NON-METALLIC BARRIER FORMATIONS FOR COPPER DAMASCENE TYPE INTERCONNECTS by
Simon Chooi, Subhash Gupta, Zhou Mei Sheng, Hong Sangki BACKGROUND OF THE INVENTION 1.
Field of the Invention This invention relates generally to microelectronics fabrications and, in particular, to
methods of forming conducting interconnect structures that are protected from diffusion of chemical
species into and out of surrounding materials. 2. Description of the Related Art As the structures
comprising integrated microelectronic circuitry continue to decrease in size, the conducting interconnects

between them decrease ilNg2¢- T IL IS0 BN RRIERCEFURNATPONS EORIsI(PRRaoR posed of
materials with higher conductivity and greater mechanical integrity, which presently favors the use of

copper (Cu), with twice the conductivithaiMINSUENEANY PR eRTIRE hR NEdpstivity of tungsten, as the
material of choice. Unfortunately, copper has been found to contaminate 1 many of the materials used in

integrated circuit fabrications, so special care mpist be taken to keep it from migrating into surrounding
regions. Several methods have been developed to provide containment of copper deposited as

conducting leads andgpigie@mRctSubhist anaagZhessis tiepsimdamsatigriof diffusion barriers and
liner layers within the trenches and vias into which the copper is

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to microelectronics fabrications and, in particular,
to methods of forming conducting interconnect structures that are protected from

diffusion of chemical species into and out of surrounding materials.

2. Description of the Related Art

As the structures comprising integrated microelectronic circuitry continue to
decrease in size, the conducting interconnects between them decrease in size as well.
Smaller conducting interconnects must be composed of materials with higher
conductivity and greater mechanical integrity, which presently favors the use of copper
(Cu), with twice the conductivity of aluminum and three times the conductivity of

tungsten, as the material of choice. Unfortunately, copper has been found to contaminate



subsequently deposited. Copper inlays surrounded by layers of other metals and their compounds such
as tungsten, tantalum, molybdenum and titanium nitride, are called copper damascene structures.

Although the damascene process is an important step forward in forming viable copper interconnects, it
does have problems associated with it which must be addressed. The barrier layer may itself be subject

to degradatignu BT g iAMREIKY Wheieriahie draR dRareiat fayaEMaNsNe asthesecwelntadhe: ¢arRer or to the
surrounding material. The barrier layer may adversely affect the contact between the interconnect and

other condugting oy ersmie:Rakiemayarfoaydae:dificadt to fabricate with the requisite thinness in small
trenches and vias. With regard to the affect of surrounding materials on the barrier layer, it should be

pointed out that flugyinatgidhipaisdiais wUkASidrBRRINY rivRInaiediaabanb fREper lepsinaied polyimide

and fluorinated silicon dioxide are presently being used as interlayer dielectrics because their low

dielectric constgsHgudiaw-ldatRndaredusmeatasiitapasiancedictne paseiapaitiggonducting lines
and vias. When fluorinated materials are subjected to high temperature processing (above 3000 C),

which is quitg; FRsRGAIAdRE GO T [ IGalion mehamar Ohitegraled WHRPelecsppie Rircuitry, the
fluorine tends to out-diffuse into previously deposited 2 metallic barrier layers and form metallic fluoride

compounds {gBsedfuatineddjiissiag iotppaniansarnstratalumyduosidandanpalbese gempounds
degrade the adhesion and integrity of the metallic layers and lead to their delamination. Several of the
aforementionsthpsohiBmschaveddgenrmdsiessed Myk@eRAtm and titanium nitride, are called

copper damascene structures.

Although the damascene process is an important step forward in forming viable

copper interconnects, it does have problems associated with it which must be addressed.

The barrier layer may itself be subject to degradation from surrounding materials. The

barrier layer may not adhere well to the copper or to the surrounding material. The

barrier layer may adversely affect the contact between the interconnect and other

conducting layers. The barrier layer may be difficult to fabricate with the requisite

thinness in small trenches and vias. With regard to the affect of surrounding materials on

the barrier layer, it should be pointed out that fluorinated materials such as amorphous

fluorinated carbon, PTFE, fluorinated polyimide and fluorinated silicon dioxide are

presently being used as interlayer dielectrics because their low dielectric constants

(low-k) tend to reduce parasitic capacitance between neighboring conducting lines and

vias. When fluorinated materials are subjected to high temperature processing (above

300° C), which is quite common in the complex fabrication schemes of integrated

microelectronic circuitry, the fluorine tends to out-diffuse into previously deposited



inventions. Nguyen et al (U. S. Patent No. 5,904,565) teach a damascene process which allows a direct
copper to copper connection between vias on different but contiguous levels of an integrated circuit.

Their method involves removal of the bottom portion of the barrier layer with an anisotropic etch, so that
the copper inlay is put into direct contact with the upper portion of the copper inlay on the level below it.

Teong (U. SnRaiertteid i93r5263) Rashesamaltrcialveompthnd e sohiogtbaisamadpuble level

contact problem, wherein two barrier layers are used to enhance the connection properties. Iguchi et al

(U. S. PatentNeiumy A#B9thierch Auneleot:iey. inercornapiingd Rerer ehdranmisieisia an integrated
circuit fabrication wherein the interconnection layer is connected to the transistors through a barrier layer

which can bentepmghetiany anriols ambesof W atais @1 dheiagempounds. Stolmeijer (U. S. Patent No.
5,834,845) teaches a method for fabricating a multilevel interconnect structure composed of similar

patterned metal laygisas SuidinthRiarksiohbeseoblieakshare hen cameesied pitengsten or aluminum
plugs surrounded by titanium (Ti) or titanium nitride (TiN) barrier layers. Jain et al teach a method of

improving thy{@hticadioN @i9eess Qf(Uusl eamaseens, sirisssnasey Loatingthe prRdasswithan
anti-reflective material. This coating then enhances the photolithography process and also acts a a

barrier layer fnphenchpRecipRcRNRRs: SAlthvbabeac ol theahare eiledinveniansuteach

applications and improvements of the damascene process, they fail to address certain specific difficulties
associated wéielthe intiinsie-nadse @f the e eashotniitsorasntsembodiMmepisoie prese it invention

differs from those cited above by addressing the following issues: the degradation of
the barrier layer with an anisotropic etch, so that the copper inlay is put into direct contact
with the upper portion of the copper inlay on the level below it. Teong
(U. S. Patent No. 5,693,563) teaches an alternative method for solving the same double
level contact problem, wherein two barrier layers are used to enhance the connection
properties. Iguchi et al (U. S. Patent No. 5,744,394) teach a method for interconnecting a
series of transistors in an integrated circuit fabrication wherein the interconnection layer
is connected to the transistors through a barrier layer which can be formed of any one of a
number of metals or their compounds. Stolmeijer (U. S. Patent No. 5,834,845) teaches a
method for fabricating a multilevel interconnect structure composed of similar patterned
metal layers as building blocks. These blocks are then connected by tungsten or
aluminum plugs surrounded by titanium (T1) or titanium nitride (TiN) barrier layers. Jain
et al teach a method of improving the fabrication process of dual damascene structures by

coating the devices with an anti-reflective material. This coating then enhances the

photolithography process and also acts a a barrier layer for the copper interconnects.



metallic barrier layers by the out-diffusion of fluorine from fluorinated dielectrics into those layers, the

difficulty of using metallic barrier layers to conformally line trenches and vias of dimension less than 0.15
microns and the use of a novel class of non- conducting barrier layers to improve the adhesion of metallic
barrier layers and copper inlays to trench and via sidewalls when the dimensions of these formations are

less than 0.15 micromgespd MIAG ¥HE EbbitEcINY ENIHMAdig! iachebibisminvapHorisdaprovide a

method for preventing the out- diffusion of fluorine from fluorinated dielectric materials into the metallic

barrier layersf shchaasatiese phrleshamnGtaire damascertinigieanceetcNsecendehiechahthis invention
is to provide a method for preventing the out-diffusion of fluorine from fluorinated dielectric materials

directly into gengiselisg mnaterilmEnnboeay. fith tienahesfadbdameatdined puith iaiatigibarrier layers. A
third object of this invention is to provide a method for preventing conducting materials, such as copper,

deposited indrapehesmatbvias diamoddfugingiiete; sy teuiming tielecticthralesialtattbAdpurth object of
this invention is to provide a method for preventing conducting materials, such as copper, sputtered onto

the sidewallsiRtdrenshesand Miasdmdng ti¢hitionf@mdifbsineintnsanaendisp digtechiic materials. A
fifth object of this invention is to provide a method of conformally lining trenches and vias whose aspect
ratios are cofbRe ey R Creagi Wi Fasnteatvalegarrier layers to conformally line trenches

and vias of dimension less than 0.15 microns and the use of a novel class of non-

conducting barrier layers to improve the adhesion of metallic barrier layers and copper

inlays to trench and via sidewalls when the dimensions of these formations are less than

0.15 microns.

SUMMARY OF THE INVENTION

A first object of this invention is to provide a method for preventing the out-
diffusion of fluorine from fluorinated dielectric materials into the metallic barrier layers
such as those that characterize damascene interconnects.

A second object of this invention is to provide a method for preventing the
out-diffusion of fluorine from fluorinated dielectric materials directly into conducting
materials that may fill trenches and vias not lined with metallic barrier layers.

A third object of this invention is to provide a method for preventing conducting
materials, such as copper, deposited in trenches and vias, from diffusing into surrounding

dielectric materials.



generation, thus allowing the continued use and benefits of copper interconnects for devices of the 0.15
micron generation and beyond. A sixth object of this invention is to provide a method for forming a lining
layer whose low-k dielectric properties help to reduce the problems associated with parasitic
capacitance between conducting interconnects and other neighboring structures. A seventh object of this

invention is to providecumesbpd for fRrmingaibaas Rysowitampiyetbaghesiampranriiiempetween
conductors and porous dielectrics. An eighth object of this invention is to provide a method for forming a

chemically ipREtSRRCQIJRYECHIPeRrQiaatscLsiy pelingdswntiaisfcasdbharffiaatsiatiatches and post etch
solvent stripping processes. In one embodiment of the present invention these objects will be achieved by

the chemicalwvmpgr f#eprogitiasiie WiR) QirRfiysital yRRYLEeRRSHRN (PVD) of a non-metallic spacer layer
interposed between the surrounding fluorinated dielectric material and a metallic barrier layer. In another

embodiment of the pres@¥yj¥¢eBiie Paktickianys suifpeviadre ARSIt ovigssMBSENIINIMUM dimensions
are less than 0.25 microns, these objects will be achieved by the plasma-enhanced chemical vapor

deposition (RieheHBY) Qidphysivabyapgie depasition (RN afvihawismayarcempesedsabepe of a class of
low dielectric constant 5 (low-k) carbon-based amorphous materials that can be deposited conformally to

a thickness @nkmnanomatars Kileshe con@xample, ahaflunisiaushcagpwyHrataiat(Lf8<_ k<_2.1) that
adheres well to other dielectric materials. Its adhesion to copper can even be
devices of the 0.15 micron generation and beyond.

A sixth object of this invention is to provide a method for forming a lining layer
whose low-k dielectric properties help to reduce the problems associated with parasitic
capacitance between conducting interconnects and other neighboring structures.

A seventh object of this invention is to provide a method for forming a liner layer
with improved adhesion properties between conductors and porous dielectrics.

An eighth object of this invention is to provide a method for forming a chemically
inert spacer layer that protects surrounding materials from the effects of etches and post
etch solvent stripping processes.

In one embodiment of the present invention these objects will be achieved by the
chemical vapor deposition (CVD) or physical vapor deposition (PVD) of a non-metallic
spacer layer interposed between the surrounding fluorinated dielectric material and a
metallic barrier layer.

In another embodiment of the present invention particularly suited to trenches and
vias whose minimum dimensions are less than 0.25 microns, these objects will be

achieved by the plasma-enhanced chemical vapor deposition (PECVD) or physical vapor

deposition (PVD) of a barrier layer composed of one of a class of low dielectric constant



enhanced by depositing it over a prior layer of polyaniline or by modifying its surface to a hydrophobic
condition. Such amorphous carbon-based materials will prevent the out-diffusion of copper from the
conducting interconnect inlay and, therefore, obviate the need for an additional metallic barrier layer. In
yet another embodiment of the present invention, these objects will be achieved by a plasma treatment of

the fluorinateg didlpeirisosLiiRcE iR BB RRIRARI ARSI CHOIR NLHHRHMEY that is impermeable to

both fluorine and copper out-diffusion and which may, therefore, obviate the need for an additional

metallic barrigiclayes BRIERARESCRIBTIQN 8F THEFICHRES Figich islavvahematisl ¢10ss-sectional

view of a multi-layer microelectronics fabrication prior to the formation of the trench and via of a

dual-damasqeng typepidieicarnastothbedrieteannagtmilk Ultinairiyipass (Bppegbathevdietretric layers
indicated and contact the lower conducting layer. Fig. 2 is a schematic cross-sectional view of the trench

and via formatiem&idthe dRyatidamassena rs injercpsiniclonss noweeniaishgdeus by any one

of several patterning and etch schemes, including via first, trench first or self-alignment (buried via). 6

Fig. 3 is a scheyaatisherasswrEtionalodenaafdhm sluataesmasaeaetientisand yirviginaation with the

metallic barrier layer having been formed directly over the exposed surfaces according to the method of
the current asteadfogbHngohR Mot Ot tagupiasenicivvantiannbiear oespeiat devaarasavhere

fluorine will tend to out-diffuse and
need for an additional metallic barrier layer.
In yet another embodiment of the present invention, these objects will be achieved
by a plasma treatment of the fluorinated dielectric surfaces to form, thereon, a "pseudo-

carbon nitride" layer that is impermeable to both fluorine and copper out-diffusion and

which may, therefore, obviate the need for an additional metallic barrier layer.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic cross-sectional view of a multi-layer microelectronics
fabrication prior to the formation of the trench and via of a dual-damascene type of
interconnect. The interconnect will ultimately pass through the dielectric layers indicated
and contact the lower conducting layer.

Fig. 2 is a schematic cross-sectional view of the trench and via formation of the
dual-damascene type interconnect which has now been etched out by any one of several
patterning and etch schemes, including via first, trench first or self-alignment (buried

via).



degrade the properties of the metallic barrier layer so formed. Fig. 4 is a schematic cross-sectional view
of the etched out trench and via of a dual-damascene type interconnect done in accordance with the
method of the present invention. Unlike the via illustrated in Fig. 2, the via in Fig. 4 extends only to the
passivation layer over the conducting layer and does not penetrate it. Fig. 5 is a schematic

cross-sectional view;of thie irgienand Migsiorepalen shawsr iRefigaldd By eaverestRymiRgn-metallic layer
deposited by a method of chemical vapor deposition (CVD) or physical vapor deposition (PVD). Fig. 6 is

a schematic {¢h@sfisaGHRA ahy QW 0f e fABFILIUP R4V T e idhniae dneateialiene Y& VD layer
removed from horizontal surfaces by a first anisotropic etch to leave barrier spacers on vertical surfaces.

Fig. 7 is a schematiaerofiserligRahvavathe tabrigationiy hig Bisdhseavenbdtefatkecond anisotropic
etch to remove the passivation layer and expose the conducting layer. Fig. 8 is a schematic

cross-sectiopadsdavinseaming the ferovalipn af e meialiachamiorilayeiowaidthe Jabagatienad Fig. 7. The
structure of this fabrication, done in accordance with the method of the present invention, is to be

contrasted t@dbadebneatiopeiefig. (Be wRtahilswiene nwrscrdanegiwith the method of the current art and
not in accordance with the method of the present invention. 7 Fig. 9 is a schematic cross-sectional view

of two dual-damasqapesfeymatiensativadowitkmeiallicicifusinn hakdesutiignh(@deRietathe shape of a
present dual-damascene

dual-damascene type interconnect done in accordance with the method of the present

invention. Unlike the via illustrated in Fig. 2, the via in Fig. 4 extends only to the

passivation layer over the conducting layer and does not penetrate it.

Fig. 5 is a schematic cross-sectional view of the trench and via formation shown
in Fig. 4, now covered by a non-metallic layer deposited by a method of chemical vapor
deposition (CVD) or physical vapor deposition (PVD).

Fig. 6 is a schematic cross-sectional view of the fabrication in Fig. 5 with the
non-metallic CVD or PVD layer removed from horizontal surfaces by a first anisotropic
etch to leave barrier spacers on vertical surfaces.

Fig. 7 is a schematic cross-sectional view of the fabrication in Fig. 6 subsequent
to a second anisotropic etch to remove the passivation layer and expose the conducting
layer.

Fig. 8 is a schematic cross-sectional view showing the formation of a metallic
barrier layer over the fabrication of Fig. 7. The structure of this fabrication, done in
accordance with the method of the present invention, is to be contrasted to the fabrication

in Fig. 3, which is done in accordance with the method of the current art and not in

accordance with the method of the present invention.



formation, while Fig. 9 (b) depicts the reduced aspect of such a formation when applied to the 0.15
micron and beyond generation of microelectronics devices. Fig. 10 is a schematic cross-sectional view of
a multi-layer microelectronics fabrication of the 0.15 micron and beyond generation of microelectronics
devices within which a dual-damascene type interconnect is to be formed. Fig. 11 illustrates the design
parameters that must be considered in forming a dual-damscene type interconnect in a 0.15 micron and
beyond generation of microelectronic fabrications such as is illustrated in Fig. 10.. The figure also is a

schematic cross-segtionak Wevhahthr pateraingantveiGhotgval thelduahsaemaseenatitensh-and via in
accordance with the method of the present invention. Fig. 12 is a schematic cross-sectional view of the

fabrication inyfig nictaiseRs eyt e thesfornatqn)afepibrnteondyetbre bassian ahanmamhRuse
carbon-based materials. Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12

subsequent ferthei@ppligation ofambpaisetiopie Righcta thpredmairicdaperionig:ntd ipRisahematic
cross-sectional view of the fabrication in Fig. 13 wherein the trench and via have been filled with a copper

inlay and coyetge Withaipassiviatiyolayeenbig &P Js misrharoatiaicsersisectional view of a multi-layer
microelectronics fabrication prior to the formation of a dual-damascene type interconnect. The fabrication
8 consists of a congetinpisubshaieRuahRssecaopperiswastaieu avekvwhitbrbas demics
fabrication of the 0.15 micron and beyond generation of microelectronics devices within
which a dual-damascene type interconnect is to be formed.
Fig. 11 illustrates the design parameters that must be considered in forming a
dual-damscene type interconnect in a 0.15 micron and beyond generation of
microelectronic fabrications such as is illustrated in Fig. 10.. The figure also is a
schematic cross-sectional view of the patterning and etching of the dual-damascene
trench and via in accordance with the method of the present invention.
Fig. 12 is a schematic cross-sectional view of the fabrication in Fig. 11
subsequent to the formation of a non-conductive barrier of amorphous carbon-based
materials.
Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequent to the application of an anisotropic etch to the non-metallic layer.
Fig. 14 is a schematic cross-sectional view of the fabrication in Fig. 13 wherein
the trench and via have been filled with a copper inlay and covered with a passivation
layer.
Fig. 15 is a schematic cross-sectional view of a multi-layer microelectronics

fabrication prior to the formation of a dual-damascene type interconnect. The fabrication



formed a first etch-stop and passivation layer and a first low-k dielectric layer. Fig. 16 is a schematic
cross-sectional view of the same fabrication in Fig. 15, wherein the first low-k dielectric layer has been
subjected to a nitrogen, hydrazine or NH3 plasma treatment of its top surface. Fig. 17 is a schematic
cross-sectional view of the fabrication of Fig. 16, on which a second etch-stop layer and a second low-k

dielectric layesaye dreeivfaimest figstidsagrhemappereassaaational wawphibedaprication in Fig. 17,
subsequent to a nitrogen or NH3 plasma treatment of the top surface of the second low-k dielectric layer.

Fig. 19 is a sehaewpdi¢isiesshsacpiamnal yisw efidha fodrigrlionin [ig-L3iuRenicbieh a capping layer has
been formed and a trench and via have been patterned and etched. Fig. 20 is a schematic

cross-sectional view;gf flagacompleHAEr@osh RBEA JRmatit JaRS GRIRIEON PR HE PREFERRED
EMBODIMENTS In each of its preferred embodiments the present invention provides a method for

forming linedveeRan eHedriRiasRRNEeIscHSH Chy asheepRE dulsibaamass antoBHRE hHRISAB e SIS ;in
microelectronics fabrications. When formed in accordance with the methods taught in these preferred

embodimentsiatheaintelieannettiswilpRigtees.the surrounding dielectric materials from copper out-diffusion
and also protect the 9 interconnect liner from the adverse affects of fluorine out-diffusion from fluorinated

low- Fig. 17 is a schematic cross-sectional view of the fabrication of Fig. 16, on which
a second etch-stop layer and a second low-k dielectric layer have been formed.

Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,
subsequent to a nitrogen or NH3 plasma treatment of the top surface of the second low-k
dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18 upon
which a capping layer has been formed and a trench and via have been patterned and
etched.

Fig. 20 is a schematic cross-sectional view of the completed trench and via

formation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In each of its preferred embodiments the present invention provides a method for
forming lined conducing interconnects , such as copper dual-damascene type
interconnects, in microelectronics fabrications. When formed in accordance with the
methods taught in these preferred embodiments, the interconnects will protect the

surrounding dielectric materials from copper out-diffusion and also protect the



k dielectrics. In one of its preferred embodiments, the invention is particularly suited for creating
interconnects of the reduced dimensions required in the sub-0.15 micron generation of microelectronics
fabrications. First Preferred Embodiment A first preferred embodiment of the present invention teaches a
method of forming a non-metallic barrier layer to fluorine out-diffusion that can be applied to the

formation of g@ndueHg INEreRIMMEd HISEER aFF&APBEFIHBMRASSRNA YRR INRIEOMNGE D low-
microelectronics fabrications. The method can be learned by referring to Fig. 1 through Fig. 8, in

conjunction witiethedescrnsianstelprielesings arMeies it hEigich ashRiouRrieiadg flown a series

of schematic diagrams illustrating the fabrication of a dual-damascene type of lined conducting

interconnectdrAGEOrERRGH MU thermetaadsdadithensivine i afsdauh Ipé hueocosdaresnwith the method of
the present invention. These figures are used to indicate the advantages of the present invention. Fig. 1

shows a schesatigishassniersioeal view pibaicrirseelectronics fabrication within which a dual-damascene
interconnect is to be formed. The fabrication comprises a conducting layer (10), which is typically a
copper (Cu) conducting layer, but which can also be a tungsten (W) layer or a combination of
aluminum-copper (Al-Cu) alloy, titanium (Ti) and titanium nitride (TiN), all of thickness between 2000
angstroms and 15,000 angstroms, orFiykichdiasdagenodamesh@ passivating layer (12), which typically 10

could be a layer of silicon nitride (SiN), of thickness between 500 angstroms and 5,000

A first preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to fluorine out-diffusion that can be applied to the
formation of conducting interconnects, such as copper damascene-type interconnects, in
microelectronics fabrications. The method can be learned by referring to Fig. 1 through
Fig. 8, in conjunction with the descriptions below.

Referring now to Fig. 1, Fig. 2 and Fig. 3, there is shown a series of schematic
diagrams illustrating the fabrication of a dual-damascene type of lined conducting
interconnect in accordance with the methods of the current art, but not in accordance with
the method of the present invention. These figures are used to indicate the advantages of
the present invention.

Fig. 1 shows a schematic cross-sectional view of a microelectronics fabrication
within which a dual-damascene interconnect is to be formed. The fabrication comprises
a conducting layer (10), which is typically a copper (Cu) conducting layer, but which can
also be a tungsten (W) layer or a combination of aluminum-copper (Al-Cu) alloy,
titanium (Ti) and titanium nitride (TiN), all of thickness between 2000 angstroms and

15,000 angstroms, on which has been formed a passivating layer (12), which typically

10



angstroms, on which has been formed a first dielectric layer (14), which could be a layer of low-k
fluorinated material such as, but not restricted to FSG, fluorinated polyimide, amorphous fluorocarbon,
Parylene-F or PTFE(Teflon), of thickness between 1,000 angstroms and 10,000 angstroms, on which
has been formed an etch-stop layer (16), which could be a layer of SiN or BLOK (from Applied Materials

Corp.) or siligem@xidle 18fethigkness betuears PO) ANARIKARS Bl SRB0ERYSIHIMS. 8 %/Dith has been

formed a second layer of low-k fluorinated dielectric material (18), similar to the first dielectric layer (14)

and on whichdagdhRNdeeRi tprme ham epiRaah FaRRind dayry 1656} (icRhrAUd e Belayeyepf SIN of
thickness between 500 angstroms and 5,000 angstroms. It is to be noted that etch-stop layer (16) can

become optighRivit keuinREdey al gapaciiance ahihgofabiicaiiandesds e dimkesdigelimide 2 is a
schematic cross-sectional view of the fabrication shown in Fig. 1 subsequent to the patterning and

etching of a gualslamagaens iercennaeh OFBAPATFERSISH) @ PihacenshédRand@yia (24), which is
open to the Cu layer (10). The width of said trench is between 0.25 microns and 2.0 microns, the width of

said via is beiyyeesme.4R1Mic000S a0 SRIGIRRS. RS &IE T RIERSSICORYIHS Gf PHsma-assisted dry
etching wherein the etching chemistry comprises one or more of the following: fluorocarbons (eg. CF4,

C4Fs), hydreggdpans: dwering ysulstBunest Bidnacafans plicd M3k icmsulbirsiliean 8ki@) chlorine,
hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon monoxide, wherein the choice of
chemistries isfigileiaeksaprepH BByt thomatne Nbtbesilesany, layevBichlhas been formed a

second layer of low-k fluorinated dielectric material (18), similar to the first dielectric

layer (14) and on which has then been formed an optional capping layer (20), which

could be a layer of SiN of thickness between 500 angstroms and 5,000 angstroms. It is to

be noted that etch-stop layer (16) can become optional if the inter-level capacitance of the

fabrication needs to be reduced.

Fig. 2 is a schematic cross-sectional view of the fabrication shown in Fig. 1

subsequent to the patterning and etching of a dual-damascene interconnect formation

consisting of a trench (22) and a via (24), which is open to the Cu layer (10). The width

of said trench is between 0.25 microns and 2.0 microns, the width of said via is between

0.15 microns and 0.40 microns. The etching process consists of plasma-assisted dry

etching wherein the etching chemistry comprises one or more of the following:

fluorocarbons (eg. CF,4, C4Fg), hydrocarbons, fluorine substituted hydrocarbons (eg.

CHFs), fluorosulfurs (eg. SFe), chlorine, hydrogen bromide, oxygen, nitrogen, argon,

hydrogen and and carbon monoxide, wherein the choice of chemistries is tailored

appropriately to the nature of the different layers.

11



Fig. 3 shows the interconnect fabrication of Fig. 2 having now been lined with a metallic barrier layer (26),
which could be a layer of material such as tantalum nitride (TaN) or titanium nitride (TiN), formed to a
thickness of between 50 angstroms and 3,000 angstroms by a process such as PVD (eg. deposition by
sputtering, ion-metal plasma or hollow cathode magnetron) or CVD. The arrows (28) indicate the

surfaces through which HenineneuirdiéuirRvrmid errLbEas @ resuif sshIRaHemMeighmtgmperature
processing steps at temperatures exceeding 2000 C to 3500 C. The out- diffusing fluorine reacts with the

liner materiapd@fnfebaRAER RKiEIe M) dvaaetly AN 86 Rda feetHH igtuenRa CompalAdmsUEidas tantalum
fluoride (TaF). Fig. 4 shows a schematic cross-sectional view of the same microelectronics fabrication of

Fig. 1 now bem peepiaierionthrifarmeiicoefa dolalBRrIRSSSNBeiaiea0nNact @6aRAEHAg to the method
of the present invention. A trench (22) and via (25) have been patterned and formed according to one of

several metioisokiwroiR I afrosti s achtieronDitst. \igplikstion Bysedfrabignmest-thetpd via) scheme.

The trench is of width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns

and 0.4 micrpRsmi@erAIeRRee v e Ihethpdaf te. présertdianipmdhayiménfaeends only to the
upper surface of the passivating layer (12). Fig. 5 shows a schematic cross-sectional view of the same

microelectropigsu dakwigahion efi k@ ud.dhaisinvonhoneicdiclayart (35)ubssgnemt hpgn formed by a
method of chemical vapor deposition (CVD) or physical vapor deposition (PVD), to a thickness of

between 50 angsirams prst&HA0 angsitasspekhrlayexddhiisonbofually JFealirexpased surfaces of the
trench and via formation, including the exposed portion of the

diffusing fluorine reacts with the liner material to form more brittle and poorly adhering

metallic fluorine compounds such as tantalum fluoride (TaF).

Fig. 4 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 1 now being prepared for the formation of a dual-damascene
interconnect according to the method of the present invention. A trench (22) and via (25)
have been patterned and formed according to one of several methods known in the art,
such as trench first, via first or a self-alignment (buried via) scheme. The trench is of
width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns
and 0.4 microns. In accordance with the method of the present invention, the via (25)
extends only to the upper surface of the passivating layer (12).

Fig. 5 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 4, wherein a non-metallic layer (15) has now been formed by a method
of chemical vapor deposition (CVD) or physical vapor deposition (PVD), to a thickness
of between 50 angstroms and 5,000 angstroms. The layer (15) conformally lines all

exposed surfaces of the trench and via formation, including the exposed portion of the

passivation layer (12) and a portion of the surrounding capping layer (20). The non-
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passivation layer (12) and a portion of the surrounding capping layer (20). The non 12 metallic layer (15)
can be formed of a material such as silicon carbide, boron nitride, carbon nitride boron carbon nitride or
boron carbide. Fig. 6 shows a schematic cross-sectional view of the same microelectronics fabrication of
Fig. 5, subsequent to an anisotropic etch used to form a spacer layer (19) from the non-metallic layer

(shown as (kRatiifcithyR) (PS¢ ANIROLPRICIIER FRRSIEIS WP PIANDA-@SBIge b s AREsin the etching
chemistry comprises one or more of the following: chlorine, boron trichloride, oxygen, hydrogen, nitrogen,

forming gas {arpnisditiedeholisagarancitaiegadroliuaraca@rbon(s), fluorine-substituted hydrocarbon(s)
and argon. As is seen in the figure, the etch has removed the non-metallic layer material (shown as (15)

in Fig. 5) from the qappiéhlayeh seitasaicldbRadialbnhiemevest saidponinesalictayaismaterial from the
etch-stop layer surface (21) and partially removed said non-metallic layer material from the passivation

layer surfaceRatRAvingisal heneqietalic Javeiaaipiaéen thedverfisah supacas sfdhadnench and via

formation (19) as shown. Fig. 7 is a schematic cross-sectional view of the same microelectronics

fabrication gfdrigih@, rHOEREIBEILOR (sHthar fichHgnthictsyesadesi@iad)) dha passiaben layer (12)

from the conducting layer (10) beneath it. The etching process consists of plasma- assisted etching
wherein the gtgdingackieisttyhcondpinasonern moreithe sallpningnl weiacaslbemse(eg. CF4, C4AFs),

hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), oxygen, nitrogen, argon, and hydrogen.

Note that durip#iaLtehingnpl ®eess trichloride, oxygen, hydrogen, nitrogen, forming gas (a
mixture of nitrogen and hydrogen), fluorocarbon(s), fluorine-substituted hydrocarbon(s)
and argon. As is seen in the figure, the etch has removed the non-metallic layer material
(shown as (15) in Fig. 5) from the capping layer surface (17), partially removed said non-
metallic layer material from the etch-stop layer surface (21) and partially removed said
non-metallic layer material from the passivation layer surface (13), leaving said non-
metallic layer material on the vertical surfaces of the trench and via formation (19) as
shown.

Fig. 7 is a schematic cross-sectional view of the same microelectronics fabrication

of Fig. 6, subsequent to a further etching which removes (at (21)) the passivation layer
(12) from the conducting layer (10) beneath it. The etching process consists of plasma-
assisted etching wherein the etching chemistry comprises one or more of the following:
fluorocarbons (eg. CF,4, C4Fg), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF3), oxygen, nitrogen, argon, and hydrogen. Note that during the etching process

there is some degree of penetration into the conducting layer (21). During this process,

the barrier layer now also acts as a protective layer to prevent diffusion of the sputtered
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there is some degree of penetration into the conducting layer (21). During this process, the barrier layer
now also acts as a protective layer to prevent diffusion of the sputtered 13 conductor and its oxides into
the surrounding dielectric, which is particularly important if the conductor is copper. Fig. 8 is a schematic
cross-sectional view of the same microelectronics fabrication of Fig. 7, subsequent to the wet or dry

cleaning of thenanuibe A sRRAUEST {RPhshaYBhnand el iRtmatia of i pasialliadarigolaygrif22), which

comprises a layer of, but is not restricted to, TaN, TiN, WN, or tantalum or metal-silicon-nitride, of
thickness befyveendabiangeisppes. and 2,000 angstroms. The fabrication is now ready for the insertion of a
conducting inlay, typically a copper inlay formed by the deposition of copper over all surfaces of said
trench and via formation (not shown).. Comparison of the fabrication illustrated in Fig. 8 to that illustrated
in Fig. 3 shows the inherent advantages of the spacer layer, formed in accordance with the method of
the present invention, in preventing the out-diffusion of fluorine into the metallic barrier layer (22). Second
Preferred Embodiment A second preferred embodiment of the present invention teaches a method of

forming a non-metdgiiig. iBakriesdaviantie earpaeéiliusiondwtorthe dishecticto il faichEamipliRg to
conducting interconnects, such as copper damascene-type interconnects, in the 0.15 micron and beyond

generation ofFiGrOE|aeikeqics fabticatiensr dRecmathodtanipuleasaad utebeiogsiwvig. 9 through Fig.
14, in conjunction with the descriptions below.

and the formation of a metallic barrier layer (22), which comprises a layer of, but is not

restricted to, TaN, TiN, WN, or tantalum or metal-silicon-nitride, of thickness between

50 angstroms and 2,000 angstroms. The fabrication is now ready for the insertion of a

conducting inlay, typically a copper inlay formed by the deposition of copper over all

surfaces of said trench and via formation (not shown)..

Comparison of the fabrication illustrated in Fig. 8 to that illustrated in Fig. 3
shows the inherent advantages of the spacer layer, formed in accordance with the method

of the present invention, in preventing the out-diffusion of fluorine into the metallic

barrier layer (22).

Second Preferred Embodiment

A second preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to copper diffusion into the dielectrics that can be
applied to conducting interconnects, such as copper damascene-type interconnects, in the
0.15 micron and beyond generation of microelectronics fabrications. The method can be

learned by referring to Fig. 9 through Fig. 14, in conjunction with the descriptions below.
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14 Fig. 9 is an illustrative schematic diagram, showing the liner shape of a typical dual-damascene trench
and via formation. In Fig. 9 (a) is shown the outline of such a formation as it would be found in the
present generation of microelectronics fabrications. The width of the trench in this formation is between
0.25 microns and 2.0 microns, the width of the via is between 0.2 microns and 0.4 microns and the

thickness of the bawigr odeRasitierisi PeMRSNAHE aRgRIRNBRANH A0 ANAHEBRSE AtyptaP (b) is shown a
comparable formation as it would be found in the 0.15 micron and beyond generation of fabrications

using metalliguRnerietdenRsitions and NRtHPARACCH ¢RI JqihR metheeheliharresentinvention. The
illustration is solely for the purposes of indicating that the reduced aspect of the trench and via in the 0.15

micron and ReypRdgeNRREAN WolkniiiR: pReidiie R1Biakeh barrirtslepasiies thaetelyomlacing more
stringent requirements on the physical properties of the conducting inlays required (eg. to prevent the

formation of ypids)din dhiséabnicatiannhiheowidivafithetvench. s beiwesnldld migtesssamd 1.5 microns,
the width of the via is between 0.05 microns and 0.3 microns and the thickness of the metallic barrier

deposition w@ulth sofeally Rebenean1kangsiiarnsianid rda0 drNGstvdg AhiEhHS BariRerease in
thickness over the fabrication in Fig. 9 (a). Fig. 10 is a schematic cross-sectional view of a

microelectroaéips falicatiiwdaesulingartlcraptenyouas fabhgation of the below 0.15 micron device
generation, within which a dual-damascene interconnect is to be formed. The fabrication comprises a
conducting layer (18) Rihightpitystieally 2ceappeqtie feaniuciing Ryl Medwamnposite0. 15

micron and beyond generation of fabrications using metallic barrier depositions and not

done according to the method of the present invention. The illustration is solely for the

purposes of indicating that the reduced aspect of the trench and via in the 0.15 micron

and beyond generation would, in turn, require a thicker barrier deposition, thereby

placing more stringent requirements on the physical properties of the conducting inlays

required (eg. to prevent the formation of voids). In this fabrication, the width of the

trench is between 0.15 microns and 1.5 microns, the width of the via is between

0.05 microns and 0.3 microns and the thickness of the metallic barrier deposition would

normally be between 100 angstroms and 2000 angstroms, which is an increase in

thickness over the fabrication in Fig. 9 (a).

Fig. 10 is a schematic cross-sectional view of a microelectronics fabrication,

including a microelectronics fabrication of the below 0.15 micron device generation,

within which a dual-damascene interconnect is to be formed. The fabrication comprises

a conducting layer (10), which is typically a copper (Cu) conducting layer or a composite

stack comprising one or more of the following metals: titanium, tungsten, titanium nitride

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on

15



stack comprising one or more of the following metals: titanium, tungsten, titanium nitride and
aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on 15 which has been
formed a passivating layer (12), which could be a layer of silicon nitride (SiN) or BLOK (mfg. by Applied
Materials Corp.), of thickness between 500 angstroms and 5,000 angstroms, on which has been formed

a first dielecigitayeds(Bon WHEBLCLBlds Rawh lavse O ISI0W Rt K opad RiQZ.5eEbasIRSEharadayer of

carbon-doped silicon oxide such as methylsilsequioxane or a layer of low dielectric constant (low-k)

organic poly(8ex) 4L Ak AN Bb (M Bp ydAlia e RISl 9rB it idfe (oA PSY Ghigmieal Corp.), or a

layer of inorganic polymer such as hydrogen silsesquioxane or a layer comprising the porous entity of the

aforementiongd sligdecthicsfioass, Ohthinkinass betyesmbOPGrangsteems rper 194000mAYsH@mS, on which

has been formed an etch-stop layer (16), which could be a layer of silicon carbide, SiN, SiON, or BLOK
(mfg. by Applied 1dViatersi®Ceradped Hioksess Ratpgest DY angstiopds-aoged R@angsiems, on which

has been formed a second layer of dielectric material (18), similar to the first layer and on which has

been formedsaeh optinaak kaRRiRgRR (29)aydrichisaudhe @ dayeik ohSiN Wik jhickiesphighwgen 500

angstroms and 5,000 angstroms.. Fig. 11 is a schematic cross-sectional view of a trench and via

formation thaichas Pe@iRpAtiernes andetshechpcoasding ik qither ByteeTishivia fitspor sekf- aligned
scheme. The etching process consists of plasma-assisted dry etching wherein the etching chemistry

comprises ong&fdnpie afie iawingcluenogadiensiiesdufotakedhrs) lahydcoagrhang, tHeorine
substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SF6),
porous entity of the aforementioned dielectric films, of thickness between 1,000
angstroms and 10,000 angstroms, on which has been formed an etch-stop layer (16),
which could be a layer of silicon carbide, SiN, SiON, or BLOK (mfg. by Applied
Materials Corp.), of thickness between 500 angstroms and 5,000 angstroms, on which
has been formed a second layer of dielectric material (18), similar to the first layer and on
which has been formed an optional capping layer (20), which could be a layer of SiN of
thickness between 500 angstroms and 5,000 angstroms..

Fig. 11 is a schematic cross-sectional view of a trench and via formation
that has been patterned and etched according to either a trench first, via first or self-
aligned scheme. The etching process consists of plasma-assisted dry etching wherein the
etching chemistry comprises one or more of the following: fluorocarbons (eg. CF4, C4Fs),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFg),
chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon
monoxide, wherein the choice of chemistries is tailored appropriately to the nature of the

different layers. The dashed lines (17) indicate the design parameters for the final copper

inlay, allowing for the thickness of the usual barrier layer. The solid vertical lines indicate
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chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon monoxide, wherein the
choice of chemistries is tailored appropriately to the nature of the different layers. The dashed lines (17)
indicate the design parameters for the final copper inlay, allowing for the thickness of the usual barrier
layer. The solid vertical lines indicate 16 the actual etched surface dimensions which are required to fulfill

those designhparamesesed (8 fHenghisnsiched AivR U BaaiRRIRNRIGARRBE RYRI(20) and the second
dielectric layer (18), stopping at the etch-stop layer (16). The via is etched through to the passivation

layer (12). FigirdAdeea SaRMBteciosetReolivnalyiew Gfitbefeepstion slevumjniighd de@sequent to

the formation of a non-conductive barrier (26) by the plasma enhanced chemical vapor deposition

(PECVD) or pbysieal MgeP(1d3pasinnd BMRY atryopfiayGlass) ofitrrbonshasesdi ameipheysheaterials to a

thickness of between 100 angstroms and 3,000 angstroms. Said carbon-based amorphous materials can
consist entirgh ot sashaiyded.2giamond) or can comprise carbon with one or more elements from the
Periodic Table that are neither a metal or a conductor, examples including but not restricted to silicon

carbide, carbon nitride, fRiprecarbanROboIe e sticMBSiRY bEtROEbialiomm besan aaridg 1and boron
carbon nitride . The deposition conformally covers the walls of the trench and via as well as the upper

surface of theysaRpiag taye. tBrfbathar dreatiesbidefunBseior (26) BpRaEilsHardigpisctiermal annealing
(RTA) between 200 C and 450 C to densify the carbon-based amorphous film may be effected if

necessary. Nagenibalt ¥hgobasipokisaREREY BnordiplsaiticvaepadiRsiabaarboD)kased praterials can be

varied from that of
class of carbon-based amorphous materials to a thickness of between 100 angstroms and
3,000 angstroms. Said carbon-based amorphous materials can consist entirely of carbon
(eg. diamond) or can comprise carbon with one or more elements from the Periodic Table
that are neither a metal or a conductor, examples including but not restricted to silicon
carbide, carbon nitride, fluorocarbon polymers such as PTFE and Teflon, boron carbide
and boron carbon nitride . The deposition conformally covers the walls of the trench and
via as well as the upper surface of the capping layer. A further treatment in a furnace or
an apparatus for rapid thermal annealing (RTA) between 200° C and 450° C to densify
the carbon-based amorphous film may be effected if necessary. Note that the barrier
properties and dielectric properties of carbon-based materials can be varied from that of
diamond, whose dielectric constant is k=5.7, to that of Teflon, whose dielectric constant
ranges between k=1.9 to 2.1, by varying the composition of the carbon or the material
microstructure.

Fig. 13 shows a schematic cross-sectional view of the fabrication in Fig. 12

subsequent to an anisotropic etch of the carbon-based layer to form a spacer layer (19).
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diamond, whose dielectric constant is k=5.7, to that of Teflon, whose dielectric constant ranges between
k= 1.9 to 2.1, by varying the composition of the carbon or the material microstructure. Fig. 13 shows a
schematic cross-sectional view of the fabrication in Fig. 12 subsequent to an anisotropic etch of the
carbon-based layer to form a spacer layer (19). 17 Said anisotropic etch consists of a plasma-assisted

etch whereirsihig SIRRIRGENSIHIONs RATHPHSARANEQ1FRQT @10h tBARIR iR gichiMrimenhiqign trichloride,
oxygen, hydrogen, nitrogen, forming gas (a mixture of nitrogen and hydrogen), and fluorocarbon(s), The

etch removegsigrneavhe sHisdRatiantavaniTon the aptionak saRRRGbIRYE 0idDeANEy datially from the

etch-stop layer (16) and passivation layer (12). The carbon-based barrier layer remains on the vertical

walls of the aReieRANdviRnto S M MmbRacebiaYebethnd hedpassiyatianflayrichlByisssulisequently etched
to expose the underlying conductor layer (10). Said etch is a plasma assisted etch wherein the etching

chemistry cemprisasweRseemiacaiiihesiairwing: fiueroaarbpnsniilaipaisubstitatesafydrocarbons,
argon and nitrogen. There is some penetration by the etch into the conductor, hence the non-conductive

barrier acts aa@rptRetve R ady event difusiopaeithecsputiiererbsonsiueiesansalisdoxides into the

surrounding dielectrics. Fig. 14 is a schematic cross-sectional view of the completed interconnect,
wherein a copgugtinginiay {24 UEnasR4ARARS b tay, thasbeeniorredrhy Ssparesitien of copper over

all surfaces of said trench and via formation and then covered by a capping and passivation layer (28).
(19). The passivation layer (12) is subsequently etched to expose the underlying
conductor layer (10). Said etch is a plasma assisted etch wherein the etching chemistry
comprises one or more of the following: fluorocarbons, fluorine-substituted
hydrocarbons, argon and nitrogen. There is some penetration by the etch into the
conductor, hence the non-conductive barrier acts as a protective layer to prevent diffusion
of the sputtered conductor and its oxides into the surrounding dielectrics.

Fig. 14 is a schematic cross-sectional view of the completed interconnect, wherein
a conducting inlay (27), such as a copper inlay, has been formed by a deposition of
copper over all surfaces of said trench and via formation and then covered by a capping
and passivation layer (28).

In accordance with the method and objects of this embodiment, the final dual-
damascene interconnect for sub-0.15 micron microelectronics devices illustrated in
Fig. 13 can now accept a copper inlay directly, as illustrated in Fig. 14, without the prior

deposition of a metallic barrier layer, since the non-metallic barrier layer is able to

prevent the diffusion of copper into the surrounding dielectrics.

Third Preferred Embodiment
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In accordance with the method and objects of this embodiment, the final dual- damascene interconnect
for sub-0.15 micron microelectronics devices illustrated in Fig. 13 can now accept a copper inlay directly,
as illustrated in Fig. 14, without the prior deposition of a metallic barrier layer, since the non-metallic
barrier layer is able to prevent the diffusion of copper into the surrounding dielectrics. Third Preferred
Embodiment 18 A third preferred embodiment of the present invention teaches a novel plasma treatment
of the exposed surfaces of the trench and via formations of a dual-damascene type conducting

interconnect, thereby magtipwinghadlumtibe; ecifusiondanienwihonteieaneasbie pnagditional and
space-consuming material layer. The method of this embodiment can be learned by referring to the

succession efdigHas oF e trgNEVaN fiigs 2Oihtogetdarnithithe desesinlionkrigwiReigeieg first to Fig.

15, there is shown a schematic cross-section of a microelectronics fabrication within which a

dual-damasgepedyituiiitescannesinsdo derdeymadeing daniisatiosentpiisaseanduding layer (10),
which typically could be a copper layer of thickness between 2,000 angstroms and 15,000 angstroms, on

which is formedepassiaiientianer {4 ypudicatypieallysaeldbe pelayBiohSihb@bthiekness between
500 angstroms and 5,000 angstroms and on which is formed a first, low-k, fluorinated dielectric layer

(14), which contddigentayer 9 kSt dIbpicfeiad PRI YividR ca3 TP PLS HIOFRearb eRsodakylene-F or PTFE
(Teflon), formed by chemical vapor deposition (CVD) or spin coating to a thickness between 1,000
angstroms aRig 10 0@@ether with the description below.
Referring first to Fig. 15, there is shown a schematic cross-section of a
microelectronics fabrication within which a dual-damascene type interconnect is to be
formed. The fabrication comprises a conducting layer (10), which typically could be a
copper layer of thickness between 2,000 angstroms and 15,000 angstroms, on which is
formed a passivation layer (12), which typically could be a layer of SiN of thickness
between 500 angstroms and 5,000 angstroms and on which is formed a first, low-k,
fluorinated dielectric layer (14), which could be a layer of FSG, fluorinated polyimide,
amorphous fluorocarbon, Parylene-F or PTFE (Teflon), formed by chemical vapor
deposition (CVD) or spin coating to a thickness between 1,000 angstroms and 10,000
angstroms.
Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a first
plasma treatment of the upper surface of the first dielectric layer (14) with a nitrogen,
hydrazine or NH3 plasma. Said plasma is formed in a chamber wherein a plasma can be

generated by an RF power source (13.56 MHz, 100 W-2,000 W) or a microwave source

(2.45 GHz, 100 W-2,000 W) at a pressure between 1 mTorr and 50 mTorr. The plasma
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angstroms. Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a first plasma
treatment of the upper surface of the first dielectric layer (14) with a nitrogen, hydrazine or NH3 plasma.
Said plasma is formed in a chamber wherein a plasma can be generated by an RF power source (13.56
MHz, 100 W-2,000 W) or a microwave source (2.45 GHz, 100 W-2,000 W) at a pressure between 1

mTorr and S@dathii fohPlagmads. sepbmantiiRrmsyar aSpURaieadon nitidesdayeionl 2h indicated as a

shaded region, on that upper surface, by means of the reaction: C-F polymer + (N2 or NH3 or N2H2) -*

C-N +NF., CiatgiptialrticéyelptiieininthicasedihNH3 or hydrazine plasma, it is expected that
hydrogen may be incorporated into the "pseudo- carbon nitride" layer, possibly as a C-N-H type polymer

or aa C-H-N type polymer or as a mixture of both. Fig. 17 is a schematic cross-sectional view of the
fabrication in Fig. 16 subsequent to the formation of an etch-stop layer (16), which typically could be a

layer of SINCFQAGRBEOK NN 1M ARiSd, Majetals G CHRRRIHER PUENB 4018 thickness  of

between 50 angstroms and 5,000 angstroms on the first dielectric layer, followed by the formation of a
second low-k fluorinated dielectric layer (18), similar to the first such layer, on said etch-stop layer. The
said etch-stop layer could become optional if the inter- level dielectric capacitance needs to be reduced.

Fig. 18 is a gghesalie 6rosE-saclignak ey afitheifabdgptiapdahhiaydh suhseguenhiopdNdedydrazine or
NH3 plasma treatment (as described above) of the

into the "pseudo- carbon nitride" layer, possibly as a C-N-H type polymer or a a C-H-N

type polymer or as a mixture of both.

Fig. 17 is a schematic cross-sectional view of the fabrication in Fig. 16
subsequent to the formation of an etch-stop layer (16), which typically could be a layer of
SiN, SiO or BLOK (mfg. by Applied Materials Corp.) deposited by CVD to a thickness
of between 50 angstroms and 5,000 angstroms on the first dielectric layer, followed by
the formation of a second low-k fluorinated dielectric layer (18), similar to the first such
layer, on said etch-stop layer. The said etch-stop layer could become optional if the inter-
level dielectric capacitance needs to be reduced.

Fig. 18 is a schematic cross-sectional view of the fabrication of Fig. 17
subsequent to a Ny, hydrazine or NH; plasma treatment (as described above) of the
surface of the second low-k dielectric layer (18), to form a "pseudo-carbon nitride" layer
(30), indicated as a shaded region on the upper surface of said dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,
subsequent to the formation of an optional capping layer (20), which typically could be a

layer of SiN of thickness between 500 angstroms and 5,000 angstroms and the patterning

and etching of a dual-damascene trench (22) and via (24) formation. The passivation
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surface of the second low-k dielectric layer (18), to form a "pseudo-carbon nitride" layer (30), indicated as
a shaded region on the upper surface of said dielectric layer. Fig. 19 is a schematic cross-sectional view
of the fabrication in Fig. 18, subsequent to the formation of an optional capping layer (20), which typically
could be a layer of SiN of thickness between 500 angstroms and 5,000 angstroms and the patterning

and etching piya:qual-dapasreaadirady (Bkand eddd)dermatiohe liRiadasyatiadueldayer (12) has
been removed by the etch, opening the via to the underlying conducting layer (10). Finally, Fig. 20 shows
a schematicjgressiggctional view of the dual-damascene formation in Fig. 19 subsequent to an isotropic
and anisotropic N2, NH3, or hydrazine plasma treatment. A "pseudo-carbon nitride" layer has now been

formed on the vertigahaB¥PPEEAGURRCES (SAdnlitiaceossl witidha eRIPGS BBdImEthads@hthis

embodiment, this final dual-damascene type formation can now accept a copper inlay directly, without

prior formatigsr@hacnatatic. harsigyskayent by ihesdeppritian ahicorppicaveNal suHages Ahesaid trench and
via formation (not shown) or, as in the conventional art, first accept a metallic barrier layer followed by a

copper inlaypRsni weeerstoh by apgssabskiledide theyarthibe prelesied enaenimentseédhe present
invention are illustrative of the present invention rather than being limiting of the present invention.

Revisions ang goedifications Ry bednasle satmeihobrcp asessehodvafaiinlsniideiies @nd dimensions
through which is formed a dual-damascene type of conducting interconnect that is impermeable to
fluorine out-giffalsianl anehasgPe M formation can now accept a copper inlay directly, without

prior formation of a metallic barrier layer, by the deposition of copper over all surfaces of

said trench and via formation (not shown) or, as in the conventional art, first accept a

metallic barrier layer followed by a copper inlay.

As is understood by a person skilled in the art, the preferred embodiments of the
present invention are illustrative of the present invention rather than being limiting of the
present invention. Revisions and modifications may be made to methods, processes,
materials, structures and dimensions through which is formed a dual-damascene type of
conducting interconnect that is impermeable to fluorine out-diffusion and copper out-
diffusion and can, in one preferred embodiment, be used in the sub-0.15 micron
generation of microelectronics fabrications in accord with the preferred embodiments of
the present invention, while still providing a dual-damascene type of conducting
interconnect that is impermeable to fluorine out-diffusion and copper out-diffusion and
can, in one embodiment, be used in the sub-0.15 micron generation of microelectronics

fabrications formed in accord with the present invention, as defined by the appended

claims.
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diffusion and can, in one preferred embodiment, be used in the sub-0.15 micron generation of
microelectronics fabrications in accord with the preferred embodiments of the present invention, while still
providing a dual-damascene type of conducting interconnect that is impermeable to fluorine out-diffusion
and copper out-diffusion and can, in one embodiment, be used in the sub-0.15 micron generation of
microelectronics fabrications formed in accord with the present invention, as defined by the appended
claims. 21 What is claimed is: 1. A method for forming a dual-damascene type conducting interconnect
within a microelectyppigssfalaiigatiq§, comprising: providing a layered structure such as is used in a
microelectronics fabrication, said structure comprising a conducting layer, on which has been formed a
passivating layer, on which has been formed a first dielectric layer, on which has been formed a second
dielectric layer and on which has been formed a capping layer; patterning and etching a trench and via

structure thaf passes thyddgiaaisteappingudavem srichseganeodigleciic inyebans saighiiist dielectric layer
and extends, thereby, to said passivating layer; forming a non-metallic layer of flourine diffusion resistant

material ovemadkosiéaenscoFanid ncboanstiviadormation such that said non-metallic layer conformally
covers said surfaces; etching away portions of said non-metallic layer of flourine diffusion resistant
providing a layered structure such as is used in a microelectronics fabrication,
said structure comprising a conducting layer, on which has been formed a passivating
layer, on which has been formed a first dielectric layer, on which has been formed a
second dielectric layer and on which has been formed a capping layer;
patterning and etching a trench and via structure that passes through said capping
layer, said second dielectric layer and said first dielectric layer and extends, thereby, to
said passivating layer;
forming a non-metallic layer of flourine diffusion resistant material over all
surfaces of said trench and via formation such that said non-metallic layer conformally
covers said surfaces;
etching away portions of said non-metallic layer of flourine diffusion resistant
material to form a flouride diffusion resistant barrier "spacer" over the side-walls of said
trench and via formation;
etching away the exposed portion of said passivation layer to expose the
conducting layer;
forming a metallic barrier layer over all surfaces of said trench and via formation

such that said metallic barrier layer conformally covers said surfaces;

depositing copper over all surfaces of said trench and via formation.
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material to form a flouride diffusion resistant barrier "spacer” over the side-walls of said trench and via
formation; etching away the exposed portion of said passivation layer to expose the conducting layer;
forming a metallic barrier layer over all surfaces of said trench and via formation such that said metallic
barrier layer conformally covers said surfaces; depositing copper over all surfaces of said trench and via
formation. 22 2. The method of claim 1 wherein the conducting layer is a copper (Cu) layer of thickness
between 2,000 angstroms and 15,000 angstroms. 3. The method of claim 1 wherein the conducting layer

is comprisechof onerge mefkoPbieamaterintsse ideteshiieriibe-geRup LensisH (Ol aeminum-copper
alloy, tungsten, titanium and titanium oxide and has a thickness between 2,000 angstroms and 15,000

angstroms. 4hithec-Reiodaf Tloom ahyshersintiel rebdigigstrisdayer is a layer of fluorinated dielectric
material of low dielectric constant (low-k). 5. The method of claim 4 wherein the layer of fluorinated

dielectric material is selected from the group consisting of FSG, Teflon, Parylene-F, amorphous
fluorocarbon and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angsgroms. Bhd hedmstbedighclawhdrvheieirotiir aacony dieleclipliayeosoadayanekfluorinated
dielectric material of low dielectric constant (low-k).
of the materials selected from the group consisting of aluminum-copper alloy, tungsten,

titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.

4. The method of claim 1 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

5. The method of claim 4 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

6. The method of claim 1 wherein the second dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

7. The method of claim 6 wherein the layer of fluorinated dielectric material is

selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
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7. The method of claim 6 wherein the layer of fluorinated dielectric material is selected from the group
consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon 23 and fluorinated polyimide and is
formed to a thickness between 1,000 angstroms and 10,000 angstroms. 8. The method of claim 1
wherein the trench and via formation is patterned and etched using a trench first, via second method,

said trench having G- iRRAE s YRS aREIWRIMEUZs MITARR ANstidyEeMictRDRARd Said Mia having a range
of widths between 0.15 microns and 0.4 microns. 9. The method of claim 8 wherein the etch is a plasma

assisted etch ywhgraikthengiching chemistry comprises one or more of the gases selected from the group
consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen
bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide. 10. The method of claim 1 wherein
the trench and via formation is patterned and etched using a via first, trench second method, said trench

having a range of witthscRRIWeea AR I MikRns BBttt ans A6 Said MadhryilRd an@nge of widths
between 0.15 microns and 0.4 microns. 11. The method of claim 10 wherein the etch is a plasma

assisted etchrathareimthe ueiehTgchamistynaanuhise S faeehdR oL Biktheaases aeligied from the group
consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen
bromide, oxygeRedttooTRmiatgemiAyZIPge GiicheaMMCNeXide Phge of widths between

0.15 microns and 0.4 microns.

9. The method of claim 8 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

10. The method of claim 1 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

11. The method of claim 10 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
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12. The method of claim 1 wherein the trench and via formation is patterned and etched using a self
alignment (buried via) method, said trench having a range of widths between 0.25 microns and 2.0
microns and said via having a range of widths between 0.15 microns and 0.4 microns. 13. The method of
claim 12 wherein the etch is a plasma assisted etch wherein the etching chemistry comprises one or

more of the gases ggleaiechHPoT tadroumsensisingRh fnorasassenion Wpitngnadhsiifuted
hydrocarbon(s), fluorosulfur, chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and carbon

monoxide. 1&chaeuniathoseaf glaimdnniteiein the nemmmetallic dayen ahilpuringsiffiesiondgesistant
material is a layer of flourine diffusion resistant material selected from the group consisting of: silicon

carbide, borggtRitdd®. TRRALHEES 2PreRCALNNM Biliidaa AAdi RO R Ly biIdRiEaitblaveeReing formed by
chemical vapor deposition (CVD) or physical vapor deposition (PVD) to a thickness of between 500

angstroms and $iRRboNgsiOMmidon he method of claim 1 wherein the non-metallic layer of flourine
diffusion resistant material is etched with a plasma assisted etch wherein the etching chemistry
comprises one or more of the gases selected from the group consisting of: chlorine, boron trichloride,
oxygen, hydrogen, nitrogen, forming gas (a mixture of hydrogen and nitrogen) fluorocarbon(s),
fluorine-subgtiuted ieersaast(ehand argese R Hbe(thes mpthadaofsclaisa dvuhereiritheenetallic barrier

layer is a layer of material selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN),
metal- etching chemistry comprises one or more of the gases selected from the group consisting

of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

14. The method of claim 1 wherein the non-metallic layer of flourine diffusion
resistant material is a layer of flourine diffusion resistant material selected from the
group consisting of: silicon carbide, boron nitride, carbon nitride, boron carbon nitride
and boron carbide, said layer being formed by chemical vapor deposition (CVD) or
physical vapor deposition (PVD) to a thickness of between 500 angstroms and 5,000

angstroms.

15. The method of claim 1 wherein the non-metallic layer of flourine diffusion
resistant material is etched with a plasma assisted etch wherein the etching chemistry
comprises one or more of the gases selected from the group consisting of: chlorine, boron
trichloride, oxygen, hydrogen, nitrogen, forming gas (a mixture of hydrogen and

nitrogen) fluorocarbon(s), fluorine-substituted hydrocarbon(s) and argon.
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silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed to a thickness
between 50 angstroms and 2,000 angstroms. 26

16. The method of claim 1 wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN), metal-
silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed

to a thickness between 50 angstroms and 2,000 angstroms.

26



