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CHALCOGENIDE—BASED MEMORY DEVI CES 5 The present invention relates to the
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chal cogeni de- based menory devices that include such structure. The
performance characteristics and reliability of integrated circuits 10 have
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10 have become increasingly dependent on the structure and attributes of the vias

and interconnects which are used to carry electronic signals between
semiconductor devices on integrated circuits or chips. Advances in the fabrication
of integrated circuits have resulted in increases in the density, number of
semiconductor devices contained on a typical chip, and speed. Interconnect
15 structure and formation technology has not advanced as rapidly, and is
increasingly becoming a limitation on the signal speed of integrated circuits.
Present-day, high-performance integrated circuits typically have
multiple layers of metal conducting lines. These metal layers are separated by
relatively thvick, insulating layers of materials such as silicon dioxide. Vias are
20 made through the insulating layers to make connections between the metal lines.
It is often desirable that the metal conducting lines be maintained in as much of a
plane as possible to avoid undue stresses on the metal lines. A tungsten metal
plug is often used to fill the via in the insulating layer covering a first metal pad or
line so that the overlying film remains on the planar surface of the insulating layer.
25 Without the plug, the overlying film must dip into the via to make contact with the
underlying first metal.
A layer of titanium (Ti) is typically placed in contact with the
underlying first metal as an adhesion layer for the subsequent tUngsten contacts.
The via i's then filled by depositing tungsten metal, typically by a chemical vapor
30 deposition (CVD) process. When high aspect ratio vias are to be filled, tungsten
4 deposited on the sidewalls of the via during the deposition process may pinch off



25 Wthout the plug, the overlying filmmust dip into the via to nake
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subsequent layers of a fabrication process for semiconductor devices.

10 The present invention meets that need and provides a method of
forming a metal cap over a conductive plug, via, or interconnect to cover or fill the
keyhole in the plug, via, or interconnect and provide good electrical contact for
subsequent layers in the semiconductor device. The metal cap is preferably
formed of cobalt, silver, copper, gold, nickel, palladium, platinum, or alloys thereof.

15 The metal cap is preferably formed by the electroless deposition of the metal over,
for example, a tungsten plug or interconnect. Chalcogenide-based memory
devices that employ the metal cap construction are also disclosed.

More particularly, in accordance with one aspect of the invention, a
method of forming a metal cap over a conductive interconnect in a chalcogenide-

20 based memory device is provided and includes forming a layer of a first
conductive material over a substrate and depositing an insulating layer over the
first conductive material and the substrate. An opening is formed in the insulating
layer to expose at least a portion of the first conductive material, and a second
conductive material is deposited over the insulating layer and within the opening.

25 Portions of the second conductive material are removed to form a conductive area
within the opening, and the conductive area is recessed within the opening to a
level below an upper surface of the insulating layer. A cap of a third conductive
material is formed over the recessed conductive area within thé opening. A
chalcogenide material is deposited over the cap, and a conductive material is

30 deposited over the chalcogenide material to form the memory device.



for exanple, a tungsten plug or interconnect. Chal cogeni de-based nenory
devi ces that enploy the netal cap construction are al so disclosed. Mre
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based nenory device is provided and includes formng a |layer of a first
conductive material over a substrate and depositing an insulating |ayer over
the first conductive material and the substrate. An opening is fornmed in
the insulating |ayer to expose at |least a portion of the first conductive
material, and a second conductive materdal is deposited over the insulating
| ayer and within the opening. 25 Portions of the second conductive materi al
are renmoved to forma conductive area w thin the opening, and the
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form ng a raapaver a conductive interconnect in a chalcogenide-based memory device is

10 provided and includes providing an insulating layer over a substrate, the insulating
layer having an opening therein and the opening exposing at least a portion of a
first conductive material on the substrate. A second conductive material is
deposited over the insu‘lating layer and within the opening. Portions of the second
conductive material are removed to form a conductive area within the opening,

15 and the conductive area within the opening is recessed to a level below an upper
surface of the insulating layer. A cap of a third conductive material is formed over
the recessed conductive area within the opening. Preferably, the third conductive
material is selected from the group consisting of cobalt, silver, gold, copper,
nickel, palladium, platinum, and alloys thereof. A stack of chalcogenide based

20 memory cell material is deposited over the cap, and a conductive material is
deposited over the chalcogenide stack.

In another embodimént of the invention, a method of forming a metal
cap over a conductive interconnect in a chalcogenide-based memory device is
provided and includes providing an insulating layer over a substrate, the insulating

25 layer having an opening therein and the opening exposing at least a portion of a
first conductive material on the substrate. A second conductive material is
deposited over the insulating layer and within the opening. Portions of the second
conductive material are removed to form a conductive area within the opening,
and the conductive area within the opening is recessed to a level below an upper

30 surface of said insulating layer. A cap of cobalt metal is formed over the recessed



cap over a conductive interconnect in a chal cogeni de-based nenory device is
10 provided and includes providing an insulating |ayer over a substrate t he
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In yet another embodiment of the invention, a method of forming a’
conductive metal interconnect for a semiconductor circuit is provided and includes
providing a semiconductor structure having semiconductor devices formed
thereon, forming an insulating layer over the semiconductor structure, and forming

15 atrench in the insulating layer down to the semiconductor structure. The trench is
substantially filled with tungsten, and the tungsten is recessed to a level below the
upper surface of the insulating layer. A metal cap is electrolessly deposited over
the recessed tungsten. Preferably, the metal cap comprises a metal selected
from the group consisting of cobalt, silver, gold, copper, nickel, palladium,

20 platinum, and alloys thereof.

In yet another embodiment of the invention, a conductive
interconnect for a chalcogenide-based memory device is provided and includes an
insulating layer having an opening therein on a semiconductor substrate, a
recessed tungsten layer in the opening, and an electrolessly deposited metal cap

25 on the tungsten layer. The metal cap preferably comprises a metal selected from
the group consisting of cobalt, silver, gold, copper, nickel, palladium, platinum,
and alloys thereof. A stack of chalcogenide based memory cell material is over

the cap, and a conductive material is over the chalcogenide stack.



conductive area. A stack of chal cogenide based nmenory cell material is
deposited over the cap, and a conductive material is deposited over the
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recessed within an opening in an insulating |ayer, and formng a netal cap
over the recessed tungsten |ayer by electrol ess deposition of a netal. The
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gol d, copper, nickel, palladium platings and 10 alloys thereof. In yet
anot her enbodi nent of the invention, a nethod of formng a conductive netal
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cell material is over the cap, and a conductive material is over the chalcogenide
10 stack.
Accordingly, it is a feature of the present invention to provide a
method of forming a metal cap over a conductive plug, via, or interconnect to both
protect the conductive plug, via, or interconnect and provide good electrical
contact for subsequent layers in the semiconductor device. It is also a feature of
15 the present invention to provide chalcogenide-based memory devices that employ
the metal cap construction. These and other features and advantages of the
invention will be more apparent from the following detailed description, which is
provided in connection with the accompanying drawings, which illustrate
exemplary embodiments of the invention.
20 FIG. 1 is a cross-sectional view of an example of a portion of a
partially fabricated chalcogenide-based memory device including metal 1 layers
on a substrate surface in accordance with an embodiment of the invention;
FIG. 2 is a cross-sectional view of a portion of a partially fabricated
chalcogenide-based memory device including an insulating layer over the surface
25 of the substrate; '
FIG. 3 is a cross-sectional view of a portion of a partially fabricated
chalcogenide-based memory device including openings formed in the insulating

layer;



25 on the tungsten layer. The netal cap preferably conprises a netal
selected from the group consisting of cobalt, silver, gold, copper, nickel,
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menory cel is over the cap, and a conductive naterral 1s over the
chal cogeni de stack. WD 2006/ 052394 PCT/ US2005/ 037310 -5 In yet another
enbodi nent of the invention, a processor-based systemis provided and

i ncludes a processor and a chal cogeni de-based nenory device coupled to the
processor. The chal cogeni de-based nenory device conprises an insulating

| ayer having an opening therein on a sefficonductor 5 substrate, a recessed
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10 FIG. 7 is a cross-sectional view of a portion of a partially fabricated
chalcogenide-based memory device in which the surface of the conductive
material has been recessed below the upper surface of the insulating layer;

FIG. 8 is a cross-sectional view of a portion of a partially fabricated
chalcogenide-based memory device that includes a cap of a conductive material

15 on the conductive material filling the opening;

FIG. 9 is a cross-sectional view of a portion of a partially fabricated
chalcogenide-based memory device in which a stack of chalcogenide based
memory cell material is positioned over the cap, and a layer of another conductive
material is positioned over the chalcogenide based memory cell stack; and

20 FIG. 10 illustrates a processor system having one or more
chalcogenide-based memory devices according to additional embodiments of the
present invention.

It is observed that the process steps and structures described herein
do not form a complete process flow for manufacturing integrated circuits.

25 Embodiments of the present invention can be practiced in conjunction with a
variety of integrated circuit fabrication techniques currently used in the art. As
such, commonly practiced process steps are included in the description herein
only if those steps are necessary for an understanding of the invention.

The term "substrate” as used herein may include any

30 semiconductor-based structure that has an exposed semiconductor surface. The
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rBiisstraiel iarel, pfevidl®s prosesétepy mageive been utilized to form regions
or junctions in or on the base semiconductor or foundation. As used herein, the
term “over” means formed above a surface of an underlying layer or substrate.

Referring now to the drawings, where like elements are designated
by like reference numerals, FIGS. 1 through 9 illustrate an exemplary embodiment
of a method of fabricating a chalcogenide-based memory device having at least
one interconnect that includes a metal cap. The process begins subsequent to
the formation of the integrated circuit structure 10. However, the process may be
applied at any level of integrated circuit fabrication. For purposes of simplification,
this embodiment of the invention is described with reference to an upper
metalization layer.

FIGS. 1 through 9 illustrate a partially-fabricated integrated circuit
structure 10 having a base substrate 11 and a plurality of fabricated layers
collectively shown by 13. A series of conductive areas 21 which are electrically
connected to one or more layers or devices in the circuit below are formed on the
circuit structure by conventional techniques. Although not shown, it is to be
understood that the integrated circuit structure 10 may contain transistors, -
capacitors, word lines, bit lines, active areas, or the like fabricated in layer 13 over
substrate 11. |

As shown in FIG. 2, an insulating layer 20 is provided over structure
10. Insulating layer 20 preferably comprises tetraethylorthosilicate (TEOS) or
other dielectric material such as, for example, borophosphosilicate glass (BPSG),
borosilicate glass (BSG), or other non-conductive oxides (doped or undoped),
nitrides, and oxynitrides. Insulating layer 20, which may itself be formed of
multiple layers, is preferably from about 5,000 to about 20,000 Angstroms in



FIG 8 is a cross-sectional view of a portion of a partially fabricated
chal cogeni de- based nenory device that includes a cap of a conductive
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chal cogeni de- based nenory device in which a stack of chal cogeni de based
menory cell material is positioned over the cap, and a | ayer of another
conductive nmaterial is positioned over the chal cogeni de based nenory cel
stack; and 20 FIG 10 illustrates a processor system having one or nore
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silicon-base e sem conduct or
22. Optional adhesion layer 24 may be used, as is conventional in the art, to

10 improve the bond between conductive areas 21 and subsequently deposited
conductive materials. Depending on the materials used in the fabrication of the
device, there will be instances where no adhesion layer 24 is necessary.

Optional adhesion layer 24 is preferably formed of a refractory metal
such as titanium (Ti). As shown in FIG. 4, in one embodiment, an optional thin Ti

15 film 24 may be deposited using physical vapor deposition (PVD), chemical vapor
deposition (CVD), or atomic layer deposition (ALD). However, any suitable
material may be used for the adhesion layer, for example, tungsten-nitride,
tungsten-tantalum, tantalum silicon nitride, or other ternary compounds. Optional
adhesion layer 24 is preferably between about 100 Angstroms to about 500

20 Angstroms thick, and more preferably about 200 Angstroms thick.

Referring now to FIG. 5, a conductive interconnect material,
preferably comprising tungsten, is formed over the structure 10 and in the
interconnect trenches 22. The conductive interconnects 30 may be formed using
any technique that is conventional in this art including, for example, CVD or ALD

25 techniques. Both techniques result in a conformal fill of trenches 22. However,
depending on the aspect ratio and width of the trenches, such conformal
deposition techniques may result in keyhole formation within the tungsten plug.
Typically, the interconnects 30 will have a thickness of from about 1,000 to about
5,000 Angstroms, and preferably about 2,000 Angstroms. Referring now to FIG.

30 6, excess material from conductive interconnects 30 is removed. Typically, such
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gl ass (BPS@Ianarlzedpwet etched, @wyet@ﬁﬁ@ ,recmssdhamtermnnecﬁﬂateﬂalmﬂm| des
(doped 2% L{H(ej ?r%ﬁgl)\és 22 and below the surface of insulating layer 20. Typically, a recess

of from about 200 to about 500 Angstroms is preferred.

In one embodiment, the recessed surface of interconnect material
30 may be optionally activated to render that surface selective to the metal plating
to follow. However, in some embodiments, those persons skilled in this art will

15 recognize that surface activation is not necessary. Surface activation may be
accomplished using a number of techniques. Preferably, the surface is activated
by exposure to any activation solution known in the art of electroless plating such
as, for example, a palladium chloride solution. A typical time frame for surface
exposure may be for from about 10 seconds to about two minutes depending

20 upon the particular activation solution that is selected.

Referring now to FIG. 8, metal is then selectively deposited into the
recesses using an electroless plating process. The metal layers formed in the
recesses may comprise any suitable metal which is compatible with adjacent
materials in the semiconductor structure. Preferably the metal layers comprise

25 cobalt, silver, gold, copper, nickel, palladium, platinum, or alloys thereof. Most
preferably, the metal comprises cobalt because cobalt is readily available and
provides a fine grain structure which promotes a smoother surface for subsequent
processing.

Preferably, metal caps having a thickness of from about 200 to

30 about 500 Angstroms are formed. By controlling the rate of plating of the caps,



nitrides,

and oxynitrides.

of 30 nultiple layers, is preferably from about 5,000 to about 20,000
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Angst rons
Fig. 3, at

e of t he openings 22 are provided a

I nterconnects will electrically comunicate with conductive areas 21
provided in the uppernost portion of structure 10. Referring again to FIG

3, aplurality of openings such as 5 interconnect trenches 22 are patterned
and etched in insulating |ayer 20. Openings 22 are aligned to expose
portions of conductive areas 21. As shovi®in Fig. 4, an optional adhesion
| ayer 24 is deposited over the surface of structure 10 so that it
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deposi ti on fuf¢tdnalehremit.cal vapor deposition (C,\/D) or atom c |ayer
deposition (ALD). However, any _suitable materia be used for the
 (ATEacty. ot

adhesi on |ayer, for e&%ﬁm‘@” in E&sggt@msm@w.d@we 1
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mor e pref er @bé yhalbogem(ze)mam@tmayw’ee formeld. from a chalcogenized glass such as
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30

Ge3zSer GeySes which are capable of forming conductive paths for diffused metal
ions such as silver in the glass in the presence of an applied voltage. A second
conductive electrode 60 is deposited over chalcogenide stack 50 to complete the
formation of the memory device. An example of a nonvolatile memory device is
shown in Moore and Gilton, U.S. Patent No. 6,348,365. By “stack,” we mean one
or more layers of chalcogenide glass material, including diffused metal ions,
sufficient to form a memory cell.

Referring now to FIG. 10, a typical chalcogenide-based memory system
400 is shown which includes an’integrated circuit 448. Integrated circuit 448
employs a conductive interconnect and chalcogenide-based memory fabricated in
accordance with one or more embodiments of the invention. A processor system,
such as a computer system, generally comprises a central processing unit (CPU)
444, such as a microprocessor, a digital signal processor, or other programmable
digital logic devices, which communicates with an input/output (1/O) device 446
over a bus 452. The chalcogenide-based memory in integrated circuit 448
communicates with the system over bus 452 typically through a memory
controller.

In the case of a computer system, the system may include peripheral
devices such as a floppy disk drive 454 and a compact disc (CD) ROM drive 456,
which also communicate with CPU 444 over the bus 452. Integrated circuit 448
may include one or more conductive interconnects and chalcogenide-based

epasiting staght al um

and



Referring nowto FIG 5, a conductive interconnect material, preferably
conprising tungsten, is fornmed over the structure 10 and in the

i nt erconnegy %ﬁ@&ﬁgﬁs 22. The conductive interconnects %ETEBMmQEVRQr”Ed
using any technique that is conventional in this art including, tor exanple,
CVD or ALD 25 techniques. Both techniques result in a conformal fill of
trenches 22. However, depending on the aspect ratio and width of the
trenches, such confornal deposition techniques may result in keyhole
formation within the tungsten plug. Typically, the interconnects 30 wl|
have a thickness of from about 1,000 tc Hbout 5,000 Angstrons, and
preferably about 2,000 Angstronms. Referring nowto FIG 30 6, excess

mat eri al froemoydecices.e Ifidesired othedatbgradéd ciscuitdd/edy beygunalsihéd with diedn WO

2006/ 052394 PCTI US2005/ 03731 - t ial | d
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the art. Degvyigdy ¥nd siste@RYEh nitly iﬁ&ﬁ@ééhﬂ%é’éﬂi@é—b%ed plepRRgdeticast antial | y
| evel with an upper surface 25 of “insulating Tayer 20. Referfing now to FIG

7, conduct i ineludetcioaksnieiemisians,icslielar tekephonss autamobilest aicraf @ndge likhed t o
di sh , ' i f 25
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bel ow the sy Bt isEHY At byanes of theiagppbhded dlaiRs.ess of from about
200 to about 500 Angstrons is preferred. In one enmbodi ment, the recessed

surface of interconnect materi al
10



30 may be optionally activated to render that surface selective to the netal
plating to follow However, in sone enbodi nents, those persons skilled in
this art will 15 recognize that surface activation is not necessary. Surface
activation may be acconplished using a nunber of techniques. Preferably,
the surface is activated by exposure ®o any activation solution known in
the art of electroless plating such as, for exanple, a palladiumchloride
sol ution. W& {)g jcal time frame for surface exposure may be for from about
10 second?MELS&IE08d Bio i nut es dependi ng 20 upon the particular activation
solution that is sel ect ed. Referrlng nowto FIG 8, netal is then

sel ectively de 03| into the ses using an electrqgl ess atin
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a fine gr t S ent
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shown in Isolate the neta ayer into in mata caps 40
within said opening, said third conductive materlal selected from the group consisting of
cobalt, silver, gold, copper, nickel, palladium, platinum, and alloys thereof, depositing a
stack of a chalcogenide based memory cell material over said cap, and depositing a

conductive material over said chalcogenide stack.

2, A method as claimed in claim 1 in which said third conductive material comprises
cobalt.

3. A method as claimed in claim 1 in which said third conductive material comprises
silver.

4, A method as claimed in claim 1 in which said third conductive material comprises
gold.

5. A method as claimed in claim 1 in which said third conductive material comprises
copper.

6. A method as claimed in claim 1 in which said third conductive material comprises
nickel.

7. A method as claimed in claim 1 in which said third conductive material comprises

palladium.



5 as shown. The FIG 8 structure nmay then be further processed to create a
functional circuit. As shown in Fig. 9, a nenory device is forned by
depositing a stack of suitable chal cogenide materials 50 over insulating

| ayer 20 and netal caps 40. The chal cogenide naterial nay be formed froma
chal cogeni zed gl ass such as 10 Ge3Se7 18e4Se6 which are capable of formng
conductive paths for diffused netal 1ions such as silver in the glass in the
presence of an applied voltage. A second conductive electrode 60 is
deposited over chal cogenide stack 50 to conplete the formation of the
menory degi ce.A Aletiedcasdi@imed irfclaigny bl witH Saidrthivd icpndlevive Matedial SonfpBes N Moor e
and G Itoq .U.S. Patent No. 6, 348,365. By "stack," we mean one 15 or nore

| ayers ofp€WHWEogenide glass material, including diffused netal ions,
sufficient to forma menory cell. Referring nowto FIG 10, a typica

chal cogenj de- base mory,_system, 400 is _shown.which jncludes an.integrated
Cireur s dhe. TAvEdpaT O Seriedt P alr telrprBil S Gt Poudtiefve FRLCY and
chal cogencaheprisaseohgstenory fabricated On 20 accordance with one or nore
enbodi ments of the invention. A processor system such as a conputer
system generally conprises a central processing unit (CPU 444, such as a
m cr opr oct®dsorA raetbodjiasadlaisiegnial clgimod esdading oemaotimge popioog radisaabkap tali gi t al

| ogi c devég%% e@%ﬁ%ﬁ comuni cates with an input/output (110) device 446
over a bu 5. e Bhalcogenide-based menory in integrated circuit 448 25
comuni cates with the system over bus 452 typically through a nmenory
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peri pheral = devi ces such as a v conpac
ROM dr i veof46®) about 200 to about 500 angstroms.

12. A method as claimed in claim 1 in which said insulating layer is selected from the
group consisting of borophosphosilicate glass, tetraethylorthosilicate glass, and silicon
nitride.

13. A method as claimed in claim 1 wherein said cap of third conductive material is
formed by electroless plating.

14, A method as claimed in claim 13 including activating the surface of the recessed
conductive area.

15. A method as claimed in claim 1 including the step of depositing a refractory metal
or refractory metal nitride layer in said opening prior to the deposition of said second

conductive material.

16. A method as claimed in claim 15 in which said refractory metal comprises

titanium.

17. A method as claimed in claim 15 in which said refractory metal nitride comprises

titanium nitride.

18. A method of funning a metal cap over a conductive interconnect in a



whi ch al so conmuni cate with CPU 444 over the bus 452. Integrated circuit 448
30 may include one or nore conductive interconnects and chal cogeni de- based
WO 2006/ 052394 PCT/ US2005/ 037310 -11 menory devices. If desired, the
integrated circuit 448 may be conbined with the processor, for exanple CPU
444, in a single integrated circuit. -Odher exanples of devices and systens
whi ch may include chal cogeni de- based nennry devi ces include cl ocks,
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will be a%if’é‘i%’ﬁ?'d?c?a? deYige |°HmPH%”%rFEr°Y'H'39 %HSB'GE“Q: AG&¥" #ay be
made wit hawstrdtepemd Irisglafmig)lﬁyérhavmgQﬂ&)péiﬁlng hﬁreum\serdo@nungdvprsumgwtneﬁst
considered |i.mt enbodi ment s
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19. A method of forming a metal cap over a conductive interconnect in a
chalcogenide-based memory device comprising, providing an insulating layer over a
substrate, said insulating layer having an opening therein, said opening exposing at least
a portion of a first conductive material on said substrate, depositing a second conductive
material over said insulating layer and within said opening, removing portions of said
second conductive material to form a conductive area within said opening, recessing
said conductive area within said opening to a level below an upper surface of said
insulating layer, forming a cap of a cobalt metal over said recessed conductive area,
depositing a stack of a chalcogenide based memory cell material over said cap, and

depositing a conductive material over said chalcogenide stack.

20. A method as claimed in claim 19 including removing portions of said cap to

planarize said cap.

21. A method as claimed in claim 19 wherein said cap of cobalt metal is fanned by
electroless plating.

22. A method as claimed in claim 21 including the step of activating the surface of
the recessed conductive area.

23. A method of forming a metal cap over a tungsten interconnect in a chalcogenide-

based memory device comprising, forming a tungsten interconnect recessed within an



wi thin said opening, said third conductive material selected fromthe group
consisting of cobalt, silver, gold, copper, nickel, palladium platinum
and all oys thereof, depositing a stack of a chal cogeni de based nenory cel
material over said cap, and depositing a conductive material over said
chal cogeni de stack. 2. A nethod as cl-déred in claiml in which said third
conductive material conprises <cobalt. 3. Anethod as clainmed in claim1l in
which said third conductive naterial conprises silver, 4. A nethod as

cl ai med | PPEOING 1 AN INSUIRIRG: [RYet a3d TRimieg @oRBlaL F7R 8Veretald repessashiynosier gol d.
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sal thir

conprises_. cop as clained in claim1 in whic
conduct i v&8V ﬁhﬂgﬁl %ﬂpp%ﬁ‘tf?e's@ 'ad'HFngF'”“"? anﬂ %ﬁ%am&% claimed inclaim1lin
which said third conductive naterial conprises palladium -13- 8. A nethod
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mat eri al corrpr i ses tungsten. 10. A nmethod as clained in claim1 including
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26. A method as claimed in claim 23 in which said metal comprises gold.

27. A method as claimed in claim 23 in which said metal comprises copper.

28. A method as claimed in claim 23 in which said metal comprises nickel.

29. A method as claimed in claim 23 in which said metal comprises palladium.

30. A method as claimed in claim 20 in which said metal comprises platinum.

31. A method as claimed in claim 23 including activating the surface of the recessed
tungsten layer.

32. A method as claimed in claim 23 including removing portions of said cap to
planarize said cap.

33. A method of forming a conductive metal interconnect for a semiconductor circuit
comprising, providing a semiconductor structure having semiconductor devices formed
thereon, forming an insulating layer over said semiconductor structure, forming a trench
in said insulating layer down to said semiconductor structure exposing at least a portion
of said semiconductor devices, substantially filling said trench wit tungsten, recessing
said tungsten to a level below the upper surface of said insulating layer, and
electrolessly depositing a metal cap over the recessed tungsten, said metal cap
comprising a metal selected from the group consisting of cobalt, silver, gold, copper,

nickel, palladium, platinum, and alloys thereof, depositing a stack of a chalcogenide



of from about 200 to about 500 angstronms. 12. A nethod as clainmed in claim1l
in which said insulating |ayer is selected fromthe group consisting of

bor ophosphosilicate glass, tetraethylorthosilicate glass, and silicon
nitride. 13. A nethod as clained in claim1l wherein said cap of third
conductive material is forned by el ectfrol ess plating. 14. A nmethod as
claimed in claim 13 including activating the surface of the recessed
conductive area. 15. A nethod as clainmed in claim21 including the step of
deposi ti ngassdrrewardm"yﬂ?ﬁew%l|ovebﬁa'ﬁ' EPPaIbAGPaFHing 2 FRRAurtine Malped! Ov&" sai d
openi ng psdi@ehdiébdehederrsi tion of said second conductive material. 16. A
nmethod as clainmed in claim15 in which said refractory netal conprises
titanium 17. A method as clained in claim15 in which said refractory netal

nitride ceNprige@sethdd ds2dMimet iH ¢aindss in WhichAalrheiaicaiprises bbbz a metal cap
over a conductive interconnect in a -14- chal cogeni de-based nenory device
conprising, providing an insulating |layer over a substrate, said insulating

| ayer havsfig am nwsiiesd axcldimed @ dains38 i whinbrsaRbmetapasnpigeabiveeast a portion
of a first conductive material on said substrate, depositing a second
conductive nmaterial over said insulating |layer and within said opening,
renovi ng part i Ansetiedd ssadlaimed caaich 330iAdihidhi sakl metakednadrise®gdldr m a conducti ve
area wWithin said opening, recessing said conductive area within said
opening to a |l evel below an upper surface of said insulating |ayer, formng
a cap of &7.t hi Adhetlonicascdiaimed iratlaim &8 inawhivh daltemetatesgeides copper.

38. A method as claimed in claim 33 in which said metal comprises nickel.
39. A method as claimed in claim 33 in which said metal comprises palladium.
40. A method as claimed in claim 33 in which said metal comprises platinum.

41, A method as claimed in claim 33 including activating the surface of the recessed

tungsten prior to electrolessly depositing said metal cap.

42. A method as claimed in claim 33 including removing portions of said cap to

planarize said cap.

43. A conductive interconnect for a chalcogenide-based memory device comprising,
an insulating layer having an opening therein on a semiconductor substrate, a recessed
tungsten layer in said opening, an electrolessly deposited metai cap on said tungsten
layer, said metal cap comprising a metal selected from the group consisting of cobalt,
silver, gold, copper, nickel, palladium, platinum, and alloys thereof, a stack of a
chalcogenide based memory cell material over said cap, and a conductive material over
said chalcogenide stack.

44, A conductive interconnect as claimed in claim 43 in which said metal comprises
cobalt.



conductive area within said opening, said third conductive material selected
fromthe group consisting of cobalt, silver, gold, copper, nickel,
pal | adium platinum and alloys thereof, depositing a stack of a

chal cogeni de based nenory cell material over said cap, and depositing a
conductive material over said chal cogelfi-de stark. 19. A nethod of fornming a
nmetal cap over a conductive interconnect in a chal cogeni de-based nenory
devi ce conprising, providing an insulating |ayer over a substrate, said

i nsul ating | ayer having an opening therein, said opening exposing at |east
a portion4df aAfconductice mtircorineet antigimedlin olains 48 dh whichtsait metalepoises Ng a
second conductive material over said insulating |ayer and within said
openi ng, ¥ ﬁbving portions of said second conductive material to forma
conductive area within said opening, recessing said conductive area within
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deposi tingold stack of a chal cogeni de based nenory cell material over said
cap, and depositing a conductive material over said chal cogenide stack. 20.
A nmethod as clainmed in claim19 including renoving portions of said cap to
pl anari ze4gai dAcapductite interowrineodasagaioiediinmel@ing 43 i which s@idwhetabcompisesl cap of
cobal t ma&?fj of s fanned by electroless plating. 22. A nethod as clained in
clai m21 IHerudi ng the step of activating the surface of the recessed
conductive area. 23. A nethod of formng a netal cap over a tungsten

i nterconnggt iR C%&Qﬁ{,&%@&@%étw %?ﬁlﬁﬂ\eﬁ‘?m&l%@ dsvi ﬁlﬁicﬁ%mr%éfapgomlﬁrg%lgﬁngg a

tungsten interconnect recess n an - opening in an Ins
| ayer, anbickedrnming a nmetal cap over said recessed tungsten

49, A conductive interconnect as claimed in claim 43 in which said metal comprises

palladium.

50. A conductive interconnect as claimed in claim 43 in which said metal comprises

platinum.

51. A conductive interconnect as claimed in claim 43 in which said metal cap is

planarized to be coplanar with an upper surface of said insulating layer.

52. A processor-based system comprising a processor, and a chalcogenide-based
memory device coupled to said processor, said chalcogenide-based memory device
comprising an insulating layer having an opening therein on a semiconductor substrate,
a recessed tungsten layer in said opening, an electrolessly deposited metal cap on said
tungsten layer, said metal cap comprising a metal selected from the group consisting of
cobalt, silver, gold, copper, nickel, palladium, platinum, and alloys thereof, a stack of a
chalcogenide based memory cell material over said cap, and a conductive material over
said chalcogenide stack.

53. A system as claimed in claim 52 in which said metal comprises cobailt.

54, A system as claimed in claim 52 in which said metal comprises silver.



| ayer by el ectrol ess deposition of a netal selected fromthe group
consisting of cobalt, silver, gold, copper, nickel, palladium platinum
and alloys thereof. 24. A nethod as clainmed in claim23 in which said netal
conprises cobalt. 25. A nethod as clainmed in claim23 in which said netal
conprises silver. 26. A nmethod as cl-dBmed in claim 23 in which said netal
conprises gold. 27. A nethod as clained in claim23 in which said netal
conprises copper. 28. A nethod as clainmed in claim23 in which said netal
conprises nickel. 29. A nethod as clained in claim23 in which said netal
conpri sessfal | Adydem asIRiméy Meilnab2as whichisaEGndtal cohprises2gbld.n whi ch sai d
metal conprises platinum 31. A nethod as clainmed in claim23 including
activating the surface of the recessed tungsten layer. 32. A nmethod as
cl ai med i56.cl ah Bystémiagelaifiédin JHABRIiM@hieh shidonstalonpseh miekelt o pl anari ze
said cap. 33. A nethod of form ng a conductive netal interconnect for a
sem conductor circuit conprising, providing a sem conductor structure
havi ng ses7.condegstan a€elbimesinfoimesd in high €aid, métalroshpgisédicoppetil at i ng | ayer
over said sem conductor structure, formng a trench in said insulating
| ayer down to said sem conductor structure exposing at |east a portion of
sai d sem s&induk systerd @giclztBed BLdmaR2tin whick shidinetalzormriged padiagiomwi t t ungst en,
recessing said tungsten to a |l evel below the upper surface of said
insulating layer, and electrolessly depositing a netal cap over the
recessed 52ngsA systersaisdlaimédin otz 48dowhich saidgnetalretmpliseeplatitved from t he
group consisting of cobalt, silver, gold, copper, nickel, palladium
pl ati num and alloys thereof, depositing a stack of a chal cogeni de

60. A system as claimed in claim 52 in which said metal cap is planarized to be

coplanar with an upper surface of said insulating layer.



