FORMATI ON OF METAL SI LI Cl DE LAYER OVER COPPER | NTERCONNECT FOR RELI ABI LI TY
ENHANCEMENT Background of Invention I) Field of the Invention

The present invention relates to copper (Cu) and/or Cu alloy netallization
i n sem conduct or devices. The present invention is applicable to
manuf act uring hi gh speed integrated circuits having subm cron design
features and high conductivity interconnect structures.. 2) Description of
the Prior Art Typically, Cu interconnects are fabricated
usi ng damascene processing nethods. In these structures, the top surface of
the Cu damascene line is capped with a thin dielectric layer, e.g. Si3N4,
SiC, etc, while the bottom surface and two sidewal k are sealed with a netal
liner, e.g. TIN, Ta, TaN, etc. Although the fast diffusion paths in Cu

i nterconnect, can vary depending on the fabrication process and nmaterials

used, all investigators have reported that the electromgration lifetine of
Cu transport at interfaces, especially the Cu/dielectric interface. Even
t hough, this interface allows fast diffusion, interjecting a thin

conducting |ayer on the surface, of Cu line shows to reduce Cu interface
mass transport and enhances Cu el ectromgration (EM lifetine.

The i nportance of overcom ng the various deficiencies noted above is

evi denced by the extensive technological developnent directed to the

zrlg}sggt andog‘%m%%@t Ig*\}gn ‘{)ﬁgl ca eve ggﬂﬁ\ﬁEﬁtbm@%gfen:he

literature can be gl eanedFmRMISIIAdHUI’BQEMHAMEM\ENTQ

US6777811: - Harada - Sem conductor device and its fabrication nethod -

Sem conduct or devi ce has copper suicide |ayer forned sel ectively on copper

Wi ring above which titaniumnitride filmis deposited inside a hole forned

in silicon oxide and silicon nitride filnms. US6181013- Liu, Chung-Shi Method
tor selective growh of Cu3C c

Background of Invention
1) Field of the Invention
The present invention relates to copper (Cu) and/or Cu alloy
metallization in semiconductor devices. The present invention is applicable to
manufacturing high speed integrated circuits having submicron design features and high

conductivity interconnect structures.

2) Description of the Prior Art

Typically, Cu interconnects are fabricated using damascene processing
methods. In these structures, the top surface of the Cu damascene line is capped with a thin
dielectric layer, e.g. Si3Ny, SiC, etc, while the bottom surface and two sidewalls are sealed
with a metal liner, e.g. TiN, Ta, TaN, etc. Although the fast diffusion paths in Cu
interconnect can vary depending on the fabrication process and materials used, all
investigators have reported that the electromigration lifetime of Cu transport at interfaces,

especially the Cu/dielectric interface. Even though, this interface allows fast diffusion,



or Cu5Si for passivation of damascene copper structures and device

manuf actured thereby-Thin filmelectronic device for use in ultra | arge
scale integrated applications includes a passivation |ayer overlying an
exposed surface of a danascene copper conductor. 1185893752:
- Inventor: Mang, Jimng; Austin, TX - Process for formng a sem conductor
device - Manufacture of a sem conductor device with netal interconnects
United States Patent 6,660,634 INgo, et al. Decenber 9, 2003 - Mt hod of
formng reliable capped copper interconnects, United States
Patent 5,447,887 Filipiak, et at Septenmber 5, 1995 - Method for capping
copper in sem conductor devices. United States Patent
0,074,167 Ahn, el al January 6, 2.004 - Multilevel copper i nterconnect with
doubl e passivation finials silicide |ayer around the Cu intercaonnects.

Uni t ed St dblggeqpagarihinsonducting bryergipihgpurgee of g ling showg\igduge Sugpisdace; o
make meat gidki rﬁh ort and m%@éleét%lgﬁﬁ&m MAhifetime. The

enbodi ment s o e present 1 nvention provides a structure and a net hod of
manuf act uri ng a copper |nterconnect mnth an overlying sputtered netal
silicide which k charagterized as ¢ An exagﬁle enbodj t .
compri ses: formng a dits meprrmetrsp@iegie u GaRi Rl RER el BB e,
form ng arvideheidagnheeitedpentd@ologicabddedpplcdifeted kayersubitarss ng a copper
| ayer at least: filling said interconnect openi gr

documented by the Televant patent and technical liteérature. “The closest and apparently

more relevant technical developments in the patent literature can be gleaned by considering

the following.

US6777811: - Harada - Semiconductor device and its fabrication
method - Semiconductor device has copper silicide layer formed selectively on copper
wiring above which titanium nitride film is deposited inside a hole formed in silicon oxide

and silicon nitride films.

US6181013- Liu, Chung-Shi - Method for selective growth of Cu3Ge
or Cu5Si for passivation of damascene copper structures and device manufactured thereby-
Thin film electronic device for use in ultra large scale integrated applications includes a

passivation layer overlying an exposed surface of a damascene copper conductor.

US5893752: - Inventor: Zhang, Jiming; Austin, TX - Process for
forming a semiconductor device - Manufacture of a semiconductor device with metal

interconnects

United States Patent 6,660,634 Ngo, et al. December 9, 2003 -
Method of forming reliable capped copper interconnects.
United States Patent 5,447,887 Filipiak, etal. September 5, 1995 -

Method for capping copper in semiconductor devices.



pl anari zing said copper layer to forma copper interconnect in said

i nterconnect opening; said copper interconnect has a. top surface below the
top surface of the surrounding dielectric layer; formng netal suicide

| ayer over said copper interconnect using a sputter process; planarizing

said netal suicide layer to forma nmetal silicide cap. In an
aspect:, the netal suicide layer is fornmed using a sputter process at a
tenperature between 20 and 180 degrees C. The above and

bel ow advant ages and fearvres are of representative enbodi nents only, and
are not exhaustive and/or exclusive. They are presented only to assist in
under standi ng the invention. it should be understood that they are not
representative of all the inventions defined by the clains, to be
considered limtations on the invention as defined by the clains, or
limtations on equivalents to the clainms. For instance, sone of these
advant ages may be nutu@%hw<nqegpﬁahl@5vas7lmm{haﬁmtmﬁma@anamm-be

simul taneously present in a single enmb odinent. Simlarly, sonme advantages
are appl i é\élnillé\f@l@oen@ inisgsenrechvith deublapasstiagan - famg 4 gy lnxaprantd §icot her s.
Furthernvrﬁmuagg&aig aspects of the clainmed |nvent|on have not been

di scussed herei wever, no inference should be drawn, regarding those
di scussed herein rel ativedtSatthPaentndd 1 @2%c ussed, heratih sboWwen ptdeess t6 or

pur poses of spac reduci ng repetition. Thus, this summary of features
and advant §“J§ﬁgﬁﬁﬁ not be considered dispositive in deternining
equi val ence. Additional features and advantages of the invention wl|l
becone apparent in the foll ow ng description, fromthe drawi ngs, and from
the clains. Brief Description a the Draw ngs



The features and advantages of a sem conduci or devke at. ording to the
present invention and further details of a process of fabricating such a
sem conductor device in accordance with the present invention will be nore
clearly understood fromthe follow ng description taken in conjunction

wi th the acconmpanying draw ngs in which |ike rethrenee nuneral s designate
simlar or corresponding elenents, regions and portions and in which:
Figures 1 through 5 are cross sectional views for illustrating a nmethod for
manufacturing a sputtered netal silicide |layer an a copper interconnect
according to an exanple enbodi ment of the present invention. Detailed
Description of the Exanple Enbodi nents E. Exanpl e enbodi nent of a suicide

| ayer over a copper interconnect An exanpl e enbodi nent
is shown in figures 1 to 5 for a nmethod of fabrication of a | ow tenperature
sputtered netal suicide |ayer over a copper interconnect. A forma
conductive layer and capping | aysimn f tRe BVELEQGRdUCt OF structure

Referring to figure 1, we forma con ctlve | ayer 14 over a seni conductor
structure 10. The senlEbmdububmmssoﬁ@@pﬁemnammeGQpnwekaasmwsmﬁaneahaV|ng

conductive sul tin ers .t ere The onduct can he
a netal | ay ZtE né%n tm%%ap%oé’ P! {}é""m’ 3’ @Lfﬂsqu iygg &2 eE)ng 13&% SH‘fcéonduct or
substrate\ﬂuﬂhw&ﬁmacﬁhkan@ﬁbM@ﬁﬁr The substrate can be other substrates
used in electronics' manufacturing Next, we forma capping |ayer 16 over

the conductive |ayer 16. "t he capping | ayer can be
conprised dielectric nRhLekiAhS e&BQdﬁH&h@cd%ﬁfs% ably of SIN SiC(0), SigN),
and conbination of Sig()) and SIC(N). B. forminterconnect opening in

dielectric | ayefprrmng a dielectric layer over a semlconductor structure;

forming an interconnect opening in said dielectric layer;

forming a copper layer at least filling said interconnect opening;

planarizing said copper layer to form a copper interconnect in said interconnect
opening; said copper interconnect has a top surface below the
top surface of the surrounding dielectric layer;

forming metal silicide layer over said copper interconnect using a

sputter process;

planarizing said metal silicide layer to form a metal silicide cap.

In an aspect, the metal silicide layer is formed using a sputter process at

a temperature between 20 and 180 degrees C.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For
instance, some of these advantages may be mutually contradictory, in that they cannot be
simultaneously present in a single embodiment. Similarly, some advantages are applicable

to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
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Next, we forma dielectric |layer 20 over the barrier layer 16 and the
conductive | ayer 14. The dielectric |layer 20 can be
conprised of dielectric materials and nore preferably TECS or | ow K

mat eri al; and has a thickness between 2000 and 6000 angstrons and nore
preferably a thickness between 3000 and 5000 Angstroms. C. interconnect
openi ng Then we form an erconnecL openingin the dielectric |ayer 20,, 7

The interconnect opening 22 can have a single or dual danmascene shape.

For exanple, for a dual damascene opening 22, the trench (upper) opening
22A can have an open di nension between 0.0.5 and 0.8 m crons and nore
preferably between 0.1 and 0.6 microns and the via opening (lower) 2213 can
have an open dinension bet ween 0.05 and 0.6 ima and nDre preferably between
0.1 and 0, g forma copper |ayer " ring to figure 2,
we forma 65‘6&?{-‘"1 gyioghay bl peg fissusepckheeip. Heresnage C’Eﬁﬂ‘e‘?ﬁhﬂb‘dé’cz

I'n an exanph@n REQERSSthold @ sGRRRGTerdi @NSAiivead tHSe AQATITRAssBY héBR JiRk idinAG:
steps. A pore seal ant can be fornmed selectively over the dielectric layer
20 in the Huipaserompect andgedicht 2pctitiphellpor disealinamy of Basemwpnil sédnsieany

di el ectri r I

Pol y( p- xylcghg?llhe 0\ %&\Q%L% (ﬁsrpgl; ﬁ(tg[nam,lléfm?rfm SELF! ‘éf ¥, /?(ﬂ J::mg[cg*uéc&d'pldc | aver
20. ddvantdges of the invention will become apparent in the tol!owmg dcsm iption, from the

drawings, and from the claims.



The barrier layer 24 can be conprised of TiNor TiSiN, Ta, TaN or a

conbi nati on of Tai TaN and can have a thickness between 50 and 500 angstrons
and nore preferably I 50 and 200 angstrons, W forma Cu.
seed | ayer over die barrier layer 24, The Cu seed layer is preferably a
RV') Cu layer with a. thickness between 200 and 1000 angstrons and nore
preferably between 300 and 600 angstronmns. Then we can forma
Cu |l ayer 28 by an electroplating process (such as ECM System process by
AMC research 1INC., USA.) over the seed |layer thus at least filling the

i nt erconnect opening. The copper layer 28 can be forned by a
el ectroplating or electroless process and is nost preferably formed by an
el ectropl ating process. E. copper interconnect As shown in
figure 3, we planarize the copper layer 28 to forma copper interconnect 30
in the interconnect opening 22. The planarization process can be a

chem cal nechani cal pd ish (CWP.) or Electrochem cal Mechani ca

Pl atiarization (ECVMP) process. The step of planarizing the
copper |ayer 28 renoves the BogpBesdryion ofvles Drdreingop surface of the
dielectric layer 20 ou Lercopnect. o 22 and re es t he
barrier netal |ayer 24%§%f§Fd€E€ mjac?8f%3ﬂW§@?F%k%ﬁ?ﬂﬁzﬁﬁmﬂW§an

pr ef er abl yprpsshposeltioname furgelk idsthild dﬂex opRebf fableftteRNect sedcdmiudot evel

bel ow t he Qf surface of the dielectric. |ayer outside of the interconnect
openi ng 2% 1R AERENEE HEpHESEPSAt InsgntionnTid bgyere plopil Hidsest o isws thyi shl ng.
Pref er abl YFO“’@W@QQ&SLQQJ‘u'oﬁ bl & ddpl Lﬁﬁﬁ@l?%ﬁtlhczﬁ.c&g u(E 3[19\%1 SR G&ish ﬂ

that has a top l'evel between 100 and 300 ang stro pre era

bet ween 100{cagNge PODCEHYSEICONS Shalww @tneesv@piti@ﬂclelacleth,otglwﬁsmdlpehmﬁ nmcb | ayer
20. F. th? wiyl-1 ci de Iayer by | ow tenperature sputtering process
Referring to figure 4., in a key step, we Formnetal |ayer or netal
silicide |layer 40 over "the copper interconnect using a sputtering process.
Preferably we treat the Cu 30 surface before we formthe netal silicide
layer 40. Preferably., after the Cu CWP, we expose the copper surface to
air to forma Copper OFj dﬁes,hauf%n 1108 af@odsQRCIRMAS AL Rr il 3G adk a hbthbé
preferably to subject t sur%ace to a NH3 or 112 containing plasma
treat nent fpomaguipgunm s%@tﬁwsl nagtel siivide lpy@sfoaraalopperiotetcon2@t siowhgsto an

The netal _ sed of a netal silicide such as W5
(tungstené%ghﬁkggboﬁpﬁéE§EF%Z¥%Qﬁhﬁ%ﬂp%ﬁlckel silicide), CuSi (copper
sui ci de)



and is nost preferably conprised of NiSi or CuSi. The sputter target is an
alloyed netal silicid.e. The netal silicide sputter process is preferably
performed at a tenperature between 20 and 180 C. Tungsten SiLieide An.
exanple netal silicide sputter process is as fbl lows: sputter target
preferably is conprised substantially of a silicon and tungsten with a Si/W
atomc ratio of between 2.7 and 2.9. ( e.g., Si/Watomc ratio of 2.8 +I-
0.1 ). Wiere Si/1Wis the atomc ratio of Si to tungsten. DC power for
sputtering is between 1000 to 3000 W Ar Ras as sputtering gas pressure

| ess than 10 nmtorr, tenperature between 20 and 180 C Sputtering in a PVD
chanber equi pped with beating pedestal set at tenp between about 20 C and
180 C, Depending on the application typically sputtered suicide is for

bl anket deposition then is not need. to bias power to inprove step coverage
of the deposited film The metal. suicide |layer 40 is

preferably conprised obe@ubsDasiriptidnyofehe EkdhpREMPdiIEAGSt €n and
preferably has a Si/Watomc ratio of between 2.7 and 2.9 ( Si/Watomc
ratio of 2.8 +7- 0.1). In other words, Si/Wis the atomc ratio of Si to
t ungst en.

I. Example embodiment of a silicide layer over a copper interconnect

An example embodiment is shown in figures 1 to 5 for a method of

fabrication of a low temperature sputtered metal silicide layer over a copper interconnect.

A. form a conductive layer and capping layer over a semiconductor

structure

Referring to figure 1, we form a conductive layer 14 over a
semiconductor structure 10. The semiconductor structure can comprise a substrate having
conductive and insulating layers there over. The conductive layer 14 can be a metal layer,
such as a copper layer. The substrate can be a semiconductor substrate such as a silicon
wafer. The substrate can be other substrates used in electronics’ manufacturing.

Next, we form a capping layer 16 over the conductive layer 16.

The capping layer can be comprised dielectric materials and more

preferably of SiN, SiC(O), SiC(N), and combination of SiC(O) and SiC(N).

B. form interconnect opening in dielectric layer
Next, we form a dielectric layer 20 over the barrier layer 16 and the
conductive layer 14.
The dielectric layer 20 can be comprised of dielectric materials and
more preferably TEOS or low K material; and has a thickness between 2000 and 6000
angstroms and more preferably a thickness between 3000 and 5000 Angstroms.

C. interconnect opening

Then we form an interconnect opening 22 in the dielectric layer 20.
7



Copper &Hei de Another exanple is a copper suicide (CuSi) sputter process is
as sputter target preferably conprised substantially of a silicon and Cu
with a Si/Cu atomic ratio of between 2.7 and 2.9. ( e.g., Si/Cu atomc
ratio of 2,8 +/- 0.1). Were Si/Cu. is the atomc ratio of Si to tungsten.
DC power for sputtering is between 1000 to 3000 W Ar gas as sputtering
gas o pressure less than 10 tutorr, tenperature between 20 and 180 C
Sputtering in a PM chanber equi pped with heating pedestal set al tenp

bet ween about 20 C and 180 C Dependi ng on the application
typically sputtered suicide is for blanket deposition then is not need to
bi as power to inprove step coverage of the deposited film

The netal suicide layer 40 also is preferably conprised of substantially of
silicon and copper (copper sit:G de) and preferably has a Si/Cu atonm c
ratio of between 22 ankeangroonsict opcranthtd eanrhaye o sigglepr dualdamgscene shage.ot her

words, Si/Ou is the at@Qm.c.habti @ QfusdalQsCH Q’éﬁﬁl Bt al. (SULiE ayer 40
can have a thickness betﬁk%nﬁ%ﬂgrang é%%lgﬁg%% oms.~ hgsﬂb

opening 22A can have an open dimension between 0.05 and 0.8 microns and more

preferably between 0.1 and 0.6 microns and the via opening (lower) 22B can have an open

dimension between 0.05 and 0.6 pm and more preferably between 0.1 and 0.3 pum.

D. form a copper layer

Referring to figure 2, we form a copper layer at least filling the
interconnect opening 22.

In an example process, the copper layer can be formed by the following
steps. A pore scalant can be formed selectively over the dielectric layer 20 in the
interconnect opening 22. The pore sealant is comprised of any dielectric material and

more preferably of SiN, Parylene-N or Poly(p-xylyene).

Next we form a barrier layer 24 over the dielectric layer 20.
The barrier layer 24 can be comprised of TiN or TiSiN, Ta, TaN or a
combination of Ta/TaN and can have a thickness between 50 and 500 angstroms and

more preferably 150 and 200 angstroms.

We form a Cu seed layer over the barrier layer 24. The Cu seed layer is
preferably a PVD Cu layer with a thickness between 200 and 1000 angstroms and more
preferably between 300 and 600 angstroms.

Then we can form a Cu layer 28 by an electroplating process (such as
ECP® System process by AMC research INC., USA) over the seed layer thus at least
filling the interconnect opening.

The copper layer 28 can be formed by a electroplating or electroless

process and is most preferably formed by an electroplating process.



G Optional - annealing the netal suicide layer In an optional step, we can
anneal the netal. suicide |layer 40. H planarizing the netal silicide |ayer
Referring to figure 5, we planarize the netal suicide layer 40 to form
metal sickle cap 41. ([he nmetal silicide cap preferably has a thickness

bet ween 100 and 200 angstrons. Next, we can font a dielectric: capping

| ayer 55 over the netal silieide cap 41 f. cap |ayer

Referring to figure 5, we forma cap | ayer 55 over the netal sUi cide cap 41
and dielectric layer 20. The cap |layer 50 can be conprised of dielectric
materials and nore preferably of SIN, SiC(0), Si(N), and conbi nation of
Sig()) and SiC(N). J. exanpl e enbodi nent- Sputter netal silicide process

In the enbodi nent's process, netal silicide (e.g. CuSi, CoSi, 1\11Si, .tc)

i s deposited o uttering of sintering target at |ower
tenperature pr éﬁ%ﬁgﬂy ﬁéghe C and 180 degrees C. In contrast, it is

comon to form CUS' bYA‘é@l?&fl}d Meﬁgﬁ?éﬁ‘% S ASHE 05gPP Xé&ﬁctb'f&?rﬂakéi%@{ on a

netal |ayer an peril-mal an anneal at between 300 and The reactive
process |gnﬁvxanﬂméﬂuhﬂ@h@rﬂm@mmémmmun&QAMﬁh@mhmsnnmmnmau@&abh@eﬁor

process. f"% aar‘ltlc%L%(EﬁlsﬁE&R/{}ﬂe or E?ec?r 1ga€il§/§e&h%rh al @Pagggfaltlwn g(]]l:qél(/lg’z

lead to v0| Gr mat 1 on e un yin
Thus yi el doreans.si gnificantly decrease. The enbodi nent's IOM/tenperature

sputter netal silicide_cap prégess can_i nprove ylelds by reduci ng
tenperature related defBect® plerlandgizingthe goaper iGutr,28vemaess tag eoppor lkyer

non- i nutingr %Wé@fa@%@ﬁb ORMcHic layer 20 outside of the interconnect opening 22 and
removes the barrier metal layer 24 outside of the interconnect opening 22. We preferably
purposely over polish the copper interconnect 28 to a level below the top surface of the
dielectric layer outside of the interconnect opening 22 to create a depression 32. This over
polishing causes dishing. Preferably we over polish the interconnect 28 to form the
depression 32 that has a top level between 100 and 300 angstroms and more preferably

between 100 and 200 angstroms below the top surface of the dielectric layer 20.

F. Metal Silicide layer by low temperature sputtering process

Referring to figure 4, in a key step, we form metal layer or metal
silicide layer 40 over the copper interconnect using a sputtering process.

Preferably we treat the Cu 30 surface before we form the metal silicide
layer 40. Preferably, after the Cu CMP, we expose the copper surface to air to form a
Copper oxide layer on the top surface of the Cu. It is preferably to subject the Cu surface to
a NH; or H, containing plasma treatment for 5 to 25 seconds and more preferably 10 to 20

seconds.

The metal silicide layer 40 can be comprised of a metal silicide such as
WSi (tungsten silicide), CoSi (cobalt silicide) , NiSi (nickel silicide), CuSi (copper silicide)
and is most preferably comprised of NiSi or CuSi. The sputter target is an alloyed metal
silicide. The metal silicide sputter process is preferably performed at a temperature

between 20 and 180 C.



In the above description numerous specific details are set forth such as
flow rides, pressure settings, thicknesses, etc., in order to provide a
nore thorough understandi ng of the present invention. Those skilled in the
art will realize that power settings, residence tines, gas flowrates are
equi pnent specific and will vary fromone brand of equi pnent to another. It
w Il be obvious, however, to one skilled in the an that the present
invention may be practiced without these details. In other instances, well
known process have not been described in. detail ha order to not
unnecessarily obscure the present invention. TM ess
explicitly stated ot herw se, each nunerical value and range shoul d be
interpreted as being approximate as if the word about or approximately
preceded t he val ue of the val ue or range. G ven the variety
of enbodi ments of the present invention just described, the above
descripti id:1: rati ons show not be taken as limting the scope of

t he preseﬁﬁuﬁﬁggﬁ%Pgﬂgdefined by the clains. Wil e the

i nvention has been par Ahcuhaplkyneti olividezpuitaesercsdbieds @Wlovsr ef erence to t he

preferred enbodi nents thereof, it wll be .unde stoqg by. those skij |l in
Phe art that vari SusPeldHES nbpgiissBPasPErpEhags et st akf hisedeh
departing fromthe sfida tSi/andostOREof Hehgednny.enhd 0. (k. BEW mbeindado t o
cover various nodifications and sim|ar arrangenents and procedures, and

the scope of the apPérded- Bildi Wbctendr¥iving alpye rafiogd AL BPEYE -t he broadest

cinterpretation sg aschLoweNePIRASEnAlslbefUEh 1006 igatwons and sim | ar
arrangements and procedures. Miclained : 1. A method of forming an

i nt erconnect conpei singgs as sputtepapgdasdi ng an i nterconnect dielectric |ayer on

a substrate of a 8en}&g&g%%ta%n§bkﬁgﬁure, the interconnect dielectric |ayer

having a top surface, "providing an jutt opening in the interconnect
dielectric |ayer; of atmprgusiticnvtdneoaniagd Copening Wi th the top surface of

t he cut dielectric layer exposed, the jnterconnect having an
i nterconnect top SurPHEFERG A ér?at“&}k?r §ﬂH1P%€éfeW’61f L‘f*ﬂég ipﬁ‘ﬁeéfagﬁf’ﬁ ﬁg@fnp

dielectricto form apReEeaSH& N 2bREaddN| & €onnect openi ng;
o Depending on the application typically sputtered silicide is for blanket

deposition then is not need to bias power to improve step coverage of the

deposited film.

The metal silicide layer 40 is preferably comprised of substantially of
silicon and tungsten and preferably has a Si/W atomic ratio of between 2.7 and 2.9 (
Si/W atomic ratio of 2.8 +/- 0.1). In other words, Si/W is the atomic ratio of Si to

tungsten.

Copper Silicide
Another example is a copper silicide (CuSi) sputter process is as
follows:
o sputter target preferably comprised substantially of a silicon and Cu with a
Si/Cu atomic ratio of between 2.7 and 2.9. ( e.g., Si/Cu atomic ratio of 2.8
+/- 0.1 ). Where Si/Cu is the atomic ratio of Si to tungsten.
o DC power for sputtering is between 1000 to 3000 W,

10



treating the interconnect top surface, wherein the treating conprises
formng an oxide |ayer on the interconnect top surface in ihe opening; and
Mer treating the interconnect top surface, form ng a bl anket netal
silicide layer on the exposed top surface of the intercomect dielectric
layer and filling the recess using a non-reactive processl Cprocess inproves
interconnect reliability. 2. The nethod of claim1 which further includes
pl anari zing the netal sUicide |layer to expose the top surface of the
dielectric layer and to forma netal silicide cap in the recess. 3. The
met hod of claim1l wherein the | ow tenperature process conprises a sputter
process perfornmed at a tenperature between about 20 and 180 degees C.

The nethod of claim|l further conprises planarizing the nmetal silicide
layer to forma netal silicide cap in the recess, the netal suicide cap has
a thi ckness bet ween Aalgouts sh@0errgigs800 angstrons, and the netal suicide

| ayer is conprised of a mat e iaI1 %%Ire%cted fromthe group consisting of W5,
CoSi, NiSi, and CusP Sia ¢onbi'nati 8h t hereof. The nethod of claim 1

wherei n the diel egt fdngperayRrbecasaariosas 180 Cow k dielectric material. 6.A
met hod of form ng an interconnect conprising: . formng a dielectric

| ayer on a substrat ePuisiEedn éled? Fhaénheéwlpgeé{r‘wgbheé%n%ﬁégeﬁg]eﬂ NIy
dielectric: in which.@neh Bb&io0NGRt 146Cf orned, the dielectric layer is
prepared with an interconnect opening, depositing a conductive

i nt erconnect | ayer ovdpepehdindios|teappiicatioaymricalydpatterb@sibieids isifpr plgnkehe

I nter Conn%%tosﬂpo%Qh%gi’s not needQ{)) {aghlovrs]/ t%)l‘ilrﬁgrisoylg gttef) %t\?er%%("é‘%?rﬂ%' (ﬂ:p?ﬁ!eldﬁllnng
renoves excess conducCtive 1 nterconnéc erial to pose a‘'top surface of
the dielectric |ayer drd measkesSdade lahe 40nileris prefieatly camnpriscdlof tubstantiaiiya

recess in the !'ntcrconnect openi such th a top surface of e
i ntercon né?% F‘ﬁﬁ%ﬁ @ﬂr%p?récweg%ﬂfﬁg) %"gﬁ’r %ftﬁﬁagg’cfgs 8f gf(?}batﬂ‘f‘é’l rage P{ E’etiwﬁ‘ér ;
t][e?th ing 3 sMdBEs] PCutdiemiches soneLty. Nelesth@! whis| St/dh s thaBmhioxtide | ayer
o e

of Sito Cu.

The metal silicide layer 40 can have a thickness between 500 and 800 angstroms.

G. Optional - annealing the metal silicide layer

In an optional step, we can anneal the metal silicide layer 40.

H. planarizing the metal silicide layer

Referring to figure 5, we planarize the metal silicide layer 40 to form a
metal silicide cap 41. The metal silicide cap preferably has a thickness between 100 and

200 angstroms.

Next, we can form a diclectric capping layer 55 over the metal silicide

cap 41.
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i nterconnect material on the top surface of the interconnect material in

t he i nterconnect opening; after treating the surface, fanning a
bl anket netal suicide |ayer on the exposed top surface of the dielectric
layer and filling the recess using a | ow tenperature process with

tenperatures at about 180 degrees C or |ower, wherein avoiding the use of a
hi gh-tenperature chem cal reactive process proves interconnect reliability;

and pl anari zing the netal silieide |ayer to expose the top surface of
the dielectric layer and to forma netal silicide cap in the recess. The
met hod of claim®6 *her the dielectric |ayer conprised of TECS or a

low K material and has a thickness between 2000 and 6000 angstrons; and the
i nt erconnect openi ng conpri ses a dual danmascene opening. 8. The nethod of

claim6 wherein the conductive interconnect |ayer conprises copper (Cu) and
depositing thd SN ve inl:e: rconnct | ayer conprises: formng a

pore seal ant selectiv over trlc I nth nect
openi ng, the pore seaﬁg%ff’rr’ir@ t%@f?rbrrel sé"& & P %’eﬁ?/% ngrtﬁ 8}’&%8'?
ylyene); cap4l aﬁ@ameaglcaaﬁaao i 'Bfe da@)l’zﬁ_,fer 8V €4dn Beh%nﬁiiri%h@@f ﬂietrectrwﬂartenméwe

barrier layer conprised of a material from p consi sting of TiN,
TiSiN Ta a&ﬁ@%wef%ﬁbléOf:%‘%lS#@@)oﬁl(Nhéﬂéﬁ?mh%}W%o it HPLdedSMhet ween
about 150 and 300 angstrons: formng a Cu seed | ayer over the barrier

| ayer, the Cu seed layer is a PIMCu layer with a thickness between about
300 and 600 angstrons: and

J. example embodiment — Sputter metal silicide process

In the embodiment’s process, metal silicide (e.g. CuSi, CoSi, NiS}, etc)
is deposited on Cu by physical sputtering of sintering target at lower temperature
preferably between 20 C and 180 degrees C. In contrast, it is common to form CuSi by
reactive method such as forming a silicon layer on a metal layer an perform an anneal at
between 300 and 450 C. The reactive process is at a much higher temperature which is not
favorable for Cu process. High temperatures such as this can cause via pull out that can
lead to void formation between the via bottom and the underlying metal. Thus yield can
significantly decrease. The embodiment’s low temperature sputter metal silicide cap
process can improve yields by reducing temperature related defects (e..g, via pull out,

voids, etc ).

K. non-limiting example embodiments

In the above description numerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. Those skilled in the art will realize that power
settings, residence times, gas flow rates are equipment specific and will vary from one
brand of equipment to another. It will be obvious, however, to one skilled in the art that
the present invention may be practiced without these details. In other instances, well
known process have not been described in detail in order to not unnecessarily obscure the
present invention.
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form ng the copper |layer by an el ectroplating process over the seed | ayer.
9. The nethod of claim®6 wherein: planarizing conprises chem cal nechani cal
polishing; and the recess is between about 100 and 200 angstrons bel ow t he

top surface of the dielectric |ayer. The nethod of claim6 wherein
the recess is between about 100 and 200 angsnons bel ow the top surface of
the dielectric layer. The nethod of claim6 wherein: form ng an oxide

llayer of the interconnect material conprises exposing the intereonnec
material to air; and treating the surface of the interconnecit a plasm
process. 12. The nmethod of claim6 wherein the netal suicide |layer is
conprised of a material selected filar" the group consisting of Wsi, CoSi,
Ni Si and CuSi, or a conbination thereof. 11.The nethod of claim®6 wherein
said netal suicide |ayer has a .thickness between about
Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate as if the word about or approximately
preceded the value of the value or range.
Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
of the present invention defined by the claims.
While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be

accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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500 and 800 angstrons, The nethod of claim6 wherein the | ow

tenperature process is a sputtering process and conpri ses:

a target

conprised substantially of nmetal and Si with a Si/Metal atomc ratio of

between 2.7 and a DC power for sputtering is between 1000 to 3000W Ar gas
as sputtering gas; pressure less than 10 Sr; and a tenperature between 20
and 180 degrees C. 15.The nethod of claim6 wherein the netal silicide cap
has a thi ckness between about 100 and 200 angstrons. The nethod of claim§6

wher ei n;
What is claimed is:

1. A method of forming an interconnect comprising:

providing an interconnect dielectric layer on a substrate of a semiconductor structure, the

interconnect dielectric layer having a top surface;

providing an interconnect opening in the interconnect dielectric layer;

forming an interconnect in the interconnect opening with the top surface of the

interconnect dielectric layer exposed, the interconnect having an interconnect top surface below

the top surface of the interconnect dielectric layer to form a recess in the interconnect opening;

treating the interconnect top surface, wherein the treating comprises forming an oxide

layer on the interconnect top surface in the opening; and

after treating the interconnect top surface, forming a blanket metal silicide layer on the

exposed top surface of the interconnect dielectric layer and filling the recess using a non-reactive

process, wherein the non-reactive process improves interconnect reliability.

2. The method of claim 1 which further includes planarizing the metal silicide layer to

expose the top surface of the dielectric layer and to form a metal silicide cap in the recess.

3. The method of claim 1 wherein the low temperature process comprises a sputter process

performed at a temperature between about 20 and 180 degrees C.

4. The method of claim 1 further comprises planarizing the metal silicide layer to form a

metal silicide cap in the recess, the metal silicide cap has a thickness between about 100 and 200

angstroms, and the metal silicide layer is comprised of a material selected from the group

consisting of WSi, CoSi, NiSi, and CuSi or a combination thereof.

5. The method of claim 1 wherein the dielectric layer comprises a low k dielectric material.
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the | ow tenperature process conprises a sputter process at a tenperature
bet ween about 20 and 180 degree C, and the netal suicide layer is conprised
substantially of copper silicide. A nethod of form ng an interconnect
conprising: providing a substrate prepared with a dielectric layer in which

an interconnect is forned; torm ng, an interconnect opening in the
dielectric layer, the interconnect opening conprising a dual damascene
opening; form ng a copper layer at least filling the interconnect opening,

wherein the copper layer is formed by an el ectroplating or electroless
process; 6- A petherafiforing ap fricre@pesé FOMEYEE: t 0 expose a top surface of the
dielectric layer and to forma copper-en ect in the interconnect opening,
the copper i nterimmridectirdpiene, asubsiicsiie figleeripByRaaresapatintedeis! and 300
angstrons_bel ow the top surface of the dielectric layer to forma recess in
the i nt erdicsHisdR WBis#f iHtgreoregtit formedathe dictesigle lagsr it peparedppidan i e BShnect

whi ch i ncl ude formng a copper oxide |ayer on the surface of the
copper i MPE*®¥nnect in the interconnect opening, and

depositing a conductive interconnect layer over the dielectric layer and at least filling the
interconnect opening;

polishing the substrate, wherein polishing removes excess conductive interconnect
material to expose a top surface of the dielectric layer and recesses the interconnect material to
form a recess in the interconnect opening such that a top surface of the interconnect material is
below the top surface of the dielectric layer;

treating a surface of the interconnect material by forming an oxide layer of the
interconnect material on the top surface of the interconnect material in the interconnect opening;

after treating the surface, forming a blanket metal silicide layer on the exposed top
surface of the diclectric layer and filling the recess using a low temperature process with
temperatures at about 180 degrees C or lower, wherein avoiding the use of a high-temperature
chemical reactive process improves interconnect reliability; and

planarizing the metal silicide layer to expose the top surface of the dielectric layer and to

form a metal silicide cap in the recess.

7. The method of claim 6 wherein:

the dielectric layer is comprised of TEOS or a low K material and has a thickness
between 2000 and 6000 angstroms; and

the interconnect opening comprises a dual damascene opening.
8. The method of claim 6 wherein the conductive interconnect layer comprises copper (Cu)

and depositing the conductive interconnect layer comprises:
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performng a plasma treatnent on the surface ce of the interconnect;

after treating the surface of the interconnect, formng a netal silicide
| ayer over the coppe tcria Let using a sputter process, Wierein the netal
silicide layer is forned using a sputter process at a tenperature between

about 20 and 180 degree C, the netal suicide layer is conprised of a
material selected fromthe group consisting of Wsi, CoSi, NI Si and CuSi, or
a conbi nation thereof; pl anari zing said nmetal suicide |ayer to expose

the top surface of the dielectric layer and to forma netal suicide cap in
the recess. Iermingyeposeplay sectizelnpyer the dielgririe lpyerif the S1CrPWEFLERSE B0r i ng a
cap | ayer over the netal suicide cap and dielectric |ayer, the cap |ayer is
conpr i sedhororgsealagtdy somprised o eiNe Berylees PHRPIYPSUFESNsi sting of diel ectric
materials SIN,.  SiC(0) and SiC(N.. 19, 'The thod of clai 7 wherein
formng the cdppdtea ey layemysrtisediclectric layer, fhe bafriqhlayer Gesprgs &Il Lfteria

sel ective ver the diel ic.layer in the interconnect ap the pore

seal ant i@%@lﬁﬁﬁopggﬁsﬁngg?ﬁf‘{ ?&‘I&I &rfad kf’r}%r"r p6Y ??-tl%iﬁ?g?fé‘f‘,”gg drming a
barrier |l ayer qver the dielectric |ayer, the barrier |ayer conprised of.

e group ¢ %@e qieﬁvé’elb? Oﬁqﬂsaﬁgoﬁ?gs &% TaN, or a conbination thereof and has
a thickness between about, 150 and,200 an [ONs; . ] . seed

| ayer over t h:f(t)%lé? 2}§urseF%1§?l%err N V?rhglé: bfﬁl ers% %S[flea@uesree? lélyeélslﬁflﬁj@u[; ?gwrltg\;%i th a

t hi cknessthigﬁlte\s/\eb%weglp%%w%gamogggg ﬁgg%({ ons; and form ng said copper |ayer
pSI ating p the

by an el ectro I rocess over seed layer. 20. The nethod of aim

19 wherein t hq'o&{?ﬁlgtthcegdpﬂg le{%%eaﬁ%le&%gpiaﬁﬁé prg&gpcgvjetstihé'&éd layer.

9. The method of claim 6 wherein:
planarizing comprises chemical mechanical polishing; and
the recess is between about 100 and 200 angstroms below the top surface of the dielectric

layer.

10. The method of claim 6 wherein the recess is between about 100 and 200 angstroms below

the top surface of the dielectric layer.

11. The method of claim 6 wherein:

forming an oxide layer of the interconnect material comprises exposing the interconnect
material to air; and

treating the surface of the interconnect material with a plasma process.
12. The method of claim 6 wherein the metal silicide layer is comprised of a material selected

from the group consisting of WSi, CoSi, NiSi and CuSi, or a combination thereof.

13. The method of claim 6 wherein said metal silicide layer has a thickness between about
500 and 800 angstroms.

16



a target conprised substantially of netal and Si with a Si/Watomc ratio
of between 2.7 and 2.9; a DC power for sputtering is between 1000 to 3000W
Ar gas as sputtering gas; and a pressure |less than 10 ntorr. 21. The net hod
of claim 17 whereincide |ayer conprised substantially of copper silicide
and is forned using a sputtering process further conprising: a target

conpri sed substantially of copper and Si with a Si/Cu atomc ratio of
between 2.7 and 2.9; a DC power for sputtering is between 1000 to 3000 W
Ar gas as sputtering gas; and a pressure |less than 10 ' Mom The net hod
of cl ai mi7 Wide alefhod pieclaimibarhersin thelogderpneptugrrogest e SRIEEE MRSEHERh 100 and

200 angstrons.
CoOMmprises:

a target comprised substantially of metal and Si with a Si/Metal atomic ratio of between
2.7 and 2.9;

a DC power for sputtering is between 1000 to 3000 W;

Ar gas as sputtering gas;

a pressure less than 10 mtorr; and

a temperature between 20 and 180 degrees C.
15. The method of claim 6 wherein the metal silicide cap has a thickness between about 100
and 200 angstroms.
16. The method of claim 6 wherein:

the low temperature process comprises a sputter process at a temperature between about
20 and 180 degree C; and

the metal silicide layer is comprised substantially of copper silicide.

17. A method of forming an interconnect comprising:

providing a substrate prepared with a dielectric layer in which an interconnect is formed,;

forming an interconnect opening in the dielectric layer, the interconnect opening
comprising a dual damascene opening;

forming a copper layer at least filling the interconnect opening, wherein

the copper layer is formed by an electroplating or electroless process;

planarizing the copper layer to expose a top surface of the dielectric layer and to form a
copper interconnect in the interconnect opening, the copper interconnect having a top surface
between about 100 and 300 angstroms below the top surface of the dielectric layer to form a
recess in the interconnect opening;

treating a surface of the copper interconnect which include
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23. A nmethod of formng an integrated circuit conprising: providing a
substrate prepared with a dielectric layer in whiinterconnect is forned,
the dielectric layer is prepared with an opening, the dielectric |ayer
havi ng a | opsurface; filling I he opening with a conductive | ayer,
wherein the top surface of the dielectric |layer is exposed and the
conductive | ayer conprises a top surface below the top surface of the
dielectric layer to forma recess in the opening; form ng an
interconnect cap in the recess with the top surface of the dielectric |ayer
exposed, the inter dgRREECoBREpOYIde nYsF pibthe s fapqyolahe fonRer BiFEIOPRKst in the
processwherei n-the non-reactive process inproves interconnect reliability;
and t r dHETPeE RReningpRdur f ace of the conductive |ayer prior to

form ng the interconnect cap, wherein the treating conprises, formng an
oxi de | ayer on the PERYMEgAf @agﬁm?ﬂ%°%6ﬁﬁﬁg??V%mvﬁV@gﬁFﬁ’the openi ng, and

performng a plasna.treatnent on.the top surfhce o:f the cor.iducuve |ayer.
The. et hod of AEPaIeAI S HARGion LAY O STEGR B SUE ot a)

silicide cap..25. The nethod of claim?23 wherein.the conducti.ve |ayer
conpri se Scoe%bﬁléertgonnect using a sputter process, %ereln\{m: me?al sﬂmge layer 1s tormed using &
sputter process at a temperature between about 20 and 180 degree C,
the metal silicide layer is comprised of a material selected from the group
consisting of WSi, CoSi, NiSi and CuSi, or a combination thereof;

planarizing said metal silicide layer to expose the top surface of the dielectric layer and to

form a metal silicide cap in the recess.

18. The method of claim 17 which further includes forming a cap layer over the metal silicide
cap and dielectric layer, the cap layer is comprised of a material selected from the group

consisting of dielectric materials SiN, SiC(O) and SiC(N).

19. The method of claim 17 wherein forming the copper layer comprises:

forming a pore sealant selectively over the dielectric layer in the interconnect opening,
the pore sealant is comprised of SiN, Parylene-N or Poly(p-xylyene);

forming a barrier layer over the dielectric layer, the barrier layer comprised of a material
from the group consisting of TiN, TiSiN, Ta, TaN, or a combination thereof and has a thickness
between about 150 and 200 angstroms;

forming a Cu seed layer over the barrier layer, the Cu seed layer is a PVD Cu layer with a
thickness between about 50 and 500 angstroms; and

forming said copper layer by an electroplating process over the Cu seed layer.

20. The method of claim 19 wherein the sputtering process further comprising:
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The nethod of claim 25 wherein the interconnect cap conprises netal suicide
cap. The nethod of claim23 whereinthe opening conprises: depositing a
conductive |l ayer conprising a conductive material; and pol i shing the
conductive layer to renove excess conductive material to formthe recess in
t he opening and to expose the top surface of the dielectric |layer. 28. The
nmet hod of claim 23 wherein the interconnect cap conprises: sputtering a cap
| ayer on the substrate to cover the exposed top surface of the dielectric

| aver and filling the recess; polishing to renpve excess_materia
fromthe cap l2ay&st C‘Pfépréﬁ‘b%’%%afﬁlh]éy fgpstad Eﬁdfsac‘f"éthéisl hpdorgif BAtig ot PF¥eNayédr and to
formthe interconnect cap in the recess. 29. The nethod of claim 28 wherein
filling t2fe2 8pen|ng conprises: depositing a conductive |layer conprising a

conductive materi al n sh onductive | ayer to renove
excess conduc?ﬁ%ﬁmﬁﬁTgF1&W“F@‘?@?W?Pﬁgﬂﬂ%é&§ in the opening and to expose
the top surface of the dlelectélc | ayer,

Ar gas as sputtering gas; an

a pressure less than 10 mtorr.

21. The method of claim 17 wherein the metal silicide layer comprised substantially of
copper silicide and is formed using a sputtering process further comprising:

a target comprised substantially of copper and Si with a Si/Cu atomic ratio of between
2.7 and 2.9;

a DC power for sputtering is between 1000 to 3000 W;

Ar gas as sputtering gas; and

a pressure less than 10 mtorr.

22. The method of claim 17 wherein the metal silicide cap has a thickness between 100 and

200 angstroms.

23. A method of forming an integrated circuit comprising:

providing a substrate prepared with a dielectric layer in which an interconnect is formed,
the dielectric layer is prepared with an opening, the dielectric layer having a top surface;

filling the opening with a conductive layer, wherein the top surface of the dielectric layer
is exposed and the conductive layer comprises a top surface below the top surface of the dielectric
layer to form a recess in the opening;

forming an interconnect cap in the recess with the top surface of the dielectric layer
exposed, the interconnect cap is formed using a non-reactive process, wherein-the non-reactive

process improves interconnect reliability; and
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treating the top surface of the conductive layer prior to forming the interconnect cap,
wherein the treating comprises,

forming an oxide layer on the top surface of the conductive layer in the opening,

and
performing a plasma treatment on the top surface of the conductive layer.
24, The method of claim 23 wherein the interconnect cap comprises metal silicide cap.
25. The method of claim 23 wherein the conductive layer comprises copper.
26. The method of claim 25 wherein the interconnect cap comprises metal silicide cap.
27. The method of claim 23 wherein filling the opening comprises:

depositing a conductive layer comprising a conductive material; and
polishing the conductive layer to remove excess conductive material to form the recess in

the opening and to expose the top surface of the dielectric layer.

28. The method of claim 23 wherein forming the interconnect cap comprises:

sputtering a cap layer on the substrate to cover the exposed top surface of the dielectric
layer and filling the recess; and

polishing to remove excess material from the cap layer to expose the top surface of the

dielectric layer and to form the interconnect cap in the recess.

29. The method of claim 28 wherein filling the opening comprises:
depositing a conductive layer comprising a conductive material; and
polishing the conductive layer to remove excess conductive material to form the recess in

the opening and to expose the top surface of the dielectric layer.
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