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rel ates twdhaes@puf acturing of integrated circuits. In pau®ebsse this
invention relates to using a thin copper oxide filmas a seed |ayer for
building nultilevel interconnects structures in integrated circuits. 10
BACKGROUND OF THE | NVENTI ON The rapid progress in mniaturization of
integrated circuits (I C) is | eadi ng to denser and finer pitched chips with

ever increasing pegfmf 'Nti‘UI pp%ig T&é@&@@f@@nce of
advanced 1Cs, int erconnect systens are 15 (gra ugﬁl y magrating away from

alum numthin filns to BORPELTRA DARGHETSCAAE INTEGRAGUEONO al umi num a
traditionally used nmaterial, copper has nore advantages, which are
critical for inproving integrated circuit performance. First, copper has a
much | ower sheet resistivity than alum num Thus, for <carrying the sanme
anount of current, a copper line can be nmade narrower and 20 thinner than
an al um num HECHNIKAMFIEER, using a copper |i ne al | ovvs for higher

integration density. 0, narrower,. and. t hi nn con lve i nes decrease
both inter-1evel andA%rﬁ? BFCSFI?tHQV‘EIHB’é?C’ie% ?%Wﬁ%‘ﬁs speed

and | ess bl egdufy eh fRficlitChd fS¥hdion ﬂe‘l’a?éé %1usﬁ1%pa0tﬁ{n elaO)Q&tT: ti

el ectronmigration resistancé than alum num Accordingly, as neta I| nes are
nmade thi nner aanebd2%ayet rionituildinge aoitilevelnirterdemsetsy sipacties, incinpgpeatedpr ovi des
hi gher reliabi, I|ty when used in ICs. O the several nethods proposed for
fabricating (9&95 i nterconnects, the nost prom sing nethod appears to be
t he Damasggne process. |n using this met hod, the trenches and vias are
formed in bl anket

BACKGROUND OF THE INVENTION

The rapid progress in miniaturization of integrated circuits (IC) is
leading to denser and finer pitched chips with ever increasing performance. In
order to enhance the performance of advanced ICs, interconnect systems are

15 gradually migrating away from aluminum thin films to copper thin films. As
compared to aluminum, a traditionally used material, copper has more
advantages, which are critical for improving integrated circuit performance.
First, copper has a much lower sheet resistivity than aluminum. Thus, for
carrying the same amount of current, a copper line can be made narrower and

20  thinner than an aluminum one. Therefore, using a copper line allows for higher
integration density. Also, narrower and thinner conductive lines decrease both
inter-level and inter-line capacitance, which leads to higher speed and less
bleed over for the circuit. Lastly, copper has a better electromigration
resistance than aluminum. Accordingly, as metal lines are made thinner and

25 circuitry becomes more densely packed, copper provides higher reliability
when used in ICs.

Of the several methods proposed for fabricating copper
interconnects, the most promising method appears to be the Damascene

process. In using this method, the trenches and vias are formed in blanket



WO 02/ 063672 PCT/ US02/03250 2 dielectrics, and then a netal is deposited
into the trenches and holes in one step, which is then followed by

chem cal weaobkasiccal pl anarization (CVMP) to renove the unramisd2/eirsd ace
metal . This |eaves the desired netal 2n the trenches and holes, and a

pl anari zed surface for subsequent processsing. 5 However, during the

af orenenti oned CMP process, especially for the vias, nore than ninety-nine
percent of the deposited copper is renmoved. In terns of copper alone, this
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i nterconnect structures using el ectrol ess selectivel'y deposited copper 1is
descri bed i n the prasuvinomesthyn omepemde pgreapipédfi thadeposited coppeeds tetnSREEGT VE
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i nterconnects, including nmetal lines and via holes, are fabricated on a

waf er. | niQi areductsais jof ruidgenieenyitanyrentadf cansppeto ovdret ias mbepossided over
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plating or chemical vaporization deposition (CVD) offers a “CMP-less”
metallization technology. For example, one such method of fabricating
15 multilayer interconnect structures using electroless selectively deposited copper
is described in a previously co-pending application entitled “A SELECTIVE
ELECTROLESS-PLATED MULTILAYER COPPER METALLIZATION
FOR ULSIL” Micron Docket No. 99-0715, which is incorporated herein by
reference. In that method, a very thin film of Pd or Cu, forms an “island

20  structure” or a barely continuous thin film in the thickness range of 3-10 nm.

SUMMARY OF THE INVENTION
In one aspect of the invention, multilevel copper interconnects,
including metal lines and via holes, are fabricated on a wafer. Initially, a thin
25 seed layer of copper oxide is deposited over the wafer. After defining the
metal line pattern by standard optical lithography, the exposed copper oxide is
converted to copper using an ultra-violet photo reduction method. Afterwards,
a copper film is deposited using electroless plating or chemical vaporization

deposition (CVD) and a planar surface is thereby provided. In the next step,



a copper filmis deposited using electroless plating or chem cal

vapori zation deposition (CVD) and a planar surface is thereby provided. In
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usi ng conventional nethods such as via hole |ithography, and a second

| ayer of copper oxide is deposited in a manner simlar to the first. As

with the first copper layer, a planar surface is provided for subsequent

| ayers. 5 As a result, nmultilevel interconnect structures with as nany
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10 wafer depending upon how long the wafer is exposed to the air. This makes

reproducibility an issue unless an additional step of removing the copper oxide

is performed.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figures 1-5 are cross-sectional views illustrating the exemplary
method for manufacturing multilevel metal interconnects for ultra large-scale
integration.
Figure 6 is a cross-sectional view of an alternate embodiment of
the invention.
20
DETAILED DESCRIPTION OF THE INVENTION
In accordance with the exemplary method of the present
invention, a method of fabricating multilevel copper interconnects for Ultra
Large Scale Integration (ULSI) will be described. It is proposed to use a thin
25 copper oxide film as the seed layer to fabricate the desired multilayer
interconnect structure. Previously, the fabrication of electrolessly deposited
copper lines using copper oxide as the seed layer was described in co-assigned
patent applications entitled “CONDUCTIVE MATERIAL PATTERNING
METHODS,” Micron Docket No. 99-0671 and “REMOVAL OF COPPER



i nterconnect structure. Previously, the fabrication of electrol essly
deposited copper lines using copper oxide as the seed | ayer was descri bed
i n co- assw@nede3depat ent applications entitled "CONDUCTI VE WETERbZQ3250
PATTERNI NG METHODS, " M cron Docket Né. 99-0671 and "REMOVAL OF COPPER WO
02/ 063672 PCT/ US02/ 03250 4 OXI DES FROM | NTGRATED | NTERCONNECTS, " U. S.

Pat ent Application No. 09/484,683, which are incorporated herein by

ref erence. The enbodi nents, offered not to limt but only to exenplify and
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wafer 210 may be at any stage of fabrication. A thin layer of a copper oxide
220, in the thickness range of 10 to 30 nm, is deposited on the surface of the
semiconductor wafer 210. While copper and copper oxide are disclosed herein

15 to fabricate multilevel interconnects, it can be appreciated that other metals and
their oxides, such as platinum and palladium, for example, are also well suited
for use in the disclosed method.

In the exemplary embodiment, various techniques can be used for
depositing the copper oxide layer 220, including, but not limited to, CVD,

20 ionized-magnetron sputtering technique, DC magnetron self-sputtering
technique, plasma evaporation, plasma-enhance CVD, metalorganic microwave
plasma CVD, CVD from copper dipivaloymethanate, and pulsed laser
deposition.

For example, V. F. Drobny et al reported in Thin Solid Films,

25 Vol 61, No. 1, 89-98 (1979), that reactive sputtering in oxygen-argon mixtures
produced thin copper oxide films with a range of properties which was
controlled by varying the partial pressure of oxygen in the discharge, and
which is incorporated herein by reference. More recently, A. Parretta et al, in

Physica Status Solidi A, Vol. 155, No. 2, 399-404 (1996), which is



deposition. For exanple, V. F. Drobny et al reported in Thin Solid Fil ns,

25 Vol . 61, No. 1, 89-98 (1979), that reactive sputtering in oxygen-argon

m Xt ures wproadesserl t hi n copper oxide filns with a range ofPCpruspzoi2ses whi ch
was controlled by varying the partiabP pressure of oxygen in the discharge,
and which is incorporated herein by reference. Mire recently, A Parretta
et al, in Physica Status Solidi A Vol. 155, No. 2, 399-404 (1996), which
is WD 02/ 063672 PCT/ US02/ 03250 5 incorporated herein by reference, studied
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The "as depoguteddppeupr ous oxi de changed phase after annealing to cupric

oxide. Also, as reported by H Holzsuch et al_ in plied  Physics A,
Vol . A51, No. 6, 486-901r’(21r§’£§]@3r,te%ﬁi1‘t}’|’°?:Fssfep%%ﬁbbl%gﬂﬁhé%]ﬂﬁ n 5ol er ence,
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acetyl acetoné ‘as’a precursor. Zs an I'ncrease o

substrate t qaRematUESppehai@s filie wdrasRposiieddep dabitrdie0BY @vdpdratifdO to Cu.
At tenperatures greater than 500 C, the deposition rates were high, but
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annealing to cupric oxide. Also, as reported by H. Holzsuch et al in Applied
Physics A, Vol.A51, No. 6, 486-90 (1990), which is incorporated herein by
reference, copper oxide films were deposited by enhanced CVD using copper
15 acetylacetone as a precursor. Holzsuch found that an increase of the substrate
temperature changes the phases of deposit from Cu,O + CuO to Cu. At
temperatures greater than 500° C, the deposition rates were high, but the films
were mainly metallic copper. Also, B. Wisniesky et al introduced in Journal
de Physique, Vol. 1, No. C2, 389-95 (1991), which is incorporated herein by
20 reference, a microwave enhanced CVD as an innovative technique to allow
direct preparation at low temperature of different valance states of copper using
a volatile metalorganic precursor of copper acetylacetonate. Note however,
that a judicious choice of the process parameters, such as microwave power,
substrate temperature, and the mixture of oxidant gas, N,O or O, allowed the
25 formation of metallic copper, Cu,0, or CuO.
In another method reported recently by T. Mruyama in Solar
Energy Materials and Solar Cells, Vol. 56, No. 1, 85-92 (1998), and
incorporated herein by reference, polycrystalline copper oxide thin films were

prepared from copper dipivaloymethanate and oxygen by an atmospheric-



20 reference, a m crowave enhanced CVD as an innovative technique to allow
direct preparation at |ow tenperature of different val ance states of copper
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herein by reference. M, Shurr et al recent|y reported in Thin  Solid Fil ns,
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method with tpe organic component was removed either by thermo-desorption or UV

desorption. Another technique for growing copper oxide films was reported by

R. Leuchtner et al, in Epitaxial Oxide Thin Films II, Materials Research

15 Society Symposium Proceedings, Vol. 401, 551-56 (1995). Here, the copper

oxide films were grown using a pulsed laser deposition (PLD) method with

either copper metal or a copper oxide target. Under certain conditions,

epitaxial CuO films were obtained at 450° C.

Referring to Figure 2, after depositing the thin layer of copper

20 oxide 220 on the wafer 210 as outlined above, a metal line pattern 215 is

defined by standard optical lithography using a first photoresist layer 230. The

thickness of the photoresist layer 230 is carefully chosen to match that of the

metal line 215. Referring to Figure 3, the exposed copper oxide 220 is then

converted to a copper layer 240 in-situ by UV photo-reduction according to

25 conventional or hereinafter developed processes, including, for example, the

method described in co-pending and co-assigned patent application entitled

“CONDUCTIVE MATERIAL PATTERNING METHODS,” Micron Docket

No. 99-0671, which is incorporated herein by reference. A copper film 250 is

deposited selectively to a desired thickness by either selective CVD or



ei ther copper netal or a copper oxide target. Under certain conditions,
epitaxial CuO filns were obtained at 450 C. Referring to Figure 2, after
deposi ti ngotodeeisht n | ayer of copper 20 oxide 220 on the waffarSo2aRs5@s

outlined above, a netal line pattern 215 is defined by standard opti cal
| i thography using a first photoresist |ayer 230. The thickness of the
phot oresi st layer 230 is carefully chosen to match that of the netal |ine

215. Referring to Figure 3, the exposed copper oxide 220 is then converted

to a copper | r.240.in-sity, by, UV photo-rgeductian r di ng. 5
convent i onal ei%"%ﬁéeisﬁipr]l%\tﬂger #&%etpﬁsﬁe%e%ﬁ’ c?cB@E%rs ,Sur? E%ngr&biegeéénpl e,
the nmethod dgpg: hgﬁ@té'ggvﬁgmgg@@mg and co-assigned patent application
entitled "CON | VE MATERI AL PATTERNI NG METHCDS, " M cron Docket No.
99-0671, which is incoApshawedn feguwee #, byia béler280aray Alsc bpdabridaiddm 250 i s

deposited selectively to a desired thickness by either selective C/D or WO
02/ 063672 PCFPefsiesdayer of capeet poide 2008 depoited gvice he ﬁé%@ilg@éw,t a

pl anar surfa i i e&g&g; ] - shown
in Figure §4 q?%?é%%‘l@@%%%ﬁ%&%%@% abri caﬁggsfgwe?gg@r}%%gﬁ@fayer of
copper oxi de 120 dfcopppostitied20yvay dishigsdd hisdvep NaEal eRi Isdle 1Bhdgaapdly 830 and
the copper layer 250 in a nmanner simlar to depositing the first |ayer of

copper oxi de peeiormed udingcuplkate resseviayer [gRt havinga aickndss cooespapdingite
perfornmed usi a photo resist layer 270 havin t hi ckness correspondi ng
to the | engttﬁgéﬁngﬁ’ 0 ﬁv%gé& Rgf%l?%ﬂo‘ﬁ&% gg}ﬂgiimeee@psqtﬁ%opg%g 8 copper
oxi de 290 i t b it y - I

descri bed ab?\?g?g\fgﬁi&%ggggrg [ fiﬁ}s%%ﬁ&‘»‘@%&%d@e ‘iﬁﬁéggésbﬁblgga?%ﬁz desired
t hi cknesslby Aidopper fikel 295t isveeldcHelgr deploeitdd ad asdespkdtthioknesddsi either he

t hi ckness of the secgnd photoresist |ayer 270 is carefully chosen to match
that of the eiechgp CYR opgicghalesyplating; hégains tthp thicknessaefathessgorade 297 is

provided for p%%%réﬂﬁsﬁ%e?’io is carefully chosen to match that of the via 280. As
before, after these steps, a planar surface 297 is provided for the subsequent
steps without CMP.
15 By repeating the foregoing process in any order, as many layers
as desired can be fabricated to develop multilevel interconnect structures.

In an alternate embodiment as shown in Figure 6, the foregoing
process can be combined with an insulation layer 300 between the copper
oxide layer 220 and the first photoresist layer 230. The insulation layer 300

20 could be comprised of SiO, or an equivalent material that does not transmit UV
light during the first photo reduction step outlined above.

For applications in high-performance packaging, after the
foregoing steps, the used layers of the photoresist, 230 and 270, may be left and
used as a low-dielectric constant insulation layer. Also, the seed layers of

25 copper oxide, 220 and 260, having high-resistivity and are therefore in
themselves almost insulating, may be left in place since the current leakage
between lines, assuming a line spacing of greater than 10 microns, will be

significantly lower than the signals.



steps without CVP. 15 By repeating the foregoing process in any order, as
many | ayers as desired can be fabricated to develop nmultilevel

i nt er connwoto2e6asart ures. In an alternate enbodi nent as shaem/tisn2/ei2gur e 6,
the foregoing process can be conmbined with an insulation |ayer 300 between
the copper oxide layer 220 and the first photoresist |ayer 230. The

i nsul ation |layer 300 20 could be conprised of Si02 or an equival ent
material that does not transmt W light during the first photo reduction

t tlined ab . F dcati i i.gh- f kagi ft
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be left and  ysgshctyiolygsh BliShB ki, SRNBEIRE bt BlidoRelelges, Aceo. L he

seed | ayers of 25 copp oxi de, 220 and 260, having high-resistivity and
ar e t her ef or eand 250 hemsenwysd dynetshingnasuliesciibed imdYisingewskiyt eti al ghoaee si nce

the current | eakage etween lines, assuning a |ine spacing of greater than
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O S021 0325 assR okt wABPLLGALIONT ikl aGlBEn (LN HSRAGRDOhEY E51 o

| ayers are r moved. y oxygen plasma ashing, and the us copper oxi de seed
layers, 220 agibne80patéiteapptioationd chytieelt CMIDTIEBS AT IAPPARATUSSFOREWSKY et

al above. Enplo ing this nethod | eaves a finished air-bridge structure
whi oh can t heMARINCyALORBHR GVIRRNG Wit ITEGRATHD GIRGUHES Jdss: Predt i n a

R RTPLT RETE SERTTIE I R R N o=
OB 1 on il i e i, 0 UFOKPORL, DALy st
dielect}ido lhykayer. In the exenplary nethod descri bed above, it is
assumed that the In the exemplary method described above, it is assumed that the
IC chips are designed so that there are no unsupported long lines. For longer
lines, which may sag during processing due to their weight, the procedure
described in U.S. Patent No. 5,891,797 and incorporated herein by reference,
15 should be considered. There is a limit on the width of copper wiring lines on
the upper levels of wiring since wide lines are decomposed into several lines of
near minimum width and spacing, and this will ensure sufficient spaces in the
structure to enable removal of the photoresist on lower levels and an open air-
bridge structure.
20 In summary, what is disclosed is a novel method of fabricating
multilayer copper interconnects structures using selective deposition of copper
with copper oxide seed layers. Many wasteful steps of CMP are eliminated
and simplified, and robust fabrication steps are introduced for high-
performance packaging and USLI chips.
25 While various embodiments of the invention have been
illustrated and described in detail herein, it will be apparent that changes and
additions may be made therein and hereto without departing from the spirit of

the invention, and which are encompassed within the spirit of the invention and

the scope of the appended claims.



| C chips are designed so that there are no unsupported long |lines. For

| onger lines, which nmay sag during processing due to their weight, the
procedur ewodesmexsrbed in U S. Patent No. 5,891, 797 and i ncecparsar/extsher ein
by reference, 15 should be considered? There is a limt on the width of
copper wiring lines on the upper levels of wiring since wwde |ines are
deconposed into several lines of near mninmumw dth and spacing, and this
wi |l ensure sufficient spaces in the structure to enable renoval of the
photoresist on lower |evels and an Anvid r- bridge structure. 20 In
summary, what is disclosed is a novel nethod of fabricating multilayer
copper interconnects structures using selective deposition of copper wth

copper oxide seed l.ayers. Man teful ste of. CMP ar i, pated and
Simplified, and robust PaSPRERPIEHOSelBsTaTaRr PG BHbod iiabfcating

per f or mang@iNae aRbROnRRe, bthprighPps. 25 Wiile various embodi ments of the

i nvention have been illustrated and described in detail herein, it wll be
apparent that changepgosing a actthl bkuledayenyn haemisdadudior waferand heret o wi t hout

departing fromthe spirit of the inventio and whi ¢ch are enconpassed
within the spirit GPLYENG AV AT INOKE BFYONS H‘gﬂ?éﬁﬁél Frids KR pcRidueTeai .

VO 027 0636dfiof It HEPAAe aP1cadt offtebbbiiont of 12 &M GARKNGIE. 413! P

manuf acturing, a ne ricating nultiTeve nterconnect s,
conprising: deposi depgsittndT®f dhyedX bflembay edn Qe aorse 0r C adEk! Cdoakemed ednd
converting one or nore portions of the netal oxide |layer to one or nore
porti ons wiconeersid pomiions ofithe metal osidedaygporti ons of the netal oxide remain;
and depositing a |layer of netal on the one or nore converted and
unconverted portions of the nmetal oxide |ayer.

2. The method of fabricating multilevel interconnects of claim 1,
further comprising:
' providing an insulation layer between the metal oxide layer and the

metal oxide layer converted to metal.

3. The method of fabricating multilevel interconnects of claim 1,

wherein the metal is copper and the metal oxide is copper oxide.

4. The method of fabricating multilevel interconnects of claim 1,

wherein the metal is platinum and the metal oxide is platinum oxide.

5. The method of fabricating multilevel interconnects of claim 1,

wherein the metal is palladium and the metal oxide is palladium oxide.

6. In semiconductor chip manufacturing, a method of fabricating
multilevel interconnects, comprising:

depositing a first metal oxide layer on a semiconductor wafer;



2. The method of fabricating nultilevel interconnects of claim1l, further
conprising: providing an insul ation |ayer between the netal oxide |ayer and
the met avooriod®s7t ayer converted to netal. 3. The net hod @CTfbz/i328t i ng

mul tilevel interconnects of claim1, 1wherein the netal is copper and the
metal oxide is copper oxide. 4. The nethod of fabricating nmultilevel

i nterconnects of claiml1, wherein the netal is platinumand the netal
oxide is platinumoxide. 5 The nethod of fabricating nultilevel

| nterconnects of clgj ting 8\‘)@%? ?ﬁd}r#)'%ﬁlo t?thé i d?%étéidd f’aggr Lhén5t al

oxide is paIIadlun1OX| I'n sentcon of ch manu ring, a method

of fabri cabterforticus tofl 1@&1@1 whileestCleagiesth, p&raoRy bsltlﬁkg flrﬁelﬁ@ﬁll lolk{tlg Ryéd r st
metal oxide | ayer on a sem conduct or vvafer WO 02/ 063672 PCT/ US02/ 03250 10

converti ngMm$E or nore portions of the first metal oxide Iayer to one or

ti f netal whil t,oth t f th t al
oxi do’ Vayer romal REDORNIRIA {1t} AE0; LYoty 8y oroeroSuHEy e o

ConVe”edm%%ﬁveﬁﬁ@l%ﬂ&ﬁé@ﬂh@%&&&%ﬁ&ﬁdélﬁ Jirst metal oxide |ayer;
depositing a second netal oxide |ayer on he first netal |ayer; converting

one or nore porti odspoditingha seend ntktatekale loydrda thafiett nietaldayer; or nor e
portions of netal while at |east other portions of the second netal oxide
|l ayer remain; andCOBBIENE ORE Ok NaKE REIMREAIthe sgrepd apetaliids Rys torjiree

convert o0t WAGRRVSH het) DRGL LR Clnd e 8GR EL B L A B Bler 7. T

net hod of fa i 'evel erco ere the
metal is gappgranand the netal OXIde i s copper oxide.

depositing a second metal layer on the one or more converted and

unconverted portions of the second metal oxide layer.

7. The method of fabricating multilevel interconnects of claim 6,

wherein the metal is copper and the metal oxide is copper oxide.

8. The method of fabricating multilevel interconnects of claim 6,

wherein the metal is platinum and the metal oxide is platinum oxide.

9. The method of fabricating multilevel interconnects of claim 6,

wherein the metal is palladium and the metal oxide is palladium oxide.

10.  The method of fabricating multilevel interconnects of claim 6,
further comprising:
providing an insulation layer between the first metal oxide layer and the

metal oxide layer converted to metal.

11.  In semiconductor chip manufacturing, a method of fabricating

multilevel interconnects, comprising:

depositing a first metal oxide layer on a semiconductor wafer;



8. The method of fabricating multilevel interconnects of claim®6, wherein
the netal is platinumand the netal oxide is platinumoxide. 9. The nethod
of fabricapDigesottil evel interconnects of claim®6, wher@ca/usayoizetal is
pal | adi um and the netal oxide is pall#diumoxide. 10. The nethod of
fabricating nmultilevel interconnects of claim®6, further conprising:
providing an insulation | ayer between the first netal oxide |ayer and the
nmet al oxi de | ayer converted to metal. 11. In sem conductor chip

manufacturing, a neliod:l dRN sl Rtioflid it S & mbal BLEBHRELS one or

conprising: depositing a rirst OXI ayer on a sem conductor wafer;

WO 02/ 06361ote Fetid#R087 Bidld Owhilel af Qeavie bthien oftitms f BT frsp adetdlansdolayehe
first netal oxide layer to one or nore portions of netal while at |east

ot her por trémamg; of the first netal oxide |ayer remain; depositing a fi rst
metal |ayer on the rmr onve ed and .. unconverted portipns

first metal oxide |§F§’8F3maeﬁo |1ﬁ6ta£it1@@350?fﬂ et Gie 8% 189 g%yer%ﬂ ) f| rst
met al Iay%corﬁ,gﬂg Bﬁﬁ%s%?&e%rsf@éﬁl@ﬂﬁ@vﬁeﬁ of the second netal oxide

| ayer to one re portions o I’e at | east other portions of

t he second net aI oxdepesitiay arsecoreinmetal o;dé@hgfeﬁmm@ednstanemulam al layer on

t he one or nore converted and unconverted portions of the second netal
oxi de |ayer; deposi@aUNETIES: Mer Y Mtepordrsel hgpesonsimelaboxide dngr HPA¢

oneor ot Bt ppRighe B lerluR R b2 el bolb PRI BRI neB b 8o KEHEY, 1 G
met al oxi qlgniuﬂyer remai n; and
depositing a second metal layer on the one or more converted and
unconverted portions of the second metal oxide layer;
depositing a third metal oxide layer on the second metal layer;
converting one or more portions of the third metal oxide layer to one or
more portions of metal while at least other portions of the third metal oxide layer
remain; and
depositing a third metal layer to the one or more converted and

unconverted portions of the third metal oxide layer.

12.  The method of fabricating multilevel interconnects of claim 11,

wherein the metal is copper and the metal oxide is copper oxide.

13.  The method of fabricating multilevel interconnects of claim 11,

wherein the metal is platinum and the metal oxide is platinum oxide.

14.  The method of fabricating multilevel interconnects of claim 11,

wherein the metal is palladium and the metal oxide is palladium oxide.



depositing a third netal |ayer to the one or nore converted and
unconverted portions of the third netal oxide |ayer. 12. The nethod of
fabri catiwg oobiert evel interconnects of claim1l, wherei RCThsSE3280 | S
copper and the netal oxide is copper ©@xide. 13. The nethod of fabricating
mul tilevel interconnects of claim1l, wherein the netal is platinum and
the nmetal oxide is platinumoxide. 14. The nmethod of fabricating nultilevel
i nterconnects of claim1l, wherein the netal is palladiumand the netal

oxi de is palladi um pxi de,, WO 02/.0 72 PCT/ U 032 12 15..The nethod of
Pbricating il ti1ebsl | HeereaRiat cogrtnt e e Maeepletesn Rfa T,
provi di ng faAhdrtoMipdkingn | ayer between the first netal oxide layer and the
first netal oxide layer converted to netal. 16. A nulti-layered integrated
circuit, which conppiosakng aminshatien layeebetwesntlee first ewptaltoxiiedeyircad;tha fir st
i nsul ati ng. | ayer of _a netal oxide contacting the respective one or nore
integrate Hﬁfég‘?téle%x,ld%merf‘iﬂnﬁ%e \’ BeBbsi ting a netal oxide |ayer on the
device; and a netal |ayer forned by converting one or nore portions of the
netal oxide |ayer to one or nore converted portions of netal while at

| east ot her portionss.of Auhgtii®ledd idtdetiRed eir@iit) whidheotheries:t i ng a | ayer of
netal thereon. 17. The nulti-layered integrated circuit of claim 16,
wherein the netal #tdeashppeer mate intearated ¢viessi de i s copper oxide. 18. The

multi-layered integrated circuit of claim16,. wherej.n tthe netal is
Bl'ati num and t he. et SretoRTdHEmEayt GRS oride LoRbEtne tSrsrrctr & 9BF o
i nt egr at egngb ikt hlatddl d&idsMnkBorBe b§idRpbditng Tei] d:3dPRltAs WO fRELt he
netal oxide is palladi um oxi de.
and
a metal layer formed by converting one or more portions of the metal

oxide layer to one or more converted portions of metal while at least other portions of

the metal oxide remain, and depositing a layer of metal thereon.

17.  The multi-layered integrated circuit of claim 16, wherein the
metal is copper and the metal oxide is copper oxide.
18.  The multi-layered integrated circuit of claim 16, wherein the

metal is platinum and the metal oxide is platinum oxide.

19.  The multi-layered integrated circuit of claim 16, wherein the

metal is palladium and the metal oxide is palladium oxide.

20. A multi-layered integrated circuit which comprises:
at least one or more integrated devices;
a first insulating layer of a metal oxide contacting the respective one or

more integrated devices formed by depositing a metal oxide layer on the device;



20. Amulti-layered integrated circuit which conprises: at |east one or
nore integrated devices; a first insulating |ayer of a netal oxide

cont act i ngotok@eIsespecti ve one or nore integrated devi ces PCarusez0i2go
depositing a netal oxide |ayer on thelddevice; WO 02/ 063672 PCT/US02/ 03250
13 a first netal layer fornmed by converting one or nore portions of the
nmetal oxide |ayer to one or nore converted portions of netal while at |east
other portions of the netal oxide remain, and depositing a | ayer of netal

t hereon; a second ingul ati | ayer of .nmetal oxide contacting.the respective
rst etar | ayer 2 Gt e HBncs, t g e Ee A0 ap A rae fer on
the firstyaRldkidd BYS io 8RE of M&eMRVEREAho NS of QEEE YN AORYE §thed one

or nore portions of "the second netal oxide |layer to one or nore converted

porti ons jpdrtined af theiidta oxidd reamin, and Heposjtonpta laper affmdthletharedal oxi de remai n,

and by depositing a | ayer of metal thereon, 21. The nulti-I|ayered
i ntegrated circuit ofecendinsibgng dper of netaboxide cantapling Hisprespechye i net al

oxide is XJ.de h A i.nt | [C Uk | ai m
20, “wier i B Hyel ltCrontha bl \ErBHlL » AUEAP fuekdll SYLLEE: 64 Wi ke ol 2,
23. The makéd ah@yered integrated circuit of claim20, wherein the netal is
pal | adi um and the netal oxide is palladiumoxide. 24. A nmulti-layered
integrated circuit 2 sshdhmetaipayes dermeddy bawsttinghencer morepontives)phithed
devices; a fi i.nsul ati | ayer of a netal oxide contacti ng]gt

t h
respect | vereapt Tistal SRS e s PHF au eretiCBs s P EPRE AL By HeBS # HgSa met al
0xi de | el GOHE Gy 3xlde! ShalfEAAl bl AURIichY TEGerbr £AMEELbAT One or

nore portions of the oxXl| ayer to on e converted portions
of nmetal while at |east other portions of the netal oxide remain, and
depositing a |layer of netal thereon; . o ) )

21.  The multi-layered integrated circuit of claim 20, wherein the

metal is copper and the metal oxide is copper oxide.

22.  The multi-layered integrated circuit of claim 20, wherein the

metal is platinum and the metal oxide is platinum oxide.

23.  The multi-layered integrated circuit of claim 20, wherein the

metal is palladium and the metal oxide is palladium oxide.

24. A multi-layered integrated circuit, which comprises:

at least one or more integrated devices;

a first insulating layer of a metal oxide contacting the respective one or
more integrated devices and formed by depositing a metal oxide layer on the device;

a first metal layer formed by converting one or more portions of the
metal oxide layer to one or more converted portions of metal while at least other
portions of the metal oxide remain, and depositing a layer of metal thereon;

a second insulating layer of metal oxide contacting the respective first
metal layer, and formed by depositing a second metal oxide layer on the first metal

layer;



a second insulating |ayer of nmetal oxide contacting the respective first
nmetal |ayer, and formed by depositing a second netal oxide |ayer on the
first metwbDo2ioedser; WO 02/ 063672 PCT/ US02/ 03250 14 a sec@cd/user/ed2si ayer
formed by converting one or nore portidons of the second netal oxide |ayer
to one or nore converted portions of netal while at |east other portions
of the nmetal oxide remain, and by depositing a | ayer of netal thereon; a
third insulating | ayer of netal oxide contacting the respective second

tal | , df I tol h
Cecond metal layer Canyt el bkl Db Sy B AR RIEh 8P,

mor e port $eednd ehetdlnexidé Mayed tor@halor axbdrdeconayesd portione of imdralr whit® ay &atied
portions of netal while at |east other ortions of the netal oxide remain,
and by depdsi mrﬁgn%pﬁ tby@ﬁet@foxmr&matm@n@gﬁ demmtmgq@lam qofjmetal thersan;
integrated circuit 24 V\/ner I S.CO and the netal

oxi de i s copper oxi 4 nrﬁzlgsu W?rt? Efi%’cﬁlel 13% élaﬂ Eeipp%ciﬁliVF 6791 ai m

24, wher ejRta Myer,Bideorined mlya&épaﬂm@rachﬁrhqnéfmt é’;hd@ 3@? oh$hk&bhawRiaxi de.
27. The nulti-I"ayered integfated circuit of claim24, wherein the netal is

pal | adi unlageriandhe nmetal oxi de i s pall adi um oxi de.
a third metal layer formed by converting one or more portions of the
third metal oxide layer to one or more converted portions of metal while at least other

portions of the metal oxide remain, and by depositing a layer of metal thereon.

25.  The multi-layered integrated circuit of claim 24, wherein the

metal is copper and the metal oxide is copper oxide.

26.  The multi-layered integrated circuit of claim 24, wherein the

metal is platinum and the metal oxide is platinum oxide.

27.  The multi-layered integrated circuit of claim 24, wherein the

metal is palladium and the metal oxide is palladium oxide.



