Entire encapsulation of Cu interconnects using self-aligned CuSiN film
Background of Invention 1) Field of the Invention This invention relates
generally to fabrication of semiconductor devices and more particularly to the
formation of barrier layer for interconnects and more particularly for

formation of a copper and silicon and nitrogen containing barrier layer. 2)
Description of the Prior Art 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
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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 intBAKSEeRRd M dIXeNHeRased tendency of

1) @pREsfAR BalEugrate through low-k porous dielectric insulating layers. In

forming a copper semiconductor feature, typically a relatively pure (undoped)
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2) Description of the Prior Art

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 method for depositing copper to achieve superior step coverage of
sub-micron 1 etched features. The deposited copper layer is then planarized
to remove excess copper overlying the feature level by chemical mechanical
polishing (CMP). One problem affecting copper metallization is the tendency
of copper to easily form oxides of copper, for example CuO or Cu02, upon
exposure to oxidizing environments including humid environments.
According to prior art processes, following the copper CMP process the
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controlled environments to prevent copper oxidation. The formation of copper
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reduces adhesion of overlying deposited layers. To form the next level of the
device, a metal nitride layer which functions as an etching stop layer in
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. copper following a CMP process. The overlying etching stop layer is also
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inc@xiste baselddowakrdinleeiricinaidatingctayRia hamng@reditescRIMBSIGNG overlying
oo e bl e o e e
an 6tteuiiedaspasgena formation of metal interconnect features such as vias or dual
damascenes in overlying dielectric insulating layers, is typically deposited over the exposed
copper following a CMP process. The overlying etching stop layer is also intended to act to
prevent further copper oxidation and to reduce electro-migration of copper.

The dual goals of preventing copper electro-migration and preventing cross-
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

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



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
devieBsiantmphemidaye coincidentally become increasing mechanically weak,
frequently resulting in micro-cracking and poor adhesion at material
interfaces thereby increasing both current leakage and Cu electromigration.
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devices.is compromised. Thus, there is a continuing need for novel
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reduce copper oxidation, improve adhesiaon of overlying layers, andto . .
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conemntielectric constants. The importance of overcoming the various

deficiencies noted above is evidenced by the extensive technological

development directed to the subject, as documented by the relevant patent

and reehnigal lileratirevdibentingest antbapaarrithcmonettalavant icehnieated by

developments in the patent literature can be gleaned by considering the
thefsﬁ techno ogicaq development directed to Tthe su%?ect),/ as documen?em)y the

relevant patent and technical literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering the following.

US20050158999A1: 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.



US20050158999A1: 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
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forming upper contact hole, 3 US20030214043A1: Semiconductor device -
deposHirtb AGHBICdaVRE S BRI s interconnect having second conductor film,
Inve@otit8Rityn, Jilicid:nitride, being formed by chemical vapor deposition or

atomic layer deposition Inventor: Saitoh, Toshio; US20030073301A1:

Multilayered diffusion barrier structure for improving adhesion property -
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underlayer and deposited conducting layer by forming poorly electrical conducting adhesion-
promoter layer over conducting diffusion barrier layer

Inventor: Nguyen, Tue; Fremont, CA, United

LS. Gosset, V. Arnal, 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.



promoter layer over conducting diffusion barrier layer Inventor: Nguyen, Tue;
Fremont, CA, United LS. Gosset, V. Arnal, 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. 4 Summary of the Invention The example
embodiments of the present invention provides a structure and a method of
manufacturing a interconnect structure with a barrier layer comprised of
CuSiN which is characterized as follows. An example embodiment
comprises a method of formHgPBEYRErthe Br¥eRtUSnterconnect comprising

the steps:afmpRy eMidnGraBIsrernNpestARaniNG I proialREticHaYRIrOWaH A method
semiconductor structure; forming a barrier layer comprised of CuSiN over

of FRnLfAEHHENE AN BEARRRCHP LU I RRE S FRFR RGO MBHAPRRUSIN Which is

chdrtexsoraest fovemsaid barrier layer. In an option, a cap layer comprised of
CuSiN is formed over the interconnect. Another example embodiment

comprises a device structure comprising: an interconnect opening in a
Adieleghiitclay®oanasa sempeRBs b eHRIIUTESSing a barrier layer for an interconnect

comprising the steps of :
e providing an interconnect opening in a dielectric layer over a semiconductor structure;
e forming a barrier layer comprised of CuSiN over the sidewalls and bottom of said
interconnect opening;
e 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 comprising:
® 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;
® 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 comprised of CuSiN over the sidewalls and bottom of said
interconnect opening; an interconnect over said barrier layer. In an option, a
cap layer comprised of CuSIiN 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
Sidimifafieemendosiayentinpsirained bidhselaioTsheinliBRtOAEPMapplicable to
equivalents to the claims. For instance, some of these advantages ma

{ ) ges may be .
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HoSiegle, adhaeisnessHodiniadlimsoroe. /M mage diskesarPHeAML EmAne to those not
aspect of the invention, and inapplicable to others. Furthermore, certain,
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those nat discussed herein other than for. purpgses of space and reducing .
Addipienlohrat el AN aRAgET T fe B FELO Y L GG SR EPRFRAG I st %’él%wmg
dek@ipsioeraddisRositivenss dateininBeadsiivalence. Additional features and
advantages of the invention will become apparent in the following
description, from the drawings, and from the claims. 6 Brief Description of the
Drawings



The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a
semiconductor device in accordance with the present invention will be more
clearly understood from the following description taken in conjunction with
the accompanying drawings in which like reference numerals designate
similar or corresponding elements, regions and portions and in which:
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. 7 Detailed Description of the Example Embodiments In an
exemplary embodiment, referring to FIGS. 1- 4, are shown cross sectional
views of a portion of a rgwliflenat SpREPOLi PrdfMigesat stages in an
interconnect manufacturing process. A. provide an interconnect opening in a
dielectric layer over a semiconductor structure Referring to figure 1, we

provite ahitiesGRANRAThAREBING d4dmid sHEIRENICéauer RQoANEBE & the present
semiconductor structure 11. The semiconductor structure 11 can comprise.a

InvETHSH AR WHEPGEURAES R, PRIETS) Ot dANRTI NN Aty SHBHUHIUFIRE dovstite

acderiaBEeansaNMiRONduEiomsehs eIl Bbemasea RGO MndEHRs I RoPOhe following
supstrate. The dielectric layer 20 can be a interlevel dielectric (ll_('ﬁ);ilayer or
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nuRefWeans3a€ similar or corresponding elements, regions and portions and in which:

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 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. 8 B. form a first copper layer over the sidewalls and bottom of the
interconnect opening and over the dielectric layer and semiconductor
structure We form a first copper layer 26 over the sidewalls and bottom of the
interconnect opening 24 and over the dielectric layer 20 and semiconductor
structure 11. The copper layer. is preferably essentially comprised of copper.

The first copperfsjaiicd Rercviptioniek the Example Fotbodissts angstroms

and more preferably less than 50 angstroms. The first Cu layer 26 can be
formed using a electrografting, ALD, or other layered deposition process.
The deposition process is preferably performed at low temperature between

abouh 25 &angidgmbvdthpre RNt oSG AMUteRPBIEIN erdfissectional views
thickness of the first Cu layer is preferably determined by the thickness of the

of 4 RRLER Bh A IS L NG PAFF 19D B PL RS Th AL NS BN Ry R apg iR RIring
prdéeke thick enough to provide Cu for the formation of the CuSiN layer. Also,
in a preferred embodiment

A. provide an interconnect opening in a dielectric layer over a

semiconductor structure

Referring to 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 consumed in the formation of the CuSIiN layer. C.
forming a CuSiN layer over the side walls 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

comgised fhanla FPSKEGHPOERSPEP Gveiliane spaEaNs 8ad HBHEM of the

N-containing plasma treatment . 9 In the first step, we can perform a soaking

process in JMGREAMASELARRNEE 2nd-crerdiediglrstHANANRI A8 ine) or

AMS (Tetraddpiind rdoeto P8t @ctiifegen containing gas such as NH3. The
soak forms a copper silicide layer. An example soak process comprises: in

SiHMSoEk protesiscepSiHA oW herwcda sidowaBoaddosos et iteIaigkctinect
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~ temperature range between about 200 and 350 C; and a pressure range
is pburEtwesentBandenpiised orheoppssible alternate Si containing gases to
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NH3 plasma treatment following the SiH4 soak: with a NH3 flow between
preagrebtylses dhen PE0mgEEAm S plasma treatment time between about 5 and 30

S RE‘IFEOH{@{ @%?@Pﬁb@iﬁtl%)%?ﬁqg QQn\é’a%ﬂe‘%?&PﬁfﬁH{g ALD, or other layered

deposition process. The deposition process is preferably performed at low temperature

between about 25 C and 100 C. with preferably at near room temperature

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 between about 3 and 6
torr ; a N2 flow between about 150 and 1600 sccm. In a preferred
embodiment, the whole Cu layer 26 is reacted and converted into CuSIiN as
barrier layer 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 % , Si between 25 and 45 atomic % and N between 5 and 20

atomiciie. MihsRieferedrcpnibitatiadarfnalaut &R AANik¥n Contdatanis Yach as

_Siand 15 atomic % N D. form an interconnect over the CuSiN layer filling the
Sikire dNhhERE M By LAY Fire Mol dilnah MbadyHAER §8rt€'ﬂ‘}é¥ng gas

sudhasGuSINTiay esROrditin theppeiiterasypening. The interconnect 36 can
be comprised of a conductive material, such as but not limited to metals and

metdMARSHRIRK SABk IRSHSS erIpRESeS:, B ULpErRIPESSAl, Ag, and alloys

a ST, theseobdareteralyih s ontedcneeh363wR Bthedasidasariiatval 30 s; a N,
copper or be comprised of copper alloy, or copper. Copper interconnec

floR R B R P B Yo S B HIBRSHAMER r@&%i‘?@%‘ﬁbﬁﬁ%@%i%ﬂé 350 C; and

a prasaiblefedaveuthBaiviesaoBRagtc3keomprised of a conductive metal or
meta| alloy that has satisfactory adhesion with CuSiN. An interconnect 36

compPPEEPEIBIS IR fSHAHIRRS gases (o SiHy are SMS or 4MS.

An example, N-containing plasma step comprises: a NH3 plasma treatment following
the SiH; soak: with a NH3 flow between about 150 and 1600 sccm; 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 N, flow
between about 150 and 1600 sccm.

In a preferred embodiment, the whole Cu layer 26 is reacted and converted into
CuSiN as barrier layer 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 % , Si
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 36 over the CuSiN layer 30 filling the

interconnect opening.

The interconnect 36 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) forming a Cu seed layer over the CuSiN layer 30; (2) forming a copper
layer by a ECP process filling the interconnect opening; 3) planarizing the
copper layer using a chemical mechanical planarization process to form the
copper interconnect 36 . Note that, preferably there is only the CuSiN barrier
layer between the interconnect 36 and the dielectric layer 20. 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

thel@BN PRPID CaR HQBINRLBEWHARGR 65AERCARNRIAIINEICIPPEEDBEe cHifrised

CuSiN cap 40 can be farmed by a plasma process comprising SiH4 an

. da .
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CuSesuipae abryeltRgshstabier hechariatdrRandq. 36he fpi$ibl ¢ 46nembtive
have a thickness in the range between 20 and 200 a&gstroms. The CuSIN
t

megalpnmelaballey thatibey spErtaet ey ehtdR Witk (He iterconnect 36. 11 F.

Features Some non-limiting features of some example embodiments are
described below. The example embodiment's CuSIN barrier layer 30 can

have 8 VERSRROdiflse  TRrSe B 8BRS E FE5ME Y36 and the ILD
laye( BQshatnwill balpetel ladeicevtienesislaNcRy &@rBtep of

(2) forming a copper layer by a ECP process filling the interconnect opening;

3) planarizing the copper layer using a chemical mechanical planarization process to
form the copper interconnect 36 .

Note that, preferably there is only the CuSiN barrier layer between the interconnect 36

and the dielectric layer 20. 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 36 .

The CuSiN cap 40 can be formed by a plasma process comprising SiHs and NHs.
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.
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resistance reduction, the embodiment's CuSiN layer can improve the

adhesion, lower cost, simplicity of the process, uniform formation of CuSiN,

suppression of Cu and 0, and lower k effective value. The embodiments

CusSiN barrier layer 30 has been found to increase the Rs is only about 1%

as compared to Cu. As embodiment's CuSiN barrier layer 30 is a self aligned

process, the adhesion towards Cu is strong. For the Cu barrier properties,

the CuSIN 30 performance is similar with dielectric having nitride

incopporatigrpafidag it to have superior performance. Also, elimination of

TaN/Ta barrier layer process add towards lower cost of this application.

Elimfreanionawf- MaiNimafoatuies Ryomaisancmlsethpidsmendansadgsdgbaé rlow. The
exiﬂﬁgﬁlge%b88ﬂfﬁéﬁ¥lb%”@1?§ﬁmﬁ§m£%‘ﬂ'%e% ﬁ&%oy%r%ﬂﬁ‘ eﬂﬂﬂﬁsg’f’ EQ er between

present invention is explained with reference to formation of an exemplary

Cuwmmﬁnmr&ﬁﬂmbﬁ@tm@dﬁee@é@tm@t) wiltheds ta trdbeh W@ﬁ%@?ﬁ. vidnisep of
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dual damascene structures as well as th r and wider structures such as

sinndmﬁy\gfptawmés_wm@ii%md@émaﬂih@ ofrfettvaty ,igmrﬁesjmrlyféavamldgemhlywer k
effGR% 1Pai0E. f?*ﬂ@%H%&ﬁfxﬁélﬁ?%&%m%%?ﬁ&%%?@f%ﬁ?ﬁa?ﬂ&éh%ﬁﬂﬂ%@ﬁ@%%&q}ﬂe Rs

~lines In addition, the method is particularly advantageously used with silicon
is gitidebbased [pvermdialedtiCwmsulating layers having an interconnecting

POrous, %HS&%WQ@?S&N%ME‘?'&%1036%SE%QI@JHgﬁédtBﬁfbésQPng%&’hesion

including less than about 2.5, for example from about 2.2'to about 3.0. .
tovRiigheH thetieirt Ruppe Cwhrpeunupaiid the (Hehie @ oppermassensiatipilar with

dicFURE ﬁgﬂq{@HRYﬁéhﬁégmoration causing it to have superior performance. Also,

elimination of TaN/Ta barrier layer process add towards lower cost of this application.

Elimination of TaN/Ta barrier layers that caused plasma damage issue on low k.

G. non-limiting 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 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 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

preREQERSERAYE NOtdiearidese heddvdataihinoHar jownateineeersaditce times,

obscure the present invention. Also, the flow _rates given can be scaled up or

n, p
2ag{I0 1R G ENERIRR SReEfilrern th avredy FERTR Mo BRRE G SSIRB pRE K AROther.
It WANeRLisHYibet, drRsesiRediotbaeaiRoNEd s intiamend ilusieatiphe sinngtie

taken as limiting the scope of the present invention defined by the claims.

pragiigitd WEhNeEsHAeEE! e Bh PRFGENL ShaRH P deRes B Rt IRB ERce
dedarithel Rratesred erabe@manisibeisafili villdae.uneerstepdimetiese skilethe flow

in the art that various changes in form and details may be made without
Tl X R R B A L SR PR AR SR SRS A EIORVEHASN. It is intended to cover

various modifications and similar arrangements and procedures, and the

scope. of the appended claims therefc%éﬁ should be accorded the broadest

interBIXEAHBA Y55 B U PREL S O e RIS HENFBRS M Sifsagped. the above
deREpHGE MRNISUISAEI PIOSREWIRSt BStaken 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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What is claimed is: 1. A method of forming a barrier layer for an interconnect
comprising the steps of : providing an interconnect opening in a dielectric
layer over a semiconductor structure; forming a barrier layer comprising
CuSiN over sidewalls and a bottom of the interconnect opening, wherein
forming the barrier layer comprises forming copper using a low temperature
process to reduce diffusion of copper into the dielectric layer; and forming an
interconnect in the opening over the barrier layer. 2. The method of claim 1
which further comprises: forming a CuSIN cap layer over said interconnect.
3. The method of claim 1 wherein the interconnect is formed by: forming a Cu
seed layer over said barrier layer; forming a copper layer by an ECP process
filling said interconnect opening; and planarizing said copper layer using a
chemical mechanical planarization process to form said interconnect. 4. The
method of claim 1 wherein said barrier layer is formed by a process
WkQRRlsiagd forming a first copper layer directly on the sidewalls of said

{ dielectric layer; said first Qopgrer Iaryer formed using an electrograft process

. G PERES PrBaRE G A UALIE BRHIEE S0 SRR E0D GRS
providing an interconnect opening in a dielectric layer over a semiconductor
structure;
forming a barrier layer comprising CuSiN over sidewalls and a bottom of the
interconnect opening, wherein forming the barrier layer comprises forming
copper using a low temperature process to reduce diffusion of copper into the
dielectric layer; and

forming an interconnect in the opening over the barrier layer.

2. The method of claim 1 which further comprises:

forming a CuSiN cap layer over said interconnect.
3. The method of claim 1 wherein

the interconnect is formed by: forming a Cu seed layer over said barrier layer;
forming a copper layer by an ECP process filling said interconnect opening; and planarizing
said copper layer using a chemical mechanical planarization process to form said

interconnect.

4. The method of claim 1 wherein said barrier layer is formed by a process comprising:
forming a first copper layer directly on the sidewalls of said dielectric layer; said first
copper layer formed using an electrograft process or an ALD process at a temperature

between about 25 and 100 degrees C;

14



14 performing a soaking process in a silicon containing gas on said first
copper layer; and performing a N-containing plasma treatment to consume
the first copper layer to form the barrier layer comprised of CuSiN. 5. The
method of claim 1 wherein said barrier layer is formed by a process
comprising: forming a first copper layer directly on the sidewalls of the
dielectric layer; said first copper layer formed using an electrograft process
or an ALD process at a temperature between about 25 and 100 degrees C;

saiekfrEhaaPResdRMEY hraving @ thicknesssitdassdhan oaQA098Yaisper layer; and

performing a SiH4 soak process on the first copper Ia(g%e%r comprising: a SiH4

RSN OB AN BRRE Rl B SEaRED SESOHNG Sh S8t SRR S(AG g0 the

saaidA flew-bapreen shogsi®and 16000 sccm; at a temperature in the range
of between about 200 and 350 degrees C; and a pressure range about

between 3 and 6 torr ; and performing a NH3 plasma treatment comprising a

5. NidJiftaw detweem Abendrdbsaiach 601 $¢&Nk farRlas MR iR tRs biPEsing:

hetween about 5 and 30 s; an RF power between about 500 and 700 W; a

{oryeERtE T ShRRe bR AiTSBRBS Sidavsal gl dediclecticdaveti it dHge
bepp@aanyabasintandifdafr ¢slentharN2 flovehetwaen BDOHHEEN angdtd®PBrature

gccm. 6. The methad of claim 1 wherein the barrier Iay%r c_onsisﬁsg_ essential

y
PN DU AL IO # R U SF i FRBD A aVBdh fkpaess of fess than
gosentiatynef CuSiN with Cu

performing a SiH4 soak process on the first copper layer comprising: a SiHs flow
between about 50 and 250 sccm; a soak time between about 5 and 30 s; a N, flow
between about 0 and 16000 sccm; at a temperature in the range of between about 200 and
350 degrees C; and a pressure range about between 3 and 6 torr ; and
performing a NH3; plasma treatment comprising a NH; flow between about 150 and
1600 sccm ; a plasma treatment time between about 5 and 30 s; an RF power between
about 500 and 700 W; a temperature range between about 200 and 350 degrees C; a
pressure range between about 3 and 6 torr ; and a N, flow between about 150 and 1600

sccm.

6. The method of claim 1 wherein the barrier layer consists essentially of CuSiN.

7. The method of claim 1 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
atomic %.

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 :
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between 20 and 60 atomic % , Si between 25 and 45 atomic % and N
between 5 and 20 atomic %. 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 15 providing an
interconnect opening in a dielectric layer over a semiconductor structure;
said dielectric layer having sidewalls in the interconnect opening; forming a
barrier layer comprised of CuSiN over the sidewalls and a bottom of said

interconnegiQREANS SRiGRANISE Fpvalis R RYrR PRGasEEQRMRIRWductor
forming a first copper layer directly on the sidewalls of the dielectric layer;

said first cﬂﬁ%l‘ﬁ‘é’y%“i‘cﬁ‘rﬂéﬂ%%ﬂ?é%ﬁ%‘i@lﬁr%&?&ff%%‘&é‘%%%@é‘??ﬂm opening,
process atfgrriffeRe e pavredmphost sp@IBIN OQGeBas FalPestRr MiRgtom of

a soaking process in a silicon containing gas, and performing a N-containing

plasma treXithBHESARIETh FBEe first copper layer is consumed to form

the Rardisalayer.gemprsesealty 4PN éosngpasiipterconnect comprised of
copper over. said barrjer layer; and forming a CuSIiN cap |layer over said

interconnedPT BN AL ABRF bl WX R s SdeRat et gife?hﬁl%tﬁqu agyer:
by theipieeessbei1eycEamPEEINgng an electrograft process or an ALD process at a

temperature between about 25 and 100 degrees C,
performing a soaking process in a silicon containing gas, and
performing a N-containing plasma treatment wherein all of the first copper
layer is consumed to form the barrier layer comprised of CuSiN;
forming an interconnect comprised of copper over said barrier layer; and

forming a CuSiN cap layer over said interconnect.

10. The method of claim 9 wherein said barrier layer is formed by the process further

comprising:

the soaking process comprises a SiH4 soak process comprising: a SiHs flow between
about 50 and 250 sccm; a soak time between about 5 and 30 s; a N, flow between about
0 and 16000 sccm; a temperature range between about 200 and 350 degrees C; and a
pressure range about between 3 and 6 torr ; and
the N-containing plasma treatment comprises a NH; plasma treatment comprising: a
NH; flow between about 150 and 1600 sccm ; a plasma treatment time between about 5
and 30 s; an RF power between about 500 and 700 W; a temperature range between about
200 and 350 degrees C; a pressure range between about 3 and 6 torr ; and a N, flow

between about 150 and 1600 sccm.
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the soaking process comprises a SiH4 soak process comprising: a SiH4 flow
between about 50 and 250 sccm; a soak time between about 5 and 30 s; a
N2 flow between about 0 and 16000 sccm; a temperature range between
about 200 and 350 degrees C; and a pressure range about between 3 and 6
torr ; and the N-containing plasma treatment comprises a NH3 plasma
treatment comprising: a NH3 flow between about 150 and 1600 sccm ; a
plasma treatment time between about 5 and 30 s; an RF power between

11.abpet REhaMd 78 N0 aiBERRRTARINSaFABIR REWERNsEPOENAN PG BROIN with

degrees C; a pressure range between about 3 and 6 torr ; and a N2 flow
CEDERYEEB SIS PAAPTED o sciih M6 9A 2T REhtAtRSt &R S\prkYeRs S and
thedastierdayer consists 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: an interconnect opening in a dielectric
layer over a semiconductor structure; a barrier layer comprising a copper
based barrier material, the barrier layer lining the interconnect opening,
wherein the copper based barrier material comprises CuSIiN; and an
interconnect disposed in the interconnect opening over said barrier layer. 13.
The device structure of claim 12 which further comprises

12. A device structure comprising:
an interconnect opening in a dielectric layer over a semiconductor structure;
a barrier layer comprising a copper based barrier material, the barrier layer
lining the interconnect opening, wherein the copper based barrier material
comprises CuSiN; and
an interconnect disposed in the interconnect opening over said barrier layer.

13. The device structure of claim 12 which further comprises

a copper-based cap layer over the interconnect.

14. The device structure of claim 13 wherein the cap layer comprises CuSiN.
15. The device structure of claim 12 wherein:
the interconnect comprises copper with a copper-based cap layer over the

interconnect; and

the barrier layer and the cap layer comprise CuSiN with Cu between 20 and 60

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

16. The device structure of claim 12 which further comprises: said interconnect is comprised

of copper; said barrier layer is directly on the sidewalls of the dielectric layer.

17



a copper-based cap layer over the interconnect. 14. The device structure of
claim 13 wherein the cap layer comprises CuSIiN. 15. The device structure of
claim 12 wherein: the interconnect comprises copper with a copper-based
cap layer over the interconnect; and the barrier layer and the cap layer
comprise CuSiN with Cu between 20 and 60 atomic % , Si between 25 and
45 atomic % and N between 5 and 20 atomic %. 16. The device structure of
claim 12 which further comprises: said interconnect is comprised of copper;

17 Stid baviried leyehimdireateanteasidesmlbeqt thaielestvcdayald Whith fhiRBer

method of claim 1 wherein the interconnect is comprised of Cu and which

COPEIE TRBMBALSIOMNE 8 LSS VY interconnect by: performing
a sopKINGRIPEaSSiRiASHICRBsSaNtaiNide0asitainth Pesforning a N-containing
plasma treatment. 18. The method of claim 1 wherein said barrier layer is

form By i8S LORBIR BRI MO A kirst copper layer directly on the

sidewalls of the dielectric layer; said first copper layer formed at a
temperature between about 25 and 100 degrees.C; and treating said first

18 DRpBIctag e B R LB i RAsHEr 1 td JBRERE HRFRETS I5paPrising:

compyisaal0d GtsBIpP& layer directly on the sidewalls of the dielectric layer; said first
copper layer formed at a temperature between about 25 and 100 degrees C; and
treating said first copper layer to consume the first copper layer to form the barrier

layer comprised of CuSiN.
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