATED PATENT APPLI CATI ONS: THI' S APPLI CATI ON | S RELATED TO DOCKET
# CS01-127, FILING DATEO03/27/2003, SERI AL NO. 10/400, 511, ASSIGNED TO A
COVWMON ASSI GNEE, NOW I SSUED AS U.S. PATENT # 6, 716, 693. BACKGROUND OF THE
| NVENTI ON (1) FIELD OF THE I NVENTION This invention relates to a nethod to
deposit by atom c |ayer deposition, ALD, a copper barrier and seed | ayer
for electroless copper plating, filling trench and channel or tunnel
openings in a damascene process, for the fabrication of interconnects and
I nductors. (2) DESSMRIradbON CFIRELATERENGH AND moNNESeBY|I UBIRGAREDr i ption of
related Prior Art background patents follows. U S. Pat. No. 6,225,221 Bl
entitled "Met hod to DepoSEEDaLAGHRPAND SHACTRPIES Sf SLADINE Danascene

I nterconnects” granted My 1, 2001 to Ho et al. describes a nethod of
depositing a copper seed layer in the manufacture of an integrated circuit

devi ce. The copper seed |ay | | ﬁpg f or subsequent

el ectrol ess plating of coppgé?AiF%P%Q%c rié?ﬁ#%%é&gbys'patterned to form

vias and tranceSiicateNNed f¥RhTD TO DOCKET # CS01-127, FILING
DATE(03/27/2003, SERIAL NO. 10/400,511, ASSIGNED TO A COMMON

ASSIGNEE, NOW ISSUED AS U.S. PATENT # 6,716,693.

BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION
This invention relates to a method to deposit by atomic
layer deposition, ALD, a copper barrier and seed layer for
electroless copper plating, f£illing trench and channel or
tunnel openings in a damascene process, for the fabrication

of interconnects and inductors.

{2) DESCRIPTION OF RELATED ART

In this section a description of related Prior Art
background patents fcllows.

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 planned dual




damascene i nterconnects. A barrier layer of tantalum titanium or
tungsten is deposited overlying the dielectric layer to line the vias and
trenches. A copper seed layer is deposited overlying the barrier |ayer by
the reaction of CuF2 vapor with the barrier layer. U S. Pat. No. 6, 305,314
Bl 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 apparatus for avoiding contam nation of filns
deposited in | ayered depositions, such as Atom c Layer Deposition (ALD)

and ot her seguederal intkenboakbctapod Mepoisdd ilay<xChd) tanhaatames. The CVD
deposited contam nation of ALD filns is prevented by use of a pre-

reacti on chaisaviurhatoreftngsien| ¥s cdepest rdavdnleringorthenidieleagrgaseous
constituents to deposit on wall elenents of gas-delivery apgaratus pri or
to enteringta¥RFr ADLIigRalther vigs npgtrenghes FoFoRPLYe SR ddveReifod of

For mi hr ee-Di ' | | ted | tor" ted .28, .1999 t
T 9 B RRe 02k Bheh 2 erd MR Oy Sianed Roc, 201890 to
|nductor<u§%P&§ '%9{%%%tﬁgfr129.ig@%ﬁ?at'0” process includes the steps

g a otoresis

of : depositi Irst p ayer, formng a trench therein, and
filling the trench with electroplated netal. A second photoresist |ayer

U.S. Pat. No. 6,305,314 Bl entitled “Apparatus and
Concept for Minimizing Parasitic Chemical Vapor Deposition
During Atcomic Layer Deposition” granted Oct. 23, 2001 to Sneh
et al. teaches a method and 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 gaseocus 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-Dimensicnal 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
photoresist layer, forming a trench therein, and filling the

trench with electroplated metal. A second photoresist layer

2.




-2 is deposited, and first and second trenches are fornmed therein and
filled wwth electroplated netal. Athird photoresist |layer is deposited
and a trench forned therein, and then filled with electroplated netal. The
first, second, and third photoresist |ayers are then renoved to expose a
mul ti-loop inductor coil. U S. Pat. No. 6,329,234 Bl entitled "Copper
Process Conpatible CMOS Metal -1 nsul ator-Metal Capacitor Structure and Its
Process Flow' granted Dec. 11, 2001 to Ma et al. teaches that in nmany

m xed-signal or radio frequency Rf applications, inductors and capacitors
are needed iai dep@sdiaesel,t and. fEpstaandi gecqed fioreamdes arducbeomedevi ces, a
thick nmetal layer is needed to increase performance, usually requiring an
extra nmaskiherginoeess fiThedi nibht ¢bectieskd ttrab mediald . aAsthdtdur e and

met hod of fabricating both copper netal-insul ator--netal N% capacitors
and thick|ﬁ§9ﬂ°HQﬁd§%t&PgersFﬁu¢?8ﬂ%®H%¢yan4m%tFrQ&ﬁnySHEeﬁa §ReredR, hi gh

f dual
dammscens CPERCRRR SL11PdcRLEn TrectRaRatet w8 tats, J58 ERFFEr cBocRbTecul ar
Beam £91 { axyq NRUNOTT0ra0Led Nova, 4y 2000, HagRSL e odbpdgact ] Des

met hod of growi ng a yer erial on subsStrate by
mol ecul ar Qﬁ&ﬂ@fﬂyJaﬁxlnhﬁéEoknE&HQ?S the steps

U.S. Pat. No. 6,329,234 Bl entitled “Copper Process
Compatible CMCS 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 preocess. The invention describes both a structure and
method of fabricating both copper metal-insulator—metal (MIM)
capacitors and thick metal inductors, simultaneously, with

only one mask, for high frequency mixed-signal or Rf, 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

3



-3 of: (i) disposing a substrate in a vacuum chanber, (ii) reducing the
pressure in the vacuum chanber to a pressure suitable for epitaxial growh
by nol ecul ar beam epitaxy, (iii) supplying ammonia through an outlet of a
first supply conduit into the vacuum chanber so that the ammonia flows

towards the substrate; and (iv) supplying a Goup Il elenent in elenental
formthrough an outlet of a second supply conduit into the vacuum chanber
so that said Goup Il elenent flows towards the substrate. The net hod

causes a |ayer containing Goup IIl nitride to be grown on the substrate

by nol ecul avf beahh)eplitsposing. 8. sBhttrabe in O ydrSiime mhiatibest," Atidli ¢ Layer
Deposition Apparatus for Depositing Atom c Layer on Miltiple Substrates”
grant ed MarredRgimpOdige erepgsiret inl theesreywescharmben @ @ Papesudepositi on
(AI'D) apparatus capable of depositing a thin filmon a plurality of

subst r at es. S9HERIS A [ERFEA*1aLpBEPTFR PR IPA S URY RS EPL t8%Yacuum
chanber, a feactor i.nstalled in_t vacuum ch r, Javi lurality of
odUl 65 whi EHEDar PR BoeR e 1nd AT Eaet i SR Sior &a2oR BHPRRKI 11y o
stages as SPALES Al ATt LARGHRDULEREEDLS Nhad Moo IHEdkis by £ godul es.
Openi ngs alTow each stage to recelve one substrate. so, therers a

plurality Ofowii®is StHPIaKstRaRel;NghAl | £6) | Suddity IMAW @SoukOfThNkeekbRg
gases
in elemental form through an outlet of a second supply

conduit into the wvacuum chamber so that said Group IIX
element flows towards the substrate. The method causes a
layer containing Group III nitride to be grown on the

substrate by molecular beam epitaxy.

U.5. 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 depesiting
a thin film on a plurality of substrates. The atomic layer
deposition apparatus includes: a wvacuum chamber, a reactor
installed in the wvacuum 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 plurality 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.
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froma gas supply portion into the stages. -4 SUMVARY OF THE | NVENTI ON 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 electroless copper plating, filling trench and channel or

tunnel openings in a damascene process, for the fabrication of

i nterconnects and i nductors. A process flow outlining the nethod of the
present invention is as follows: (1) Formation of trenches and channel s,
(2) Atomic |ayer deposition of copper barrier and seed, (3) Electroless
deposition of copper, (4) Chem cal nechani cal polishing back of excess
copper, (5) Barrier deposition, SiN, form ng copper interconnects and

i nductors. Key to the nethegtmehrvherpreseniviryesti on, is the deposition
by atom c | ayer deposition of the copper barrier and seed |ayer for

subsequent el ectyless g@m%lpbasbae OF +H@BSCans: LiRAGR13Rdcghannel or
tunnel openings. The en result s the fabrication of inlaid copper
i nt er connecpsowite drdupirofed method to deposit, by atomic layer
deposition, ALD, a copper barrier and seed layer for
electroless copper plating, £illing trench and channel or

tunnel openings in a damascene process, for the fabrication

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

interconnects and inductors.

Key to the method of the present invention, is the
depesition 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.




The foll ow ng processing steps summari ze the basic nethod of the present

I nvention. Firstly, providing a first insulating |ayer, which overlies a
sem conductor substrate wth a passivating, etch stop |ayer thereon. Al so,
providing a second insulating |ayer which overlies the first insulating

| ayer. Next, formng trench and channel or tunnel openings in the

I nsulating |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
whi ch overlies the first copper barrier layer, by atom c |ayer deposition.
Next, electroless copper is plated on the copper seed layer filling
trench and chanr&ie dioltlemiel pperergingi ¢term sxwessizef theoppeic Finally,
the excess of copper is renmoved and planarizing back the excess copper by
chem cal mEediEMEAT Y& PFeEegt AnHepoesrri ooty < daevddiogper £hasti er

| ayer is perfaorned i ch overlies the copper, and thus, the fabrication
of inlaid cUppEr*FritErédftect’ 1&ﬁd°?’ﬁﬁb’c‘?gr% ‘-’r"‘é“l‘%?d’ﬁgﬁcé’t"é? s¥he&FRRSent i on

has been suvg%iazepcgsasq%\é%igéq %gf%giri ggﬁa%/gé\nf%p t_gheﬁfreer g{!ggut 0 the P,ESt erred

. SO ro Il
enbodi nent s. nme *processin een om and BF8VUhYRP st ood

2 052 o e d B e MR SRS SR U5 a1
layer. Next, forming trench and channel or tunnel openings in
the insulating layers. Next, is the key step of depositing a
first copper barrier layer which overlies the insulating
layers, by atomic layer deposition. Next, the second key step
is of depositing a copper seed layer which overlies the first
copper barrier layer, by atomic layer deposition. Next,
electroless copper is plated on the copper seed layer filling
trench and channel or tunnel openings with an excess of
copper. Finally, the excess of copper is removed 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.

This invention has been summarized above and described
with reference to the preferred embodiments. Some processing
details have been omitted and are understood by those skilled
in the art. More details of this invention are stated in the

“DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.




-6 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 enbodinents with
reference to the attached drawings that include: Fig. 1, which 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

nmet hod of the present invention, the atom c |ayer deposition of the copper
barrier and copper seed layer. Fig. 3, which in cross-sectional

representation illustrates the third part of nmethod of the present
i nvention, the electrol ess deposition of copper form ng excess copper on
the surface. Fig. 4, which in cross-sectional representation illustrates

the final part of the nethod of the gresent invention, in which the excess

copper is renoved from t RRIEPEZCRIEAGOH QRhaFiE RMWANG i cal nmechani cal
polishing. -7 F.Q. Js.a_process flow chart of _outlining the nethod of
the present i nve#}% ooﬁ?je\SéSCEPP??EﬁF ﬁ@%%&%ﬁéﬁﬁ%ﬁéﬁ?@ are

best described in the preferred embodiments with reference to

the attached drawings that include:

Fig. 1, which 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 c¢ross-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-sectiocnal 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.




It is a general object of the present invention to provide an inproved

nmet hod to deposit, by atomc |ayer deposition, ALD, a copper barrier and
seed | ayer for electroless copper plating, filling trench and channel or
tunnel openings in a danmascene process, for the fabrication of

i nterconnects and inductors. The process flow outlining the nethod of the
present invention is as follows: (1) formation of trenches and channels,
(2) atomi c |ayer deposition of copper barrier and seed, (3) electroless
deposition of copper, (4) chem cal nechanical polishing back of excess
copper, and (5) mafriseris depescbsanflSirNchdot BMGUNIihieQPRREE MmBtRBAONNECT S
and inductors. The follow ng processing steps outline the nethod:

Firstly, profithengreseantstinvestiahi.ng | ayer, which overlies a

sem conductor substrate with a passivating, etch stop |ayer thereon. Al so,
provi ding a second insulating | ayer overlies the first insulating |ayer.

Next, formng trench and _channel or tunnel openin in the first and
second i nsul ati ng IayBF§CRIRE§?N ?% TWE&E&%F%#%%P &%B H@WF?ng a first
copper barrier - er which 10¥e rI| s th |nsulat|n |l aver.s atom c
| ayer deposition: ’1\%)& ,getnﬁé"ase eyksﬁép R0t dg'pos%l%f'ng g}é copper

seed |ayer vl e Oval it obhlg InEEﬁBdCQBP&éPQQ{E,' %y atomic layer

deposition, ALD, a copper barrier and seed layer for

electroless copper plating, £illing 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. Alsc, providing a second insulating layer overlies
the first insulating layer. Next, forming trench and channel
or tunnel openings in the first and second insulating layers.

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



| ayer, by atomic |ayer deposition. Next, electroless copper 1is plated on
the copper seed layer filling trench and channel or tunnel openings with
an excess of copper. Finally, the excess of copper is renoved and

pl anari zi ng back the excess copper by chem cal nmechanical polishing. A
deposition of a second copper barrier layer is perforned which overlies
the copper, and thus, the fabrication of inlaid copper interconnects and
i nductors is conplete. Referring to Fig. 1, which in cross-sectional
representation illustrates the first part of the nethod of the present

I nventi on, Xdwer ovinath @vesilibsenbleinsumthtiohanzate:s, The atbatcateyes a
silicon substrate 10, over the substrate 10 is fornmed a thin passivating,
etch stop |dgrasitipn.\N@lext,athpr second kel i sken dyeofl deposfitingda and
finally a second insulating |ayer 16 is formed. Again, referring to Fig.

1, provi ded®IRPSF SHA%CIAAESt YPLCRuBYeFLtes 18 {35t coRPREpRESEFEEI ng, etch
stop | ayer t her eqn. The segicgnductor suhstrate_ 10 i ncl udes one or nore

2
| ayers of i#ﬁﬁﬁ%ﬂigﬁ;%ﬂ%ﬁ%ﬁié?yaﬁd %?oﬁﬁﬁﬂﬂbti YadFCHCaRgS SRBPSF more
active and/Qf HASIY SRt Bippbol BEL: | T Ply B4 i 18 AURR! LRLC R QL LPU! €,

and one or nore I nterconnect structur , Such as, vias, contac

_trenf:h;e_s, Bt aludMd1l RperdRGst ReLhi k€. edbisd 1d5lcdpbbl . aRdnategnd (LR
e Aring excess of copper is removed 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 thinﬁpassivating, 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




| ayers are conprised of |ow dielectric constant material or materials
conprising: SIN, SiO SOG spin-on glass, PE plasma enhanced TEGCS,
t et raet hoxysil ane deposition, halogenated SiO fluorinated silicate gl ass
in a thickness range from2,000 to 10,000 Angstrons, deposited by CH D
chem cal vapor deposition or SOG spin-on glass. As sketched in Fig. 1,
formed in the first 14 and second 16 insulating |ayers are trench and
channel or tunnel opening depicted by the absence of insulating material.
Referring to Fig. 2, which in cross-sectional representation illustrates
t he second gearictifrdmt Radhokst heiapl esentatty entienthdd)e matali wikaygr
deposition of a first copper barrier and copper seed | ayer, over the
i nsul ati ng ahdyhes LikeanGhe6 £fiFhesdlehi andl ayecondir €l&)i filnsodkting sket ch,
therefore the conbination of barrier and seed layer is referred to as 20,
in Fig. 2. meemmrayecopyésedhpékheysdisleprivarand pedenngst pons, and
the copper seed ] ayer conprised of cog&sr is also between 20_to

f

200
Angst rons dhgteridife Prdsigder SR8 b e7OF SRINR 19185501 PHaPlpapa

materials is_found. i BLE.1. osition t erature for TaN, f.0[f.
exanpl o, | ST HOHy B ReSROSH0 + 8 e SO B . GA3eo BaFPRePiPayer
overlying tAg i nSilld N9 1h3UeES g1hSs ERNRI LS ssl I ingl 2l 22boo TRDS.
(MDO2N and MoN), N, or -10

10,000 Angstroms, deposited by CVD chemical vapor deposition

Z
Oy

or 8S0G, spin—~on glass. As sketched in Fig. 1, formed in the
first 14 and second 16 insulating layers are trench and
channel or tunnel opening depicted by the absence of

insulating material.

Referring to Fig. 2, which in cross-sectional
representation illustrates the second part of method of the
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, TaM., {(Mo:N and MoN), NbN, or

-10-




WNX, deposited by atomi c | ayer deposition, as outlined in TABLE 1. The
atom c | ayer deposition nethod devel oped for the copper barrier and copper
seed | ayers above, is a discontinuous thin filmgrowth nethod, whereby
exactly one nonolayer of desired material is formed per atom c |ayer
deposition cycle. This is acconplished by self-limting surface reactions
of precursor conpounds "A" and "B", which formthe desired product "S" in
a binary cycle conprising two sequential half-reactions, as outlined in
TABLE 1. Note, both half-reactions are conplete and self-limting at the

monol ayer |wvygl depbditBarB ostomideLdyadnlddpositti.bnckasssuttiepasi ied by the
atom c | ayer deposition is controlled by the nunber of applied deposition
cycl es. Therzmyper. barrier |ayer overlying the insulating |layers, is
conprised of precursors conpound A plus conpound B to yield conpound S,
deposited by atomc |ayer deposition, thickness range from20 to 200
Angstrons, with atom c | ayer depqgsition conditions of: approxinmte

substrate t enperBteurEIdrydayrrofresditirntetdiod devsdrpeAedornthABLE 1,

pressure ranges f&9n110 tQ OgnWogg,s d pfsiég(n1 r%%p n%nging fromO0.01 to
0.6 nm per THE “H#fF'5h §& |ﬁ§pvary??1§ FHHD. B F55%seconds. Sone of

the detalledh sl f6ald WSl £3569okBuTAGEHoa AWhddieyf Bibathgoonhem cal

COFT'pOUI’]dS an ormul ae : K}A IS
monolayer of desired material is formed per atomic layer
deposition cycle. This is accomplished by self-limiting
surface reactions of precursor compounds “A” and “B”, which
form the desired preduct “SY 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
monclayer 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-




11 Ti[N(CZHS) 2] 4, tetrakis-(ethylnethylamdo) titanium TDVAT is
Ti[N(CH3)2] 4, tetrakis- (dinethyl (amno) titanium TBTDET is N(Et2)3Ta =
NBu , tert-butlylimdo tris-(diethylam do) tantalum TABLE 1 PRECURSORS: A
BS SUBSTRATE T (C) -400 to 500 TiCl4 NH3 TiN -350 to 500 Ti 14 NH3 Ti N
-300 to 400 (TiCl3 + Ti2Cl2) + NH3 TiN -150 to 400 TEMAT NH3 TiN -150 to
250 TDVAT SiH4 Ti SiN 200 t0 500 TaCl5 NH3 TaN. 200 to 300 TBTDET H+

radi cal s TaN -500 MbCl5 NH3 Mb2N and MoN -500 NbCl5 NH3 NboN -12 300 to 550
WF6 NH3 WNx Detailed specification for the copper seed |ayer overlying the
copper bar rite[Nl@wey 1.6 0apEtakig- CORPEIme IgleHildad kytahQGne TOMET is
deposition conditions: thickness range from20 to 200 Angstrons,

appr oxi mat eTi BAPEE-Ab Ly e tedorgdist-ndim@6Byl 6aBlio)C, tipraasiaun ;e TBERGE fisom 10 to

200mrorr,
N(Et,;);Ta = NBu', tert-butlylimido tris- (diethylamido)

tantalum.

TABLE 1

PRECURSORS: A B s
SUBSTRATE T (°C)
~350 to 500 Tin NH-» TiN
~150 to 400 TEMAT NH; TiN
~150 to 250 TDMAT 8iH, TiSiN
200 t0 500 TaCls NH; TaN,
200 to 300 TBTDET H' radicals TaN
~500 MoCl s NHs Mo,N and MoN
“'500 NbCls NH:-; NbN

-12-




deposition rate ranging fromO0.01 to 0.05 nm per cycle, and pul se tine
varying from0.05 to 0.5 seconds. Furthernore, the copper seed | ayer
deposition is conprises precursors of conpound A,

copper (11)-hexafl uoroacetyacetonate or copper(thd)2, tetranethyl

hept anedi one and water vapor, as a first step, then foll owed by conpound
B, reducing agent isopropanol or formalin, to yield S, the copper seed

| ayer. Referring to Fig. 3, which in cross-sectional representation
illustrates the third part of nmethod of the present invention, 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 |ayer 30 dips into
the trench, 3@hamndé50and t unneWFepeni ngsiHisThe pl ated t Mgk copper -13
deposition is approximately from 2,000 to 10,000 Angstrons in thickness.
The electraless plated copper on the copper seed layer, fillipng trench and
channel or tunnel openings with an excess of copper, conprising the
foll owi ng deposition conditions: a liquid plating bath m xture conpri sing
CuS™4, HF, HCl, CH2Owith heating in a tenperature range from25 to 65 C
Referring to Fig. 4, which in cross-sectional representation illustrates
the final part of the nmethod of the present invention, in which the excess
copper is renoved

Detailed specification for the copper seed layer
overlying the copper barrier layer, comprising copper
deposited by atomic layer deposition conditions: thickness
range from 20 to 200 Angstroms, approximate temperature range
from 200 to 300 °C, pressure range from 10 to 200mTorr,
deposition rate ranging from 0.0l 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)-hexafluorocacetyacetonate or
copper {thd),, tetramethyl heptanedione and water vapor, as a
first step, then followed by compound B, reducing agent

isopropancl or 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




fromthe surface and pl anarized by chem cal mechanical polishing. Thus, is
formed both inlaid copper interconnect wring and copper inductors, 40
(30). Referring yet again to Fig. 4, in cross-sectional representation,
illustrates the planarization of the excess material in the trench,
channel and tunnel openings channels to form conducting interconnect
wiring, wwth inlaid copper in a damascene process. Note, the excess
material in the thick copper layer is polished back and planarized, al ong
with regions of the barrier and copper seed |layer, by chem cal mechanical
pol i sh ( CVMRlepd¥iilor hisS appePxiRatelP NEr&HAPLI00 by nicgndtayngs4Zof¥eihyi Ng
the copper 40 (30), is deposited by PECVD, plasma-enhanced chem cal vapor
deposi ti on, tlaitkness 1o lecsedliobs aplayed ofprsidNon rthae chipekemreseedangi ng
from200 to 1000 Angstroms. This conpletes the process and the barrier
| ayer is uskaves, £ijdtinemtrepsh padf ohanpgl sehsteipnedt cpgpdags wathraonnect s
and i nductors. Therefore, the above processin st eps. can be repeated to
produce mul¥¥eeTYAE (RAPDST FPWBréﬁﬂngiFH%cﬁ?ﬁaqﬁﬁﬂﬁwgeHQ?l§&ﬁﬁation,
referring to Fig.. 5 the process flow chart outlining the nethod.qf the
present inv%ﬁﬂ#%#%?%?zﬁ;a &ﬁF&@BPR?gi?gg%ﬁ?&uW%ﬁF%ﬁe1é%§3§ﬁ5§n§n§u§§éhnels,
HF, HCl, CHO with heating in a temperature range from 25 to

65 °C.

Referring to 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. Thus, is formed both inlaid copper interconnect

wiring and copper inductors, 40 (30).

Referring yet again to Fig. 4, in cross-sectional
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-




(52) Atom c |ayer deposition of copper barrier and seed, (53) Electroless
deposition of copper, (54) Chem cal nechanical polishing back of excess
copper, (55) Barrier deposition, SiN, form ng copper interconnects and

i nductors. Wiile the invention has been particularly shown and described
with reference to the preferred enbodinents thereof, it will be understood
by those skilled in the art that various changes in formand details nmay
be made without departing fromthe spirit and scope of the invention. -15
What is clainmed is: 1. A method to deposit a copper barrier and seed |ayer
for el ectra@gsricRper Al abyag, ofi ELNNQit renthi itk s <C RangehgOErbu N2
openings in the fabrication of interconnects and inductors, conprising the

fol lowing &fenfio Edyskiowsdi PEid EbhSletds Ul igidbdedeandO¥RE| ¥hRBiEr
sem conductor substrate with a passivating, etch stop |ayer thereon; (b)

provi di ng aléfecm@. s ati Qopbaveh YL Vid% sl Hubsbqliagyl athpe:! aver;
(c) formng trench and channel or tunnel openings i'n the’insulating

layers; interconnects and inductors. Therefore, the above processing

steps can be repeated to produce multi-level metal wiring and

inductor layers.

In summation, referring to Fig. 5, the process flow
chart outlining the method of the present invention is as
follows:

{51) Formation of trenches and channels,

{52) Atomic layer deposition of copper barrier and seed,
{53) Electroless deposition of copper,

(54) Chemical mechanical peolishing 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 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.

-15-




(d) depositing a first copper barrier |ayer overlying said insulating
| ayers, by atom c | ayer deposition; (e) depositing a copper seed | ayer
overlying said first copper barrier |ayer, by atom c |ayer deposition
using precursors of copper conmpound A, copper(Il) -
hexaf | uor oacet yacet onate or copper (thd) 2, tetranethyl heptanedi one and
wat er vapor, as a first step, then followed by conpound B, reducing agents
i sopropanol or formalin; (f) performng el ectrol ess copper plating copper
on said copper seed layer filling trench and channel or tunnel openings
wi th an excess of copper; -16 (gWwH=T¢ BJasaeéd €xcess of copper and
pl anari zi ng back the excess copper by chem cal nechanical polishing; (h)
depositing a second copper barrier layer overlying the copper, thus
conpleting the fabrication of inlaid copper interconnects and inductors.
2. The nethod of clailm 12 waéhetintedepaiifsta sappPembrgddsraandnéesdduct or
substrate or nodule, wherein the substrate with sem conductor device
structures nﬂ@ﬂ??h§°§a?ée€FE€%?6ﬂe%PQﬁﬁFsﬁiﬂ#ﬁ&gdr§ﬁﬁ ABgi 5Rench ange

et hod of ol ai m 3 S5 b sakd substrate 1. nsloden g g gonguct o

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) Fforming 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 using
precursors of copper compound A, copper(II) -
hexafluorocacetyacetonate or copper{thd),, tetramethyl
heptanedione and water vapor, as a first step, then
followed by compound B, reducing agents iscpropanci or
formalin;

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

tunnel openings with an excess of copper;

-16-




the substrate with sem conductor device structures, conprising gate

el ectrodes, source/drain regions and nultiple |levels of netal

i nterconnections. 4. The nethod of claim1l1, wherein multilevel inlaid
copper interconnects and inductors are fabricated by repeating steps (b)
t hrough (h). 5. The nethod of claim1l, wherein said first and second
insulating |layers are conprised of low dielectric constant material or
materials conprising: SIiN, SiQ  SOG spin-on glass, PE plasnma enhanced
TECS, -17 tetraethoxysilane deposition, halogenated SiO fluorinated
silicate glass ip a thickness range from 2,000 to 10, 000 Angstrons,

deposi ted by cheffcaFSILEoPY 82PBsTEFRF 7t SBPHiAbLRIGRaELz1ing Ak
nmet hod of claim wherein said first, copper barri.er .layer overlying the
"nsulating | ayersie faCegsneoPels Bt e Enet rnEar, BT e RS dnd hony
NoN, or W\x, dep@si : at.ogi r mi j.QI, hj angi ng
from20 to 200 Aﬁgst%%%gx%a&T%egﬁ%%%dc of cl gdnﬁq%,egmﬁg?g%nbgggg???ést

copper barrier |@auelcopypet!yiAdst 86mpIstda) i vk | AT teQRPLESLAGaPd ECUr SOr' S
of conpound A plus conpound B to vyield conmpound S, deposited by atomc
| ayer depositiomopper interconnects and inductors.

2. The method of claim 1, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate with semiconductor device structures

comprising gate electrodes and source/drain regions.

3. The method of claim 1, wherein szaid substrate
includes a semiconductor substrate or module, wherein
the substrate with semiconductor device structures,
comprising gate electrodes, source/drain regions and

multiple levels of metal interconnections,

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: S8iN, 8iO,

S0OG spin-on glass, PE plasma enhanced TEOS,

-17-




conprising a thickness range from20 to 200 Angstrons, wth atom c |ayer
deposition conditions of: approxinmate tenperature range from 150 to 550 C,
pressure range from 10 to 200nTorr, deposition rate ranging fromO0.01 to
0.6 ran per cycle, and pulse tine varying fromO0.05 to 0.5 seconds. 8. The
met hod of claim1, wherein said first copper barrier |layer overlying the
insulating layers -18 conprising precursors of conpound A, TiCl4, Ti 14,
(TiCl3 + Ti2Cl2), or TEMAT, Ti(N(C2H5)2]4, tetrakis- (ethylnethylam do)
titanium plus conpound B, NH3, to yield conpound S, Ti N, deposited by
atom c layer deposition. 9. The method of claim1l, wherein said first

copper barrier I'@RrePerryitgnendePrstter ndrakaganeteofdPirsi ng precursors
f d A TOVAT,. Ti 13) 2] 4 t rakis- (di,net hyl ' titani

of jcomound i o ENELa LN 2L, gl b ald < (st ipi(anbng) eLifant un

| ayer deposition ol tEh%o”BbBOQPQLtEL&%I“&epéM}FJe%i %If.%%mﬁ'c%it va%gzpper
barrier layer overlying thé insulating layers conprirsing precursors of

conpound A, TaCldupddiUsonCerPesdd Bpiltsn d0asd el d compound S, TaN,,
deposi ted by

6. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers, is
comprised of TiN, TiSiN, TaN, Ta¥,, (Mo,N and MoN), NbN,
or WN,, deposited by atomic layer deposition, to a

thickness ranging from 20 to 200 Angstroms.

7. The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A plus compound B to
yield compound 5, 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,
pPressure range from 10 to 200mTorr,
deposition rate ranging from 0.01 to 0.6 nm per cycle,

and pulse time wvarying from 0.05 to 0.5 seconds.

8. The method of claim 1, wherein said first

copper barrier layer overlying the insulating layers

-18-




atom c | ayer deposition. 11. The method of claim1l, wherein said first
copper barrier layer overlying the insulating |ayers conprising precursors
of conmpound A, TBTDET, N(Et2)3Ta = NBu+, tert-butlylimdo
tris-(diethylam do) tantalum plus conmpound B, H+ radicals, to yield
conpound S, TaN, deposited by atomi c |ayer deposition. -19 12. The net hod
of claim1, wherein said first copper barrier |ayer overlying the
insulating |ayers conprising precursors of conpound A, MZC15, plus
conpound B, NH3, to yield compound S, Mo2N and MoN, deposited by atom c

| ayer deposition. 13. The nethod of claim1l, wherein said first copper
barrier |ayer ovMRAEFHNhSLERYEEREENGE| 98PN ghpriiGlng Fiéeur 30f

conpound A, NbCl15, plys, co B.... \ ield ound S, NboN

deggsi ted by at*brﬁ"jgquiég/er" "Ie)'%dj{’i E&N‘E}%E?ﬁﬁ(%ﬁ L’rereif%'%%? osu_gl aim 1, wherein
said first co I I r,o L t i i ayef s

conpri Isi ng preggf%%%%%ﬁ{g&ﬁa%gﬁ X%Eé\ﬁ%&qm%gu%g@#ﬁdd{wg, ﬁ?ﬁ,’ 2 yi el d
compound S, WN.,, deppsidngbddy @t omlify, LhayesideRnas) td@hicl2.aytie nethod of

claim1l1, wherein said copper seed
deposition.

8. 'The method of claim 1, wherein said first
copper barrier layer overlying the insulating layers

comprising precursors of compound A, TDMAT, Ti[N(CH3):2]4,

tetrakis~ (dimethyl (amino) titanium, plus compound B,
SiH,, to yvield 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, NH;, 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;):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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| ayer overlying the first copper barrier layer, conprising copper
deposited by atom c | ayer deposition, and further, thickness range from 20
to 200 Angstronms, wth atomc |ayer deposition conditions of: approximte
tenperature range from200 to 300 C, pressure range from 10 to 200niorr,
-20 deposition rate ranging fromO0.01 to 0.05 nm per cycle, and pulse tine
varying from0.05 to 0.5 seconds. 16. The nethod of claim1l, 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
CusH, HF, HCl, CH2Owith heat in a tenperature range from25 to 65 C

yi el di ng a copper pI i ng hICk es n fro 000 to 000
Angstrons. 17. The %hodﬂ()1 3 fvﬁqj'ge"&rle“lgn sal%] *8xLe8dtd, g p%? is

pl anari zed back Qeglagehegefm C@‘Ler P N0 1 s bR ﬂfév\ﬂ% copper

i nterconnect W ri g and I nduct or s. e net hod of cl rein said

second copper mbﬂélhgygge@aﬁéwér&et&&nﬁﬁﬁmm eeoRL | Sesaa | ayer of
Si N, deposited by PECVD, plasnma-enhanced
compound B, NH;, to yield compound S, Mo:N and MoN,

deposited by atomic layer deposition.

13. The method of claim 1, 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.

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

layer deposition.

15. The method of claim 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,

pressure range from 10 to 200mTorr,

-20-




chem cal vapor deposition, with thickness ranging from 200 to 1000
Angstronms. _ZI _ 19. A nmethod to deposit a copper barrier and seed | ayer
for electroless copper plating, filling trench and channel or tunnel
openings in the fabrication of interconnects and inductors, conprising the
following steps: (a) providing a first insulating |ayer, overlying a

sem conduct or substrate with a passivating, etch stop |ayer thereon; (b)
provi ding a second insulating |layer overlying said first insulating |ayer;
(c) formng trench and channel or tunnel openings in the first and second

insulating layer; (d), depositing a first coppe arrjier layer, conprised
of TaN, overlyi riigfps"aﬁ%ld“i"[r‘)?sﬁla&ai %@nghﬁ}%rérf%ﬁ'é{lo i% o'ﬁ):?yé?f“ BEHoS¥EiBn, and
nto the trench and (GAANNELnar ook YRNS! 0B ESicd §) sdgRasELLNG a copper
seed | ayer overlylné’sald I'rst ¥op§er arrieriiayér, by "atom c | ayer
deposition using precursors of copper conpound A, copper(ll) -

hexaf | uor oacet yacet onate or copper (thd) 2, tetranethyl heptanedi one and
wat er vapor, as a first step, then

16. The method of claim 1, 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
Cu80,, HF, HCl, CH»0O with heat in a temperature range
from 25 to 65 'C, yielding a copper plating thickness

ranging from 2,000 to 10,000 Angstroms.

17. The method of claim 1, wherein said excess
copper is planarized back by chemical mechanical
polishing, to form inlaid copper interconnect wiring and

inductors.

18. The method of c¢laim 1, 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.

D1-




foll omed by compound B, reducing agents isopropanol or formalin; (f)
perform ng el ectrol ess copper plating copper on said copper seed | ayer
filling trench and channel or tunnel openings with an excess of copper;
-22 (g) renoving said excess of copper and planarizing back the excess
copper by chem cal nechanical polishing; (h) depositing a second copper
barrier layer, conprised of SiN, overlying the copper, thus conpleting the
} fabrication of inlaid copper interconnects and inductors. 20. The

met hod of claim 19, wherein said substrate includes a sem conductor
substrate or nodule, wherein the substrate with sem conductor device

structures conprisi g gafe™8tBEEr b8edeRBRRf & UrTWRATA P TFaGFoARY 992 The
nmet hod of cl ai m,19 m@@reie d.substrate udes_fe}_l enicgnduc 0

er ILor %%i less, ¢ r iimlin o ol
substrate or modiReT Woar &TRC T RE-SubSTFRTe Rt H SEnitdondadt 6F <Aehi ¢ad
structures COMIUSIAY 93! @uphest ngﬁﬁ SO LTl 1Rl QRS ognd  mul tipl e
| evel s of metal 1 nterconnections. 22. T%e met hod of claim19, wherein
mul tilevel inl aiftGRROECHB! 8hE0DARGEE.RR] daisiting ahe Fabibgahegd

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;

{¢) 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 using
precursors of copper compound A, copper (II) -
hexafluorcacetyacetonate or copper (thd),, tetramethyl
heptanedione and water wvapor, as a first step, then
followed by compound B, reducing agents iscpropanol or
formalin;

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

tunnel openings with an excess of copper;

22-




by repeating steps (b) through (h). 23. The nmethod of claim 19, wherein
said first and second insulating |ayers are conprised of |ow dielectric
constant material or materials conprising: SIN, SiO  SOG spin-on glass, PE
pl asma enhanced TEGCS, -23 tetraethoxysilane deposition, hal ogenated Si O
fluorinated silicate glass in a thickness range from 2,000 to 10, 000
Angstrons, deposited by chem cal vapor deposition or SOG spin-on gl ass.
24. The nmethod of claim 19, wherein said first copper barrier |ayer
overlying the insulating |ayers, is selected fron1the group consi sting of
TiN, TiSIN TaN,, TaNL, (M2N and MoN), NbN, or W\ , 905|ted by atom c

| ayer dep05|t|orﬁg torﬁmPHFBEn§§§dr%ﬁﬁ?%ﬁ % 5APRS T 3Rd0B aﬂﬁﬁé?%ﬁﬂsba?% The

met hod of cIa|n1 9 wherein said flré% co per barrie overlying the

i nsul ating | ayer®® E&55FFs REPBF e¥ir o1t Tolv Lo A BP%%‘SEb%Ound Bto
yi el d conpound S(fhrg g%g&%sﬂngyaagggz,&d' exd%%%?l&ogargggp%)n%wge&

t hi ckness range to 200 Angstrons, - wth atom osition

conditions of: APRHRK BRbe1,eARCERL WS Ja 0 Bohplet@ngSonl pressure
range from10 to 200nifor r
fabrication of inlaid copper interconnects and

inductors.

20. The method of claim 19, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate with semiconductor device structures

comprising gate electrodes and source/drain regions.

21, The method of claim 19, wherein said substrate
includes a3 semiconductor substrate or module, wherein
the substrate with semiconductor device structures
comprising gate electrodes, source/drain regions and

multiple levels of metal interconnections.

22, The methed of claim 19, wherein multilevel
inlaid copper interconnects and inductors are fabricated

by repeating steps (b} through (h).

23. The method of claim 19, wherein said first and
second insulating layers are comprised of low dielectric
constant material or materials comprising: SiN, S8i0,

S0G spin-on glass, PE plasma enhanced TEOS,

“23.




deposition rate ranging fromO0.01 to 0.6 nm per cycle, and pulse tine
varying from0.05 to 0.5 seconds. 26. The nethod of claim 19, wherein said
first copper barrier layer overlying the insulating |layers conprising
precursors of conpound A, Tid4, Til4, (TiCl3 + Ti2Cl2), or TEMAT,
Ti[N(C2H5) 2] 4, tetrakis -24 (ethylmethylam do) titanium plus conpound B,
NH3, to vyield conmpound S, Ti N, deposited by atom c |ayer deposition. 27.
The nethod of claim 19, wherein said first copper barrier |ayer overlying
the insulating |layers conprising precursors of conpound A, TDVAT,
Ti[N(CH3) 2] 4, tetrakis-(dinethyl(amno) titanium plus conpound B, SiH4,
to yi el d conpouf@tgactharresiHand sieres byl o oliad cgeapsrddépBsiti on. 28. The

met hod of claim/9, wherein said firs copper barcier |ayer overlying the
sul at fng. | ayerdUorsARERS ROLHFBEt S G CoffoaiicRs THers Trme
conpound B, NH3, vi,el dncC o TaN, |t atomc | ayer
deposi tion. 29. %tﬁgongghgg'g?@c%g‘?% %?é’vmdéa g)%ﬁ%%gl g’gf ?%gFm%gp‘f)%?o arrier
| layer overlying 4pesiRgdhabiNgod ayessn-&PMAESS Ng precursors of conmpound A,

TBTDET, N(Et2)3Ta =
24, The method of claim 1%, wherein said first
copper barrier layer overlying the insulating layers, is
selected from the group consisting of TiN, TiSiN, TaN,
TaN,, (Mo;N and MoN), NbN, or WN,, deposited by atomic

layer deposition, to a thickness ranging from 20 to 200

Angstroms.

25. The method of claim 19, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A plus compound B to
vield 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,
depositicon rate ranging from 0.0l to 0.6 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

26. The method of claim 19, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TiCl,, TiI;, {(TicCl;

+ Ti,Cl,), or TEMAT, Ti[N(C:Hs):ls, tetrakis-

24




NBu', tert-butlylimdo tris-(diethylamdo) tantalum plus conpound B, H+
radicals, to yield conpound S, TaN, deposited by atomc | ayer deposition.
-25 30. The nethod of claim 19, wherein said first copper barrier |ayer
overlying the insulating |ayers conprising precursors of conpound A,

MoCl 5r plus conmpound B, NH3, to yield conmpound S, Mb2N and MN, deposited
by atom c | ayer deposition. 31. The nmethod of claim 19, wherein said first
copper barrier layer overlying the insulating |layers conprising precursors
of conpound A, Nbd 5, plus conpound B, NH3, to yield conpound S, NbN,
deposited by atomc_|ayer _depgsition. 32. The nethod of claim 19, wherein
said first copp&thydretby 1payde) obhEaRi Wy ('S FOmPRUrAgBl alfdr s to
conprising precur.sqrs _of conpoynd 6. plus. compqound NH3, to yield
conpound S, MNM?1§g§g§PP§8uB gtoﬁﬁ%'v$%8%§&%%%§§?F%8W903§§Y?ﬁe net hod of
claim 19, whereifl.52i;¢:6aPper seed layer overlying the first copper
barrier layer, coOnprising copper deposited by atom c |ayer deposition,

and further, thickness range from20 to 200 Angstrons, Wwth atom c |ayer
deposition conditions of:

27. The method of c¢laim 19, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TDMAT, Ti[N(CHs)}ola,
tetrakis- {(dimethyl (amino)} titanium, plus compound B,
SiH,, to yield compound S, TiSiN, deposited by atomic

layer deposition.

28. The method of claim 19, 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.

29. The method of claim 19, 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 §, TaN,

deposited by atomic layer deposition.

25.




approxi mate tenperature range from 200 to 300 C, pressure range from10 to
200mrorr, deposition rate ranging from0.01 to 0.05 nm per cycle, -26 and
pul se time varying fromO0.05 to 0.5 seconds. 34. The nethod of claim 19,
wherein said electrol ess plated copper on the copper seed layer, filling
trench and channel or tunnel openings with an excess of copper, conprising
the followi ng deposition conditions: a liquid plating bath m xture
conprising CuSO4, HE, HCl, CH2Owith heat in a tenperature range from 25
to 65 C, yielding a copper plating thickness ranging from2,000 to 10,000

Angstrons. 35. The hod.,pf claim 19 erein sa.Ld _excess. .C er iIs

pl anari zed back by gﬁéﬁicg eﬁ%%ﬁ%%%é% ‘35%ﬁ}§%’n %efslPoFﬁan?ggﬁécopper

i nterconnect W LigR@eanfa i-ndiici Qrs, r1& Roqd ,af;1 ghah i 1Qvepherein
said second copper barrier layer overlyi'ng “the copper, CO%LFI%ES a |ayer

of Si N, depositedmpyiBECYDorabasi®r £ WNGRhouEN, CRbcYapy1gleposi ti on,
with thickness ranging from 200 to 1000 Angstrons. 37. A nethod to deposit

a copper barri eccapdusdes, Nayertd gieddeebmpbasd SPSIN pndt tag, filling

trench and
deposited by atomic layer deposition.

31. The method of claim 19, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, NbCls, plus
compound B, NH;, to yield compound 8, NbN, deposited by

atomic layer deposition.

32. The method of ¢laim 19, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, WF;, plus compound
B, NH;, to yield compound S, WN,, deposited by atomic

layer deposition.

33. The method of claim 19, 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,

deposition rate ranging from 0.01 to 0.05 nm per cycle,
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channel or tunnel openings in the fabrication of -27 interconnects and

i nductors, conprising the followng steps: (a) providing a first
|nsulat|ng | ayer, overlying a sem conductor substrate with a passivating,
etch stop { layer thereon; (b) providing a second insulating |ayer
overlying said first insulating | ayer; (c) formng trench and channel or
tunnel openings in the first and second insulating |ayer; (d) depositing a
first copper barrier |ayer, conprised of TaN, TaNs, TiN, TiSiN, MoNa, NboN,
or WNx, overlying said insulating | ayers, by atomic |ayer deposition with
a thickness of 50 to g oogl asirone nd | t%lkne ench gnd channel or
tunnel openi ngs * CeP 4EF05 T N 5$E§%pé¥ms i§3 &7eP ScBRFPTRRd of copper,
overlying said first copper barrler | ayer, atom c | ayer deposition with
a thickness of 20 to 200 Angstroms using precursors of copper conpound A,
copper(11) - hexafluoroacetyacetonate or copper(thd)2, tetranethyl

hept anedi one and water vapor, as a first step, then followed by conmpound
B, reducing agents 34. The method of claim 19, 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
CuS0,;, 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,

35. The method of claim 19, wherein said excess
copper is planarized back by chemical mechanical
polishing, to form inlaid copper interconnect wiring and

inductors.

36. The method of claim 19, wherein said second
copper barrier layer overlying the copper, comprises a
layer of SiN, depcosited by PECVD, plasma-enhanced
chemical vapor deposition, with thickness ranging from

200 to 1000 Angstroms.

37. 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
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| sopropanol or formalin; (f) performng el ectrol ess copper plating copper,
with a thickness of 2,000 to 10,000 Angstronms, on said copper seed |ayer
filling trench and channel or tunnel openings wth an excess of copper;
28 (g) renoving said excess of copper and planarizing back the excess
copper by chem cal nechanical 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
inlaid copper interconnects and inductors. 38. The nethod of claim 37,

wherein sai d suhstrate includ i conduct or__subst rat dul e,
wherein the SUBSTPACERAPER=SBARCERARELTT® dSTTPE SEPC EHPSo LSRN si ng

gate el ectrodes gnd _source/drain regions. 39. The method of claim 37,
wherein said substfate includes a sem conductor substrate or nodul e,

wherein the SUQ%BVab@o@@&ﬁﬁb585f§§§ECfﬂgﬂﬁaﬂyhgdgﬁbéé,SEGHEi#£E§ a
conprising gate el ectrodes, source/drain regions and nultiple Tevels of

met al i nt er conneeriedaduétor Thabseihos wifticlaipNsSivarhiage atonl stbevel
i nl ai d copper interconnects and inductors are fabricated by repeating
steps (b) throudiayelr) 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, 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 intoc 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 using precursors of copper compound A,

copper (IT) - hexaflucorcacetyacetonate or copper (thd),,
tetramethyl heptanedione and water vapor, as a first
step, then followed by compound B, reducing agents
isopropancl or formalin;

{f) performing electroless copper plating copper, with
a thickness of 2,000 to 10,000 Angstroms, on said copper
seed layer filling trench and channel or tunnel openings

with an excess of copper;
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41. The nethod of claim 37, wherein said first and second insulating

| ayers are conprised of |ow dielectric constant material or materials
conprising: SIiN, SiQ SOG spin-on glass, PE plasma enhanced TECS, -29 {

t etraet hoxysil ane deposition, halogenated Si O fluorinated silicate glass
in a thickness range from 2,000 to 10,000 Angstrons, deposited by chem cal
vapor deposition or SOG spin-on glass. 42. The nethod of claim 37,
wherein said first copper barrier |ayer overlying the insulating |ayers,
is selected rfomthe group consisting of TiN, TiSiN, TaN, TaNs, (M2N and

MoN), NbN, or deposited by. atom c | gyer deposition, to, a thickness
rangi ng from 2\(;\'\2;(93 25%'”7&%6&?%@?’5&35%@?%85 SflchEFﬁf‘ﬁ’??l%é?ae‘F]h sai d
first copper baglLi e |4y e, J nsul at | ayers_. conpri sing
precursors of c%%ﬁp%%ﬁg%¥p%ﬁ§¥%%#%%ﬁ%l qu'ﬁgf%% g%%%pég% sgfn%éposited by
atom c |ayer depesi bbpBsitCRGPA | Sddkhd ddPgehNessiaR0galeem Q0nk 0 200
Angstrons, wth atomc |ayer deposition conditions of:  approximte
tenperature rangeE BEEM dbOri@ifmPOLths cqpRBSULRRD aE@h &M @ALARNLOs 200nTorr,
200 to 1,000 Angstroms, thus completing the fabrication

of inlaid copper interconnects and inductors.

38. The method of claim 37, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate with semiconductor device structures

comprising gate electrodes and source/drain regions.

39. The method of claim 37, wherein said substrate
includes a semiconductor substrate or module, wherein
the substrate comprises semiconductor device structures
comprising gate electrodes, source/drain regions and

multiple levels of metal interconnections.

40. The method of c¢laim 37, wherein multilevel
inlaid copper interconnects and inductors are fabricated

by repeating steps (b) through (h).

41. The method of claim 37, wherein said first and
second insulating layers are comprised of low dielectric
congtant material or materials comprising: SiN, SioO,

50G spin-on glass, PE plasma enhanced TEOS,
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deposition rate ranging from0.01 to 0.6 run per cycle, and pulse tine
varying from0.05 to 0.5 seconds. 44. The nethod of claim37, wherein said
first copper barrier layer overlying the insulating |layers conprising
precursors of conpound A, TiCl4, Til4, (TiCl3 -30 + Ti2Cl2), or TEMAT,

Ti [ N(C2H5) 2] 4, tetrakis- (ethylnmethylam do) titanium plus conpound B, NH3,
to yield conmpound S, Ti N, deposited by atomc | ayer deposition. 45. The
met hod of claim 37, wherein said first copper barrier |ayer overlying the
i nsul ati ng Iayers conprising precursors of conpound A, TDVAT, Ti IN (CHA
214, tetrakis-(dineth I tihtaniu s cQ SiH4, to yield
conpound S, TiSi tr335§§ ¥Sﬁﬁﬁ§ a?%%?%lggég' ng |g Eigﬁ The net hod of
claim 37, whereid) 33l datbhSksa £00PE n%P&,fé'ﬁ{ 'a%q%k%g | ¥hfie! BEc nsul Al | ng

| ayers conprising precursors o ound A Ta npound B, NH3,

to yield conpourdo8o taNio, 06008k @@Ir&ys QiéiiBsG.t'e@ygﬂr dB8RASELY OPapdy . The
met hod of claim 37, wherein said first copper barrier |ayer over?ylng t he

i nsul ating |ayeﬂ&po&&mﬁthbﬂgSOGECﬂﬁiﬁHdh(ﬁldﬁyﬁpound A, TBTDET, N(Et2)3Ta =

42, The method of claim 237, wherein said first
copper barrier layer overlying the insulating layers, is
selected rfom the group consisting of TiN, TiSiN, TaN,
TaN,, (Mo;N and MoN), NbN, or WN,, deposited by atomic
layer deposition, to a thickness ranging from 20 to 200

Angstroms.

43. The method of claim 37, wherein =gaid 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.

44, The method of claim 37, wherein said first
copper barrier layer overlying the insulating layers

comprising precursors of compound A, TiCl,, TiI,, (TiCls

-30-




NBu', tert-butlylimdo tris-(diethylamdo) tantalum plus conpound B, H+
radicals, to yield conpound S, TaN, deposited by atomc | ayer deposition.
-31 48. The nethod of claim 37, wherein said first copper barrier |ayer
overlying the insulating |ayers conprising precursors of conpound A,

MoC15, plus conpound B, NH3, to yield conmpound S, Mb2N and MN, deposited
by atom c | ayer deposition. 49. The nmethod of claim 37, wherein said first
copper barrier layer overlying the insulating |layers conprising precursors
of conpound A, NbCl5r plus conpound B, NH3, to yield conpound S, NbN,

deposited b at,onj.c er d Ltign, e 1N t hod, of claim 37, wherein
sa?d ;irst ycopﬁéﬁhﬁg¥$¥efﬁ gﬁhobg%ﬁ§§§6ﬁlﬁﬁhr§§%F3Fﬁﬁg Ia;ers |

i Si - | , , ield
comound 3, P (SR rRengaROURE et PlAILS AT B, RS 4O Y O

claim37, whereiyiedad domPBRRA sSSP Ao OMAd HWynatbhef Lagbrcopper
barrier layer, conprising copper deposited by atom c | ayer deposition,

and further, thidgeessicange from20 to 200 Angstronms, w th atom c |ayer
deposition conditions of:

45. The method of claim 37, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TDMAT, Ti[N{(CHs):1:,
tetrakis- (dimethyl (amino) titanium, plus compound B,

SiH,;, to yield compound S, TiSiN, deposited by atomic

layer deposition.

46, The method of claim 37, wherein said first
copper barrier layer overlying the insulating layers
comprising precursors of compound A, TaCl;, plus
compound B, NH;, to yield compound 8, TaN,, deposited by

atomic layer deposition.

47. The method of claim 37, 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 §, TaN,

deposited by atomic layer deposition,
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approxi mate tenperature range from 200 to 300 C, pressure range from10 to
200mrorr, deposition rate ranging from0.01 to 0.05 nm per cycle, -32 and
pul se time varying fromO0.05 to 0.5 seconds. 52. The nethod of claim 37,
wherein said electrol ess plated copper on the copper seed layer, filling
trench and channel or tunnel openings with an excess of copper, conprising
the followi ng deposition conditions: a liquid plating bath m xture
conprising CuSO»4, HF, HO, CH2Owith heat in a tenperature range from 25
to 65 C, yielding a copper plating thickness ranging from2,6000 to 10, 000

Angstronms. 53. The hod f cI 37 ereiy) said_excess. ,C IS
plgnarized back by gﬁéﬁica ﬁ%ﬁ%ca (:pél %% h 581?0?31? ?%?% copper
i nterconnect wi 'éioggegnﬂar}:ﬂg?cig_\fér rlm%ﬁgoqngtlgkﬁ% {yedierein

said second copp arrier layer overlyi'ng the copper es a |ayer

of Si N, depositedmpyiPERYDor&b@588r £ BN oEREN, Cﬁbcy@pq:rl&eposmon
with thickness ranging from 200 to 1000 Angstrons -
compound B, NH;, to yield compound 8, mkuN and MoN,

deposited by atomic layer deposition.

49. The method of claim 37, 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.

50. The method of claim 37, wherein said first
copper barrier layer overiying the insulating layers
comprising precursors of compound A, WFg, plus compound
B, NH;, to yield compound &, WN,, deposited by atomic

layer deposition.

51. The method of claim 37, 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,

deposition rate ranging from 0.01 to 0.05 nm per cycle,
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and pulse time varying from 0.05 to 0.5 seconds.

52. The method of claim 37, wherein said
electroless plated copper on the copper seed laver,
£illing trench and channel or tunnel openings with an
excess of copper, comprising the following deposition
conditions: a liquid plating bath mixture comprising
CuS0O;, HF, HC1l, 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.

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

inductors.

54, The method of claim 37, 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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