METAL BARRI ER CAP FABRI CATI ON BY PCLYMER LI FT- OFF BACKGROUND COF THE

| NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a

met hod for providing a protective |ayer over the surface of a created
copper interconnect. (2) Description of the Prior Art An inportant aspect
in the creation of sem conductor devices is the interconnect netal that is

provi ded between el enents of _sem c nﬁg go devi 0 >t n
seniconductorMﬁﬁﬁﬁ(ﬁﬁﬁRlEﬁnﬁgﬁbgﬁﬁgégA ﬁ |E¥y§¥%§ﬁé§ %%ﬁgfﬁgis et al
conductive lines and vias that provide the interconnection of integrated
circuits in sem conductor devices and/or the interconnections in a
mul tilayer substrate over the surface of which sem conductor devices are
mount ed. Frequent|y us@h(HEEAITeOF GHE REVEREAPNon of conducti ve
i nterconnects are the single danmascene and the dual damascene processes.
In fabricating Very and Utra Large Scale Integration (VLSI and ULSI)
circuits with the dual danascene process, a layer of insulating or
di el ectricg) matesi@lof comprimsiergifcer i nstance silicon oxide, is patterned
w th several thousand openings. These 1
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method for providing
a protective layer over the surface of a created copper

interconnect.

(2) Description of the Prior Art

An important aspect in the creation of semiconductor devices
is the interconnect metal that is provided between elements of
semiceonductor devices or between semiconductor devices.
Interconnect metal typically comprises metal conductive lines and
vias that provide the interconnection of integrated circuits in
semiconductor devices and/or the interconnections in a multilayer
substrate over the surface of which semiconductor devices are
mounted. Frequently used processes for the creation of conductive
interconnects are the single damascene and the dual damascene
processes. In fabricating Very and Ultra Large Scale Integraticn
(VLSI and ULSI) circuits with the dual damascene process, a layer
of insulating or dielectric material, comprising for instance

silicon oxide, is patterned with several thousand openings. These




openings formthe pattern for the conductive lines and vias, which are
filled at the sane time with netal, such as typically alum num but nore
recently copper. The pattern of conductive |ines and vias serves to

i nterconnect active and passive elenments of an integrated circuit. The
dual damascene process also is used to formnultilevel conductive |ines of
metal, such as copper, in layers of insulating material, such as
polyimde, using therewith multi-|layer substrates over the surface of

whi ch sefREGHAGE dPTTdEPFCRE T AR ED notht B ?§W4£Q$ §hé§@€ﬁeapg Xhas.

i nterconnection fabrication process in which grooves are formed in_an

i nsul at i ngrichyereadd 1Ler] ad thet hrhet bine o7 6 Matsed c GRdlc fisv éYPiRasd 1 YDual
darmascene is a nulti-level interconnection process in which, in addition
to fornmalgrtimergbotvesref rehentsingterpanastenegiriiciesf conductiive via
openings also are forned. In the standard dual damascene process, the

i nsul ati ng.rleay emd siesatedvest hoaihbyecomiectphotioresiastd pEse igeatedmnkayer
of photoresist is first exposed through a first nask with an i mage pattern
of the vigr openintgsratkBecyiraupat tena dsa anisoisepicadoreatschedoi nst heed
upper half of the insulating |layer. The photoresist nowis second exposed

through asecandimsk 1wkh aBnbiiBgevealiesn of eandyctsved lisnesppakt eint he
second exposure has been aligned with the first
layers of insulating material, such as polyimide, using therewith

multi-layer substrates over the surface of which semiconductor

devices are mounted.

Single damascene is an interconnection fabrication process
in which grooves are formed in an insulating layer and filled
with metal to form the conductive lines. Dual damascene is a
multi-level interconnection process in which, in addition to
forming the grooves of the single damascene process, conductive
via openings also are formed. In the standard dual damascene
process, the insulating layer is coated with a layer of
photoresist. The coated layer of photoresist is first exposed
through a first mask with an image pattern of the via openings,
the via pattern is anisotropically etched in the upper half of
the insulating layer. The photoresist now is second exposed
through a second mask with an image pattern of conductive lines
after the second exposure has been aligned with the first

exposure pattern in order to encompass the via openings. In




exposure pattern in order to enconpass the via openings. In 2

ani sotropically etching the openings for the conductive lines in the upper
hal f of the insulating material, the via openings that have previously
been created in the upper half of the insulating |ayer are sinultaneously
etched and replicated in the lower half of the insulating material. After
the etching of the conductive Ilines and the vias is conplete, both the
vias and line openings are filled with netal. The dual damascene process
is an inﬁﬁﬁﬁ%ﬁéﬁ@lG@g#YtﬁéC§FH@IEhedaﬂﬁ%é%%% Procdss BEEaEse the g4l in
damascene process permts the filling of both the conductive grooves and
vi as W t HEheetugipeat heRé ofafbet ineylahergbya et i hattihf preocessiimg sstops.

Al t hough the standard damascene process offers a nunber of advantages over
ot her prdeessegefiapusdynibrgni nteetednéct tlonsypper Hasl fa afurtyer iofsulating

di sadvant ages. For instance, the dual damascene process requires two
maski ng steeps: tadf eimtihenpattéynetantédrstc maskl iortddewvitas langdrahagegcond
mask for the conductive lines. Further, the edges of the via openings in

the | owerpthalife ahstihecinguhatengal ayericafties ctdeisecond et chindgcttiend to
be poorly defined because of the two etchings. In addition, since

al i gnmenty iofc & heidt WBeNBSks 18 cohpibcal hocwrdes F0ofs the patiepeafinthe
conductive lines to be

are filled with metal.

The dual damascene process 1s an improvement over the single
damascene process because the dual damascene process permits the
filling of both the conductive grooves and vias with metal at the
same time, thereby eliminating processing steps. Although the
standard damascene process offers a number of advantages over
other processes for forming interconnections, it has a number of
disadvantages. For instance, the dual damascens process requires
two masking steps to form the pattern, a first mask for the wvias
and a second mask for the conductive lines. Further, the edges of
the via openings in the lower half of the insulating layer, after
the second etching, tend to be poorly defined because 0of the two
etchings. In additien, since alignment of the two masks is
critical in crder for the pattern of the conductive lines to be
aligned with the pattern of the wvias, a relatively large
tolerance is provided resulting in via openings that do not

extend over the full width of the conductive line.




aligned with the pattern of the vias, a relatively large tolerance is
provided resulting in via openings that do not extend over the full wdth
of the conductive line. 3 Copper is gaining increased use as an

i nterconnect nmetal due to its lowcost and low resistivity. Copper however
has a relatively large diffusion coefficient into a surrounding
dielectric material such as silicon dioxide and silicon. Copper, which is
used as an interconnect medium therefore readily diffuses into the
silicon di oxi §6PP&yelscadsPhydt MeCHFRIRLIHIT A% 2hedPE CEORGGEL P2 andue
decreasing the dielectric strength of the silicon dioxide |ayer. Copper

i nt er contrectis safewt hepef apd loypleal $ i erHoapSidrmead Hoyeae x| &ast aone
diffusion barrier to prevent diffusion into the surrounding silicon

di oxi de lkayeriveCgppergesdaf fosneh| ckambdive tsontbe nier @ semsiotindéngo surf ace
exposure, typically resulting in oxidation of the exposed copper surface.
The i nveadtie0rcaddressesrcahcenas ©f <€t Paténglicopprr andntséncaennectspaad,
nore specifically, the negative inpact that is experienced by an exposed

surface ghieheakedseapRerani ihescOANEELS nddB 16, 180HF B (Hsu)1ghows a

lift off process for a barrier
diffuses intc the silicon dioxide layer causing the dielectric to
become conductive and decreasing the dielectric strength of the
silicon dioxide layer. Copper interconnects are therefore
typically encapsulated by at least one diffusion barrier to
prevent diffusion into. the surrounding silicon dioxide layer.
Copper is also well known tc be very sensitive to surface

exposure, typilcally resulting in oxidation of the exposéed copper

surface.

The invention addresses concerns of creating copper
interconnects and, more specifically, the negative impact that is
experienced by an exposed surface of created copper

intercecnnects.

US 6,180,516 Bl (Hsu) shows a lift off process for a barrier

layer in a dual damascene process.

US 5,689,140 (Shoda) shows a lift off process for a barrier

layer in a dual damascene process.




| ayer in a dual damascene process. US 5,689, 140 (Shoda) shows a |ift off
process for a barrier layer in a dual damascene process. 4 US 6,202, 191
(Filippi et al.) shows a lift off process for an inductor. US 6,281,127 Bl
(Shue) shows a self passivation process for a dual damascene interconnect.
US 6,274,499 (CGupta et al.) shows a cap over an interconnect. US 6,258,713
Bl (Yu et al.) discloses a dual damascene with a cap. SUWARY OF THE
| NVENTI ON A principle objective of the invention is to provide a nethod of
creating coppBf Fntercbhhettihiwml slherleby Fescredtidd ©offt Breeppecionet al
is not affected by chemcals or other elenents that are present in the
envi ronnment indAnother objective of the invention is to provide a protective
cap of sem conductor material over the surface of a created copper
interconnect nmetal. 5 In accordance with the objectives of the invention a
new

Us 6,281,127 Bl (Shue) shows a self passivation process for

a dual damascene interconnect.

US 6,274,499 (Gupta et al.) shows a cap over an

interconnect.

Us 6,258,713 Bl (Yu et al.) discloses a dual damascene with

a cap.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method of creating copper interconnect metal whereby the created
interconnect metal is not affected by chemicals or other elements

that are present in the environment.

Ancther objective of the invention 1s to provide a
protective cap of semiconductor material over the surface of a

created copper interconnect metal.




met hod is provided for the creation of copper interconnects. A pattern of
copper interconnects is created, a protective |layer of sem conductor
material is deposited over the surface of the created copper

i nterconnects. The protective layer is patterned and etched, exposing the
surface of the pattern of copper interconnects. The exposed copper surface
is Ar sputtered after which a first barrier layer is deposited. The
patterned and etched |ayer of protective nmaterial is renoved, leaving in
pl ace overlying the pattern of copper interconnects a protective |layer of
first barrier material. A dielectric barrier layer, in the formof a |ayer
of etch stop mat ecicalkdahsedeposi tied @fiercwdchf addi tineealt ibayer seof
dielectric interspersed with layers of etch stop material are deposited.

Via and tdeemeh pat bebpnscaseretched caddgned of tdbmbegoppek rpahtetfst oawhi ch
an electrical contact is to be established, the copper pattern being

prot ect ed,y otrhe o f bbﬁbekaYﬁEchﬁoz@x@ééﬁ§r1§r9&1€%{d@d A seceRdchatr ieyelayer
is deposited, the via and trench pattern is filled with copper after

whi ch ex%%‘?ﬁc%gﬁﬁ%rto'rsmﬁg@YQQ by & dgﬁt@méw dhe sy %cae:f% ot B¢ deposited
| ayer of copper. BRI EF DESCRI PTI OF THE DRAWNGS Fig. 1 is a cross

section rég%%dS% LB%% Qgtgréggﬁggpgucfﬁg protective layer is patterned

and etched, exposing the surface of the pattern of copper
interconnects. The exposed copper surface is Ar sputtered after
which a first barrier laver is deposited. The patterned and
etched layer of protective material is removed, leaving in place
overlying the pattern of copper interconnects a protective layer
of first barrier material. A dielectric barrier layer, in the
form of a layer of etch stop material, is deposited after which
additional layers of dielectric interspersed with layers of etch
stop material are depcsited. Via and trench patterns are etched
aligned with a copper pattern to which an electrical contact is
to be established, the copper pattern being protected by the
first layer of barrier material. A second barrier layer 1is
deposited, the via and trench pattern is filled with copper after
which excess copper is removed by polishing the surface of the

deposited layer of copper.




substrate over the surface of which copper points of electrical contact
have been provided in a |ayer of dielectric. Fig. 2 is a cross section
after a |l ayer of sem conductor naterial has been deposited over the
surface of the layer of dielectric. Fig. 3 shows the formation of a

phot oresi st mask. Fig. 4 show the result of etching the |ayer of

sem conductor material in accordance with the photoresist mask, the

phot oresi st mask has been renoved. Fi ws a cross section during the

process of argon sputteBRIEFgDE%C%%%Eéb¥iQﬁd@gﬂ§%¥?ﬁ5W after deposition of

a layer of barrier material. Fig. 7 shows a cross section after lift-off
of the patterned and etched |ayer of sem conductor nmaterial. 7 Fig. 8
shows a cross-section after deposition of a |layer of etch stop material.
Fig. 9 shows aigro3sisestionsafsert doposi tihen sofr faddi pifonabeni agedgcopr
dielectric and etches stop material. Fig. 10 shows a cross section after
patterni Rgpandaetchbiveg toé shefdeposi tvwd addidoperalkoliayer sfoéldicerecetic
and etch stop

contact have been provided in a layer of dielectric.

Fig. 2 is a cross section after a layer of semiconductor
material has been deposited over the surface of the layer of

dielectric.

Fig. 3 shows the formation of a photoresist mask.

Fig. 4 show the result of etching the layer of semiconductor
material in accordance with the photoresist mask, the photoresist

mask has been removed.

Fig. 5 shows a cross section during the process of argen

sputter.

Fig. 6 shows a cross section after deposition of a layer of

barrier material.

Fig. 7 shows a cross section after lift-off of the patterned

and etched layer of semiconductor material.




material, creating an opening there through. Fig. 11 shows a cross section
after deposition of a second |ayer of barrier material. Fig. 12 shows a
cross section after the opening has been filled with netal, the excess
metal and the second barrier material have been renoved fromthe surface
of the upper layer of dielectric. DESCRI PTION OF THE PREFERRED EMBODI MENTS
Usi ng the current copper dual damascene process, the surface of the copper
to whi ch damascene interconnect plugs nmust be forned is exposed after via
and trench etch. This exposed copper 8 surface, when exposed to the
processing environnent and the therein present elenents, is attacked
conponents of Fitie 8etlkedihg: cHaTfisstSaEEiiop gHEEEr 86PSELEL PR O by HO%ETE ét'ch
via/trench cleaning chem stry and by oxidation in the air. This exposure of
t he copperchustacenaesulds. in a deterioration of the copper surface,
havi ng a negative inpact on the performance of the copper interconnect
nmetal. In addition, conventional argon (Ar) sputtering that precedes the
deposition of copper barrier and the copper fill, renoves copper atons
fromthe exposed.coppeswsus f@esss rasididme fitrrcdppes idéposof sadveticive!
| ower extremties of the

layers of dielectric and etches stop material.

Fig. 10 shows a cross sectlon after patterning and etching
of the deposited additional layers of dielectric and etch stop

material, creating an opening there through.

Fig. 11 shows a cross section after deposition of a second

layer of barrier material.

Fig. 12 shows a cross section after the opening has been
filled with metal, the excess metal and the second barrier

material have been removed from the surface of the upper layer of

dielectric.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Using the current copper dual damascene process, the surface
of the copper to which damascene interconnect plugs must be

formed is exposed after via and trench etch. This exposed copper




openi ngs that have been created for the vias and interconnect trenches.
These copper deposits readily diffuse into surrounding dielectrics and
forma source of |eakage currents fromthe copper interconnect netal to
surrounding circuit or device elenments. The invention provides a process
that first covers the surface of a pattern of copper interconnect with a
| ayer of barrier material after which overlying |layers of neta

i nterconnect are formed. This process will now be exglalned in et ai

usi ng Fi §97F3CEhrérfh %&PQ%ﬁdtWﬁ§jﬁhﬁﬁ6§€ssﬁ8€eﬁpyﬁ§ ﬂ@ﬁpgp@%?fF%%lly to
Fig. 1, there is showm a cross-section of a sem conductor substrate 10
over thetbergauepotsenhi Terepatt e At acdspePYi RPBPEBRNEE Ohetd? has been
formed. 9 Specifically highlighted in the cross section of Fig. 1 are a

| ayer 13eofhdhel eoémistihw dugiphwhicteaisd partiernby2peatoptebppep/ trench
i nterconnect netal has been forned. The surface of layer 13 has been
pol i shedcatheinyheneoppery fard pat teriniat2/od inaghbeenr -déposi eedosThe of
invention continues, Fig. 2, with the deposition of a |ayer 16 of
Se”‘Conduﬁbo&oﬁpégrs@ff@&@rré§w&ﬁmnmaqecﬁke&h@rbayem cI3tbe dopbectric,
including the surface of the interconnect pattern 12/14.
surface, having a negative impact on the performance of the
copper interconnect metal. In addition, conventional argon (Ax)
sputtering that precedes the deposition of copper barrier and the
copper filil, removes copper atoms from the exposed copper surface
resulting in copper deposits over the lower extremities of the
openings that have been created for the vias and interconnect
trenches. These copper deposits readily diffuse intc surrounding

dielectrics and form a source of leakage currents from the copper

interconnect metal to surrounding circuit or device elements.

The invention provides a process that first covers the
surface of a pattern of copper interconnect with a layer of
barrier material after which overiying layers of metal
interconnect are formed. This process will now be explained in

detail using Figs. 1 through 12 for this purpose.

Referring now specifically to Fig. 1, there is shown a
cross-section of a semiconductor substrate 10 over the surface of

which a pattern of copper interconnect metal has been formed.




Preferred materials for the layer 16 of sem conductor nmaterial are
phot oi ni m de, polyim des, polyners or other dielectric materials. It is
wel | known in the art that organic polynmer is taken fromthe group
consisting of poly(arylene ether) and a polyimde, and is used as an
inter-netal -dielectric. As an exanple of the deposition of a |ayer 16 can
be cited depositing a layer of polymer at a pressure of between about 25
and 2.75 Torr in_a plasma containing CHF3 at a flow rate of about 18 sccm
R4 at SPPFOWLFALEYOPI SBOLN Y20 sERnt B e At oL FioowOrat ddot 1aBBkt 2 165
seem deposited for a tinme of about 10 seconds and to a thickness between
about 200aard 360cAngsetertrio Forotayerhid: figre inddttanoe 1édAbefuserrar

| ow-k polymer nmaterial including polyimdes, fluorinated polyimdes,

pol ysi | sequcoxanegcbenzbsychabutenes (BOB)]. pard ene fRceparf] éagek landas
anor phous pol ytetrafl uorot hyl ene. A polymer filmcan be spun onto the

waf er antbeeanpcantacd poétycatbenatepdPCor pod tytstryr e’ 14( RSk, bpehyoxi des
(PO, polynethyl nethacrylate (PPMA) and poly- polyoxides (PPO. It is

i npor t antyeb@siseda material for the polyner filmthat can be applied by
spin coating and that can, at a later date, be easily renoved by dipping
the coated sem conductor package in a solvent. Solvents that can be used
for

The invention continues, Fig. 2, with the deposition of a
layer 16 of semiconductor material over the surface of the layer
13 of dielectric, including the surface of the interconnect

pattern 12/14.

Preferred materials for the layer 16 cf semiconductor
material are photoinimide, polyimides, polymers or other
dieiectric materials. It is well known in the art that ocrganic
polymer is taken from the group consisting of poly(arylene ether)
and & polyimide, and is used as an inter-metal-dielectric. As an
example of the deposition of a layer 16 can be cited depositing a
layer of polymer at a pressure of between about 25 and 2.75 Torr
in a plasma containing CHF; at a flow rate of about 18 sccm, CFy
at a flow rate of about 72 sccm and He at a flow rate of about
165 sccm, deposited for a time of about 10 seconds and to a

thickness between about 200 and 300 Angstrom.
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this purpose include acetone, THE and trichl oro-nethane. The |ayer 16 of
sem conductor material is next patterned and etched, using for this

pur pose a photoresist nmask 18, Fig. 3, having a pattern that exposes the
surface of layer 16 by neans of openings 15/17 there-through, opening

15/ 17 align with the interconnect pattern 12/14. Conventional nethods of
phot ol i t hographi ¢ exposure and devel opnment are applied for the creation of
t he photoresist mask 18 shown in cross section in Fig. 3. The |ayer 16 of
sem conduct or Fdirellegeri d6i §cnownetehed, c#h goe Ysedhfa droviptk GlvlyRer
photoresi st mask 18 is renoved fromthe 11 surface of the patterned and

et ch | ayeratksiusi ngoietihodspol yiphdtor eSlstr ashiany dfaldiowidsg, by a t hor ough
surface clean. The etching of layer 16 of dielectric such as polysilicon

can be ageanpliilshkegibyaugi ngeanocantsobtophe HEsNA refrdends @, pexampkena
Reactive lon Etch (RIE), using as etchant gasses a gas such as hydrogen

brom de (JHBr )an@roBldher baeyE ek 2h randrar Car&h@r A gas \suah fas nalkgen beAsbuw t h
as preferred gasses SF6 and HBr. Conventional processing paranmeters for the

etch of layer 18 .Qfedi ghaCthhC 68 b8 @@P)l(é%or?é@a(rﬁc)qo'ﬂé&iy%it@geﬁem x of
CAF8 to COwith the CAF8 being provided at a tenperature of between about
{FS), polycxides (PO), polymethylmethacrylate (PPMA} and poly-
polyoxides (PPO). It is important to use a material for the
polymer film that can be appliied by spin coating and that can, at
a later date, be easily removed by dipping the coated

semiconductor package in a solvent. Solvents that can be used for

this purpose include acetcne, THF and trichloro-methane.

The layer 16 of semiconductor material is next patterned and
etched, using for this purpose a photoresist mask 18, Fig. 3,
having a pattern that exposes the surface of layer 16 by means of
openings 15/17 there-through, copening 15/17 align with the
interconnect pattern 12/14. Conventional methods of
photolithographic exposure and development are applied for the
creation of the photcoresist mask 18 shown in cross section in

Fig. 3.

The layver 16 of semiconductor dielectric is now etched, Fig.

4, after which the photoresist mask 18 is removed from the

11




50 and 70 degrees C and a pressure between about 50 and 60 mlorr and a
flowrate of between about 12 and 16 sccm The CO gas is processed at a
tenperature of between about 50 and 70 degrees C and a pressure of between
about 50 and 60 niforr and a flow rate of between about 300 and 400 sccm
The m x of CAF8 to CO has a ratio of between about 1/20 and 1/30. The
surface of the structure shown in cross section in Fig. 4 is nowion
bonbarded (pre-barrier netal argon sputter 20, Fig. 5), using Ar as
sputteri myprfens of dheeppétarnee ehdapbut DEveo 1686 idegressodsand a
pressure of about 100 to 150 niorr for a tinme duration of about 5 to 10
seconds, e cgputitser aphdogssobeorgngine a 12haontgloldued.acEhicdeAn .i on

bonmbar dnent di sl odges a nunber of copper atons fromthe exposed surface of
copper pattern 12/ 14, these dislodged copper atons formthin |ayers of
copper deposits 21 over the lower extremties of sidewalls of the openings

15/'17 creat edpcheeddhnthe sl ayeer 16606 £ di b ed 4 ML i@l polkiss 1depasi tion
of barrier material over the surface areas of openings 31 results in

i nproved adhes %@c@hpﬁ%hwewowgngdgzpom@&tf@slad dihakl srdeposiied to
fill openings 31, facilitating thiS process of metal dep05|t|on The Ar

sputter 18 . fheref QactolLowsd Py hherdeposiiion A A aver 23:06 DapLLer

such as hydrogen bromide (HBr) or chlorine (Cl;) and a carrier

gas such as argon (Ar) with as preferred gasses SFg and HBr.

Conventional processing parameters for the etch of layer 16
of dielectric can be applied: etchant comprising a mix of C4Fs to
CO with the C4Fs being provided at a temperature of between about
50 and 70 degrees C and a pressure between about 50 and o0 mTorrx
and a flow rate of between about 12 and 16 sccm. The CO gas is
processed at a temperature of between about 50 and 70 degrees C
and a pressure of between about 50 and 60 mTorr and a flow rate
of between about 300 and 400 sccm. The mix of Cy4Fg to CO has a

ratio of between about 1/20 and 1/30.

The surface of the struciure shown in cross section in Fig.
4 1s now ion bombarded {pre-barrier metal argon sputter 20, Fig.
5), using Ar as sputtering ions at a temperature of about 25 to
150 degrees C and a pressure of abcut 100 to 150 mTorr for a time

duration of about 5 to 10 seconds, the sputter process being time

12




material as shown in cross section in Fig. 6. Barrier layer 22 is fornmed of
a material selected fromthe group consisting of wthout however being
limted thereto tungsten, Ti/TiNW(titaniunititaniumnitride:tungsten),
titaniumtungsten/titaniumor titaniumtungsten nitride/titani umor
titaniumnitride or titamumnitride/titanium tantalum tantalumnitride,
tantalumsilicon nitride, niobium nolybdenum alum num al um num oxi de
(AI.OY). As a material for the layer 22 of barrier material is selected a
mat eri al ddrdtrdlsied.elTéctr Rcaliby bondacdnemt 18 s oojypey acompdieirblog cogpkat i on
di el ectric conpatible chemcally stable, and resistant to interaction

W th procassing rehenheakspodsdanueranpl ef ofodder graatdron 10f/ l4dayehe22 can be
cited depositing a layer of SiN using PECVD in a tenperature range of

bet ween 200 12200 hp@reas ofst 8oant bheknesse 0f dretamen abewos5@s and 1000
Angstrom Anot her exanple of depositing a barrier |ayer over a danmascene

Struct ur &Ry deROSIdJcRg cath-ayer 10t StNsupdes: B JeNRRS yJdn8 nhet ween yabout
200 and 500 degrees C, a pressure

created through the layer 16 of dielectric material.

This deposition of barrier material over the surface areas
of openings 31 results in improved adhesion of the thereover
deposited metal that is deposited to £ill openings 31,
facilitating this process of metal deposition. The Ar sputter is
therefore fcllowed by the deposition of a layer 22 of barrier

material as shown in cross section in Fig. 6.

Barrier layer 22 is formed of a material selected from the
group consisting of without however being limited thereto
tungsten, Ti/TiN:W (titanium/titanium nitride:tungsten),
titaniuvm-tungsten/titanium or titanium~tungsten nitride/titanium
or titanium nitride or titamium nitride/titanium, tantalum,
tantalum nitride, tantalum silicon nitride, niokium, mclybdenum,

aluminum, aluminum oxide (AL,Oy).

As a material for the layer 22 of barrier material is

selected a material that is:

¢ electrically conductive

13




bet ween about 1 nTORR and 100 TORR, a tinme between about 2 and 100
seconds, an environnent of SiH4 + NH3 + N2 or Si2H6 + NH3 + N2 or SiH4 +
N2 + Ar using a plasna or thermal process. Next, the |ayer 16, Fig. 6, of
sem conductor material is renoved ("polynmer lift-off") fromthe surface of
the layer 13 of dielectric, the results of which are shown in cross
sectionin Fig. 7. Remaining in place are the |ayers 22 of barrier
material overlying the copper pattern 12/ 14, these layers 22 form

prot ect i Ye JORPELs SGFPRREPLEr f ace of the copper interconnect pattern 12/ 14.
14 For the lift-off the polyner and the Ta that is overlaid over the

pol ynmer , e acieicdne ion diglethercsobveatipdy be used. A layer 24, Fig. 8, of
etch stop material is then deposited over the surface of the structure

shown in,cr9ss,1%80410R+LB1El gand7. Etch stop layers, typically conprising
silicon nitride, are wused to control the depth of the etch that is

performed thraugh g Layer of dielegt ), Ihe. it hog of, chai ce that is ros:

frequent Py T3 O Creat'e openings uses photo ography whereby a pattern
that is contained in an exposure mask is transferred to a radiation
sensitive nedium such as photoresist. Layer 24 of etch stop material may

for instance conprise .
As agnéxample of the creation of layer 22 can be cited

depositing a layer of SiN using PECVD in a temperature range of
between 200 and 500 degrees C to a thickness of between about 50
and 1000 Angstrom. Another example of depositing a barrier layer
over a damascene structure by depositing a layer of SiN under a
temperature between about 200 and 500 degrees C, a pressure
hetween about 1 mTORR and 100 TORR, a time between about 2 and
100 seconds, an environment of SiHy + NH; + N» or SipHg + NiHz + Ni

or SiH, + N; + Ar using a plasma or thermal process.

Next, the layer 16, Fig. 6, of semiconductor material is
removed (“polymer lift-off”} from the surface of the layer 13 of
dielectric, the results of which are shown in cross section in
Fig. 7. Remaining in place are the layers 22 of barrier material
overlying the copper pattern 12/14, these layers 272 form
protective layers of the surface of the copper interconnect

pattern 12/14.
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oxynitride or silicon nitride and is preferably deposited using nethods of
LPCVD or PECVD or HDCVD or sputtering or H gh Density Plasma CVD ( HDPCVD)
An etch stop layer 24 of silicon nitride (Si3N 4) can be deposited using
PECVD procedures at a pressure between about 200 mflorr and 400 nfTorr, at a
tenperature between about 350 and 450 degrees C, to a thickness of about
1,000 to 5,000 Angstromusing NH3 and SiH4 or Si Cl2H2. A silicon nitride

| ayer 24 can al so be deposited using LPCVD or PECVD procedures using a
reactant gas m xture such as dichlorosilane (SiCl2H2) as a silicon source

material and ammoniia (NH3) as a nitrogen source t.ate rature
bet ween abd§tt 666G éﬁégsééfdéa?eﬁglﬁﬁe t2 g %h%é%%ﬁgmgéfﬁbéwgpggﬁp'§88rnﬁorr

and 400 mTorr, to a thickness between about 1,000 and 5, 000 Angstrom
Next, |ayeespolvigel ex¥218 MerPerdd@ nwistn VeREnTeY o Waterial are
deposited as shown in the cross section of Fig. 9. Specifically shown in
the cross section of Fig. 9 are a first |ayer 26 of dielectric, a second
| ayer 27 of etch stop material (with layer 24 being a first layer of etch
stop materimllavand 24, $egond,| afert2B ofodimbeet¥dk. i Fdharhaldrppdited26 and
28 of dielectric can be used conventional nmaterials used for the isolation
of condugiersthitogmenske abhethe structure shown in cross section in Fig.

7. Etch stop layers, typically comprising silicon nitride, are

used to control the depth of the etch that is performed through a

layer of dielectric. The method of choice that is most freguently

used to create openings uses photolithography whereby a pattern

that is contained in an exposure mask is transferred to a

radiation sensitive medium, such as photoresist.

Layer 24 of etch stop material may for instance comprise
oxynitride or silicon nitride and is preferably deposited using
methods of LPCVD or PECVD or HDCVD or sputtering oxr High Density
Plasma CVD (HDPCVD). An etch stop layer 24 of silicon nitride
(SiaNiy) can be deposited using PECVD procedures at a pressure
between about 200 mTorr and 400 mTorr, at a temperature between
about 350 and 450 degrees C, to a thickness of about 1,000 to
5,000 Angstrom using NHj and.Siﬁqor SiClsH,. & silicon nitride
layer 24 can also be deposited using LPCVD or PECVD procedures
using a reactant gas mixture such as dichlorosilane (SiClzHz) as a

silicon source material and ammonia (NHs) as a nitrogen source,

15




and from underlying conductive elenents, a suitable dielectric being, for
i nstance silicon dioxide ("oxide", doped or undoped) or silicon nitride
("nitride"), silicon oxynitride, fluoropolynmer, parylene, polyimde,
tetra-ethyl-ortho-silicate (TEOS) based oxi des,

bor o- phosphat e-silicate-glass (BPSG, phospho-silicate-glass (PSG,
boro-silicate-glass (BSG, oxide- nitride-oxide (ONO, plasm enhanced

silicon nitride (PSiNx), .oxynitride. w di ctric constant material,
such as Rydrfogéf' e§?F§é§qH?B&3ﬁ%.a?ﬁﬁﬁ (?ﬁ%ﬁééﬁa AV é:rr&tC @
fluorine-doped silicate glass) is a dielectric that has a |lower dielectric
const ant PEHRES UEEgREANCER] a8V 163 eV hDst Tl yWIiddd afd 2t hErEFBEESt he
preferred dielectrics of layers 26 and 28 are silicon dioxide (doped or
undoped) jpetsidenc alvogky Ak PPPdendpar yPentnsst Pt yi mi de, spi n-on-gl ass, plasma
oxi de or LPCVD oxide. Layers 26, 27 and 28 are deposited in preparation for
the <creation of a contact opening through these |ayers, the created
contact opening is aligned with copper pattern 14 as shown in the cross
section of Fi glextQ. 1€gnrventiodaklaet hddsinfer photold tvhidgr a&pluhc séxposur e and
devel opment are applied for the etch of the opening 29 through the |ayers
28, 27, 2&tandaldare deposited as shown in the cross section of Fig. 9.

Specifically shown in the cross section of Fig. 9 are a first

layer 26 of dielectric, a second layer 27 of etch stop material

{(with layer 24 being a first layer of etch stop material) and a

second layer 28 of dielectric.

For the layers 26 and 28 of dielectric can be used conventional
materials used for the isolation of conductors from each other
and from underlying conductive elements, a suitable dielectric
being, for instance silicon dioxide (“oxide”, doped or undoped)
or silicon nitride (“nitride”}, silicon oxynitride,
fluoropolymer, parylene, polyimide, tetra-ethyl-ortho-silicate
(TEQS) based oxides, boro-phosphate-silicate~glass (BPSG),
phospho-silicate-glass (PSG), boro-silicate-glass (BSG), oxide-
nitride-oxide (ONO), plasma enhanced silicon nitride (PSiNx),
oxynitride. A low dielectric constant material, such as hydrogen
silsesquioxane. HDP-FSG (high-density-plasma fluorine-doped
silicate glass) is a dielectric that has a lower dielectric

constant than regular oxide.
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Shown in the cross section of Fig. 10 are deposits 30 created in this
i nstance by the etch for the creation of opening 29, which dislodges a
nunber of copper atons fromthe exposed surface of copper pattern 14.
These di sl odged copper atons formthin |ayers 30 of copper deposits over
the lower extremties of sidewalls of the opening 29. A second barrier
| ayer 31, Fig. 11, is next deposited over inside surfaces of opening 29
and the surface of r 28 of ielectric, using the riteria of
mat eri al seFE@tiﬂaﬁtaﬂém%Jp‘és‘H‘? (b ridi ey e&%e §%Sr BYF 8§F§8h‘3%7%[%%%1@5
highlighted for the creation of the first barrier layer 22, Fig. 6. This
is fol | ovield 1aersFidp a2 26hér@eposiEPBndbetrhee et OF HEEE «Cheni cal
17 Plating (ECP) copper and copper Chem cal Mechanical Polishing (CW).
Typi cal ECR irwressimg pacaneesiyd arecasPd ol ioide, srehperatdhas shewaena
about 25 and 50 degrees, the source of deposition of the H2ZSO4 is the
di | ution @fid®23® LEOYSObxane.-HC1 with a deposition flow rate of between
about 15K and 20 K sccm and a deposition time of between about 1 and 10
m nutes, the voltage applied to the anode between about 0.1 and 2 volts
and the voltage applied to the cathode between about 0.1 and 2 volts.
Layers 26, 27 and 28 are deposited in preparation for the

creaticon of a contact opening through these layers, the created
contact opening is aligned with copper pattern 14 as shown in the
cross section of Fig. 10. Conventional methods of

photolithographic exposure and development are applied for the

etch of the opening 29 through the layers 28, 27, 26 and 24.
Shown in the cross section of Fig. 10 are deposits 30 created in
this instance by the etch for the creation of opening 29, which
dislodges a number of copper atoms from the exposed surface of
copper pattern 14. These dislodged copper atoms form thin layers
30 of copper deposits over the lower extremities of sidewalls of

the opening 29.

A second barrier layer 31, Fig. 11, is next deposited cover
inside surfaces of opening 29 and the surface of layer 28 of
dielectric, using the same criteria of material selection and
deposition conditions as previously have been highlighted for the
creation of the first barrier layer 22, Fig. 6. This is followed

by, Fig. 12, the depositicn using methods of Electro Chemical
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The ECP process creates the netal plug in a well-controlled nanner due to
the fact that ECP Cu deposits Cu only on places that have a Cu seed,

wi t hout the Cu seed the ECP bath does not deposit Cu. It may therefore be
of advantage to the process of the invention to further deposit a seed

| ayer (not shown) over the layer 31, Fig. 11, of copper barrier material.
From t he above detail ed description of the invention, it is clear that the
i nvention has provided a nmethod for the protection of a copper surface
during pridédssgiondL&FepsOpPeEr eati AGPRAL é%ﬁﬁﬂ@ﬁ}(Nﬁﬁﬂ%ﬂ%ﬂjltﬁélééﬁbég
surface. Barrier layer 22, Fig. 7, serves this function of copper surface
prot ecti oftMFThe nethod of 18 Polyner lift-off has been used for the
creation of the barrier |ayer overlying the copper surface. The cl ai ned

i nvention, which provides a nethod of formng a copper interconnect, can
be summarized as follows: providing a sem conductor substrate, at |east
one first coppencpal BCrobrekeskihgapacontaets hand g AN owprovi ded t hr ough

a first layer of dielectric deposited over the substrate creating a |ayer
of barri efeprlrerthdle @¥erk¥hngnbhe 286 and 50 degrees, the source of
deposition of the H;SO4 is the dilution of HyS04, CuSC,; and HCL
with a deposition flow rate of between about 15K and 20 K sccm
and a deposition time of between about 1 and 10 minutes, the

voltage applied to the anode between about 0.1 and 2 veolts and

the voltage applied to the cathode between about 0.1 and 2 voits.

The ECP process creates the metal plug in a well-controlled
manner due to the fact that ECP Cu deposits Cu only on places
that have a Cu seed, without the Cu seed the ECP bath does not
deposit Cu. It may therefore be of advantage to the process of
the invention to further deposit a seed layer (not shown) over

the layer 31, Fig. 11, of copper barrier material.

From the above detailed description of the invention, it is
clear that the invention has provided a method for the protection
of a copper surface during processing steps of creating an
opening overlying the copper surface. Barrier layer 22, Fig. 7,

serves this function of copper surface protection. The method of
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| east one first copper point of interconnect, conprising: (i) creating a
patterned second | ayer of dielectric over the first layer of dielectric,
at | east one opening there-through being aligned with the at | east one
first copper point of electrical contact (ii) argon sputtering the at

| east one first copper point of electrical contact, creating copper
deposits over sidewalls of the at |east one opening created through the
patterned second | ayer of dielectric (iii) depositing a |ayer of barrier
mat eri al Fodemetchéifpavtfér hed seeondsddhyierr dfhadialeadtioine oft hbpebyriherudi ng
19 inside surfaces of the at | east one opening created through the

patt er ned ssecondclkayéngothdi ebeotrigyrfavdk.(v) renoving by dielectric
lift-off the patterned second |ayer of dielectric fromthe substrate,
thereby leaving the layer of barrier material in place overlying the at
| east one first copper point of electrical contact, thereby formng a
protective | ayer everhyungntbetatn) eastch ahedidesst cappendpeint of

el ectrical contact, and creating a patterned |ayer of second copper
al i gned forming a copper interconnect, can be summarized as
follows:

e providing a semiconductor substrate, at least one
first copper point of electrical contact having been
provided through a first layer of dielectric deposited
over the substrate

e creating a layer of barrier material overlying the at
least one first copper point of interconnect,
comprising:

(1) creating a patterned second layer of dielectric
over the [irst layer of dielectric, at least one opening
there—through being aligned with the at least one first
copper point of electrical contact

(ii) argon sputtering the at least cne first copper
point of electrical contact, creating copper deposits over
sidewalls of the at least one opening created through the
patterned second layer of dielectric

(iii) depositing a layer of barrier material over the

patterned second layer of dielectric, thereby including

12




with the layer of barrier material overlying the at |east one first copper
point of electrical contact. it Alternately, the clainmed invention can be
sumari zed as follows: providing a senm conductor substrate, a first copper
poi nt of electrical contact having been provided through a first |ayer of
dielectric deposited over the substrate depositing a second |ayer of
dielectric over the first layer of dielectric, including the first copper
point of electrical contact patterning the second |ayer of dielectric,
creating an openingsthfawrph thetlsecond da@yfercnef ogicaliagt eFeatddt 19a
aligns with the first copper point of electrical contact, exposing the
first copperupai hteofaetected cadcombntiactr odr gorlsptirtieri agdt he first
copper point of electrical contact depositing a |layer of barrier naterial
over the second; lkayeviod oy eheeli4dior:d harfebyifnehedpbagtenséde surfaces

second layer of dielectric from the substrate, thereby

leaving the layer of barrier material in place overlying

the at least one first copper point of electrical contact,

thereby forming a protective layer overlying the at least

one first copper point of electrical contact, and
e creating a patterned layer of second copper aligned
with the laver of barrier material overlying the at

least one first copper point of electrical contact.

Alternately, the claimed invention can be summarized
as follows:

» providing a semiconductor substrate, a first copper
point of electrical contact having been provided
through a first layer of dielectric deposited over the
substrate

e depositing a second layer of dielectric over the first
layer of dielectric, including the first copper point
of electrical contact

¢ patterning the second layer of dielectric, creating an
opening through the second layer of dielectric that

19a




of the opening created through the second | ayer of dielectric renoving
the patterned second | ayer of dielectric from the substrate using
dielectric lift-off, thereby Ileaving the layer of barrier material in

pl ace overlying the first copper point of electrical contact, thereby
providing a protective layer overlying the first copper point of
electrical contact, and creating a patterned |ayer of second copper
aligned wth the layer of barrier material overlying the first copper
poi nt of el eetricahscantacthel19brAtt boughr tdie itnventelenthasabeen descri bed
and illustrated with reference to specific illustrative enbodi nents
thereof, it isd@lcintengdedithatnthesiitdwerdgdt ipsilnondred tetrhose
illustrative enbodi ments. Those skilled in the art will recognize that
variations and Jpdifi-cati ons can be nade w thout departing fromthe spirit
of invention. It is therefore intended to include within the invention al

SUCh Vari at I Qnsara%% Sn%gltglrcgtl QRS %%‘é:h éoal lerWi thil'lrE tOQe eﬁ%%%%lgralt he
appended cl al s “Ihd quivaﬁe%ts thereof . “OFPEs P

contact

e depositing a layver of barrier material over the second
layer of dielectric, thereby including inside surfaces
of the opening created through the second layer of
dielectric

e removing the patterned second layer of dielectric from
the substrate using dielectric 1lift-off, thereby
leaving the layer of barrier material in place
overlying the first copper point of electrical
contact, thereby providing a protective layer
overlying the first copper peoint of electrical
contact, and

¢ creating a patterned layer of second copper aligned
with the layer of barrier material overlying the first

copper point of electrical contact.
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19c What is clainmed is: 1. A nethod of form ng a copper interconnect,
conprising: providing a sem conductor substrate, at |east one first
copper point of electrical contact having been provided through a first

| ayer of dielectric deposited over said substrate; creating a | ayer of
barrier material overlying said at |east one first copper point of

i nterconnect, conprising: (i) creating a patterned |ayer of over said
first layer of dielectric, at |east one opening there-through being

al i gned wilthosghdtht feasttowe H4¥ stecoplsacrpbient aofl iéleetriead contact;
(i1) argon sputtering said at |east one first copper point of electrical
cont act , wdreatefgreoppero degpositisc overustsiadewal kesboflisantdsatheéeast, one
opening created through said patterned second |ayer of dielectric; (iii)
deposi ting ackayarcofichatriiertimterialtayverissdiiditpat ter nedssecond | ayer of
dielectric, thereby including inside surfaces of said at | east one opening
created ;threuah:sabdepabderideds seconssd ayar el dhekeet kice; wand féd)gnize
renoving by dielectric lift-off said patterned

that variations and modifications can be made without departing
from the spirit of invention. It is therefore intendsad

to include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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second |l ayer of dielectric fromsaid substrate, thereby |eaving said |ayer
of barrier material in place overlying said at |east one first copper
poi nt of electrical contact, 20 thereby form ng a protective |ayer
overlying said at | east one first copper point of electrical contact; and
creating a patterned | ayer of second copper aligned wth said | ayer of
barrier material overlying said at |east one first copper point of

el ectrical contact. 2. The nethod of claim1l, said at |east one first
copper [pibiant ief cékéweri ¢al contact having been provi ded over said
substrate conprising: depositing a first |layer of dielectric over said
substrat g;, patkehningfsaodrfingst tayesr ofntdimlcecterite, comgat snggat | east
one opening through said first layer of dielectric; filling said at |east
one openi ng Wghhvcapper a appl ybnguaedhods of ratet,alatdepasict baa fol | oned by
Chem cal Mechanical Polishing (CW) of the deposited netal. 3. The net hod

of clai mel,-gaidgkeabbngracpatt ecned-dpy&int L $e6and gepper aligned with
said | ayer of barrier nmaterial conprising:

provided through a first layer of dielectric deposited over

said substrate;

creating a layer of barrier material overlying said at
least one first copper point of interconnect, comprising:

(i) creating a patterned layer of over said first
layer of dielectric, at least one opening there-through
being aligned with said at least one first copper point of
electrical contact;

(ii) argon sputtering said at least one first copper
point of electrical contact, creating copper deposits over
sidewalls of said at least one opening created through said
patterned second layer of dielectric;

{iii) depositing a layer of barrier material over said
patterned second layer of dielectric, thereby including
inside surfaces of said at least one opening created
through said patterned second layer of dielectric; and

(iv) removing by dielectric lift-off said patterned
second layver of dielectric from said substrate, thereby
leaving said layer of barrier material in place overlying

said at least one first copper point of electrical contact,
20




depositing at | east one stack of |layers over said substrate, thereby
including said | ayer of barrier material overlying said at |east one first
copper point of interconnect, said at |east one stack of |ayers
conprising: 21 (i) a first layer of etch stop material; and (ii) a second

| ayer of dielectric deposited over said first layer of etch stop material;
patterning said at | east one stack of layers, creating an opening

t here-through that aligns with said | ayer of barrier material overlying
said at l@gsebondokinisg eoppefecpbiatldfe] mydrdoinectaidndtf tPRFRg said
opening with a layer of copper by applying nethods of copper deposition

f ol | owed doy coppér copnefapel pol PEhé et 4icatheamstiéd 6hidcl ai m 3,
additionally depositing a layer of barrier material over said at |east one
stack of | ayerseattiher ebyatheludingayaside surdnacesppersaildgopeni ng creat ed
t here-through, said additional step being provided prior to said step of
filling saitdh epenri ngveirt Brabhayesrofatetiadl drerfharmetshod et e¢kasm 3, said
second di el ectric conprising polyner.

one first copper point of electrical contact.

2. The method of claim 1, said at least one first copper
point of electrical contact having been provided over said
substrate comprising:

depositing a first layer of dielectric over said
substrate;

patterning said first layer of dielectric, creating at
least one opening through said first layer of dielectric;

filling saild at least one opening with copper,
applying methods of metal deposition followed by Chemical

Mechanical Polishing (CMP) cf the deposited metal.

3. The method of claim 1, said creating a patterned layer
of second copper aligned with said layer of barrier
material comprising:

depositing at least one stack of layvers over said
substrate, thereby including said layer of barrier material
overlying said at least one first copper point of

interconnect, said at least one stack of layers comprising:
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6. The nethod of claim1l, said creating a patterned |layer of second copper
aligned with saird | ayer of barrier material overlying said at |east one
first copper point of electrical contact conprising: depositing at |east
one stack of |ayers over said substrate, thereby including said | ayer of
barrier material 22 overlying said at |east one first copper point of

i nterconnect, said at | east one stack of layers conprising: (i) a first

| ayer of etch stop material; and (ii) a second |ayer of dielectric

deposi ted over.ﬁaid patterning said at

i | f et t t.erial ;
K of Fé§é&:?a¥gggéfgﬁtc %Qﬁééﬁﬁﬁgg?%gkgﬁpﬁrough that aligns

| east one stac

wth said layenqf . BaLERar 1 OpLEr LAl LOVAIdNI N0 AldLiald B33t goeqf ! St

copper point of ‘i nterconnec depositing a laye arrier nmaterial over

said at digast 1QReshack:eh Laygrsa0ir-sem conductor, thereby including
i nside surfaces of said opening created there- through; and filling said

opening W th gdrayeniol eappentbyeaappbyd ng: 4t hads afereoppecadengsi tion
foll owed by copper
an opening there-through that aligns with saild layer of
barrier material overlying said at least one first copper
point of interconnect; and
filling said opening with a layer of copper

by applying methods of copper deposition followed by copper

surface polishing.

4. The method of claim 3, additionally depositing a layer
of karrier material over sald at least one stack of layers,
thereby including inside surfaces of said opening created
there-through, sald additional step being provided pricr to

said step of filling said opening with a layer of metal.

5. The method of claim 3, said second dielectric comprising

polymer.

6. The method of claim 1, said creating a patterned layer
of second copper aligned with said layer of barrier
material overlying said at least one first copper point of
electrical contact comprising:

depositing at least one stack of layers over said

substrate, thereby including said layer of barrier material
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surface polishing. 7. The nethod of claim 1, said argon sputtering
conprising wusing Ar as sputtering ions at a tenperature of about 25 to

150 degrees C and a pressure of about 100 to 150 mTorr for a tine duration
of about 5 to 10 seconds, the sputter process being tine controlled. 23 8.
A nmethod of formng a protective |layer overlying a copper point of

i nterconnect, conprising: providing a sem conductor substrate, at |east one
copper point of electrical contact having been provided through a

patterned first |ayer ,of djelectric QPQ§ited over. %aig substrate; and
creat i ngoé(er%yéflgo%abﬁr??ejreﬁji efial Fover IPhG s&Pd " “cSpper  poi nt of

el ectrical c L i : jelectri
over S;i‘:gnft%%%%ﬁ%c'@y segl%iée?tf eallng cﬁ]egfste%%w% ifég@@g kgMSg%Q{ngl etectric

Irst layéer o ectric y exposing sai east one

copper point qf,eleettical s gontactsatdi idedy @atRgahayans of copper over
sidewal I s of openings created through said patterned second |ayer of

dielectric by (angon spubtterisng:sartl exposadiat depast tedecveopperd poi nt  of
el ectrical contact;
first layer of etch stop material;

patterning said at least one stack of layers, creating
an opening there~through that aligns with said layer of
barrier material overlying said at least one first copper

point of interconnect;

depositing a layer of barrier material over said at
least one stack of layers of semiconductor, thereby
including inside surfaces of sald opening created there-
through; and

filling said opening with a layer of copper by
applying methceds of copper deposition followed by copper

surface polishing.

7. The method of claim 1, said argon sputtering comprising

using Ar as sputtering ilons at a temperature of about 25 to
150 degrees C and a pressure of about 100 to 150 mTorr for

a time duraticn of about 5 to 10 seconds, the sputter

process being time controlled.

23




(ii1i1) blanket depositing a |layer of barrier material over said substrate,
t hereby including inside surfaces of said openings created through said
patterned second |ayer of dielectric; and (vi) performng dielectric
lift-off of said patterned second |ayer of dielectric, thereby |eaving
said layer of barrier material in place overlying said at |east one first
copper point of electrical contact, thereby formng a protective |ayer
overlying said at |east one first copper point of electrical contact. 24

9. The thqd_of . cl.ai said at_| east .one .copper._point _of electrical
contactnﬁavgnﬁeﬁggﬁ 8?2@?5@ﬁn%v%rp%%ﬁe%dﬁ%ﬁf‘ﬁ%\oggﬁﬁyﬁggnaz depositing

said fir%§P§@¥e oQthE§|§ﬁ£é%8%@M§tﬁ*@éhpé%&ﬁﬁﬁ?te? patterning said first

| ayer of direl’'ectric, creating : east one opening through said first
llayer of diel eebkiigingaldsbhlténgusabd alndieast one opari-ngnwi th copper,

appl yi ng met hods of copper deposition followed by Chem cal Mechani cal
Pol i shi ngofoWP) pefinthefdepesttedaropperact having been provided
through a patterned first layer of dielectric deposited
over said substrate; and

creating a layer of barrier material overlying said
copper point of electrical contact by:

(1) creating a patterned second layer of dielectric
over said first layer of dielectric thereby exposing said
at least one copper point of electrical contact;

(ii) creating layers of copper cver sidewalls of
openings created through said patterned second layer of
dielectric by argon spuitering said exposed at least one
copper point of electrical contact;

(iii) blanket depositing a layer of barrier material
over said substrate, thereby including inside surfaces of
said openings created through said patterned second layer
of dielectric; and

{(vi} performing dielectric lift-off of said patterned
second layer of dielectric, thereby leaving said layer of
barrier material in place overlying said at least one first
copper point of electrical contact, thereby forming a
protective layer overlying said at least one first copper

point of electrical contact.
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10. The method of claim@8, said creating a |ayer of barrier material
overlying said at |east one copper point of interconnect conprising:
depositing said second | ayer of dielectric over said first |ayer of
dielectric, including said at | east one copper point of electrical
contact; patterning said second | ayer of dielectric, creating at |east one
openi ng through said second |ayer of dielectric that aligns with said at
| east one copper point of electrical contact, exposing said at |east one
copper pPoi Aheofnethedt ¢f calatont actal PG tpdrfagrtniong sabdedr goanspafteri ng
said at | east one copper point of electrical contact; depositing said

| ayer of barrirérafmtentalbt overispilthersgoond deay erveaf sdiidl ecbekbcatéher eby
including inside surfaces of said at | east one opening created through
said secengrliayer:of dielectric, and renoving said patterned second | ayer
of dielectric fromsaid substrate using dielectric lift-off, thereby

| eaving sai d hayekiefingakkierrmpderialed noplaca overkybrgr satd at | east
one copper point of electrical contact.
substrate;
patterning said first layer of dielectric, creating at
least one opening through said first layer of dielectric;
and
filling said at least one opening with copper,

applying methods of copper deposition followed by Chemical

Mechanical Polishing {(CMP) of the depcsited copper.

10. The method of claim 8, said creating a layer of barrier
material overlying said at least one copper point of
interconnect comprising:

depositing said second layer of dielectric over said
first layer of dielectric, including said at least one
copper point of electrical contact;

patterning said second layer of dielectric, creating
at least one opening through said second layer of
dielectric that aligns with said at least one copper point
of electrical contact, exposing saild at least one copper

point of electrical contact;
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11. The method of claim@8, said second dielectric conprising polyner. 12.
A nmethod of providing of a copper interconnect conprising: providing a
sem conductor substrate, a first copper point of electrical contact having
been provided through a first layer of dielectric deposited over said
substrate; depositing a second |ayer of dielectric over said first |ayer
of dielectric, including said first copper point of electrical contact;
patterning said second | ayer of dielectric, creating an opening through
sai d second | agefoohidiebetdrarothatrutdldgny Wil $&i depPEseneopper poi nt
of electrical contact, exposing said first copper point of electrical
cont act ; 2ppargenispudvfeciagtsacdl faeostaccopper point of electrical
contact, creating copper deposits over sidewalls of said opening created
t hrough sai d slegondtliayeszo0fi Uiebectf ileir deposidtiengaa bayersefdbarrier
material over said second |ayer of dielectric, thereby including inside

surfaces Qf-o8ai d=0penbRgdceeatedi ¢ hrgughsaichseeand hayede of dielectric;
surfaces of said at least one opening created through saild
second layer of dielectric: and
removing sald patterned second layer of dielectric
from said substrate using dielectric lift-off, thereby
leaving said layer of barrier material in place overlying

said at least one copper point of electrical contact.

11. The method of claim 8, said second dielectric

comprising polymer.

12. A method of providing of a copper interconnect
comprising:

providing a semiconductor substrate, a first copper
point of electrical contact having been provided through a
first layer of dielectric deposited over said substrate;

depositing a second layer of dielectric over said
first laver of dielectric, including said first copper
point of electrical contact;

patterning said second layer of dielectric, creating
an opening through said second layer cof dielectric that
aligns with said first copper point of electrical contact,

exposing said first copper point of electrical contact;
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removi ng said patterned second |ayer of dielectric fromsaid substrate

using dielectric lift-off, thereby I|eaving said |ayer of barrier materi al

in place overlying said first copper point of electrical contact, thereby

providing a protective |ayer overlying said first copper point of

el ectrical contact; and creating a patterned |ayer of second copper aligned

with said |layer of barrier material overlying said first copper point of

el ectrical contact. 13. The nethod of claim 12, said first copper point of

el ectrical contact haV|n been $ €v¢ ded over said s bst.rate |sing:
erEetTit®

depositing a @Fﬁ@? FQVEF of "di VEPRES §°4 b?ﬁr§§3Ct65? rni ng
Po o LR o Ao SCtbhger THAALNG Blyer) G A1TOBETLAGY! Y OUAN Sl d

first Iayer s dlgfectrl sai |'east one opening with

copper, app| wdﬁ%r@keed%%ugﬁt &l @%F&?dﬁd qweql lawed by -Chent cal
Mechani cal™ Pol i'shing ( he deposited netal. 14. The met hod of cl ai m

12, said Creatdelwsat@at;tgrm@gekwsrbaml@emﬁwp@v@ isgpad with said
Iayer of barrier
second layer of dielectric, thereby including inside
surfaces of said opening created through said second layer
of dielectric;
removing said patterned second layer of dielectric
from said substrate using dielectric lift-off, thereby
leaving said layer of barrier material in place coverlying
sald first copper point of electrical contact, thereby
providing a protective layer overlying said first copper
polint of electrical contact; and
creating a patterned layer of second copper aligned

with said layer of barrier material overlying said first

copper point of electrical contact.

13. The method of claim 12, said first copper point of
electrical contact having been provided over sald substrate
comprising:

depositing a first layer of dielectric over said
substrate;

patterning said first layer of dielectric, creating at

least one opening through said first layer of dielectric;
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material conprising: depositing at |east one stack of |ayers over said
substrate, thereby including said |ayer of barrier material overlying said
first copper point of electrical contact, said at |east one stack of

| ayers conprising: (i) a first layer of etch stop material; and (ii) a
second | ayer of dielectric deposited over said first |layer of etch stop
material; patterning said at | east one stack of |ayers, creating an
opening there-through that aligns with said |ayer of barrier materi al
overlying said first cogger p0|nt of electrical contact; and filling said

d
opening with aifayey ¥+ dﬁbéﬁé Ul eRg "Het'hbls CoPPEbpper dep05|t|on
foll d b f hj 5. The d f
ol b owe P aggo@? aQ§I£§:|S 4'1 Isitaon Q erlaﬁ Og Cgéﬁﬂ

addi ti ond |ng a ayer arrier Sard at 'l east one

stack of t Men d S ai d opening created
28 there- tg¥%hgﬁ?ls§?d§ dﬁh?lonal 3?23§%%?ﬁggﬁégggdgggﬁ?uor to said step

of filling said opening with a |ayer of copper. 16. The nethod of claim
12, said second dielectric
14. The method of claim 12, said creabting a patterned layer

of second copper aligned with said layer of barrier
material comprising:

depositing at least one stack of layers over said
substrate, thereby including said layer of barrier material
overlying said first copper point of electrical contact,
said at least one stack of layers comprising:

(i) a first layer of etch stop material; and

(ii) a second layer of dielectric deposited over said
first layer of etch stop material;

patterning said at least one stack of layers, creating
an opening there-through that aligns with said layer of
barrier material overlying said first copper point of
electrical contact; and

filling said opening with a layer of copper by
applying methods of copper deposition followed by copper

surface polishing.
15. The method of claim 14, additionally depositing a layer

of barrier material over said at least one stack of layers,

thereby including inside surfaces of said opening created
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conprising polynmer. 17. The nethod of claim 12, said creating a patterned

| ayer of second copper aligned with said | ayer of barrier nmaterial
overlying said first copper point of electrical contact conprising:
depositing at | east one stack of |layers over said substrate, thereby
including said | ayer of barrier material overlying said first copper point
of interconnect, said at |east one stack of layers conprising: (i) a first
| ayer of etch stop naterial and (ii) a second |layer of dielectric

deposited over said first %%£ of etch stop material; patterning said at
| east onéh§€ackh69u95ye?§ldc? ?%@Pa%ﬁﬂﬁﬁbﬁﬁﬁﬁgtﬁéPglPﬁPoﬁﬁhofhE? al i gns

with said | ayer of nate overlying said f|r t er point of
i nt er coni&et: Sagﬁogft?h%ién?a Gl ?P%ﬁﬁ?ﬁé%iﬁhée FaftoV CEEB “at  |east
one stack of layers, thereby including inside surfaces of sai d openi ng
created there-through; and 29 filling said opening with a | ayer of copper

by appl yigng rpet heds-af ceoppein depositi ondollowed by rgopper

comprising polymer.

17. The method of claim 12, saild creating a patterned layer
of second copper aligned with said layer of barrier
material overlying said first copper point of electrical
contact comprising:

depositing at least one stack of layers over said
substrate, thereby including said layer of barrier material
overlying said first copper point of interconnect, said at
least one stack of layers comprising:

(i) a first layer of etch stop material; and

(ii) a second layer of dielectric deposited over said
first layer of etch stop material;

patterning said at least one stack of layers, creating
an opening there-through that aligns with said layer of
barrier material overlying sald first copper point of
interconnect;

depositing a layer of barrier material over saild at
least one stack of layers, thereby including inside

surfaces of said opening created there-through; and
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surface polishing. 18. The nethod of claim 12, said argon sputtering
conprising using Ar as sputtering ions at a tenperature of about 25 to 150
degrees C and a pressure of about 100 to 150 mforr for a time duration of
about 5 to 10 seconds, the sputter process being tinme controlled. 19. The
met hod of claiml1, said creating a patterned |ayer of second copper
aligned with said |layer of barrier material overlying said first copper
poi nt of electrical contact conprising nethods of single danascene and
dual damascene. 20. The nethod of claim12, said creatlgg a patterned

layer of secomndléBPperidl Pffed it sdl da¥8feC o OBRRF mat eri al
overlyin idfirs pe oint_ o eIe trlc contagt conprising nmet hods
of singl%‘Eiﬁéggeﬁg%gﬂggdﬂél “Rfarascén qff) %%%&8889 Hterggnnect

conpri si gnduct or substrate at | east one copper p0|nt of
|ntercon%%C§a%§v ﬁg?gégngprOV|ded through a layer of dielectric over said

substrate, wherein said |layer of dielectric is patterned to create an
opening E%ho%%g %%%god of claim 12, said argon sputtering

comprising using Ar as sputtering ions at a temperature of
about 25 to 150 degrees C and a pressure of about 100 to
150 mTorr for a time duration of abcut 5 to 10 seconds, the

sputter process being time controlled.

19. The method of claim 1, said creating a patterned layer
of second copper aligned with said layer of barrier
material overlying said first copper point of electrical
contact comprising methods of single damascene and dual

damascene.

20. The method of claim 12, said creating a patterned layer
of second copper aligned with said layer of barrier
material overlying said first copper point of electrical
contact comprising methods of single damascene and dual

damascene.

21. A copper interconnect, comprising:
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| ayer of dielectric; a layer of barrier material overlying said at |east
one copper point of interconnect, argon sputtering having been applied to
said at | east one copper point of interconnect, creating copper deposits
over sidewalls, thereby providing a separation between said |ayer of
barrier layer overlying said at | east one copper point of interconnect and
surroundi ng dielectric, enabling lift-off of said surrounding dielectric,
| eavi ng said separation and said layer of barrier material in place over
said at | easta ofelcoppertpbifithdfrdlfterrdongést; caRdCarPayer° ot copper
aligned with said |ayer of barrier material, said | ayer of copper being
surrounded bytedieheettitavly Fme: qopperdddnttérconnest lafeelafm 21,
additionally conprising a |ayer of barrier material for said a | ayer of
copper. 31e23ctThe coppesaiatenconnect, ofhecledinms2ld $Saydrlayer of  copper
conprising single or dual damascene structures. 24. A copper interconnect,
conpri si pgeiacseNtcondust D& rselstd atsatal dreaglenong chppegh poi nd

layer of dielectric;

a layer of barrier material overlying said at least

one copper point of interconnect, argon sputtering having

been applied to said at least one copper point of

interconnect, creating copper deposits over sidewalls,

thereby providing a separation between said layer of

barrier layer overlying said at least one copper point of

interconnect and surrounding dielectric, enakling lift-off

of said surrounding dielectric, leaving said separation and

said layer of barrier material in place over said at least

one copper point of interconnect; and

a layer of copper aligned with said layer of barrier

material, said layer of copper being surrounded by

dielectric.

22. The copper interconnect of claim 21, additionally
comprising a layer of barrier material for said a layer of

copper.
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of interconnect having been provided through a | ayer of dielectric over
said substrate, wherein said |ayer of dielectric is patterned to create an
openi ng through said |ayer of dielectric; a |ayer of barrier materi al
overlying said at | east one copper point of interconnect, argon sputtering
having been applied to said at | east one copper point of interconnect,
creating copper deposits over sidewalls, thereby providing a separation
between said |layer of barrier layer overlying said at |east one copper
poi nt of 23.ntllecoppeetr antesuenotmdi oy dielirectli ¢aighadbBlyeigefift-of f  of
said surrounding dielectric, leaving said separation and said |ayer of
barri er raftgrralconprpkace eveglsadrd dtal ebgtaswwme cdppertupesnt of
i nterconnect; and a | ayer of copper aligned with said |ayer of barrier
material, a layer of barrier material having been provided for said |ayer
of copper, said | ayer of copper being surrounded by dielectric. 32 25. The
copper i ntger gorReet rof nebatphidet satshdyemeef copper conprising single or
dual damascene structures. 26. A copper interconnect, conprising:
a semiconductor substrate, at least one copper peint
of interconnect having been provided through a layer of
dielectric over said substrate, wherein said layer of
dielectric is patterned to create an opening through said
layer of dielectric;
a layer of barrier material overlying said at least
one copper point of interconnect, argon sputtering having
been applied to said at least one copper point of
interconnect, creating copper deposits over sidewalls,
thereby providing a separation between said layer of
barrier layer overlying said at least one copper point of
interconnect and surrcunding dielectric, enabling lift-off
of said surrounding dielectric, leaving said separatlon and
said layer of barrier material in place over said at least
one copper point of interconnect; and
a layer of copper aligned with sald layer of barrier
material, a layer of barrier material having been provided

for said layer of copper, said layer of copper being

surrounded by dielectric.
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a sem conductor substrate, at |east one copper point of interconnect
havi ng been provided through a |layer of dielectric over said substrate,
wherein said | ayer of dielectric is patterned to create an openi ng through
said layer of dielectric; a layer of barrier material overlying said at
| east one copper point of interconnect, argon sputtering having been
applied to said at | east one copper point of interconnect, creating copper
deposits over sidewalls, thereby providing a separati on between said |ayer
of barri2ér [Thgercpver| yhgreaitrat ?eastaidnelecopper pévAt ©f interconnect
and surrounding dielectric, enabling lift-off of said surrounding
di el ect ricepreeavongrsaidg sepayat i on @md. &aisgdeapestagficharefer material in
pl ace over said at |east one copper point of interconnect; and a |ayer of
copper aligned with said |ayer of barrier material, said | ayer of copper
bei ng surrounded by dielectric, said |ayer of copper conprising single or
dual damescenecgbedCittescoddect, comprising:
a semiconductor substrate, at least cne copper point
of interconnect having been provided through a layer of
dielectric over said substrate, wherein said layer of
dielectric is patterned to create an opening through said
layer of dielectric;
a layer of barrier material overlying said at least
one copper point of interconnect, argon sputtering having
been applied to said at least one copper point of
interconnect, creating copper deposits over sidewalls,
thereby providing a separation between said layer of
barrier layer overlying said at least one copper point of
interconnect and surrounding dielectric, enabkling lift-off
of said surrounding dielectric, leaving said separation and
said layer of barrvier material in place over said at least
one copper point of interconnect; and
a layer of copper aligned with said layer of barrier
material, said layer of copper being surrounded by

dielectric, said layer of copper comprising single or dual

damascene structures.
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