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INOVEL COPPER | NTERCONNECT PATTERNI NG BACKGROUND OF
~THE | NVENTI ON (1) FIELD OF THE | NVENTI ON THES -
dinvention relates to a method of fabrication used in the sem conductor
‘integrated circuit devices, and nore specifically to the formation of

pl anari zed structures of conducting copper lines and interconnects (studs)
using a dual danascene process with unl ue technirques for renoving - the

excess copper, such as QF E t g fﬁ%ﬁ f copper oxides.
(2) DESCRI PTI ON OF e AR coPRER 'Tiki ﬁ@h 8@ PRTTRINING s conduct or
integrated circuits CWM (Chem cal Mechanical Polishing) is typically used
to renove copper in a dual damacene process, whereby inlaid structures
are made with insulating oxide material. The
BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION
This invention relates to a method of fabrication used
in the semiconductor integrated circuit devices, and more
specifically to the formation of planarized structures of
conducting copper lines and interconnects (studs) using a

dual damascene process with unique techniques for removing

the excess copper, such as, vapor and liquid acid etch back

of copper oxides.

(2) DESCRIPTION OF RELATED ART
In the fabfigation of semiconductor integrated circuits
CMP (Chemical Mechanical Polishing) is typically used to
remove copber in a dual damacene process, whereby inlaid
structures are made'with insulating oxide material. The
inlaid structures are filled with copper by collimated
sputter deposition, for'example. After metal déposition

the excess copper is removed and planarized usually by CMP.
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inlaid structures are filled with copper by collimted sputter deposition,
for exanple. After netal deposition the excess copper is renoved and
pLanari zed usually by CWVP. - 2-

Chem cal and mechanical selectivities between materials are necessary,
since CWP nust, renove, the coppper net al‘.\K/i'rhout renovi ng | arge anmounts of
inl ai d net@enigrl IR Ireshancal srleativgd tiiesebesndennmatevhadst atpl ugs),
whi ch connect upper and |ower interconnection |layers. CMP is w dely used,

however i | séiDywe t NNV ' u (o] I.n,vapor
and |iqui d%eﬁéé(:%ﬁ%i nation djvl\ﬁ ﬁmc;s}ygren, to tl1hrcg)ar %%éggggrﬁgﬁ?geggégﬁatsai d
copper oxides are subsequently etched back to form planar copper

struct ur estemoving laxge amoynts of Z3¢l ajsh mefainadheheapprarclppms singl e
and dual danacene process whereby the excess copper is exposed by a
rr:aski ng Itaq@zﬁdmdixegchbdebaakdtmﬁrcﬁirﬁ-i”ecﬁi oip s, *hifhNconhekt upper
pl anari zati on. : :

and lower interconnection layers. CMP is widely used, however
it will be shown that the present invention uses acids in vapor
and liquid, in combination with oxygen, to foém copper oxides
and said copper oxides are subsequently etchea back to form

planar copper structures.

U.S. Patent_5,736,457 to Zhao shows a copper single and
dual damacene'prdcess whereby the excess copper is exposed by

a masking layer and etched back to an etch stop layer of TiN,

for planarization.

U.S. Patent 5,567,300 to Datta and O'Toole describes a
copper electrochemical planarization process. A neutral salt

solution is used and is compatible with a plating process.

U.S. Patent 5,614,765 to Avanzino et al shows a self

aligned via dual damascene process utilizing only one mask



U S. Patent 5,567,300 to Datta and O Tool e describes a copper
el ectrochem cal pl anarization process. A neutral salt solution is used and

is conpatible with a plating process. U S. Patent 5,614,765 to
Avanzino et al shows a self aligned via dual danmascene process utilizing
only one mask -3- pattern for
conducting |lines and vias. U S 3Patent 5,674,787 to Zhao et a

descri bePagiteany AUs CORBGTdndidpHest 8Rdi KidFeonnect plugs for ULSI
applications. The invention features sidewall via liners SiNor SION. A

contact di sphacemesiediiCB)igms 78y ¥eednhs £Or A1 adéfepives | ¥vbeOPol@ysr of
copper on a barrier netal, such as TiN, which is present as a covering.

| ayer on the underlyi tal |ayer.
y copper depgg{%£ intercgénect plugs for ULSI applications. The

invention features sidewall via liners SiN or SiON. A contact
displacement technique is used to form a thin activation layer

of copper on a barrier metal, such as TiN, which is present

as a covering layer on the underlying metal layer.

U.S. Patent 5,585,673 to Joshi et al describes Al-Cu alloy
and copper lines deposited by PVD (evaporated or sputtered) and
covered with CVD.W refractory metal. Capping a low resistivity
metal conductor line or via with refractory metal allows for
effectively using CMP because of the hard, reduced wear nature

of the refractory metals.

U.S. Patent 5,595,937 to Mikagi shows a .trench damacene
process for interconnections buried in trenches. Interconnec#
trench and contact hole are lined with TiN or Ti. A Cu film
grown by MO-CVD, and thereafter the Cu film and TiN/Ti film on

the surface of the substrate are partially removed by CMP.

U.S. Patent 5,723,387 to Chen describes a self contained



U. S. Patent 5,585,673 to Joshi et al describes Al-Cu alloy and copper

| i nes deposited by PVD (evaporated or sputtered) and covered with CVD W
refractory netal. Capping a lowresistivity nmetal conductor line or via
with refractory netal allows for effectively using CWP because of the
hard, reduced wear nature- of the refrgactory netals. ' U. S. Patent
5,595,937 to Mkaqgi shows .a.trench danacepe rocess, for interconnections
buri od | noPPERARES Gk ARUGHRIS PLOFERE ShRE £BhIRTL HOTRPSR OTTAREERS ¢ h
TiNor Ti. ACufilm grown by MOCVD, and thereafter the Cu film and
TiNTi filphoeess.heTrirfammofinduerporhtesavetapeopassesl iycreabngd by CWP
U S. Patent 5,723,387 to Chen describes a self contained-

-4- f ' f . :
The par entYSRORpSr ot AL SRR SR panat {3 EPRE E P ARRATBOE  BR 8T T rg
and pl anari zation. Exposed portions -

of a barrier layer are selectively removed by a wet etch.

SUMMARY OF THE INVENTION
It is the general objecf of the present invention to
provide an improved method of forming an integrated circuit
in which a special dual damascene proéess forms planar copper
wifing and interconnects (ﬁtuds) using etch back techniques
of copper oxide. This technique does not cause scratches as is
the case with CMP. Furﬁher, vapor and liquid acids and

oxidizing agents do not contaminate the surface.

A more specific object of the present invention-is to
provide an improved method of forming an integrated circuit
in which steam, pyrogenic H,0, and Ozhare used to oxidize
copper metal. Said copper oxide is then removed by HCl acid
both gaseous and liquid form, as said copper oxide layer is
etched back. Said layer can be etched back sequentially, as

well as, simultaneously as it is formed.



of a barrier layer are selectively renoved by a wet etch.

SUWWARY OF THE | NVENTI ON It is the general object of the present

i nvention to provide an inproved nmethod of formng an integrated circuit
in which a special dual danmascene process forns planar copper wring and
I nterconnects (studs) using etch back techni ques of copper oxide. This

t echni que does not cause scratches as is. s¢he case wth CWP. Further, vapor
and liquid acids and oxidizing agents do not contam nate the surface.

A more speci fi ¢ g8 er0frsRetPbeSent Fﬂxegﬁioménépon O sle At nyoved

met hod of formng an integrated circui I n which steam pyrogenic err]Q

and Jerr] are used to oxidize copper netal. Said copper oxide is then.
renoved bPlacari@es IRRAESESASCaMdthi OFECF P PERTRST Lav®hert ok fiew

| ayer is etched back. Said | ayer can be etched back sequentially, as well
as, simul rRAusler ashidk iva thoeittier BTA or TTA.

In accordance with the objectg of the invention a new
method of forming improved metal lines and interconnects

(studs) in a efficient dual-damascene CMP process is

achieved.

First the insulating layer is deposited on a substrate.
In one embodiment of this invention, substrate is any general

underlying material. In another embodiment of this invention,

substrate is to mean a multi-level metal structure. In yet
another embodiment of this invention, substrate is a semi-
conductor surface with a diffusion contact. Hence, three

embodiments are general substrate, multi-level metal, and

a semiconductor diffusion contact.

In said method of dual-damascene, the insulator is patterned
using two photo lithography masking steps and two etch steps

to form the contact vias and then trenches in the insulating



- 5- A further object of the present inventionis to treat the

pl anari zed copper surface with corrosion protect |ayer of a few nonol ayer
thick with either BTA or TTA In accordance with t'he objects of the
invention a new nethod of formng inproged netal |ines and interconnects
(studs) igataeridlci ent dual -damascene CMP process is achieved.

First the insulating |ayer is deposited on a substrate. In one enbodi nent
of this invention, substrate is any general wunderlying material. In

anot her enbodi ment of this i nvention, substrate is to nean a nulti-Ievel
met al structur@extnayéﬁan&ﬁ§théme%n%ﬁERREQﬂ tdre (T& ori Aalndison, substrate is
a sem - conductor surface with a diffusion contact. Hence, three

enbodi TeNESnB6Pmd 29" abpésbeéaat eniSUEshrd el 1IBIA ofafd /TN §Fg@nduct or
di ffusi on cont act In said net hod of dual - danascene t he |nsulator

I's patterned
a conductlng diffusion barrier layer.

Next copper metal is deposited by collimated sputter

deposition for good via and trench fill properties.

In this conventiopal process, standard CMP is known to
cause dishing due the soft nature of the copper metal.

This invention uses several approaches to oxidize the
copper to form copper oxides and acids to etch back the
the copper oxide layer. The first method is to use 0, gas in
an oxidation furnace in combination with HCl gas simultaneously
oxidizing the Cu film and removing copper oxides with the HC1
gas until the copper is etched to the surface. The Cu is
p%anarized with out the problem of dishing. Said method can
be performed simultaneously with oxidation and removal of
Cu oxide or said method can also be performed sequentially,
the Cu is oxidized and the subsequently removed in another

process step.



using two photo |ithography masking steps and two etch steps to formthe
contact vias and then trenches in the insulating

-6- material. Next a bl anket liner |layer of the Ta or TaNis
conformal |y deposited. This conformal |ayer of Ta/TaN forns a conducting
di ffusion barrier |ayer. Next copper netal is deposited by

collimated sputt deposition for_good via,and trench fill properties.
In this conve#??gﬁﬁF Hgﬁéé %?ns?gn_ ?i?ﬁﬁbi§§4%m&ﬂ§%9§ 18a%8e8Pshi ng due
the soft nature of the copper netal. This invention uses several

approachggrbgeficdHz® ti® cominritilon With @eppgasoxwHeshaageqci ds to etch
back the "the copper oxide layer. The first nmethod is to use Qerr] gas in

an oxidation furpnace in conbination Wth . gas_ simul f anequs] y, oxi di zi ng
Fhe o' | PERPamESPan st AR BRE ST dBad pEih i "5 SR HERHEL anc¥e.

Said method can be performed simultaneously with oxidation

and removal of Cu oxide or said method can .be performed

sequentially, wherein the Cu is oxidized and Subsequently

removed in another process step.

Still another method is the use of steam and/or hot DI
H,0 followed by dilute HCl 0.1M approximately. This is followed .

by DI H,0 rinse and N, blow dry.

Furthermore, a corrosion protection layer of a few mono-
layers of BTA or TTA can be coated on the surface of the copper
. and Ta/TaN layer. Said corrosion coating can be applied

to all the methods and processes described above.

This novel approach eliminates dishing and eliminates

exposing the soft copper metal to abrasive slurries.



gas until the copper is etched to the surface. The Cu is planarized with
out the problemof dishing. Said nethod can be perfornmed sinultaneously
wi.t h oxi dation and renoval of Cu oxide or said nmethod can al so be
performed sequentially, the Cu is oxidized and the subsequently renoved in
anot her process step. -7-

Anot her variation of this etch back method- Bs-to use pyrogenic H20 in
conmbination with HC gas, which uses same nechani sm of oxidation and
etching as said nethod above. Said nethod can be perforned simultaneously

wi th oxidation and renoval _of Cu oxide or said net n be perforned
sequentially, wherein the %B?FE B%%E%%I%@%Jﬁ%(ﬂ%%é%@s renmoved in
anot her process step. Still another nethod is the use of steam

and/or hot DI H20 followed by dilute HO 0.1M approximately. This is
followed by DI Herr]Orinse and Nerr] blow dry.
The object and other advantages of this invention are

best described in the préferred embodiments with reference

to the attach drawing that include:

Figs; 1A - 1B, which in cross-sectional representation

illustrate the method of prior art.

Fig. 2 through 7 schematically illustrate in cross-
sectional representation a preferred embodiment of the
process of the preséﬂt invention. However, Fig. la shows the
starting point the copper damascene process illustrating the

the copper deposition in the trench and via.



Furthernore, a corrosion protection |layer of a few nono- |ayers of BTA or
TTA can be coated on the surface of the copper and Ta/TaN | ayer. Said
corrosion coating can be applied to all the nethods and processes

descri bed above. Thi s novel approach elimnates dishing and
el i m nat es exposing the soft copper netal to abrasive slurries.
- 8- BRI EF DESCRI PTL@N-OF THE DRAW NGS The

obj ect and ot her advantages of this invention are best described in the
preferred enbodi ments with reference to the attach drawi ng-that include:

Figs. 1A - 1B, which ppsErROSEIGEGH OfiH PROFESSE™ 2MBBBIMENTS

Figure la illustrates the layers typically used in CMP
.dual damascene- process. The substrate 1 is a semiconductor.
Insulating layer 10 is shown with a trench and via pattern.
Layer 12 is typically Ta or TaN and acts as a liner for the
trench and via cavity. In Fig. 1b CMP Cu metal 14 is shown with
a dished structure below the dotted line of the top surface.

The embodiments of this invention solve the problem of Cu

dishing.

The new and improved method of using a chemical etch back

technique to define a dual damascene metal pattern will now be
described in detail. This process proddces conducting copper

metal lines and vias with planar metal without the problem of

dishing.

Referring now more particularly to Fig. la, there is
shown a substrate 1, or semiconductor with a partially

completed cross-section of a éqnducting line and



Il lustrate the method of prior art. Fig. 2 through 7 schematically
illustrate in cross- sectional representation a preferred enbodi nent of
the process of the present invention. However, Fig. la shows the starting

poi nt the copper damascene process illustrating the the copper deposition

in the trench and vi a. - 9-

DESCRI PTI ON OF THE PRE ERR\E)IB %ﬁ?gal NENTS!O - ure la illustrates the
| ayers tyAtEHISPRREY 15F48 Qiﬁﬂa§€éﬁéaﬁﬁﬁﬁe§§ exiglsubstrate 1 is a

sem conductor. Insulating layer 10 is shown with a trench and via pattern.

Layer 12 16 iypsleedn yWwilth athelalYetitth @i via pakikBehsf f6rtdLa1t 48R&EceRd Vi a
cavity. In Fig. b CQwW Cu netal 14 is shown with a dished structure bel ow
t he dotted |Ife of the top surface.

in place.

Layer 12 is a Ta or TaN layer which lines the trench and
via regions covering all of the top surface. Next the conducting
metal, copper, 14 is shown deposited in a blanket layer covering

all the layers. The copper layer dips into the trench

and vias opens.

First-the insulating layer, in a thickness from 4,000 to ‘
12,000 X can be: PE TEOS deposited oxide,
(plasma enhanced tetraethyiorthosiiicate -oxide, silicon
oxide, BPSG borophosphosilicate'glass, deposited on the

substrate.

In the typical method of dual-damascene, the oxide
is patterned using two photo lithography masking steps
and RIE steps to form the contact vias and then the

line trenches in the insulating oxide.

Next a blanket liner layer of the Ta or TaN is

deposited. This conformal layer consists of Ta or TaN and is



The embodi ments of this invention sol ve the probl em of Cu dishing.
The new and i nproved nethod of using a chem cal etch back technique to

define a dual danmascene netal pattern will now be described in detail.
This process produces conducting copper netal lines and vias with planar
metal w thout the problemof dishing. 11 - Ref erring now nore

parti cul arl 0, Flg th l hown, a substrate 1, em_ _conduct or
with a pa??gg%P‘§7edcg¥p%gtued%érgog§- E@%t%’n&b‘?‘*% oaf%?cﬂfn?"l“.sne thd

- 10 - intercgonnect (stud). Isolation insulating material 10 is shown w.th
t he trencboanﬁ.vrl‘@ep@trteémefdoﬂidaal fildmatsemelayer pfackaN. Layer 12

Is a Ta or TaN | ayer which lines the trench and

Next copper metal is deposited by collimated sputter
deposition, CVD or electroplating for good via and trench

fill properties. Copper thickness is in the range from

10,000 to 30.000 A.

Fig. 2 shows the result of the start of the etch back
process, as a result of oxidation environment and the
combination of acid, the top surface of the copper has been
reduced froﬁ the thickness depicted in Fig. la. Copper oxides
are sketched in Fig. 2 as layer 16. The remaining Cu is layer

14. Subsequently, the copper'oxide layer 16 is removed by the

acid etch back.

The etch back of the Cu oxide is shown in Fig. 3

with the oxide removéd and Cu layer 14 remaining.

Fig. 4 shows the planar Cu surface after etch back. No

dishing occurs.

Fig. 5 depicts several monolayers of corrosion protection.



via regions covering all of the top surface. Next the conducting netal,
copper, 14 is shown deposited in a blanket |ayer covering all the |ayers.
The copper layer dips into the trench and vias opens. First the
insulating layer, in a thickness from4,000 to 12,000 A can be: PE TECS
deposited oxide, (plasma enhanced tetraethylorthosilicate oxide, silicon
oxi de, BPSG borophosphosilicate glass, -€d@posited on the substrate.

In the typhealayerhd® cbadsathdasatieaeectop heurfiacke and scgmtdee BT AiSiTIR L WO
photo |ithography masking steps and RIE steps to formthe contact vias

and then e sl A0 99ahee. Dlaehnoy! ALLAGLOXI Ry Next a

bl anket | iner yer of the Ta or T IS~ deposi rmal | ayer
consists of Ta or TaN and is

Preferred embodiments are for oxidation: 0O, gas,
steam vapor, and pyrogenic water. For wet processing, said

DI water final rinse followed by a nitrogen blow dry process.

For said acid treatments, it is specified as HCl gas and

liquid HCl1l solution at approximated 0.1 Molar.

The conducting Ta or TaN lines the via and trench
and aids in containing the copper acting as a diffusion
barrier. The important conducting coppper lines- and inter-

connects (studs) show no dishing and are not thinned.

Several variations of said processes for this invention
are as the follows and said processes can be performed in a
sequential mode, as well as, in a simultaneous mode as one

process step, in a furnace/reactor:

1. Sequential oxidation and removal of cobper using O, and HC1l
gas from room temperature to very high temperatures in a -

furnace or reactor. The process of sequential oxidation and



deposited by PVD and in the thickness range of 200 to 500 A The

preferred liner filmis a |layer of TaN. Next copper netal is
deposited by collinmted sputter deposition, CVD or electroplating for good
via and trench fill properties. Copper thickness is in the range from

10, 000 to 30.000 A. Fig. 2 shows the result of the start of the etch

back process, as a result of oxidatieni®nvironment and the conbination of
aci d, thetkeRngUikaeentiinuea eapRer thesddsbred neduned firpradiieddd ckness
depicted in Fig. la. Copper oxides are sketched in Fig. 2 as layer 16. The
remaining Cu is layer 14. Subsequently, the copper oxide layer 16 is
renoved by the acid etch back. The etch back of the Cu oxide is
shown i n2Ri geghentiitad Ird datiiga sadovencdad of ¢eprer MSIRGEPYNOEenic
Fig. 4 shows the planar Cu surface after etch back. No dishing occurs.
H,0 and HCl gas from rodm temperature to very high temperatures
furnace or reactor. The process of sequential oxidation and

etching is continued until the desired removal is achieved.

3. Sequential oxidation and removal of copper using steam
and/or de-ionized water followed by etching of the Cu oxide’
using dilute HCl (approximately 0.1 Molar). The process of
sequential oxidation and etching is is continued until the
desired removal is achieved. The sufface is then thoroughly
rinsed in DI water and nitrogen blown dry. Said process is
then followed by a coating of several monolayers'of BTA,
Benzo-Triazol or TTA, Tetra-Triazol for corrosion protection.
These said processes are carried out in a bath or spray/spin

station.

The process of the present invention avoids thinning of
the conducting lines which increases line or wire resistance.
Dishing and other non-uniformities across the substrate are

eliminated. These improvements are brought about by the use



Fig. 5 depicts several nonol ayers of corrosion protection.

- 12 - The layer 16 coats the entire top surface and can be BTA or TTA

BTA is Benzo-Triazol and TTA is Tetra-Triazol. : Preferred

enbodi nents are for oxidation: err] gas, steamvapor, and pyrogenic

wat er. For wet processing, said D water final rinse followed by a
nitrogen blow dry process. For-ga&id acid treatnents, it is specified

as HO gagpandedh Gdcthnigues! Bhid®oid aeEreﬁé ngg &gl k%t%?gs Ml &chieved py e

conducting Ta or TaN lines the. via and trenc and al I'n contal ning' the
copper acting as a diffusion barrier. The inportant conducting coppper

| i nes and prfc@ss twyikecThe Fau@s) TaNowsndedit shehindns aa et rerchivihmed.
Several variations of said processes for this invention are as the follows
and sai d prifeRssapo Gt e AFHui®R Yatrder for copper. The etch back

stops on said layer.

Figure 6 and Figure 7 show two applications of the
present invention. Only the specific areas unique to the
understanding of this invention will be described in detail.
Figure 6 shows a semiconductor substrate 1 with a diffﬁsion
area 2 being contacted by trench and via 14. Fighre 7 shows
another general application whereby the trench anq via 14
contact almulti—level conducting metal line 6, which is
on an interlevel dielectric layer 4 on a semiconductor

substrate 1.

While the invention has been particulariy shown and
déscribed with reference to the preferred embodiments
‘thereof, it will be understood by thése skilled in the art
that various changes in the form and details may be made

without departing from the spirit and scope of the invention.



sequential node, as well as, in a sinultaneous node as one process step,

I n a furnace/reactor: 1. Sequential oxidation and renoval of copper

u5| ng Jerr] mroomtenperature to very high tenperatures
in a fur nac,mmnﬂﬁelmﬁﬂﬂ"y' pr ocess of sequential oxidation and '

- - etchimg ics contingec until the desired renoval i's achieved. 2.

Sequentlal oxi dati on and renoval of copper using pyrogenic Herr]O and HC
gas fromroomtenperature to very high tenperatures furnace or reactor.
The process of sequential oxidation and etching is continued until the
desired renoval is achieved. 3. Sequential oxidation and renoval of
copper using st eam S&AB¥Sor de-i oni zed water fol | owed by etching of the Cu

oxi de using dilpte, HOl: { APRIOYITRELY Bnhulelal) mell® PIRCESEnG'

inﬁerconnects (studs) in vias and trenches in the
fabrication of integrated circuit devices, that forms
planarized structures comprising:
providing a substrate upon which insulating
material is deposited;
said insulating material is patterned and etched
to form via holes and trenches in.a dual damascene
process;
depositing a conducting barrier layer that
conforms to the insulating material and to
the via holes and trenches;
said barrier layer lines said via holes and trenches;
depositing a_conducting metal over the
entire substrate filling said via holes and trenches;
oxidizing the surface of said conducting metal layer
using oxidizing agents to form a metal oxide layer; and

etching back said metal oxide layer.



sequenti al oxidation and'etching Is is continued until the desired renoval
I s achieved. The surface is then thoroughly rinsed in DI water and

nitrogen blown dry. Said process is then followed “ﬂ“‘ “severa
nmonol ayers of BTA, Benzo-Triazol or TTA, Tetra-Tr\ ﬁmﬁ“ﬁ ! on
protection. These said processes are carried out 'R acbath br ‘spray/spin

station. The process of the present invention avoids thinning of
t he conducting |ines which increases Iinz or wire resistance. Di shing and
other non-unifornities across the substtafe are el i m nated. These

| nprovenents are brought about by the use . \ e

- 14 - the etchztegﬁﬁi§E5§9dEﬂﬁp%}ﬁ%mer WhRF St P adsk XIS IAIN S A by
process tuning. The Ta or TaN is left behind as a trench/via Iliner, to act
a diffusi ogahar etehihgr bacrper. sdbe evndubeathkg mdtyds layewmiakd ayer.

performed simultaneously.

3. The method of Claim 1, wherein said oxidizing and
said etching back of said conducting metal layer are

performed sequentially.

4. The method of claim 1, wherein said insulating oxide

layer is silicon oxide, BPSG type materials.

5. The method of claim 1, wherein said barrier layer

material is conducting Ta/TaN.

6. The method of claim 1, wherein said barrier layer

of Ta/TaN acts a via hole and trench liner.

7. The method of claim 1, wherein said layer of Ta/TaN

acts an etch stop layer for said etch back.

8. The method of claim 1, wherein said conducting

metal layer is copper.



Figure 6 and Figure 7 show two applications of the present invention. Only
the specific areas unique to the wunderstanding of this invention will be

described in detail. Figure 6 shows a sem conduc th a
diffusion area 2 being contacted by trench and Vm“m\mﬂ“m m\ﬁmnh
anot her general application whereby the trench and*via 14 'ortadt a

mul ti-level conducting netal |ine 6, mﬁﬂch Is on an interlevel dielectric
layer 4 on a sem conductor substrate e .the |nvent|on has
been particularldy ShSwhekhad Sésﬁﬂﬁb’édlw ‘t’II‘\eF%’Frér%ﬁfé& Wi Hel et r ed

enbodi mrents thereof, it will be understood by those skilled in the art

that varioug, cbgﬂgq%N areh@ebesiteadngetapls my be made w thout departing
fromthe splrlt and scope of the invention.

- 15 -

10. The method of claim 1, wherein said dual damascene
technique forms conductive contacts to semiconductor
diffusions and interconnection wiring patterns, in the

fabrication of MOSFET's.

11. The method of claim 1, wherein said dual damascene
technique forms conductive contacts to multi-level metal
lines and interconnection wiring patterns, in the

fabrication of semiconductor devices.

12. The method of claim 1, wherein etch back process
is an efficient process and solves the Cu dishing

problem.

13. A method of forming conducting copper metal lines
and interconnects (studs) in vias and trenches in the
fabrication of integrated circuit devices, that forms
planarized structures comprising:

providing a substrate upon which insulating



CLAI M5 1. A nethod of form ng conducting netal |ines and

I nterconnects (studs) in vias and trenches in the fabrication of
integrated circuit devices, that forns planarized structures conprising:
provi ding a substrate upon which insulating material is deposited;

said insulating material is patterned and etched to formvia holes and
trenches in a dual damascene process;“18 = depositing a conducting
barrier | aygfethal isofépssBtdd; the insulating material and to the via

hol es and trenches; said barrier layer lines said via holes and
trenches; deposi ti a conductjng .netal over the k6 eptjre substrate
filling said vigdh |é§$‘é£%t%'?‘ér{ﬁéhfe%r,lari is p@)ﬁt&irfﬁﬂgaf’ﬂeegﬁ*’?gce of said

conducting nmetal layer using oxidizing agents to forma netal oxide |ayer;
and tbchbpgy baekhenhes amd atrexcldes |iayer .dual damascene

process;
depositing a conducting barrier layer that
conforms to the insulating material and to
the via holes and trenches;
said barrier layer lines said via holes and trenches;
depositing a conducting copper metal over the
entire substrate filling said via holes and trenches;
providing a reactor;
introducing O, and HCl gas into said reactor to form
copper oxide and removing copper oxide by HCl acidic gas; an
and said process is continued until the excess copper

layer is planarized back to said Ta)TaN barrier layer;

14. The method of claim 13, wherein the oxidation of
copper and removal of said copper oxide is repeated

sequentially until the etch back is complete.

15. The method of.claim 13, wheréin the oxidation of
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- 16 - 2. The nethod of Claim1l, wherein said oxidizing and said

et ching back of said conducting netal |ayer are performed simultaneously.
3. The nmethod of Claim1, wherein said oxidizing and said etching back of
said conducting netal layer are perfornmed sequentially. 4. The

met hod of claim11, wherein said insulating oxide layer is silicon oxide,
BPSG type materi al s. 5. The nmet hody@f_ claim 1, wherein said barrier
| ayer material is conducting Ta/ TaN. 6. The nethod of claiml1,
wher ei n sai @BReFi aprd| E§BeVabfofTayara\ caurery axigdenhscsumsd trench |iner.

simultaneously until the etch back is complete.

16. A method of forming conducting copper metal lines
and interconnects (studs) in vias and trenches in the
fabrication of iAtegrated circuit devices, that forms
plénarized structures comprising:

providing a substrate upon which insulating
material is deposited;

said insulating material is patterned and etchéd
to form via holes and trenches in a dual damascene
process;

depositing a conducting barrier layer that
conforms to the insulating material and to
the via holes and trenches;

said barrier layer lines said via holes and trgnches;

depositing a conducting copper metal over the
entire substrate filling said via holes and trenches;

providing a reactor;

introducing pyrogenic.Hﬁ)and HCl gas into said

reactor to form copper oxide and removing copper oxide by

N o il
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7. The nethod of claim1, wherein said |ayer of Ta/TaN acts an etch stop

| ayer for said etch back. 8. The nmethod of claim1l, wherein said
conducting netal |ayer is copper. 9. The nethod of claim
1, wherein said thin filnms of Ta, and TaN are deposited by CVD. 10.

The met hod of claim 1, wherein said duat 28amascene technique forns
conductlve5§én?&épéctSa§en?88nductor di ffusions and interconnection w ring

patterns, in the fabrication of MOSFET' s 11. The method of claim
1, wherein saidyal AIRIGEA. cbﬁ‘ﬁ'ﬂﬂh@&l%ﬁ@if&ﬁé’%éé’%%@ﬁS to
multi-level netal |ines and |nterconnect|on wiring patterns, in the

fabrlcatlon of sen1c%pductor devi ce
layer is planarized back to said Ta/TaN barrier layer.

17. The method of claim 16, wherein the oxidation of
copper and removal of said copper oxide is repeated

sequentially until the etch back is complete.

18. The method of claim 16, wherein the oxidation
of copper and removal of said copper oxide occurs

simultaneously until the etch back is complete.

19. A method of forming condﬁcting copper metal lines a
and connects (studs) in vias and trenches in the fabrication
of integrated circuit devices, that forﬁs planarized
structures comprising:

providing a substrate upon which insulating
material is deposited;

said insulating material is patterned and etéhed
to form via holes and trenches in a duéi damascene
process;

depositing a conducting barrier layer that
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12. The method of claim1l, wherein etch back process is an efficient
process and solves the Cu dishing problem 13. A nethod of formng
conducting copper netal lines and interconnects (studs) in vias and
trenches in the fabrication of integrated circuit devices, that forns

pl anari zed structures conpri sing: _p5quding a substrate upon which

I nsul ating - - 18 - material is

deposi t ed; conformsaitd itheulimsivigtingemaberiagl pardetmed and etched to form
via holes and trenches in a dual danmascene process; depositing a

_conductingé@nggg ﬂ&@@%}éﬂ&“tréﬂ%ﬂ%%“”ﬁ to the insulating material and to
an ches; ’

the via holés tren said barrier layer lines said via holes

and trenches; : )
said barrier layer lines said via holes and trenches;

depositing a conducting copper metal over the
entire substrate filling said via holes and trenches;

providing a bath or spray/spin station;

providing steam and/or de-ionized water to oxidize
conducting copper metal forming copper oxide;

providing dilute HCl (approximately 0.1 Molar) for
copper oxide removal;

providing a DI water rinse in N, blow dry:

said process is continuéd'until Cu is_planarized and
excess Cu is etched back to thé fa/TaN barrier layer;

sald process is followed by a thin coating of
BTA, Benzo-Triazol or TTA, Tetra-Triazol corrosion

protection material.

20. The method of claim 19, wherein the oxidation of
copper and removal of copper oxide is repeated sequentially

until the etch back is complete;

21. The method of claim 19, wherein the oxidation of

T



"~ depositing a conducting copper netal over the entire substrate filling
said via holes and trenches; provi ding a reactor; i ntroduci ng
Jerr] and HOJ gas into said reactor to form copper oxide and renoving
copper oxide by HO acidic gas; an and said process is continued
until the excess copper |layer is planarized back to said Ta/ TaN barrier

| ayer. 14. The nmet hod of claim 13 Xherein the oxidation of copper
and renovaktoppesabatdcoppevadxofiecopperpmaids ocnmse mtimullltyneotisllyt he et ch
back is conplete. 15. The method of claim 13, wherein the

oxi dation of -19- copper and

renoval of U8k 58§p8FCBXP88koE§u?gmpliF%hltaneously until the etch back is

conpl et e.
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16. A method of form ng conducting copper netal lines and interconnects
(studs) in vias and trenches in the fabrication of integrated circuit

devices, that fornms planarized structures conprising: " providing a
substrate upon which insulating material is deposited; sai d
insulating material is patterned and etched to formvia holes and trenches
in a dual damascene process; depositing a conducting barrier |ayer
that confornms to the insulating material and to the via holes and
trenches; said barrier layer lines said via holes and trenches;
depositing a conducting copper metal owe23the entire substrate filling
said via holes and trenches; provi ding a reactor; i ntroduci ng
pyrogenic Herr]O and HOJ gas into said reactor to form copper oxide and
removi ng copper oxide by ABSTRACT

" NOVEL COPPER INTERCONNECT PATTERNING

A improved and new method for forming dual damascene
etch back of'cépper lines and interconnects (studs) using
a combination of oxidation of Cu and chemical/mass transport
of the.Cu oxidé by the acfion'of acid. The etch back solves
the dishing problem in that it planari;ed the Cu. Etch back
rates can be high at high temperatures. The surface of the
substrate is.kept clean and free of polishing scratches from
CMP. The process produces better uniformity across the substrate

and better electrical performance due the increased copper

line cross-sectional area.

(FIGURE 2 1S SUGGESTED FOR PUBLICATION)



- 20 - HA acidic gas; and said process is continued until the excess
copper layer is planarized back to said Ta/ TaN barrier | ayer. 17.
The nethod of claim 16, wherein the oxidation of copper and renoval of
said copper oxide is repeated sequentially until the etch back is

conpl et e. - 18. The nethod of claim 16, wherein the oxidation of
copper and renoval of said copper oxide occurs sinultaneously until the
etch back is conplete. 19. A method of form ng conducting copper
nmetal lines a and connects (studs) iniypas and trenches in the fabrication
of integrated circuit devices, that forns planarized structures '

- conpri sing: provi ding a substrate upon which insulating material is
deposi ted; said insulating material is patterned and etched to form

via holes and trenches in a dual damascene process;

14
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- depositing a conducting barrier |ayer that

- 21 - confornms to the insulating material and to the via holes and
trenches; said barrier layer lines said via holes and trenches;
depositing a conducting copper netal over the entire substrate filling
said via holes and trenches; providing a bath or spray/spin station;
provi di ng steam and/ or de-ionized water to oxidize conducting copper netal
form ng copper oxide; providing dilute HCO (approxinmately 0.1 Ml ar)
for copper oxide renoval; provi2ddng a DI water rinse in N2 blow dry;
said process is continued until Cu is planarized and excess Cu is etched
back to the Ta/TaN barrier |ayer; said process is followed by a thin
coating of BTA, Benzo-Triazol or TTA, Tetra-Triazol corrosion

—12
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20. The nethod of claim 19, wherein the

" protection material.
oxi dation of copper and renoval of copper oxide is repeated sequentially
21. The nethod of claim 19

until the etch back is conplete. : ,
- 22 -

wherein the oxidation of
copper and renoval of copper oxide occurs simultaneously wuntil the etch

back is conplete.
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