Entire encapsul ation of Cu interconnects using
self-aligned CuSiN film Background of Invention 1)
Field of the Invention This invention rel ates
generally to fabrication of sem conductor devices and
nore particularly to the formation of barrier |ayer
for interconnects and nore particularly for formation
of a copper and silicon and nitrogen contai ning
barrier layer. 2) Description of the Prior Art Copper
metallization is increasingly being used for advanced
sem conduct or device integrated circuit fabrication
i ncl udi ng sem conduct or features having sub-quarter
mcron |inew dths and hi gh aspect ratios to |arger
features such as bondi ng pads. Copper and its alloys
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material is deposited to f||| an anlsotroplcally

et ched openlng, to form for exanple a copper
Deseriptian the PHOaA'Hanascene structure. Copper

el ectro-chemcal plating (ECP) is a

Copper metallization is increasingly being used for advanced semiconductor device
integrated circuit fabrication including semiconductor features having sub-quarter micron
linewidths and high aspect ratios to larger features such as bonding pads. Copper and its
alloys have lower resistivity and better electromigration resistance compared to other metals
such as, for example, aluminum. These characteristics are critical for achieving device
reliability together with higher current densities and increased signal propagation speed.
While several processing difficulties related to forming copper semiconductor features have
been overcome, several problems remain, especially in the areas of current leakage between
copper interconnects and the increased tendency of copper to electro-migrate through low-k

porous dielectric insulating layers.

In forming a copper semiconductor feature, typically a relatively pure (undoped)
copper material is deposited to fill an anisotropically etched opening, to form, for example a
copper damascene or dual damascene structure. Copper electro-chemical plating (ECP) is a

preferable method for depositing copper to achieve superior step coverage of sub-micron




preferable nethod for depositing copper to achieve

superior step coverage of sub-mcron | etched

features. The deposited copper layer is then

pl anari zed to renove excess copper overlying the

feature | evel by chem cal nechanical polishing (CWP).

One problem affecting copper netallization is the

tendency of copper to easily form oxides of copper,

for exanple CuO or Cu®2, upon exposure to oxidizing

environments including hum d environnents. According

to prior art processes, follow ng the copper CWP
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interconnect current leakage have not been adequately solved for several reasons. For
example, porous silicon oxide based low-K dielectric insulating layers having an
interconnecting porous structure have exhibited reduced adhesion to overlying layers, for
example etch stop layers, and have increased the tendency of integrated circuit damascene
features, such as copper interconnects, to exhibit increased current leakage and electro-
migration of copper ions. For example, a phenomenon known as time dependent dielectric
breakdown {(TDDB) is believed to result from charge accumulation due to slow current
leakage over time along micro-cracks in the low-K dielectric insulating layers and along
cracks developed along poorly adhering material interfaces. As low-K materials become even
more porous in an effort to achieve lower the dielectric constants, they have coincidentally
become increasing mechanically weak, frequently resulting in micro-cracking and poor

adhesion at material interfaces thereby increasing both current leakage and Cu

clectromigration. As a result, electrical performance and device reliability of semiconductor h



features, such as copper interconnects, to exhibit
i ncreased current | eakage and el ectro- mgration of
copper ions. For exanple, a phenonmenon known as tine
dependent dielectric breakdown (TDDB) is believed to
result from charge accunul ati on due to slow current
| eakage over tinme along mcro-cracks in the | owK
dielectric insulating |ayers and al ong cracks
devel oped al ong poorly adhering material interfaces.
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US20050158999A 1: Multi-step plasma treatment method to improve CU interconnect
electrical performance - Plasma treating exposed copper surface and dielectric insulating
layer for forming copper damascene structures, involves first plasma treatment with reduction
gas and nitriding gas, and second plasma treatment with oxidizing gas- Inventor: Lin, Keng-
Chu; Ping

US20050194683A1: Bonding structure and fabrication thereof -
Inventor: Yu, Chen-Hua; - appears to show copper nitride protection layer on copper

interconnect,

US20040115933A1: Jung - Methods of manufacturing a semiconductor device -
Manufacture of semiconductor device, e.g. logic device, by filling contact hole with copper
layer, planarizing, removing copper oxide layer, depositing copper barrier layer and upper

insulating layer, and forming upper contact hole.



US20050158999A L Multi-step plasma treatnent nmethod to

i nprove CU interconnect electrical performance -

Pl asna treati ng exposed copper surface and dielectric

insulating layer for form ng copper damascene

structures, involves first plasma treatnent with

reduction gas and nitriding gas, and second plasm

treatment with oxidizing gas- Inventor: Lin, Keng-

Chu; Ping US200501 94683Al : Bondi ng structure and

fabrication thereof Inventor: Yu, Chen-Hua; - appears

to show copper nitride protection |ayer on copper

i nterconnect. US20040 1 1 5933Al: Jung - Methods of

manuf act uring a sem conductor device - Mnufacture of
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I hgle .3 UE%%Q§0214043A1: Sem conduct or device -
Vel ARG devi ce conpri ses i nterconnect  havi ng

second conductor film e.g. titaniumsilicon nitride,

bei ng formed by chem cal vapor deposition_or atomc ,
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profQge g Pk g SO R BBl Al Conduct i ng
InvaeheNj®fn, Tue; Fremont, CA, United

LS. Gosset, V. Amal, S. Chhun, N. Casanova, M. Mellier, J.Ph. Reynard, X.
Federspiel, J-F Guilaumond, L. Arnaud, J. Torres, sildes title. Integration and
Characterization of a self aligned barrier to Cu diffusion based on copper silicide, apparently

Advance metallization conferences (AMC) 2003.



pronoter | ayer over conducting diffusion barrier |ayer
I nventor: Nguyen, Tue; Frenont, CA, United LS. Cosset,
V. Arnal, S. Chhun, N Casanova, M Mellier, J.Ph
Reynard, X. Federspiel, J-F GQuilaunond, L. Arnaud, J.
Torres, sildes title. Integration and
Characterization of a self aligned barrier to Cu

di ffusi on based on copper silicide, apparently
Advance netal lization conferences (AMC) 2003. 4
Sunmary of the Invention The exanpl e enbodi nents of
the present invention provides a structure and a

nmet hod of nmanufacturing a interconnect structure with
a barrier layer conprised of CuSiN which is
characterized as foPPERTY ARtheLBNEIEOe 1 0di nent

CONRE k388p18 cABbNARNQTof HRII LS iRvdBEEA 'Fﬁfvide@x 8frudt @ afdl a method
i nterconnect conprising the steps of: providing an

of niant@plgting e ottcroprischgruciirawdl e baeier lage copwriselaCuBiN which is
r, structure; formng a barrier |ayer

_seni.can
Chm@gﬁ%?ﬁégg&%$VCuSiN over the sidewalls and bottom of

said interconnect opening; formng an interconnect

over sai arrier layer. In an option a cap |ayer.
Aw&wpl%@gwg*m%swﬁml b g1 A gamivha bR e interconnect
comPRGhB@le &paep! € enbodi ment conprises a device

structure conprising: an interconnect opening in a
di grecding en Indgrernngetarpering énd diokedwic tlayrer stargstmrcenductor structure;

o forming a barrier layer comprised of CuSiN over the sidewalls and bottom of said
interconnect opening;
¢ forming an interconnect over said barrier layer.

In an option, a cap layer comprised of CuSiN is formed over the interconnect.

Another example embodiment comprises a device structure comptrising:
e an interconnect opening in a dielectric layer over a semiconductor structure;
e a barrier layer comprised of CuSiN over the sidewalls and bottom of said interconnect
opening;
e an interconnect over said barrier layer.

In an option, a cap layer comprised of CuSiN is over the interconnect.

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.
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a barrier layer conprised of CuSi N over the sidewalls
and bottom of said interconnect opening; an
i nt erconnect over said barrier layer. In an option, a
cap layer conprised of CuSiNis over the interconnect.
The above and bel ow advant ages and features are of
representative enbodi nents 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
Simiiamg isclae edahiagtd At hepikadn td e aspace of tho nvastice bhdedpiicable to
the clainms, or. limta ionP.on.e ui valents to the .
othegy. EPHACIMEH oFHER SREES OKBEAPRCY HELEOR doUnt U feS Hirpstsd horein.
HowBbH ab e ottt shadi Gk @k divn teBartiP@lihdsh @ceRbNRr iR clative to those not
si mul taneously present in a single enbodinent. 5 _
disc@isail hereinyothes Hie fodwapesey elsspareaangd ppriticiwiyeretitign obus, this summary
a ct .of 1he |nv L Q I} i.cabl ; .
o 185REE L Tk VBN s 3R R LEREh i SR EE Bl
Addiurel frafurd@ad adliartyssedhdmr aition witibaenes gppaeeni inftes llowing
shoul d be drawn regardi ng, those di scussed herein
desqriptighyi i thg divgags, %’6‘% goﬁ‘?"é%gg’é‘@d herein other than for
pur poses of space and reducing repetition. Thus, this
summary of features and advantages shoul d not be
consi dered di spositive in determ ning equival ence.
Addi ti onal features and advantages of the invention
W || becone apparent in the follow ng description,
fromthe drawi ngs, and fromthe clainms. 6 Brief
Descri ption of the Draw ngs




The features and advantages of a sem conductor device

according 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 with the

acconmpanyi ng drawi ngs in which Iike reference

nunmeral s designate simlar or corresponding el enents,

regions and portions and in which: Figures 1 through

4 are cross sectional views for illustrating a nethod

for manufacturing an interconnect according to an

exanpl e enbodi rent of the present invention. 7

Det ai | ed Description of the Exanple Enbodi nents In an

exenpl ary enbodi M D@ Tgné Driviass 1- 4, are

shown cross sectional views of a portion of a

mul ti-1 evel sem conductor device at stages in an

' NEEL GANNES tnd W&ﬁftaﬂg%’é bf é g@rgceﬂ{dﬁ&gisécwﬁ% acPdrAN %Q@th@fy; esent
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provi de n I nt erconnect ening 24 in a di Iect
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des@@ﬁb&&ﬁ@ijﬁt&ﬁj uBSHOHGH I BiclacdonfRANyiAL ORMISS iR wiiddSte@tRrence
devices (e.g., FETs) forned within and thereon.
nummés @aiggatfs aindlag ghodseesponslang depritc faions 3hd peiaipes anghjg pvhich:
as a silicon wafer or a SO substrate. The dielectric
| ayer 20 can be a interlevel dielectric (ILD) |ayer or
inter metal dielectric (IMD) |layer. The dielectric
| ayer 20 can have a thickness between 3000

Figures 1 through 4 are cross sectional views for illustrating a method for

manufacturing an interconnect according to an example embodiment of the present invention.




and 6000 angstrons. The dielectric |ayer can be
conprised of a low K dielectric such as Si COH The
i nt erconnect openi ng 24 can expose a conductive
structure, such as a |lower |evel interconnect or
contact. The interconnect opening can have ot her
shapes, such as a dual danascene shape. 8 B. forma
first copper |ayer over the sidewalls and bottom of
the interconnect opening and over the dielectric

| ayer and sem conductor structure We forma first
copper |ayer 26 over the sidewalls and bottom of the
i nt erconnect opening 24 and over the dielectric |ayer

20 and sem.con or .structuyre,11. The.c er. | ayer
is preferad? ”géﬁgﬁfvgﬁ?@°tﬁﬁ§PP§5ﬁeg?*@@ﬁﬁ%ﬁ? The
first copper |layer can have a thickness between 20 and

200 angstrons and nore preferably |ess than 50
angstrons. The first Cu |l ayer 26 can be forned using a

el RELT QQF ];i]f}éy glglboﬁ}ngnt, ArePhO &S F ll(?&’ gr @,ddfre Q‘l%g?l%l’&ésggction&l VIews

process. eposition process Is preferably
of a peitibo ofie chudti-ldvelsetrempduaditayicc hbstogre mn abioterc@Bed namdfacturing
100 C. with preferably at near roomtenperature The
PrOcEHi ckness of the first Cu layer is preferably
determ ned by the thickness of the subsequently
f orred pudriel ayiaterdonnBeebpeabigyin 4 Hieléctristiageppeer a
| ayer 26 has tqg be thick enough to provide Cu for the

f or mat i SRTYFOR el §ICiUfer . Also, in a preferred
enﬁ%gérrrlrr?gntto figure 1, we provide an interconnect opening 24 in a dielectric layer 20

over a semiconductor structure 11.

The semiconductor structure 11 can comprise a substrate with devices (e.g., FETs)
formed within and thereon. The substrate can be a semiconductor substrate, such as a silicon
wafer or a SOI substrate. The dielectric layer 20 can be a interlevel dielectric (ILD) layer or
inter metal dielectric (IMD ) layer. The dielectric layer 20 can have a thickness between 3000
and 6000 angstroms. The dielectric layer can be comprised of a low K dielectric such as

SiCOH.

The interconnect opening 24 can expose a conductive structure, such as a lower level
interconnect or contact. The interconnect opening can have other shapes, such as a dual

damascene shape.




all of the copper layer is consuned in the formation
of the CuSiN layer. C. formng a CuSiN | ayer over the
sidewal | s and bottom of the interconnect opening by
reacting with the first copper layer W forma CuSi N
(copper silicon nitride) (barrier) layer 30 over the
sidewal I s and bottom of the interconnect opening 24 by
reacting with the first copper |ayer 26. The barrier

| ayer 30 is preferably consists essentially of CuSiN
(copper silicon nitride). The CuSiN |layer 30 is
preferably formed by at least a two step process
cofr i séarnof first epppenlayay opeo thes sidewad/ssird betfom of the

"t ntotprindtd ggohily B 4P el APelBeB R Bupf S CCo

in a si keavtordudtor stragtges such as SiH4, 3M5
(TriMethyl Silane) or 4M5 (Tetra Methyl Silane) and a
ni Weolpen adositcappirig/eya ove tlnhsidevdlkiand Ghibusoldke frdermenngct

opeript v i 4Gt Sl B SR af SRARIRE T hgsgpper taver

is proRely 26keandly2opBicaITbf &Ppkr.ti me bet ween about 5 and
30 s; a N2 | ow bet ween about 0 and 16000 scc

t efpefiEst GoRDCr Hiefecan & VicehickBessbenren 3R andy @&St&mS angl more
Indgﬁﬁzﬁﬁ%ﬂu&%ﬂgﬁ akout between 3 and 6 torr. Sone
pos

e al ter ate Si containing gases to SiH4 are 3M5
or ThNSrstAEu yardslcep bexl-tommdalsmg’tgclpdtla)gmﬁtlrggt é,l}D or other layered

| ses: lasma .tre nt_f.ol
aen SR iR F SrposTifa R o BEREEn PebOtE T s iy
betwef Bhoud 2 B ICase b e st ikndferabiy i nbe rv&e fenglegitire 5 and 30
s; RF power between about 500 and 700 W a tenperature
The thickness of the first Cu layer is preferably determined by the thickness of the
subsequently formed CuSiN layer 30. Preferably, the first copper layer 26 has to be thick
enough to provide Cu for the formation of the CuSiN layer. Also, in a preferred embodiment

all of the copper layer is consumed in the formation of the CuSiN layer.

C. forming a CuSiN layer over the sidewalls and bottom of the

interconnect opening by reacting with the first copper layer

We form a CuSiN (copper silicon nitride) (barrier) layer 30 over the sidewalls and
bottom of the interconnect opening 24 by reacting with the first copper layer 26. The barrier

layer 30 is preferably consists essentially of CuSiN {copper silicon nitride).

The CuSiN layer 30 is preferably formed by at least a two step process comprised of a

1) soaking process in a silicon containing gas and 2) a N-containing plasma treatment .




range between about 200 and 350 C, pressure range

bet ween about 3 and 6 tor r; a N2 flow between about
150 and 1600 seem |In a preferred enbodi nent, the
whol e Cu layer 26 is reacted and converted into CuSi N
as barrier layer 30. This allows for a thinner CuSi N
barrier layer that lowers the resistance of the
barrier layer and increases the gapfill capability on
the small trenches. The CuSi N barrier |ayer can be
conprised of Cu between 20 and 60 atomc % Si

bet ween 25 and 45 atomc % and N between 5 and 20

at dmihe Atst AN, wepreberforeda saking patdeenin actlicaboottaihg g,as such as

sitf ST/ oORY S0 T &Merhd T, i rthsg oBhiling ges

sucH R0 € TRBESHK foMReNtIpPeReliRdd laRg. to figure 3, we form
an interconnect 40 over .the CuSiN |layer 30 filling the

i nﬁé’r%éﬁﬁ@@?albb@ﬁ‘?sﬁ@OInwsl Pt BHEAMERCEEN be
a SllIQLIP g&qre&t aﬂo&toﬂfjé‘rﬁi 5\0%0&‘?“ §Hkatllme 5&%@0@%099% aHEl’t_%O s;a N,

netal s an oys, Cu,
ﬂowdmﬂe«:bn@bpum agd pet)Owtcerh; dgperalure rAgge mu'dccall dbgyts QQ_(Dand 350 C; and

reo fera bly.the, interconnect 40 can be consi st
aﬁ"%ﬁ@%ﬁ?%ﬁﬁg o@ﬁ%gﬁ%é %?“%e conprised of copper

al lseie possit o R hate SPRPEIinih haks SIeG tarb 3V dpewfs. f ound
to have good adhesion with CuSi N barrier layer. It is

possi bl e to have the interconnect conprised of a

COE\ L{&tahﬁﬁﬁ: NEJO% 3119“; plg@ﬁé‘éteﬁ&liﬂéﬁ15&:@%Nﬁ??1a§ﬁ§ 't1§£t?fféhpfc¥lowmg
esli on I nt'er connect onprlse
the %iblp psa:rakcwnh bé\I Hoflmedbddyeen about 150 and 1600 scem; a plasma treatment
time between about 5 and 30 s; RF power between about 500 and 700 W; a temperature
range between about 200 and 350 C; pressure range between about 3 and 6 torr ; a Ny flow
between about 150 and 1600 sccm.

in a preferred embodiment, the whole Cu layer 26 is reacted and converted into

CuSiN as barrier fayer 30. This allows for a thinner CuSiN barrier layer that lowers the

resistance of the barrier layer and increases the gapfill capability on the small trenches.

The CuSiN barrier layer can be comprised of Cu between 20 and 60 atomic % , S1
between 25 and 45 atomic % and N between 5 and 20 atomic %. With preferred combination

of about 55 atomic % Cu, 30atomic % Si and 15 atomic % N

D. form an interconnect over the CuSiN layer filling the interconnect
opening
Referring to figure 3, we form an interconnect 40 over the CuSiN layer 30 filling the

interconnect opening.

The interconnect can be comprised of a conductive material, such as but not limited to -

metals and metal alloys, Cu, Cu alloys. doped Cu, Cu doped with Ag, Al, Ag, and alloys
10




(1) formng a Cu seed |ayer over the CuSiN | ayer 30;

(2) formng a copper |ayer by a ECP process filling

the interconnect opening; 3) planarizing the copper

| ayer using a chem cal nechanical planarization

process to formthe copper interconnect 40. Note

that, preferably there is only the CuSiN barrier |ayer

bet ween the interconnect and the dielectric |ayer.

Al so, note that preferably no Ta or Ta/ TaN barrier

| ayer is formed. E. formng a CuSiN cap on the top

surface of the copper interconnect Referring to
therboty Preferdblyvie mémcdnoeeh4® c@u Bi Mm&pc%@itmﬁypﬁeogp@ml be comprised

of c%%;geg gﬁoe}b g; %‘%’Eﬁle d&g{}elambqlpotgﬁ%c g\?\bec e %ou&qgo g%ve ﬁ_.goo%aﬁ‘il&f:glon with
CuﬁNd)aNlTB laye-Qfis B¥RIAN ® HahetCuReMonapt @afpried bo4 adudive metal or
n- cont ai ni ng process described above used to form

mﬂﬁhﬁmwﬂﬁﬁhﬁﬂmﬂﬁ prygghesoevitySRiNcap 40 can have a
t hi ckness in the range between 20 and 200 angstrons.
The CuSi N cap 40 and the barrier |layer 30 can
encapsitdramecd He compesalar cefrter 88 bd forired iFeat ur es Sone

non-limting.fea es of s .exanplLe enbodi nents are
dodtH Bt e o B R B S B Fenc - - i N

bar(a} R)Emin@)é%p;&ﬂ 1880 bR aEE Pprv@Eyfilling the idicfdouset opaayres

between Cu interconnect 36 and the ILD | ayer 20 that

wi 1) Pheprizinpthe eRRSE laykk Upias pshynicd. meshagigy pemarization process to

form the copper interconnect 40,
Note that, preferably there is only the CuSiN barrier layer between the interconnect

and the dielectric layer. Also, note that preferably no Ta or Ta/TaN barrier layer is formed.

E. forming a CuSiN cap on the top surface of the copper

interconnect

Referring to figure 4, we can form a CuSiN cap 40 on the top surface of the copper

interconnect 40.
The CuSiN cap 40 can be formed by a plasma process comprising SiHs and NHj.
For example the CuSiN cap can be formed by the n-containing process described above used

to form the barrier layer 30.

The CuSiN cap 40 can have a thickness in the range between 20 and 200 angstroms.

The CuSiN cap 40 and the barrier layer 30 can encapsulate the interconnect 36.

11




resi stance reduction, the enbodinent's CuSi N | ayer can
i nprove the adhesion, |lower cost, sinplicity of the
process, uniformformation of CuSi N, suppression of Cu
and 0, and lower k effective value. The enbodi nents
CuSi N barrier layer 30 has been found to increase the
Rs is only about 1% as conpared to Cu. As
enbodi ment's CuSi N barrier layer 30 is a self aligned
process, the adhesion towards Cu is strong. For the
Cu barrier properties, the CuSiN 30 performance is
simlar with dielectric having nitride incorporation
calsi ngFeatureshave superi or perfornance. Al so,
elimnation of TaN Ta barrier |ayer process add
t oﬁaﬁ@@onmnn&&gmr@fofﬁwmg cxgoptle enboddments @ie depiibesl bplow. The
I I | ;ﬁ@g@g
examgic embogl—urfené1 { du%&\l bg%lﬁe_[f fal yer U ﬁ%la}lébigrgrp eﬂgﬁ (c)! : men?lger between
Cu 16&&&@@!1@1‘3 36 bed etlbpdaak 20 iext piles@mto jedvenhd risiasce. On top of
xpl ai ned with reference t Lprnatlon of, an_exe

res%wséffdumrbﬁ%ﬁw&m% B Gt IVeT @R Py s oxferbost,
simpl[BPOR iHel [ﬁ‘&ﬁ:@sr uMifém fokmWidd 0%81@%5@%3@1&% (?Lh&'ﬂd G) hﬁd lower k

proCess may be equally as well used in ornlng
effedua'»l vatignd$e embodigrenisct whidshagserhsier 3bastligrre kan éfhdlm case the R

is or\%llﬁ}/ a&%%/rg%%g%dstﬁeg as bonding pads and w de

is particularly advantageously
us eds enbédieeitoy QEgiNdRmds [oeppers dsttdigentpibeat, uhesdhesion
uch as vias. a [ it

nch |lines | i ti the neth
towqids by %t@&réatheaé\*/ biifisggnets: e Pt PG St wit
dicl@HidBaRASEHide SNk FhRIrC Gl hE it kMBI R NGr béY&frﬁm&ﬁWliﬂ)g
an |nterconnect|n%t porous Structure and having a
e

clindiasiog of 1t/ Tadagicmtyen roasssadd fawardbloper guspol this| agaligagon.

e SN B TR o

understood to include copper, essentially copper and
al 1@ys tnwerkafting example embodiments

Although the method of the present invention is explained with reference to formation
of an exemplary copper interconnect structure (feature) such as a trench line or via, it will be
appreciated that the process may be equally as well used in forming copper dual damascene
structures as well as thicker and wider structures such as bonding pads and wide trenches. The
method is particularly advantageously used in the formation of copper damascene features
such as vias and trench lines In addition, the method is particularly advantageously used
with silicon oxide based low-K dielectric insulating layers having an interconnecting porous
structure and having a dielectric constant of less than about 3.0 including less than about 2.5,
for example from about 2.2 to about 3.0. Further, the term "copper” will be understood to

include copper, essentially copper and alloys thereof.

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
12




In the above description nunerous specific details are
set forth such as flowrates, pressure settings,
t hi cknesses, etc., in order to provide a nore thorough
under standi ng of the 12 present invention. Those
skilled in the art will realize that power settings,
residence tines, gas flow rates are equi pnent
specific and will vary from one brand of equiprment to
another. It will be obvious, however, to one skilled
in the art that the present invention may be
practiced w thout these details. In other instances,
pres@lihvdarionnTirsocletisd makearn 01111 k‘mﬁm thdgserek b@dngsnredieibxa;ieltimes
i.n order to not unﬁé&essarl ogscure thg Prese h
gas {lovy 6HET ¥R SapPREnt sprralis fslyvilh Grelogiape Rrapg Af pRiRIpgTdganother.
It wH' e‘%fbv%\é’rhd'&%'vagtot(h@ skilBWid @ik iaRFhat eV HRsdnd ﬁw%ﬁt'idrﬂh%y &
odinents of the present invention just describ
practuh@i allone thegedatailsptin ocnimatansasugel ovormoghvhnvror! bren
des B, s R M S5 RB P b RS EREA YERLARD v o
rateP@if e il k&rslcade<$ hpwndandusiigstae iflbedatst h ref erence to the
preferred enbodi nents thereof, it wll be understood
by those skilled in the art that various changes in
forgn.ange qgﬂi@f{ bﬁelﬁﬁ%uﬁ&ltﬂﬁﬂﬁc Wk R Wy e AERATEH dRELr @ Mhe above
t he splrlt and scope of Invention. I't is intended
desaription wed ipsirdtionsshepdidt be g:tkp@ aslimiagdhagepeg of the present invention
defi (B9q% nts and procedures, and the scope of the
&n % ms therefore should be accorded the
br oxkigsthe mvfeht(ﬂj‘nﬂfaebaetri @intidarBsshb en amd:dtmpﬂlsai with referedue to the
nodi fi cati ons and S|n]Iarr%rrang%nqpts

pre Eg,r%@amdélgemiglemof it will be understoo 0se sk1ﬁed 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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What is clained is: 1. A nethod of form ng a barrier

| ayer for an interconnect conprising the steps of: a)

provi ding an interconnect opening in a dielectric

| ayer over a sem conductor structure; b) formng a

barrier |ayer conprised of CuSi N over the sidewalls

and bottom of said interconnect opening; c) formng

an interconnect over said barrier layer. 2. The

met hod of claim1 which further conprises: formng a

CuSi N cap |l ayer over said interconnect. 3. The nethod

of claim1 which further conprises: the interconnect

formed by: (1) forming a Cu seed | ayer over said

barrier layer; (2) formng a copper |layer by a ECP

process filling said interconnect opening; (3)

pl anari zing said copper |ayer using a chem ca

nmechani cal pl anarization process to formsaid

i nterconnect. 4. The nethod of claiml wherein said

arri.er .layer is formed by process conprising: 1
“ﬁmggéw?ﬁﬁdﬁ%ocess in a silicon containigg gas gnd 2; a
. Anedrtdaifférignph Barier lhyedbmmnihterdnnd eompishoothebtepd @i :m

1 wherein sajd barrier layer.is faqrged, rocess .
Comne T €1 g A a3 eSS PN a8 Al i el R o Cggqductor
fl ow betwegp,.ahout 50 and 250 seem 14

b) forming a barrier layer comprised of CuSiN over the sidewalls and bottom of

said interconnect opening;

¢) forming an interconnect over said barrier layer.

2. The method of claim 1 which further comprises:

forming a CuSiN cap layer over said interconnect.
3. The method of claim | which further comprises:

the inferconnect formed by: (1) forming a Cu seed layer over said barrier layer; (2)
forming a copper layer by a ECP process filling said interconnect opening; (3) planarizing
said copper layer using a chemical mechanical planarization process to form said

interconnect.
4, The method of ¢laim 1 wherein said bartier layer is formed by process comprising:
1) soaking process in a silicon containing gas and
2} a N-containing plasma treatment.

5. The method of claim 1 wherein said barrier layer is formed by process comprising:

1)a SiH4 soak process comprising: a SiHs flow between about 50 and 250 scem;

14




Soak time between about 5 and 30 s; a N2 flow between
about 0 and 16000 seem at a tenperature in the range
of between about 200 and 350 C, and a pressure range
about between 3 and 6 tar ; and 2) a NH3 plasma
treatnment conprising a NH3 flow between about 150 and
1600 seem; a plasma treatnent tine between about 5
and 30 s; RF power between about 500 and 700 W a
tenperature range between about 200 and 350 C

pressure range between about 3 and 6 torr ; a N2 flow
bet ween about 150 and 1600 seem 6. The nethod of
Sohlatime betntven ebout t handiddrs; b &b ﬂoay@twwrwbstt g amb é@@ﬂismm,}@t a

| D t he
Phgreiieahaforali TR Ry cHP P TE b B Gl B
helveaR & ﬁ@@ﬁomnaad% Si bet ween 25 and 45 atom c % and
N bet ween 5 and atomc % he net hod of ¢

vahéNéis n Piag@a TIﬁF‘@W&leS‘%§ I‘é%nﬂows agfsen @bpdr? a?d 5600 scem
a%%%ﬂﬁrtre%{nllé?ﬁ' timebeteeHELRRH 50hd (30 mmgpoave%awea{ 316(@/ €500 and

an | nterconnect conpri si ng t he st eps of
7;‘39 Wu aliemgeanire mngq: bowaeciboopeiilragd BA0 &'; piceduertangebetween about

| ayer over, conduct or .. St ure; b) formng a
3U§¥$ﬂ@? 93?3} ﬁ%??%%@ut 5%i%§ﬁ#@&%?ﬁthe si dewal | s
and botton1of sa|d i nterconnect opening; said barrier

is formed by process conprising: 1) %#in )
6. Tb@ @?@@@é of ﬁlaansl,uvrhe&%whec%&l%lnr% ORI eéﬁf‘dl“.?‘iy CusiN.
N-containing plasma treatnent; c) formng an

i nterconnect conprised of copper over said barrier
7. Thayethod of claim | wherein the barrier layer consists essentially of CuSiN with Cu

between 20 and 60 atomic % , Si between 25 and 45 atomic % and N between 5 and 20
atornic %o.

8. The method of claim 1 wherein the interconnect is comprised of copper or a copper alloy.

9. A method of forming a barrier layer for an interconnect comprising the steps of :
a) providing an interconnect opening in a dielectric layer over a semiconductor
structure;
b) forming a barrier layer comprised of CuSiN over the sidewalls and bottom of
said interconnect opening;
said barrier layer is formed by process comprising: |} soaking process in a silicon
containing gas and 2) a N-containing plasma treatment,
¢) forming an interconnect comprised of copper over said barrier layer;

d) forming a CuSiN cap layer over said interconnect.

10. The method of claim 9 wherein said barrier layer is formed by process comprising:

15




1

d) formng a CuSiN cap | ayer over said interconnect.
10. The nmethod of claim9 wherein said barrier |ayer
is formed by process conprising: 15 1) a Si H4 soak
process conprising: a SiH4 flow between about 50 and
250 seem Soak tine between about 5 and 30 s; a N2
fl ow between about 0 and 16000 seem tenperature
range between about 200 and 350 C, and a pressure
range about between 3 and 6 torr ; and 2) a NH3
pl asma treatnment conprising a NH3 fl ow between about
150 and 1600 seem; a plasnma treatnment tine between
dboftiH5 seakdhia@sscommmispune Sitbe flaeehetwbautb&0O G 0and 257 gom;
b u

s Qe IRRLALNE £ 4 DEuoRR ARalS 400 991 g Gy,
theporsen rafjeetvida sbod ABOHdSEaN:; adda pﬂébﬂlrmhgmbouf between 3
claim?9 erein the barrier layer consists essentially
e OIS Mhith Cu between 20 and 60 atonic %, Si
DL WEEN g%@n@ﬂgatﬁén%cﬂmrﬁm%amz Nokebures ébélHCiSO &84 1600 scem ;
atom c . devi ce structure conprising: a)
apﬁwmadrqagn@htlmntbémnn@@mt opadidfg: iRT povdir bbtaeer flwut 500 and

r._aver S ) -
R PPl B BILEPRENGH Bou TNRL ST i RlestB B APy Bveen abou
Jodnd daotrt; @mg(ﬁow iseﬂwdcri erinbetr ¢ﬁhm&bt600rsecni1 ng; c) form ng

an i nterconnect over .said barrier
I. The metﬁog 0{] claelm 9 wherein ﬁlwdbarr?el layer COHXIStS essentially of CuSiN with

Cu between 20 and 60 atomic % , Si between 25 and 45 atomic % and N between 5 and

20 atomic %.

12. A device structure comprising:

a) providing an interconnect opening in a dielectric layer over a semiconductor
structure;

b) forming a barrier layer comprised of CuSiN over the sidewalls and bottom of
said interconnect opening;

¢) forming an interconnect over said barrier layer.

13. The device structure of claim 12 which further comprises:

a CuSiN cap layer over said interconnect.

14. The device structure of claim 12 wherein the barrier layer consists essentially of CuSiN.
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13. The device structure of claim 12 which further
conprises: a CuSiN cap | ayer over said interconnect.
14. The device structure of claim 12 wherein the
barrier |layer consists essentially of CuSIN. 16 15.
The device structure of claim 12 wherein the barrier
| ayer consists essentially of of CuSINwth Cu
bet ween 20 and 60 atomic % Si between 25 and 45
atomc %and N between 5 and 20 atomic % 16. The
device structure of claim 12 which further conprises:
said interconnect is conprised of copper; a CuSi N cap
15. Thydaviwwstnctsaiad clamm d 2 oderae the batist baer jossists gysentigdhyepf of

SRR Ch PR P P BB Ky 8%

matvaidh G %l andioibet ween 5 and 20 atomic % 17. The
devi ce structure. of Cl@@{i%lz whi ch h further

16. Ehpiiseluctiig of clapde therCompgatst i sed of copper .
17 said interconnect is comprised of copper;
a CuSiN cap layer over said interconnect;
the barrier layer and the CuSiN cap layer are comprised of CuSiN with Cu between

20 and 60 atomic % , Si between 25 and 45 atomic % and N between 5 and 20 atomic %.

17. The device structure of claim 12 which h further comprises: said interconnect is

comprised of copper.
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