FORMATI ON OF METAL SI LI Cl DE LAYER OVER COPPER

| NTERCONNECT FOR RELI ABI LI TY ENHANCEMENT Backgr ound
of Invention 1) Field of the Invention The present
invention relates to copper (Cu) and/or Cu all oy
metal i zation in sem conductor devices. The present
invention is applicable to manufacturing high speed
integrated circuits having subm cron design features
and high conductivity interconnect structures. 2)
Description of the Prior Art Typically, Cu

i nterconnects are fabricated using damascene
processing nmethods. 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 sidewalls are sealed wth a
netal liner, e.g. TiN, Ta, TaN, etc. Al though the fast
di ffusion paths in Cu interconnect can vary dependi ng
on the fabrication process and materials used, al

i nvestigators have reported that the electronigration

DTN NPT SRR AR B PR SeprBERS donecr

interface all owokaLINBILYPVANHANCEMIENGEL i ng a thin
conducting layer on the surface of Cu line shows to

reduce Cu interface mass transport and enhances Cu
electrom gration (EM lifetinme. The inportance of
overcom ng the various deficiencies noted above is

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. Si3sNa, 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,



evi denced by the extensive technol ogi cal devel opnent

directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest

and apparently nore relevant technical devel opnments

in the patent literature can be gl eaned by considering

the follow ng. US6777811: - Harada - Sem conduct or

device and its fabrication nmethod - Sem conduct or

devi ce has copper silicide |ayer forned selectively on

copper wring above which titaniumnitride filmis

deposited inside a hole fornmed in silicon oxide and
.silicon nitride filnms. US6181013- Liu, Chung-Shi -
migEleRiRE § Bin wefeding ayegppiicudtceaf Sedineshogy®IedyegCu interface

j ' g@g& - \res and device

Hﬁ%ﬁ%?ﬁ%%ﬁ@@éﬁgﬂgre yg@ﬁﬁfﬁgggﬁﬁ$€*ﬁgg%%ﬁ%c device for

use in ultra large scale integrated applications

includes a ..passivation |ayer.overlyin .exposed :

surface of 38%5%%%%@%EHE%8%8W“@6EEH%F’?@e 7g%d above is
evideread By theéR@idve WtiHoRGicaPiSlelopmedPdirecRAAS BRSubjREt, as

fornina&a senj conduct or devi ce - Manufacture of a

decueaSA 4 dicgrlcyay patentgod fiechaical litcralyre r therrhesesisndjappasently
m%teqreﬁ‘ﬁarﬁ A ARk al%e@égprﬁéxgﬁﬁgﬂc %sﬁént glteé%t%gc%%g bledneAR % nsiderin g

et hod of formng re e cappe

the fellvdognect s. United States Patent 5,447,887 Filipiak
, et al. Septenber 5, 1995 - Method for capping copper
i n sem conductor devices. 2

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 nifride films.

US6181013- Lin, Chung-Shi - Method for selective growth of Cu3Ge
or Cu358i 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.



United States Patent 6,674,167 Ahn, et al. January 6,
2004 - Multilevel copper interconnect with double
passivation - fornms a silicide |ayer around the cu
i nterconnects. United States Patent 5,510,295 Cabral,
Jr. , et al. shows a process to nmake netal silicide.
3 Sunmary of the Invention The enbodi nents of the
present invention provides a structure and a nethod
of manufacturing a copper interconnect with an
overlying sputtered netal silicide which is
characterized as follows. An exanple enbodi nent
conprises: formng a dielectric |ayer over a
sem conductor structure; formng an interconnect
openi ng i n gaitch Stheb eGkhd 6,6VRYET ; Ahd 0L NGnda G PE4 -
| ayer at least filling said interconnect opening;

Mpltdevgt ¢onppgintesdognesd W%rdoﬁlblﬁe]ﬁ%ﬂ@tlﬁ@ﬁf@ram@(ﬂﬂﬁé‘ie layer around the

od MlflseaAect in said interconnect opening; said
copper interconnect has a top surface below the top
surface of UhiedStatesBudntng,5d),20%cCatirst, Jraysenl. showsh p@eess to
%gtalmg!.L i de | ayer over said copper interconnect

M RYAS LSt t er process: planarizing said netal
silicide layer to forma netal silicide cap.



In an aspect, the nmetal silicide |layer is fornmed using
a sputter process at a tenperature between 20 and 180
degrees C. The above and bel ow advant ages and features
are of representative enbodinents 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 al
the inventions defined by the clains, to be considered
l[imtations on the invention as defined by the
clains, or limtations on equivalents to the cl ains.
For instance, sone of these advantages may be
mutual Iy contradictory, in that they cannot be

si mul t aneously pres gnﬁgggﬁ§thL%ngPodinent.

Simlarly, sone advantages are applicable to one
aspect of t hee embeditiens of dingrdsagipantabp®vides @kiiestsre and a
r nmor certain aspects of .4 the cl ained

- Furth . Tiei
A TR A o PRE R b T OB TS Pk metplicide

whith & @ReRtesiReIFoll&ns. dr awn regardi ng t hose di scussed
herein relative to those not discussed herein other

than for purposes of space and reducing repetition.

Thus, this ggqgggmggﬁmgﬁ eth%qgg :advantages shoul d
ere [

not be consi spositive i'n déeterm ning
equi wahmgaeeliclédde tayanater heamitoaducandtruadieant ages of

the invention will becone.apparent jn the follow ng
descPTBREH PFOMCEHPErHE A HULE SR 1¥Bm t he cl ai s,
5 Brﬁoaﬁin@as:@glb@u@@ﬂgtqéast heinPsawifesodde: fRaigr es and
advant ages of a semi conductor device according to the
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 diclectric 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
répresentative 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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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 wth the acconpanyi ng draw ngs in which
like reference nunerals designate simlar or
correspondi ng el ements, regions and portions and in
whi ch: Figures 1 through 5 are cross sectional views
for illustrating a nethod for manufacturing a
sputtered netal silicide |ayer on a copper
i nterconnect. according to an exanpl e enbodi nent of
the hairpedgEepRtion fgenrqtdeen Gsmeted heedn. Diayeavipnp orferghcetsheuld be
dﬁ%ﬁﬂpéa?dim%gé ek Sed h%reixﬁ%mls? &l%pé)lgdt ﬁf’\snﬁs QJ hefein other than for
silicide Tayer over a copper in erconnect —An exanpfe
penbsed phpate asl rsthewyg repetitioguTles, thissonfmdrpof fzatieds hod adfantages
fabrication.of a.low.tenperature sputtered t al
s il B BBl S B e FRE WS A hebfepgs and
adv@nEbtof Vie: ihdehEibn 1M bedRRY a@?aﬂeﬁmﬁ&h@%ﬁaswﬁag'description, from the
sem conductor structure Referring to figure 1, we
dpgngs and sy beiclams.ayer 14 over a  seni conduct or
structure 10. The sem conductor structure can conprise
a substrate having conductive and insulating | ayers
there over. The conductive |layer 14 can be a netal
| ayer, such as a copper l|layer. The substrate can be a
sem conduct or substrate such as a silicon wafer. The
substrate can be other substrates used in el ectronics'
manuf act uri ng.



Next, we forma capping |ayer 16 over the conductive

| ayer 16. The capping | ayer can be conprised
dielectric materials and nore preferably of SiN
SIC(O, SiC(N, and conbination of SiC(O and Si C(N).
B. forminterconnect opening in dielectric |ayer Next,
we forma dielectric layer 20 over the barrier |ayer
16 and the conductive |layer 14. The dielectric |ayer
20 can be conprised of dielectric mterials and nore
preferably TECS or Iow K material; and has a thickness
bet ween 2000 and 6000 angstrons and nore preferably a
t hi ckness between 3000 and 5000 Angstrons. C.

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

i nt erconnect opening 22 can have a single or dua
damascene shape. BHefDexapHbe of fierDavdiigd damascene
openi ng 22, _the trench er) opening 22A can have_ an
open di mnsT%%f%B@f?ﬁééﬂ ‘g) %‘g&?n%f peBUANdRGASICiGg affor@ng to the

pe§cf Rlatlon ahetwerPdQaiks (ﬁ‘%q)cheés &a f%r‘?&ﬁng B htaNemYdoRductor
openlng (I ower) 22B can have an open df nension

deyeei a¢roplaps: Witk the peesamtantention &ilh be fieraditarl yomdersend Grot the
fogg\gwg C%or loIPtakEfP [nné%lrlglslgt? \{mﬁ}’her cgfsr{qrea{n&{ﬁ%%{%wgngs i Which like

a copper eas
refan¢ree aomprebstdesipeate sighilAPor corresponding elements, regions and portions and

in which:

Figures 1 through 5 are cross sectional views for illustrating a method
for manufacturing a sputtered metal silicide layer on a copper interconnect according to an

example embodiment of the present invention.



In an exanpl e process, the copper |ayer can be forned
by the following steps. A pore seal ant can be forned
sel ectively over the dielectric layer 20 in the
i nterconnect opening 22. The pore sealant is conprised
of any dielectric material and nore preferably of
Si N, Parylene-N or Poly(p-xylyene). Next we forma
barrier layer 24 over the dielectric layer 20. The
barrier |layer 24 can be conprised of TiNor TiSiN, Ta,
TaN or a conbination of Ta/TaN and can have a
t hi ckness between 50 and 500 angstrons and nore
preferably 150 and 200 angstronms. W forma Cu seed
| ayer over the barrier layer 24. The Cu seed layer is
preferably meRWed @ésdrg}tﬂfn oNthdE 2arhPle PP BnRAEsVeEN 200
and 1000 angstrons and nore preferably between 300
and 600 angstroms. Then we can forma Cu | ayer 28 hy
an el ectroplating process (such as ECP(r) System
process by AMC research INC., USA) over the seed |ayer
thus at least filling the interconnect opening. The
L éspmple ¢rabhedinegt efansilicidé bryreavdry cappércinteropimeiet ng or
el ectroless, process and is nost preferably forned by
an el ect r opP&EEHBPp LHERGEEnGs shovapmfeurgst leddonmmesthofsf

faBHOMn bPa idv@%ﬁ@,@%tur%ﬂe%%étﬁ%ilk% 1P BEE: d ég»\réﬁéé‘ Ci?t%rctof?nect.

forma copper “interconnect 30 Iin the Interc

openin% 22. The planarization process can be a
A. Torm 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(0), SiC(N), and combination of SiC(Q) 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



chem cal - nechani cal polish (CW) or El ectrochem ca

Mechani cal Pl anarization (ECMP) process. The step of

pl anari zi ng the copper |ayer 28 renoves the copper

| ayer over the top surface of the dielectric [ayer 20

outside of the interconnect opening 22 and renoves

the barrier netal |ayer 24 outside of the interconnect

opening 22. W preferably purposely over polish the

copper interconnect 28 to a |evel below the top

surface of the dielectric layer outside of the

i nterconnect opening 22 to create a depression 32.

Thi s over %olishing causes dishing. Preferably we

over pol i shThpatsrenageienaeiag 228at vk esingte dual damascene shape.

depr essi on I £ we 100 a 30

angst o and Tanpie A2 pAbRR S8 BENEED vclirrERfnen
opmget X2dnsmibelom dfee dirnmssunrtfeacenof.03 hel @8 eli@ohd inkl more

I I . F. t Silicide | ayer by |owt erature
pisfof e tivgti0 DaaCh o Trbrons et bV ortian Doue T RE gap Bgve an open
disdeBflon WBWEAT TUSBEPH.6 LAY 8ld Bbre PRl BlablyBelvleh 88 1r@¥ey A0

over the copper interconnect using a sputtering

process. Preferably we treat the Cu 30 surface before

we fBr #PFMa ¢aARar layer ci de | ayer 40. Preferably,

after the Cgﬁ , mg_expose %he copper. surface to air

to forma ‘gﬁwg‘l% IBXIEHE 4 AFetorgf wopReriysT atpssh Bllingthe
intdi€onBbot opénihS2pr ef erably to subject the Cu surface to

a NH3 or H2 containing plasma treatnent for 5 to 25

seconds andimay&applefrepedss, yhel@pper 12@r caelpo futsied Phighe following

h Ll . ' i
S8 3 el W0 RIS TR PR Bl Pl
infexapabdt opering22i€)he, pohk Salapniscleprisddl df ahéiklecEd Paterial and
mgr%oﬁ’gf%{abﬁ/l l:l)fJ S‘l:ll\l,dl?e?rylene-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 ¢lectroplating 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.



and is nost preferably conprised of NiSi or CuSi. The
sputter target is an alloyed netal silicide. The
nmetal silicide sputter process is preferably perforned
at a tenperature between 20 and 180 C. 9 Tungsten
Silicide An exanple netal silicide sputter process is
as follows: o sputter target preferably is conprised
substantially of a silicon and tungsten wth a Si/W
atomc ratio of between 2.7 and 2.9. (e.g., SI/W
atomc ratio of 2.8 +/- 0.1 ). \Were Si/Wis the
atomc ratio of Si to tungsten. o DC power for
sputtering i s between 1000 to 3000 W o Ar gas as
sput FefPRRerfaersoPEsEure | ess than 10 ntorr. o

tenperature ,between 20 and 180 C.o utterjng j PVD
chanber equl SRt M REHGaT Y HaE G Rar o s3gt 4 Jorm s copper
ib@totmest 380 te i2@rconadttlodddtheQ2. orHePeAddten Prockf&an be a
applicatjon typically sputtered silicide is for
Cfmnﬁfﬂl-é%echﬁgﬁégﬂeﬁhdf?%éﬁ Blectigghemigad Mechanical §lapatigation GECMP)
dogpgove step coverage of the deposited film The

metal silicide layer 40 is preferably conprised of

subst ant i al The oifp oEplhnazmgthd coppegkyear? Sanuoprsehecappbniayer

oye‘f‘%hee\opg Isér acgtoﬂﬂe%ierlea}:‘iriicola%r Z%eotu\{\ggenof%hgin?e?gon%éc% 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 NHj 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.



Si/Watomc ratio of 2.8 +/- 0.1). In other words,
Si/Wis the atomc ratio of Si to tungsten. Copper
Silicide Another exanple is a copper silicide (CuSi)
sputter process is as follows: o sputter target
preferably conprised substantially of a silicon and Cu
with a Si/Cu atomc ratio of between 2.7 and 2.9.
(e.g., Si/Cu atomc ratio of 2.8 +/- 0.1 ). Were
Si/Cuis the atomc ratio of Si to tungsten. o DC
power for sputtering is between 1000 to 3000 W 10 o
Ar gas as sputtering gas o pressure |ess than 10
norr. o tenperature between 20 and 180 C o Sputtering
in a PVD chanber equi pped with heating pedestal set at
ThfsRen SGigen about 20 C and 180 C, Depending on the
application typically sputtered silicide is for

bl anket deposixtinple mdt@silicglersputtareectessas bs Adlopewer to

I mprove ste over a the deposited film ﬁ‘ighe

motal S | POR Ry R D ol gL WSty U asfpe st tnesien
of subst awith aldisw afonsit Hitie@T RAGHOPPARD L OOPHE! Si/W atomic ratio
silicide) and ly has a Si/Cu atonic ratio of

bet ween ~&# %be{z}e r@‘%?‘&ﬁ FiOM imthg picanie gtiofSH teptuggsign.
0.1). I 9ERBHeRE Sutterths Sibelwwech NBoR2H0B wat i 0
o Ar gas as sputtering gas
o pressure less than 10 mtorr.
o temperature between 20 and 180 C
o Sputtering in a PVD chamber equipped with heating pedestal set at temp
between about 20 C and 180 C,
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 (
SY'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



of Si to Cu. The netal silicide |layer 40 can have a

t hi ckness between 500 and 800 angstrons. G Optiona
- annealing the netal silicide layer In an optiona
step, we can anneal the netal silicide |ayer 40. H
planarizing the netal silicide |ayer Referring to
figure 5, we planarize the netal silicide |layer 40 to
forma netal silicide cap 41. The netal silicide cap
preferably has a thickness between 100 and 200
angstroms. Next, we can forma dielectric capping

| ayer 55 over the netal silicide cap 41. 11 1. cap

| ayer Referring to figure 5, we forma cap |ayer 55
over t he Awegaabs spufteanglgas cap 41 and dielectric |ayer

20. The cap | ayer .50 ﬁaq be conprised of dielectric

mat eri 81 PG HOMERIPEH 8 ably of SIN, SiC(O), Si(N),

and cosbitaapdrarctet@da(X@anando 8 C(N). J. exanpl e

enbodi nent - Sputter netal silicide process In the

enbodi RentPU¥eriedaadsyD reanater sauipradasth keaging pxsisptal sehagjtemp
N Si, et@khmkﬁaﬂ&RQ%kiﬁﬁi?ﬂ)éu by physical sputtering

of sintering target at |ower tenperature preferably

bet ween 20 Bepanding80 thiegnpbiesfiod. typivalyoptitasd silicitle isfor blanket

PRI isaf Mg bisg b5 B ShisTarep &g ottt s deppsiied fim.

anneal at The metal silicide layer 40 also is preferably comprised of substantially
of silicon and copper (copper silicide) and preferably has a Si/Cu atomic ratio of between
2.7and 2.9 ( Si/Cu atomic ratio of 2.8 +/- 0.1). In other words, Si/Cu is the atomic ratio
of Si to 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 dielectric capping layer 55 over the metal silicide

cap 41.
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bet ween 300 and 450 C. The reactive process is at a
much hi gher tenperature which is not favorable for Cu
process. High tenperatures such as this can cause via
pul |l out that can I|ead to void formati on between the
via bottomand the underlying netal. Thus yield can
significantly decrease. The enbodinent's | ow
tenperature sputter netal silicide cap process can

i mprove yields by reducing tenperature rel ated defects
(e..qg, via pull out, voids, etc ). K non-limting
exanpl e enbodi nents In the above descripti on nunerous
specific details are set forth such as flow rates,
pressﬁ?@’%%¥1ings thicknesses etc., in order to

P R0, P, VAR SR B BB e

capq\mhd dBRictricngyer 20 EBAARP q@ek BB bedRSnphis@Vbfr affeﬁ:s,tr@ rn@atenals
prent specific and wll vary fromone brand

ar@c{mrﬁ ﬁf;rﬁ%ral?lés OB ABY: RE(O) B1(N. Japd B@n@ﬁ@ﬁlw SiRENeapd |SIC(1N)
one skilled in the art that the present invention may
be practiced without these details. In other

i nstances, well known process have not been descri bed
in detail in order to not unnecessarily obscure the

presg ”éxé:ﬂ%%“é)ﬁ%uu%én}’”'s‘iﬁftfewua 's}l el ‘é%i’?éﬁ%ﬁﬁ d be

ot herw’se, “each nuneri cal ue an

i nter pret edage Qﬁb&ﬁm@%&%b&@trﬁe@%ﬂiaﬁ é(@% RSidCaRoMES], ete)
or approxinmately preceded t he val ue e val ue or

is degngdied @ Gehy phsiczhsiugteyng6! antbiony mqrt 8t lowert theppri@sent
pljeﬂ:}[a%w ll;e?\peén%tc 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 seftings, 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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descri bed, the above description and illustrations

show not be taken as limting the scope of the

present invention defined by the clains. Wiile the

i nvention has been particularly shown and descri bed

with reference to the preferred enbodi nents thereof,

it wll be understood by those skilled in the art

that various changes in formand details nay be nade

wi t hout departing fromthe spirit and scope of the

invention. It is intended to cover various

nodi fications and simlar arrangenents and

procedures, _and the scope of the appended clai ns

theref ore sHalspeEAplicitl é{égié‘-‘rdd%@r‘tvﬁé’ dg¢ibaiaeical value and range
ﬂbHMQkP@gﬁﬁ%ﬁgggﬁggﬁ&ﬁ#&uﬁﬁggrrangeﬁgnﬁﬁﬁgﬁaEmpnmnmndy
prpgedeéthgrvebie of SheWabie or sangkai ned is: 1. A net hod of

fabrication r tal silicide |ayer. over a

copper int e(r}&gﬂﬁ% ‘Fme Jer?B’rbo gt tofqgleéir‘ésﬁgtlgf}%’/en“o“l““
depéribetidihg gb@edieﬁlr%ﬁbﬁ bid fl@yedtiofY Slowenct 88 T&ENEHIEhRIng the scope

structure provj i nt erconnect opening in said

Odh%P@%¥¢FWmﬂ5Vékﬁn wﬁﬁﬁﬁn% copper interconnect in
sai d intercomnnegle 199&1@'09 a5 bedh %‘hxrﬁgulgﬁ§ Q{OW?H Andcae?c?igred with

| ayer over said copper Interconnect using a s
refsrance dxsthe prefefted qméxoldmbrm‘ thetdeaf, mwlll\bh undterftood hsefhose skilled in
Lneludes. plaparizi
th%; %I‘rf Itr%agvanr‘l:) ugr: @gr:s 1@%% dqu 8 may e made thou%/ gepartmg from the
spirit and scope of the invention. It is 1ntended 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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3. The method of claim1l wherein the netal silicide

| ayer is fornmed using a sputter process at a
tenperature between 20 and 180 degrees C. 4. The

met hod of claim| which further includes planarizing
said metal silicide layer to forma netal silicide
cap; said netal silicide cap has a thickness between
100 and 200 angstrons; said netal silicide layer is
conprised of a material selected fromthe group
consisting of. Wsi, CoSi, N Si, and CuSi. 5. The

met hod of claim | which further includes planarizing
said nmetal silicide layer to forma netal silicide
cap; said netal silicide cap has a thickness between
100 and 200 angstrons; said netal silicide |ayer is
conprised of CuSi. 14 6. A nethod of fabrication of a
Vépuistedaimed iset al silici de cap over a copper

i nterconnect; conprising the steps of: formng a
dielectric | ayer over a sem conductor structure;
form ng an interconnect opening in said dielectric

1] ay erethodod Fatkingion of app@terddaietl alicill€Rsér dvel 4 EdppesSidicteonnect,
i nt erconnect openi ng; renoving said copper |ayer over

t ﬁ(gnlzﬁsg}getg? PR fayer to forma copper interconnect in
said int ; 1. ' [ n e
nas o B R SARER R S SRR PR Yibviding an
sur r oundi ng 1dietdoaidct preningyia saidfdealertmglapet providihg ci abeper

ayer over SHlloRRRPRlwldhEISARATShentihN 2 SPUTLET

forming metal silicide layer over said copper interconnect using a sputter

process.

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

form a metal silicide cap.

3. The method of claim 1 wherein the metal silicide layer is formed using a sputter process

al a temperature between 20 and 180 degrees C.

4. The method of claim 1 which further includes planarizing said metal silicide layer to
form a metal silicide cap; said metal silicide cap has a thickness between 100 and 200
angstroms; said metal silicide layer is comprised of a material selected from the group

consisting of: WS, CoSi, NiSi, and CuSi.

5. The method of claim I which further includes planarizing said metal silicide layer to
form a metal silicide cap; said metal silicide cap has a thickness between 100 and 200

angstroms; said metal silicide layer is comprised of CuSi.
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planarizing said netal silicide |layer to forma netal
silicide cap. 7. The nethod of claim®6 wherein said
dielectric layer is conprised of TECS or a | ow K
material and has a thickness between 2000 and 6000
angstrons; said interconnect opening has a dua
damascene shape. 8. The nethod of claim®6 wherein the
step of form ng the copper |ayer conprises: formng a
pore seal ant selectively over the dielectric layer in
the interconnect opening; the pore sealant is
conprised of SiN, Parylene-N or Polyp-xylyene);
formng a barrier layer over the dielectric |ayer;
6s & thethad of &bricaticarof agputrredsetabdilicderedparviend cdppemnntdi@nnect;
group. consisting. of TiNor TiSiN Ta, and TaN and has
“FWB@EW@@%NBEﬁ en 150 and 300 angstrons; forning a
Cu seed FatRig PURlecHRIIL P AVES £leniBHRNstof BRIl Seed
layer is a PVD Cu layer with a thickness between 300
and 600 #iE4ig Bnglerdonpedt ppeeg i seiphdectiialpger; by an

The. mot nad e e aRar BBerlTiest BRe ST e By o bl e

copper | aympvicgspd cegsr laybanadrithd diglestaic thyeoperm h aygier
to renove said copper |ayer over the.top surface of
said dielect F‘@“F%@ Sa&fﬁ@%ﬁ%‘“&‘ﬁ OPHRNg; rﬁa@t‘é’aﬂ?{éeﬁemomeﬂt has

openi ng and 4 OPBYEacd bBRK the fop Bt fate daNElurrodilifE dR1eRfric layer;
the i nterconnect openin and pl anari zing the copper

i nt er conf¥ENg el wéwle?éy@éwvééﬁdJsemoeaﬁmerme@tng@gracmtter
bel ow t he tqﬂoéggface of said dielectric |ayer outside

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

7. The method of claim 6 wherein said dielectric layer is comprised of TEOS or a low K
material and has a thickness between 2000 and 6000 angstroms; said interconnect

opening has a dual damascene shape.

8. The method of claim 6 wherein the step of 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; said barrier layer
comprised of a material from the group consisting of TiN or TiSiN, Ta,
and TaN and has a thickness between 150 and 300 angstroms;

forming a Cu seed layer over said barrier layer; the Cu seed layer is a PVD
Cu layer with a thickness between 300 and 600 angstroms;

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

15



the interconnect opening. 10. The nmethod of claimé®6
wherein the top surface of said copper interconnect is
bel ow the top surface of said dielectric |ayer a

di stance between about 100 and 200 angstroms. 11. The
met hod of claim6 wherein the netal silicide |ayer is
formed using a sputter process at a tenperature

bet ween 20 and 180 degrees C. 12. The nethod of claim
6 wherein said netal silicide layer is conprised of a
material selected fromthe group consisting of: W5,
CoSi, N Si, and CuSi. 13. The nethod of claim®6
wherein said netal silicide |ayer has a thickness

9 ptevied hodoflaigfuwBoeindhgsien orsmotiag tpeppestifyse comprises
clal I ili.Cl I .S form using. .
hBAT, BB b STl LG 5 UL o d B AR Wi
sdibkt@iotlayal bytsidé ofréit ddteramitheSi opaniBiz /ahve tahov@tadiaitiber hidtal dayer

o RS Samo S TRl AR o v

Ph&@SaH B0l BER00 BT trbBs BLIBH/ the 10p shEHREITALM G RSEVBSE Ride of
and 180 degrees C. 15. The nethod of claim6 wherein

sHicdntpspricCsonendigde cap has a thi ckness between 100
and 200 angstrons. 16

10. The method of claim 6 wherein the top surface of said copper interconnect is below the

top surface of said dielectric layer a distance between about 100 and 200 angstroms.

11. The method of claim 6 wherein the metal silicide layer is formed using a sputter

process at a temperature between 20 and 180 degrees C.

12. The method of claim 6 wherein said metal silicide layer is comprised of a material

selected from the group consisting of: WSi, CoSi, NiSi, and CuSi.

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

and 800 angstroms.

14. The method of claim 6 wherein the metal silicide layer is form using a sputtering
process comprises:
a target comprised substantially of metal and Si 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.;

a temperature between 20 and 180 degrees C.

15. The method of claim 6 wherein said metal silicide cap has a thickness between 100 and

200 angstroms.
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16. The nmethod of claim6 wherein the netal silicide

| ayer is fornmed using a sputter process at a
tenperature between 20 and 180 degree C, said netal
silicide layer is conprised substantially of copper
silicide. 17. A method of fabrication of a sputtered
nmetal silicide |ayer over a copper interconnect;
conprising the steps of: form ng a conductive | ayer
over a sem conductor structure; formng a capping

| ayer over said conductive layer; formng a dielectric
| ayer over said capping |ayer and said conductive

ayer: faqrmn n i nt erconnect. opening in said
I%i Sheineitod 0?]5198? g T et sHisiecdlayes SRl g ssputter
Obi3kest PR EBRANSOBRR eed BT MHdNB0YERP @Lﬁi rsaid%%ﬁl AlcideQRRE is

filling said interconnect opening; (1) said copper

| eppenrispd substanieadlytnyf cappeskidicideopl ati ng or el ectrol ess
process; planarizing said copper layer to forma
copper interconnect in said interconnect opening;
sai d copper interconnect has a top surface between
about 100 and 300 angstrons bel ow the top surface of
the surrounding dielectric layer; form ng a netal
silicide layer over said copper interconnect using a

I'BPUthehod P fas@&Son bf A spudercdBhcil sBicdeah e ol @¥eloppdt interconnect;
formed using a sputter process at a
comprising the steps of
forming a conductive layer over a semiconductor structure;
forming a capping layer over said conductive layer;
forming a dielectric layer over said capping layer and said conductive layer;
forming an interconnect opening in said dielectric layer; said interconnect

opening has a dual damascene shape.

forming a copper layer at least filling said interconnect opening;

(1) said copper layer is formed by an electroplating or electroless

process;

planarizing said copper layer to form a copper interconnect in said
interconnect opening; said copper interconnect has a top surface
between about 100 and 300 angstroms below the top surface of the

surrounding dielectric layer;

forming a metal silicide layer over said copper interconnect using a sputter

Process;

(1) the metal silicide layer is formed using a sputter process at a

temperature between 20 and 180 degree C;
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tenperature between 20 and 180 degree C 17 (2) said
metal silicide layer is conprised of a materi al
selected fromthe group consisting of. Wsi, CoSi,

Ni Si, and CuSi; planarizing said netal silicide |ayer
to forma netal silicide cap. 18. The nmethod of claim
17 which further includes formng a cap | ayer over the
netal silicide cap and dielectric layer; the cap

| ayer is conprised of a material selected from the
group consisting of: dielectric materials, SiN

SIC(O, SIC(N). 19. The nethod of claim 17 wherein The

step of formgyng, the c er |layer conpri.ses

por e seala4?3§%?%%?}§g$§e &t FWBWE?BPgGPF#%“J Fé¥hPm¢he
t he i nt er conngedupaPasistivg; of: tWISH, peSENsEadRNtuIiS
conprised of Si N, Parylene-N or Poly(p-xylyene);

f or mi ng plabaiaingsaid mytel sibside laydrdo direl emtial glitidy exp;

said barrier layer conprised of a material fromthe
group consisting of TiN, TiSiN, Ta, or TaN, and has a
t hi ckness between 150 and 200 angstrons; formng a Cu
seed | ayer over said barrier layer; the Cu seed |ayer
is a PVD Cu layer wth a thickness between 50 and 500
angstronms; form ng said copper |ayer by an

1€ 86 WeaRIdal tRdn BT QIEFSANS ind/d
The nmethod of claim17 V\%(grrl%(?ﬁde? htgl%nrr@?glqaﬂé iiﬂdlxrig{:(i"Vé:g@Pe metal
| sljdtle gap and dinkastrislpyry; Shospondaser iswgmppisedodggnaterial selected from

Rl P ithe F T ORI SERRSERY 7 Bma”

2.9; a DC power for sputtering is between 1000 to

19. The method of claim 17 wherein The step of 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; said barrier layer comprised of a
material from the group consisting of TiN, TiSiN, Ta, or TaN; and
has a thickness between 150 and 200 angstroms;

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

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

20. The method of claim 17 wherein the metal silicide layer is formed using a sputtering
process comprising: a target comprised substantially of metal and Si with a S/W
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.;

a temperature between 20 and 180 degrees C.
18



3000 W Ar gas as sputtering gas; a pressure |less than
10 ntorr.; a tenperature between 20 and 180 degrees C.
18 21. The nethod of claim 17 wherein the netal
silicide layer conprised substantially of copper
silicide and is forned using a sputtering process
conprising: a target conprised 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; a pressure |less than
10 ntorr.; a tenperature between 20 and 180 degrees C
The nmethod of claim17 wherein said netal silicide
2 éiﬁle mgthod ofglaup dd sdhersin iemetabslicigagyarpompriget substantially of
copper silicide and is formed using a sputtering process 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;
a pressure less than 10 mtorr.;

a temperature between 20 and 180 degrees C.

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

and 200 angstroms.
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