NON- METALLI C BARRI ER FORMATI ONS FOR COPPER DANMASCENE TYPE | NTERCONNECTS by
Si nron Chooi, Subhash Gupta, Zhou Met Sheng, Hong Sangki BACKGROUND OF THE
I NVENTION 1. Field of the Invention This invention relates generally to

m croel ectronics fabrications and, in particular, to nmethods of formng
conducting interconnect structures that are protected from diffusion of
chem cal species into and out of surrounding materials. '. Description of
the Related Art As the structures conprising integrated m croel ectronic
circuitry continue to decrease in size, the conducting interconnects

bet ween them decrease in size as well. Smaller conducting interconnects
must be conpoSEANeYIETAIILIGABARRIFIR FORMATIONSAH@RICGOPRERNd gr eat er
mechani cal integrity, which presently favors the use of copper (Cu), with
twi ce the conduct i \DAYMASCENBMIMYPE ENTCERQOMNNECTSS the conductivity of
tungsten, as the material of choice. Unfortunately, copper has been found
to contamnate 1. many of the mategyals used in integrated circuit
fabrications, so special care nust be taken to keep it frommgrating into
surroundi ng regi : to provide
cont ai nment of gg%%g$ﬁ%%g%§%?%gkﬂgg§%§ﬁ§ﬁ%?ﬁ%§’ﬁggggggﬁg i nt erconnects.
Chi ef anong these is the prior formation of diffusion barriers and |iner

| ayers within the trenches and vial 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



subsequent |y deposited. Copper inlays surrounded by |ayers of other netals
and their conpounds such as tungsten, tantalum nolybdenurn and titanium
nitride, are called copper damascene structures. Although the damascene
process is an inportant step forward in form ng viable copper

i nterconnects, it does have problens associated with it which nust be
addressed. The barrier layer may itself be subject to degradation from
surrounding materials. The barrier |ayer may not adhere well to the copper
or to thenayof digfateraalsratedin mitegratpdcirdyalrfpbréqatipasy e speaipl ealymusidleyakgnTect t he
contact between the interconnect and other conducting |ayers. The barrier
| ayer : ndykémp idfromingigrating ontd alprounding regiods. t he requisite thinness in snall
trenches and vias. Wth regard to the affect of surrounding materials on
the barrier | &getral méthahsdal elbdd deotlopeicto privide@htaidnuait boNedppelr depbgtedal s such
as anorphous fluorinated carbon, PTFE, fluorinated polyimde and

f 1 uor i natagdoriukli€ORadl DY iercafictsP RS Aok g BRENE tlﬁbsﬁd)lr%ﬂa'ﬁhﬁ bfayer

di el ectrics because their low dielectric constants (lowk) tend to reduce

par asi ti GiGaRachda8e &&%e\o@@ermhﬂg ﬁ%gfe&?%cﬁ%ﬂﬁl'dﬁg {9 whidAgBe g(%ger. yial. Wen

fluorinated materials are subjecte tenperature pro sing (above

3000 O, J I i C iy he ¢ ex fabrigatiaon,schenes of

i nt egr at gﬁ‘@eﬁ]&g lrﬂgéjlggdcs[tfg%m @ﬁg?}ng&s:s?@?u@ggw ?(aa’%rrsioﬁgﬁ]telérrlll {ézllsta(r)l H-diffrise
into previously deposited 7 nmetallic barrier ers and formpetallic

f1 uori de ‘@8R dg‘gj(aédwgs?eptfﬁ?ﬁaﬁ’@’ﬂ‘?ql%PWB af’ém?}émuf%?ht%‘ieu?ﬁefcﬁ]rl‘?‘f]s tant al um
fluoride,, TaF). These conpounds degrade the adhesion and integrity of the
met al | i c SPERFEAMATENq YRGS t hei r del ami nati on. Several of the

af orenmenti oned probl ens have been addressed by recent .
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



i nventions. Nguyen et at (1. S. Patent No. 5,904,565) teach a damascene
process which allows a direct copper to copper connection between vias on
different but contiguous Ilevels of an integrated circuit. Their nethod

i nvol ves renoval of the bottom portion of the barrier layer with an

ani sotropic etch, so that the copper inlay is put into direct contact wth
t he upper portion of the copper inlay on the level belowit. Teong (1. S
Patent No. 5,693,563) teaches an alternative nmethod for solving the sane
doubl e  Imesyadlic b@nmal@yerpambfoemmqmbqa 8peridegontpanndsdeg.| yaring daffesingsia® t o
enhance the connection properties. lguchi et at (U S. Patent No.

5, 44, 394 YarttdamHoansetthioch fluworident &) c dherecbmpgurals dsgmiethe aflhdsiamrmpidst ors in an
integrated circuit fabrication ,wherein the interconnection |ayer is
connect edntbgrity e tHemadAiis 1ages ahb l«ad ghtheirklalaietiohayer whi ch can be fornmed of
any one of a nunber of netals or their conmpounds. Stolneijer (U S. Patent

No. 5,834, 845Kl &AUTER AoreMRhNGRApREbIEADRAVE Bbéd\MidRestad Byl de€3p@! 1 nt er connect
structure conposed of simlar patterned metal layers as building bl ocks.

These bl ‘?r%ﬁt(@is).e Ncéﬁ?r&l GG S gy U?%Rg‘d&%%ach Qh yer S;Hb&@?wﬁiéhr ounded

by titanium tltanlun1n|tr| arrier Jain et a

teach a 2[)%9 a dlrect clniﬁp %’(iﬁgo%ggrhc%nnec 1';)|n %atween v ar OC ent lc,ljt c%n‘ﬁglf rrgscene

structurés coat eévi ces an an |-re erial. This
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cited |nvent|ons teach applications and i nprovenents of the damascene
process, thalarigrdpyer poth7aaniseEoRie pichi 19 tagdies sapperdniey iicRit inte dirad $8rEt ed wit h
the intrinsic nature of the process. In its various enbodi nents, the
present ivithethe bpper paitioh ef Sefooppartiklag en Hictled! bdowet. bieoagldr essi ng t he
follow ng i ssues: the degradation of

(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 (T1i) 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.



nmetallic barrier layers by the out-diffusion of fluorine fromfluorinated
dielectrics into those layers, the difficulty of using netallic barrier

| ayers to conformally Iine trenches and vi as of dinmension | ess than
(c).15 mcrons and the use of a novel class or non- conducting barrier

| ayers to inprove the adhesion of netallic harrier |ayers and copper
inlays to trench and via sidewalls when the dinensions of these fornations
are less than 0.15 microns. SUWMVMARY OF THE | NVENTION A first object of
this i nventi ortlihougiheash 66 ihgabavakitcd daventipnsgeash applicatjonsraddmproveingifteisi on of
fluorine fromfluorinated dielectric materials into the netallic barrier

|l ayers ofighe danasdeos grocksst theh &aildo trddiessecetammpeiediffitudticsanmeted. with second
object of this invention is to provide a nethod for preventing the

out - di f f ulsd imfrinsic fabweof the pfacesn flh ito vaniak echbddieleess] the prasadtaneation di rect |y
into conducting materials that may fill trenches and vias not lined with
netal | i c difeers frem theyeaitsd ahdve biyaddeBigtthe @lldwWihSishukyent Heradasioh of Pr ovi de a
met hod for preventing conducting materials, such as copper, deposited in

t renches pangliy b@sier lfa%é}gbﬂ tHef e liltEls| AR (RBFAOHO I MBrin L LR S iRt erial s. |
A fourth object of this invention is to provide a nethod for preventing

h
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etchi"fng, from usi ng urroun
s.to provide a

di el ectri wimS“A“%h ?%tﬁ @si enti [
net hod o %g% 8?%3FP?O?#ﬁf noﬁ-éﬂ%ﬁﬂﬁaﬁi e&ﬁ5§¥ﬁﬂ%§gﬂﬁ§ﬁé8@*ratios are
continual |y, increasi wi th each technol o ) )

conuctr}ng gamer yers tohlmprove t{IC a(ﬂiesmn %¥metalhc 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 allowi ng the continued use and benefits of copper

i nterconnects for devices of the 0.1 5 micron generation and beyond. A
sixth object of this invention is to provide a nethod for formng a |ining
| ayer whose lowk dielectric properties help to reduce the problens
associated wth parasitic capacitance between conducting interconnects and
ot her nei ghboring structures. A seventh object of this inventionis to
provide a nmethod for formng a liner layer wth inproved adhesion

properties betviesrh ebiaehpd this Bvaripngd toRravide a meghadi fespreygntia gprdycerg ect of
this invention is to provide a nethod for formng a chemcally inert
spacer | aygariatshaichps oompet, speitaredentel thegidesmalls pbtrenchesomd vivs defifigct s of et ches
and post etch solvent stripping processes. |In one enbodi ment of the
present ketchmg fram diffiese; oty smebsnding dicketrachitaisdd by the chem cal vapor
deposition (C VD) or physical vapor deposition (PVD) of a non-netallic

spacer | ayer Anfife sigeadf bed weetiohietogtbviad i dietddfof befbmadisdingigel ectri c
material and a netallic barrier layer. In another enbodi nent of the

present kayNgRt WViQ%B&s%‘é%ﬁéc{ Mtidht @antiRally BREAGH I eal RShA¥IRSE M ni mum
di nrensions are less than 0.25 mcrons, these objects will be achieved by

deposi {1 B uR) ot SRk Bt ROH O RAhHERR of Eiprt Py lonRHERET: o
di el ectri,c.. const 5. (low k) .carbon-based anorphous materials that can be
deposi t e&e‘egﬁfogi@f%/mtlct(ﬁrorégente%ﬁuc?ﬂﬁlécggéyé’Pa'lS nanoneters or |ess. For
O e O e D e oL T b i s ° !
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 |ayer of polyaniline or by nodifying
its surface to a hydrophobic condition. Such anorphous carbon-based
materials will prevent the out-diffusion of copper fromthe conducting

i nterconnect inlay and, therefore, obviate the need for an additional
metallic. barrier layer. In yet another enbodi ment of the present

i nvention, these objects will be achieved by a plasnma treatnent of the
fluorinated dielectric surfaces to form thereon, a "pseudo- carbon
nitride" (oxykhcabprrbased amprphonsamiterialytheiotan beldgeesitad copfarmediy e p
out-diffusion and which may, therefore, obviate the need for an additional
met al | i ¢ thigkndseef | SanampmeBR EHesDEBORATIPEINTERoMIsBudH QdRESmMalagial (1.9 a
schematic cross-sectional view of a. multi-layer mcroel ectronics

f abri cat ikof2. prthatradheret Wwell foosthatdidectod miateeiaksr & abhaaiod tv teppef can even be

dual - damascene type of interconnect. The interconnect will ultimately pass
through teABardb@bpadgositink ayResa it 167 € polgadligdditdGhodifiend i@VWREagOBdUCt i ng
layer. Fig. 2 is a schematic cross-sectional view of the trench and via

f or mat i on iirdph6bic @&?diﬁ&ﬁ@x%ﬁ%ﬂﬁxﬁ%ﬁ@cdr%@ﬁ&@@ﬂﬁ%a@%iﬁ?ré@ﬁt fiow been
etched out by any one of several " patterning and etch schenes, including
via fir .Stout-tiffﬁl%ﬁ off E&pg)ter F}Bmstﬁ‘&!: &Sn?lu{: af ofngéi:'i ik an\ﬁ', ?\}:refcﬁ Sbviatd the 2
schemati c cross-sectional view o ual - damascene’ trench and Vi a
formation with the.netallic.barrier |ayer having been funned directly over
t he exposntg,\:(glH O§3?P§%g§nazglcehaﬁbﬁ g ¢o™¥%e” net hod of the current art and not
using the net?od of %he <§resent i.nvention. The ﬁrro goLnt to areas where
fluorine will B Efdnederngmbogimentof theyesepidgrenyantt eﬁp%ﬁ il g aglicede

nmetallic barrier |layer so forned. ) )
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).
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Fig. 4 is a schematic cross-sectional view of the etched out trench and via
of a dual -danmascene type interconnect done in accordance with the nethod
of the present invention. Unlike the via illustrated in Fig. 2, the via in
Fig. 4 extends only to the passivation |ayer over the conducting |ayer and
does not penetrate it. Fig. 5 is a schematic cross-sectional view of the
trench and via formation showmn in Fig. 4, now covered by a non-netallic

| ayer deposited by a nethod of chem cal vapor deposition (CYD ) or

physi cal vapoFigiép®s seicontiyWoys-seriignal giewsofdhsdurddaniseny togsh gedviaonal vi ew
of the fabrication in Fig. 5 with the non-netallic. CvD or PVD | ayer
renoved floromtihomiithahe mletaicrfaatee dayoyhavidd besh famicdalirecthi aver dteclipésed | eave
barri er spacers on vertical surfaces. Fig. 7 is a schematic cross-sectional

vi ew of tstackeabedoeding @rthe meffod of hesubsRQEMd not Gsiig: the aRAbdaTitgot r opi ¢ et ch
to renove the passivation |ayer and expose the conducting layer. Fig. 8 is

a. schenpidsentGhveSos €TChd SRR poiUb 8RR TIREHAOKTBELPRD Rift-darf¥Bhad | i C
barrier layer over the fabrication of Fig. '. The structure of this

fabricati L i 1. of the present invention,
abri ca 'd@é}adéjfﬁ@?rd rtic@BF A IARARC Barkibr wcﬁnsﬁrg&%q present inventi

is to be contraste rication ig. 3, which is done in
accordance w .current t .and n i ccordance with
t he net hod of tl:[hn'éelq%rl g@%ﬁ,{gﬁ? grtcl)%s%{%?%%}aﬁ Elea’. Otgﬁff %ghae%soélﬁ%éﬁr%ac i P84 sect i onal
vi ew of t ual - darmascene formtions |ined jth metalli¢c diffusion

bar v or s i piec R G PEou TR Boneq opinge b ko oot G escine
formation, while Fig. 9 (bﬁqdegicts,the reduced aspect of such a fornmation
when applégtion oUrige the g ihystiaise imbig- bdhoria 1y Eiget sxicess WY 118¢ oel ect roni cs

devi ces. o _
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.



Fig. 10 is a schematic cross-sectional view of a nulti-|ayer

m croel ectronics fabrication of the 0.15 mcron and beyond generation of

m croel ectronics devices within which a dual -danmascene type interconnect
is to be formed. Fig. ] 1 illustrates the design paraneters that nust be
considered in formng a dual-dainsceae type interconnect in a 0.15 mcron
and beyond generation of mcroelectronic fabrications such as is
illustrated in Fig. 100.. 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 nethod of the present invention. Fig. 12 is a schematic
cr oss- sect i ondiig. Yiiewsdfemakie cfoapsdctandl giew of toglualidamasedns depuetibng linetihe
formati on of a non-conductive barrier of anorphous carbon-based naterials.
Fig. 13 ivetlemsteheniffustorchansss.sBigt 9 G dkpivisele gifapt biea fradent dad-demascend=i g. 12
subsequent to the application of an anisotropic etch to the non-netallic

| ayer . Fifgrmal#énj white Bigh® (B desics HRssdsea hifRoedf sutleMf@hatidiewh@Pippsiad i on in
Fig.3 wherein the trench and via have been filled with a copper inlay and

covered W H2 (1 PARSY AL Rond S¥8fatiof bBmickaelétroRics QARARL | ¢ cross-secti onal
view of a nulti-layer mcioelectronics fabrication prior to the formation

of a dual -danggeepgs M@E‘é’hﬂé GoGLLIRG 1l vieWt§ afrglp{eiilg}ae} hl?&\(/)\ﬁ?%tho%ﬁcgm sts of a

conducti ng substrate, as a copper substr over as been _
or e 2 o P B PR R AR S Sl st
in Fig. ]\'zvgh’ich 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



wherein the first lowk dielectric | aver has been subjected to a nitrogen,
hydrazi ne or NH3 plasma treatnent 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 |owk dielectric | aver have been
formed. Fig. 18 is a schematic cross-sectional view of the, fabrication in
Fig. 17, subsequent to a nitrogen or NH3 plasma treatnent of the top
surface of the ?econd lowk dielectric layer. Fig. 19 .is a schematic

cr oss- secPRHHAPT Y FARUEHNg Jastalh RS asRPPH SEpsirate; gvaypdich Rgnbesn a cappi ng

| aver has been fornmed and a trench and via have been. patterned and

et ched. Hpgnedxfiisketgh-slep andpdssivetiardsyes and p dinsllow-kaliglestric hperconpl et ed trench
and via formation. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n each of its
preferred enbdil héns ssthlamate esendectionamicivaof tir oviedelsricatioretnhiéig. f5or  f or mi ng

I i ned conducing interconnects, such as copper dual -danascene type

i nt er connekdn therfirsi Iowdedielettrio yeshdsaen aajdctiiso a\WMiBspeh HydRinedr aGR0r dance
with the nmethods taught in these preferred enbodi nents, the interconnects

wi |l protegatthatmdet bf ddgisidadi €l ectric materials from copper
out-diffusion and al so protect the 9 interconnect liner fromthe adverse

ffect f fl i - i f I : f I / ! Jidcs. In
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e invention Is partl ri'y suited for
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Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,
subsequent to a nitrogen or NH; 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



generation of mcroelectronics fabrications. First Preferred Enbodi ment A
first preferred enbodi nent of the present invention teaches a nethod of
forming a non-netallic barrier layer to fluorine out-diffusion that can be
applied to the formation of conducting interconnects, such as copper
damascene-type interconnects, in mcroelectronics fabrications. The nethod

can be | earned by referringto Fig. | through Fig 8, in conjunction with
t he descrl t| ons P W Refgrrl nag now to Fig. 2. and Fl(g. 3, there
is shown'! @8’?1?%5 GRadyase featjpﬁﬂgovm ‘B}‘étdﬂfﬁlisimgfr‘trﬁ@uf’lalﬂﬂt‘? la¥ron of a

dual - damascene type of | ined conducting interconnect in accordance with

t he met hddielegtriehdneone peist praferred pubodiaenisntha sisnidemie easicelarly skitedrfet hod of
the present invention. These figures are used to indicate the advantages of
t he presenatingigertonmacts Bf the r¢dusbrbdimeasisechenuitdddn ¢treosb-Oskchiceomal  vi ew of a
m croel ectronics fabrication wthin which a dual -danmascene interconnect is
to be f orgerdatiobhs riiafoelecbnionfabidgpiphses a conducting layer (10), which is
typically a copper (Cu) conducting |layer, but which can also be a tungsten
(W layer or a conbination of alum num copper (A -Cu) alloy, titanium (Ti)
and titaniumnitride (TiN), all of thickness between 2000 angstrons and

15,000 angstroms, on which RaspReghd BhbREma Passi vating layer (12), which
typically 0 could be a | ayer of &Fblcon nltt;@?de (SiN), of thickness between

500 angstronms and 5,000 angstrons, on which has been fornmed a first
dielectric layer (14), which could be a layer of lowk fluorinated

meterial such Afirst pre%erreg embo &nreln‘f: (Ef%ge fn%seF%CI;’lveLtllolillot%éc gst g %C&%h%?j de,
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
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anor phous fl uorocarbon, Parylene-F or PTFE(Tellon), of thickness between
1,000 angstrons and 10,000 angstrons, on which has been forned an
etch-stop layer (16), which could be a layer of SiN or BLOK (from Applied
Materials Corp.) or silicon oxide of thickness between 500 angstrons and
5,000 angstrons, on which has been fornmed a second |ayer of |owk
fluorinated dielectric material (18), simlar to the first dielectric

| ayer (14) and on which has then been formed an optional capping |ayer
(20), whieRld begupypr pesiticon mifride (SAN)spiNhiskngsp petrises go%@tgm@ﬁs &?ﬂgst r onms
and 5,000 angstrons. It is to be noted that etch-stop layer (16) can
beconme opmisireats, pi whivh hanbean-thanesl a Grapdicleetan dayenfl4), véhict etvtd lowa lager needs to
be reduced. Fig. 2 is a schematic cross-sectional view of the fabrication
shown i n dfilgy-k flisubstedjmaterial smch he bpabdteestiatgl @rk$ G tinbringedpol@mide,

dual - daFnascene interconnect formation consisting of a trench (22) and a
via (24) ,anWhiptois flsodp&bor, PathéneQod PME(TEAE); of khRkidssibdiwead 1,660 d trench is
between 0.25 microns and 2.0 mcrons, the wdth of said via is between

0.15 m cr@psroaihnd . 1090016 @ s, onlWEicE hedhddf FRHRASS 2R 18 (M), |
pl asma-assi'sted dry etching wherein the etching chemistry conprises one or

f i nq- : . AE . ,
Fuor i ne "R SO Elber gt SQIPEROR [orh Appsd it dor PHMAERIARAS )
chl ori ne,

tdr ogen . br om.de xyagen ihrogen, argo hydr ogen and and
ot bon ot RS RolN 0 HHARY bR SR P8 Rict hit B FER A
appropriately to the nature of the differe ayers. 11 Fig. 3 shows the
i lrcl)!to er (F:)onr?g‘if)tn%fl%ﬁﬁf Pglﬁf"l‘nlf)ﬁ“?ﬁnaﬁ .1Q§°tﬂ‘émaﬁﬁlaﬂé\§}’l§ r|to ﬁ@ég%%l‘%ecénc metal lic

barrier |ayer 8263, which could be a layer of material such as tantal um
nitride layer(14) and on which has then been formed an optional capping layer (20), which

3

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. CF4, C4F3), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF3), fluorosulfurs (eg. SFs), 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.
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(Tal 1) or titaniumnitride (TINT), forned to a thickness of between 50
angstrons and 3,000 angstrons by a process such as PVD (eg. deposition by
sputtering, ion-netal plasnma or holl ow cat hode magnetron) or CVD. The
arrows (28) indicate the surfaces through which fluorine out-diffusion
woul d occur as a result of subsequent high- tenperature processing steps at
t enperatures exceeding 2000 Cto 350" C. Tile out- diffusing fluorine

reacts with t Ii ner terial to.farmnore brittle and poorly adhering
metal lic fl uo%?%é S?‘B%ﬁ%da@meﬂ’&ﬁﬁt %’L’H‘E%{W&f Tig. plhaging agw BH}CdlvK‘g? 24 shows a
schematic cross-sectional view of the sane m croel ectronics fabrication of
Fig, | ndWtdlr herrist Bper@), rdrchionaldrhsradayar oh meferial shghps @atebise aitede

i nterconnect according to the nethod of the present invention. A trench
(22) and (¥aR) ¢r28ymivimateidp €BIN) platmed teedhigkkess of bretateacoangstngms mdone of
several nethods known in the art, ,such as trench first, via first or a
sel f - al i gnotdrangstizums o prioegss sudhes®VD {Haeddpositioh by sputeringyiich-metadt ween 0. 25
mcrons and 2.0 mcrons, the via is of width between 0.15 mcrons and 0.4

m crons, pladnact Golenehydd MadndgomMesrtodD 0Thé Agows @S didaRMBOrRBes t he via
(25) extends only to the upper surface of the passivating |layer (12). Fig.

5 shows anBaReiRich TubFiRSSut-BEElibPRBIdbEEW 285 rdsIf o8 Medgeﬁ{ iagl-ectronics
fabrication of Fig. 4, wherein a non-netallic layer (15) haS now been

e R R
oGSt Oy K AR RO A DR R SRRt 1% o
layer ( 12n)1etz?lﬂc(::I ﬂgorli)r?ergoim%%u&;s sglggasstlé{ﬁtra u%]HIilgr?deC(%glp)i. ng layer (20). The non 12
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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metallic layer (15) can be fornmed 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 m croel ectronics
fabrication of Fig. 5, subsequent to an anisotropic etch used to forma
spacer layer (19) fromthe non-netallic, |ayer (shown as (15) in Fig. 5).
Said ani sotropie etch consists of a plasm-assisted etch wherein the
etching chem str rises on r more of the.  follow ng: chlorine, boron
trichlor ilagtghlﬁi@éé&%ygw Eﬂ?‘?ﬂf?&t PRIGEH suehhislifgngadideaboran pitlide of

ni trogen and hydrogen), fluorocarbon(s), fluorine-substituted

hydr ocar b@Heg)itrigs §orgp gaion agrifeohasen ¢ambile fi gure, the etch has renpved
the non-netallic |ayer material (shown as (15) in Fig. 5) fromthe capping
| ayer surface Kid-®)shopaptsitemajic cospvatiosalivitvnolithe sehaimidraslécarpeics mat er i al
fromthe etch-stop | ayer surface (21) and partially renoved said

non- net al fabricatiay ef Figed,enbsebjudnt anart dnsopapisicwatusedto fape b spatef Bg& ((9)3)

| eaving said non- netallic |ayer material on the vertical. surfaces of the
trench anton e doari@iiliolyed @hows as ABPMFig F9)J Saill dnfsoBoSi6 BRARbASsts of 2
cross-sectional view of the same mcroel ectronics fabrication of Fig. 6,

subsequeladnf-asikidd bRE wHRGH{HAG M elgﬁis(a}?\egﬁlgﬁeés ofngt%} )n.ﬁ}&ﬁ“tﬁ’@sg vation

layer (12) fromthe conducting | ayer eneat h | e etching process

consi StS BlioBhn@ Horifo6d:3h BbrfkAl, %gﬁxgmg@{oge& Mirdike %Pr%gg 08! "Cars)

conpri ses one orocarbons

hydr ocar hon fluorine bstituted hydrocarpons (egq,. F:. ), oxygen,
nitr ogenlfllxgurr%%l,ng%e&l %@E“P' iﬁ’gﬁrﬁ’ ﬁB‘f%Xa\%ﬂﬁSdﬁ?‘?rﬂ’ﬁ'sflﬁ%mét%ﬁ?'%éc%l?%% ss there
is sone degree of penetr_aé]:e(%n into the conducting layer _(21). During this
process, M REEOBarsiiecn i e bl hestrhdws emeyed thenonapetpllis laysymaterial pr event
di ffusion of the sputtered .

(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. CF4, C4Fs), 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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13 conductor and its oxides into the surrounding dielectric, which is
particularly inportant if the conductor is copper. Fi fg. 8 is a schematic
cross-sectional view of the sanme mcroelectronics fabrication of Fig, 7,
subsequent to the wet or dry cleaning of the sputtered conductor (not
shown) and the formation of a nmetallic barrier layer (22), which conprises
a layer o. but is not restricted to, TaN, Ti N, V' NI, or tantal um or

metal -silicon-nitride, of thickness between. 50 angstro and 2, 00

angst r onsOnHEPT AR S LXPGAL the ﬁwwne@aﬂﬁ%ﬁmw iqhri3 BRFIPBAGBOaB G duct | ng
inlay, typically a copper inlay fornmed by the deposition of copper over al
sur f aces tef candpeior is éppier-and via formation (not shown).. Conparison of the
fabrication illustrated in Fig. 8 to that illustrated in Fig. 3 shows the
i nherent advantages of tine spacer |layer, fornmed in accordance with the

met hod of the present invention, in preventing the out-diffusion of
fluorine into the netallic barrier layer (22). Second Preferred Enbodi nent
A second preferred enbodi mrent of the present invention teaches a nethod of

form ng a nonfi@tsal hichehatic tRks-byibhal vRwCHMREsantl hicksdl@frohidd fabkibfion
dielectrics that can be applied to conducting interconnects, such as

copper dgJfege angmtaRent 1H HRARPRE! Seantdy JiM sphifert cHRERP (P chdMy ond

generation of mcroel ectronics fabrications. The nethod can be [Tearned by

el ow 17 Pyt ba' TR er G B RRIH R AR A RS E 71 e

shape of rgstrgé/tg(i &)?ll"aN, 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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dual - damascene trench and via fornr ation. 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 mcrons and 2.0 microns, the wdth of the via is
between 0.2 mcrons and 0.4 mcrons and the thickness of the barrier
deposition is between 50 angstrons and 2000 angstrons, In Fig. 9 (b) is
shown a corrparFabIe formation as it would be found in the 0.15 mcron and
beyond gener atfit®i HFL *@Eﬁrqt{ygtsmﬁ%atl@gi;arggam@h%qugéhqglg}qr sleape @6pb9iieal ons and

not done according to the nethod of the present invention. The

i |1 ust r atduahdqnaasessie diepcly ad wig ormpiiep dsdég. §F(a) inghevan thegutlingiof suvb ar educed
aspect of the trench and via in the 0.15 mcron and beyond generation

woul d, i dommation as &opnutdsbeafoud okibe pleart gencrampas inticronlectrdndrsdlyricapidrasci ng nor e
stringent requirenents on the physical properties of the conducting inlays
requi r ed The.vgdthtod thertesneinin thiefofraativatis ©wedn 0/25 thdrond amdt2t0 midk@fr theati on. t he
width of the trench is between 0.15 microns and 1.5 mcrons, the w dth of

the via ividdeinmena & 1bydth @ Diferédthnd 03 MicesRAsd MidhicReest b GKB&sisr of the
metallic barrier deposition would normally be between 100 angstrons and

2000 angsfcpQion i%gt%eﬂ%%{r%g gg@ﬁ)do%ggtmng(ness over the fabrication in

Fig. 9 (a). Fig. 10 is a schematic cross-sectional view of a

m croel ectr Ongr??igf. ggﬁr?'lg Qﬁoi\xglna %Oélll;_};ellﬁf\zlbllléj %orr}%at(f})n sﬁ{ vg/gllll\llﬁ%terfgurgdgr? g{eﬁﬁfaé cation of

t he bel ow 0. 15 m<cr devi ce ation, W ich a du mascene

interconnect is.to he fornmed. The.fabrication copprises .a conducting |ayer
(10), whi"efopand b@("&glgf’?“%{“’é‘o‘bfﬁﬂ?ﬂc S‘%’ﬁd’&“&i‘lﬁﬁ 1F1§§/§?P°6‘P°%P Mebsite
stack conpri si ng, one or re of the following netals: titanium tungsten,
titani umang ?qca'gimgatﬁdhea}marﬁpﬁamhs@b%@%t,mwpﬂ%?Elk%@ggtr%@ﬂmlz,f%@@ angst r ons
and 15, 000 angstrons on

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
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5 which has been foamed a passivating |aver (12), which could be a | ayer of
silicon nitride (SIiN) or BLOK (nfg. by Applied Materials Corp.), of

t hi ckness between 500 angstrons and 5,000 angstrons, on which has been
formed a first dielectric layer (14). which could be a layer of 810 or
doped Si 0 such as PSG or a | ayer of carbon-doped silicon oxide such as

nmet hyl si | sequi oxane or a |layer of low dielectric constant (low k) organic

pol yrer u as FLARE (nfg.. by l'ied Signal rp.), SILK.(nfg.. by Dow
Cherri cal “%&c@af ,%efalrfganeﬂf %%ﬁwatﬂnﬁﬁwég% wgﬁﬁlcg;\f@ﬂoe@dw 8J§81 SRR

si | sesqui oxane or a |ayer conprising the porous entity of the

af or enment$idh €8 BHOK evfisr b ApplisdsMaigrials fogich €5 8idsaespdetveen 009 angsHe@s r ons and
10, 000 angstroms, on which has been fornmed an etch--stop |ayer (16), which
coul d be and b A9@ rngsfromis] dncwinicle hastiede for@iefl|a f@it@i¢leatric By@K14Wmhichippuldppl i ed
.Materials Corp.), of thickness between 500 angstrons and 5, 000 angstrons,
on whi chbehasycbefsi(h, or tatdSiGearhds Pager adiyed bftagladn-dapedailiest atid 18) ,
simlar to the first |layer and on which has been formed an opti onal

cappi ng lsasheds rct@Ylsilsabiiithng Obh thyBofotvadéct®f copstinoflow khbgknie pslyaet ween 500

angstronms and 5,000 angstrons.. Fig. 11 is a schematic cross-sectional view

of a trengl ﬁ'ﬁA’tiEﬂgﬁfg{ BRUNRA SighRicoRas shﬁé@n%%&%@ﬁ@h&ﬁéaﬁ iedraccording

to either a trench first, via first or self i gned schene. e etching

el

chem stry -“conpri r nore ons (eg. CF4,

CAFs), hydrocarbons, fluorine bstjtuted hydrocarbagns ( CHF3) ,

f1 uor osuipg{?rugeatgﬁ.‘)?%ﬁé‘f?rem IH}O('}F? ng,feckﬁfgl}lgﬁe tglfg‘?ﬁsﬁgawS%gg% ni t rogen,
argon, hydrogen and and carbon nonoxj de, erein the chqoice of chem stries
i s tail oPBEFURBEAERL P-APR pRestramp e Wi has b&Fr\lﬂ?%@ed A,eteh:Stop iayEr(ia),

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. SFs),
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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different | avers. The dashed lines (17) indicate the design paraneters for
the final copper inlay, allowing for the thickness of the usual barrier

| ayer. The solid vertical lines indicate 16 the actual etched surface

di mrensions which are required to fulfill those design paraneters. The
trench is etched through the optional capping |layer (20) and the second
dielectric layer (18), stopping at the etch-stop |layer (16). The via is
etched through to the passivation |ayer (12). Fig. 12 is a schematic

cr oss- - séb¢ ?%%Ietcb%wf@ﬁe dimensignyrghich aresaeniredite ﬁrtﬁkj thopg desigihsequent to the
formati on of a non-conductive barrier (26) by the plasma enhanced chem cal
vapor depesindtan TREGYDh iogtchsidyisiongl the aptonad eqppsig laysr (2OVDY tlefseamygd of a

cl ass of carbon-based anorphous materials to a thickness of between 100
angst r onslidedric By@008nsgpping asthe Sehdtopdayas itd)aTad varpephalisrongl ey thal S can
consist entirely of carbon (eg. dianond) or can conprise carbon with one
or nore eagdiReitibs Ifyep(my.he Periodic Table that are neither a netal or a
conductor, exanples including but not restricted to silicon carbide,

carbon nitri desg fibuos QGRMBANBY MBS SR bA%: Bﬁﬁﬁicﬁﬂﬂ?&;ﬁfiﬁ ﬁ@yl poron

carbide and boron carbon nitride . The deposition confornma covers the
1211 O, BASAGEUE At B At BR PR G, Shablg, coPPLT0
SR G R TR N R R
Vart o 1 B Dhaoy oot ROV S HI 0 BRLPRS of BASCH] V) LRSI ot hat
of Teflon, whose dielectric constant ranges between k=== 1.9 to 2.1, by
varyi ng BH¥0caapE iS9i @rbaHmsedamemhers maerisneasrdogsist 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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m crostructure. Fig. 13 shows a schematic cross-sectional view of the
fabrication in Fig. 12 subsequent to an anisotropic etch of the
carbon-based | ayer to forma spacer layer (i 9). 17 Said anisotropie. etch
consists of a plasnma-assisted etch wherein the etching chem stry conprises
one or nore of the follow ng: chlorine, boron trichloride, oxygen,

hydrogen, nitrogen, firmng gas (a m xture of nitrogen and hydrogen), and
fluorocarbon(s), The etch renoves the non-netallic barrier |ayer fromthe
opt i onal Sewpsisegopiagch copnyts ahaiplagag-assistadyetqhrwirareip shegtednng ehspistayer (16)
and passivation layer (12). The carbon-based barrier |ayer remains on the
verti cal combtisesohe phaotedriehfodineting: shlound, born drichparcder oxyegerhyd(ck®),. The
passivation |layer (12) is subsequently etched to expose the underlying
conduct omittayerfofdingpas @ahidttuet 6fnitrsgen. andlhgdivaergsaidslietocattioh(s),wilks ei n t he
etching chem stry conprises one or nore of the follow ng: .Tiiorocarbons,

f1 uori necgulshbiddtRinoniyeiaRE RN SaycAfreAMhSEHioRhIlJaPEIRR laydN@0Pardds Some
penetration by the etch into the conductor, hence the non-conductive

barri ef_agkialaof B BLESIIEd: AYand alivEUGEy Gl ADUEhORu ke SpuLter ed

pu
conductor and its oxi into th urroundi ng dielectrics. Fig. 14 is a

SChere | SuFeRc* R A0l LT SOTRLAC 0,111 SSEERSSL e @

conducting I'n

deposi ti o] copper. over |. surfaces of ,said trench via formation

ot hen Mo e GRG0 RlS Gy is Stredaly Sl SrhpEMi uRR e o cor aance

with the nethod _and aobjects of this enbodinent, the final dual- danascene

. "~ th
i nt er conifERAUCHEaysT ) 0544 v at Hplas psBlcd CtshorieEdn Hsstehiae shemiger at ed i n

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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Fig. 13 can now accept a copper inlay directly, as illustrated in Pig. 14,
w thout the prior deposition of a netallic barrier |ayer, since the
non-netallic barrier layer is able to prevent the diffusion of copper into
the surrounding dielectrics. Third Preferred Enbodiment 18 A third
preferred enbodi nent of the present invention teaches a novel plasna
treatnent of the exposed surfaces of the trench and via formations of a
dual - damascene type conducting interconnect, thereby achieving a fluorine
out-diffusion barrier without the need for an additional and
space-consum ng material |ayer. The nethod of this enbodi nent can be

| ear ned by r efAethiril peefercedt dnebodinae o€ the praséntiinguties teadlieg a nbbeltphasmagh  Fi g.
20, together with the description below Referring first to Fig, 15, there
I S shown treatarheofthé expsabsriestdf die ednch andiviafeelagiohd e dal-lahiscart i on

wi thin which a dual -danascene type interconnect is to be formed. The

fabri cat iy eRIRhS BRerBoriRAdtHetdo Achiavifs a (hOine M EMusioPbeadrIwitoaul d be a
copper |ayer of thickness between 2,000 angstrons and 15, 000 angstromnms, on

which is thef &%&f?& an a@@iﬁ%hé‘[ %hﬂ %ck-%gl?sﬁnrﬁ&gzﬂqate%gﬁibr% g‘Hé ﬁl%{ﬂo}i O(Fﬁﬁg d be a layer

of SiN of thickness between 500 angstrons an 0 angstrons and on which

10 o Do MO S SR R0 (o

be a layer o _ “fldorocarbon, Paryien;
coat  ng £6 20rRERHEL BERbeBNi G00  anget r oms and. 10, 000  angstroms. Fig.
16 is a schematic cross-sectional view of the fabrication in Fig. 15 after
a first 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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pl asma treatment of the upper surface of the first dielectric |ayer (14)
with a nitrogen, hydrazine or NH3 plasma.. Said plasma is fornmed in a
chanber wherein a plasma can be generated by an RF power source (13.56
\IHz, 100 W2,000 W or a. mcrowave source (2.45 OHz, 100 W2,000 W at a
pressure between | mlorr and 50 inTorr. The plasma 19 treatnment forns a
"pseudo-carbon nitride" layer (15). indicated as a shaded region, on that
upper surf ace, by neans of the reaction; CF polymer(N2or NH3O N2T-1I 2)
RN C- Nffeatgent f&rglﬁ a(pyfeacipay n evé@ygfﬂ%)mdlpﬁe<¥ #e? taded seoNR or
hydrazi ne plasma, it is expected that hydrogen may be incorporated into

t he " psetitpduppaspdpcenby micars of|thgtepctiopossi bly as a. C-N-11 type pol ymer or
aaCl-I-N type polymer or as a mxture of both. Fig. 17 is a schematic
cross-sectional view of the fabrication in Fig. 16 subsequent to the
formati on of an etch-stop |layer (16), which typically could be a | ayer of

Si N, Si OGF pBlyakr (HiNg or Biyd; Ap pl,HOd->Mate r-iNal, CICovQat)le ) elposildtee). by C VD to a

t hi ckness of between 50 angstrons and 5,000 angstrons on the first
dielectric layer, followed by the formation of a second |owk fluorinated
dielectric layer (118), simlar to the first such Ilayer, on said etch-stop

I . T i - I i i | evel
i ol cot g e e 1B Hlesfl e AREEF bk ohdy e el
- i | Vi t he. i i R = e P b n a . N2,
cr s SeShEMRUBYBhor NEid S8k B B Pl A pBRPOERE S 2 0 12,
t he second Iorfk dielectric(%ﬁégéd(l$), to forama. "pseudo-carbon nitride"

| ayer (3035 POIART O A8 g Mgy regi on on the upper surface of said

dielectric layer. . . : s o o
)f*‘i g. 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 N,, 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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Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,
subsequent to the formati on of an optional capping |layer (20), which
typically could be a layer of SiN of thickness between 500 angstrons and
5,000 angstrons and the patterning and etching of a dual -damascene trench
(22) and via (24) formation. The passivation 20 |ayer (12) has been renoved
by the etch, opening the via. to the underlying conducting I|ayer (10).
Finally, Fig. 20 shows a schematic cross-sectional view of the

dual - daméayeerid) hasorasarsmaever by Hiagtchl 9pening g yéate thounsarlyiss coeshicingand
anisotropic N2, NHL1, or hydrazine plasm treatnent. A "pseudo-carbon

ni tride" ldyaye0).has now been fornmed on the vertical exposed surfaces (31).
In accord with the objects and nethods of this enbodinment, this final

dual - danmascen@idaylpeFif A0ehbive A sciatrhalio Bro3s-s&pibnl viapPRthe tidlaymdideret | y,
W thout prior formation of a metallic barrier layer, by the deposition of

copper OY&inafibh irSFisf BEQBHs@fuent3dbsl isbtrpie And@Rdsotopid 10J, KBt &ihydfdze shown) or,
as in the conventional art, first accept a netallic barrier layer followed

by a copgﬁrsmwg%enesy" segﬁ%e££$@%&y il%/epﬁa{s.siﬁ@z sih lférﬁ@dioﬂ thd\r@lai . the

preferred enbodi nents o pr esent vention are illustrative of the

present i yent L Laer 1Al BaGE Ll LG 0hakDS uRERRERL LGN O

Revi si ons i'ons nmay processes,” material s,
structur d, di nensi ons through which is forned.a dual -damgscene type of
conduct 1 T e BREe D rAh S P Hashihs o COPRS on SIEHi HIE si on ang

copper out- diffusion and can, in one preferred enbodi nent, be used in the

’ In .
sub- 0. 15 PRPEIoERtGermetrlbA barichiayFoBY dictdeapsiten olaeppe Qv PoHsswiac®BOor d wi t h

the preferred enbodi ments 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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the. present invention, while still providing actual -ramscene type of
conducting interconnect that is inperneable to fluorine out-diffusion and
copper out-diffusion and can, in one enbodi nent, be used in the sub-0.15
m cron generation of mcroelectronics fabrications fornmed in accord with
t he present invention, as defined by the appended clains. 21 Wat is
claimed is: | . Anethod for form ng a dual -damascene type conducting
interconnect within a mcroelectronics fabrication, conprising: providing
a layered structure such as is used in a mcroelectronics fabrication,
said structure conprising a conducting |layer, on which has been forned a
passi vati ng W@Vé#%ﬂEHWWWFCh has been fornmed a first dielectric |ayer, on
whi ch has been fornmed an etch-stop |ayer, on which has been forned a
second dielectric layer and on which has been fonned a capping | ayer;
patterning and etching a trench and via structure that passes through said
cappi ng 1l ayerA msthod fedoomdg didebletanraseenk dypercondatidg ettabersicctprittayer and sai d
first dielectric |ayer and extending, thereby, to said passivating |ayer;
form ng anio@elbRbadd fabridadiyelcompeikingl | surfaces of said trench and via
formation and said non-netallic layer conformally covers said surfaces;

etching away pRidifRS 19fer&PdtRicRROsUMR LI Usd Ity @lcrdPectiBhids BiwRRstidner " spacer”
over the side-walls of” said trench and via fornmation; etching away the

exposed @ﬁﬁﬁts{rg&uf%fcoﬁﬂahging %%%X&Eihg ﬂlylela,%ﬁ WHidh ¥ Bg&efohﬂgi a passivating

layer, on which has been formed a first dielectric layer, on which has been formed an
etch-stop 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, said etch-stop layer and said first dielectric layer and
extending, thereby, to said passivating layer;

forming a non-metallic layer over all surfaces of said trench and via formation
and said non-metallic layer conformally covers said surfaces;

etching away portions of said non-metallic layer to form a 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;

depositing copper over all surfaces of said trench and via formation.
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conducting | ayer; depositing copper over all surfaces of said trench and
via formation. 22 2. The nethod of claim 1 wherein the passivating | ayer
is asilicon nitride (Siff) layer forned to a thickness between 500 and
5,000 angstrons. 3, The nethod of claim 1l wherein the first dielectric
layer is a selected fromthe group consisting of undoped Si 2, carbon
doped silicon oxide, organic polyner and inorganic polyner, formed to a

t hi ckness, of tween 1, 00Q angstrons and 10,000  an2strons. 4. The nethod
of clai m¥ whgﬁ@ir‘i‘FﬂP‘H%Ofé?%Wﬁs‘f"%elpé@eeﬁ’as?%atalglI%DSFéFS pilican nigign (AP bi de
formed to a thickness between 500 angstrons and 5,000 angstrons. 5. The
met hod oflayar &eriaer toua ridingss bebvesndRO s0dp.0PApegstiomsa | ayer of Si ON formed to
a thickness between 500 angstrons and 5,000 angstrons. 6. The nethod of
claiml wherein the second dielectric layer is a selected fromthe group
consi sting of undoped Si O2, carbon doped silicon oxide, organic polynmer and
i nor gani &.pol yifmemetliarofethiind whdréih chan@ssdiolcthie iaeei alseRORd &dgsthe ons and

10. 000 angstrons. 7. The nethod of claim 1l wherein the capping |layer is a
Si NI | ay gfrodpoisietidgoofandbpidaki0g $8rbbR UWERTSRQnRAR! 6:2A8Cc Bgmer QO angstrons.
23 8. '1E%]’rhe]g£r?r’;athodg?f]2 cl aill%m IO§Merei n the trench an% vig ?girlérrati on is

pat t er nednggshic E&l?ﬁ%gtfﬁzﬂeﬁgo 2 thitgR&Ebfefwden 1408 AEERML ABUDGHe Sai d trench

havi ng a range of "w
angstroms.

4. The method of claim 1 wherein the etch-stop layer is a layer of silicon carbide

formed to a thickness between 500 angstroms and 5,000 angstroms.

5. The method of claim 1 wherein the etch-stop layer is a layer of SiON formed to a

thickness between 500 angstroms and 5,000 angstroms.

6. The method of claim 1 wherein the second dielectric layer is a selected from the
group consisting of undoped SiO,, carbon doped silicon oxide, organic polymer and
inorganic polymer, formed to a thickness of between 1,000 angstroms and 10,000

angstroms.

i/ The method of claim 1 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.
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between 0.15 microns and 1.5 mcrons and said via having a range of w dths
between 0.05 mcrons and 0.3 mcrons. 9. The nmethod of claim8 wherein the
etch is a plasna assisted etch whose chem stry conprises one or nore of
the gases selected fromthe group consisting of: fluorocarbon(s),
fluorine-substituted hydrocarbon(s), hydrocari~on(s), fuorosulf'ur.

chl orine, hydrogen brom de, oxygen, nitrogen, hydrogen, argon and carbon
nonoxi de., 10, The of clai.m | mhereln the trench and via formation

i s patterfned 4H8M étloéh’réla ajfail gegeiy |ﬂ’§’ trsnel pod yip dpreptien sgatcwed pyt, sai d
trench having a range of w dths between between 0.15 mcrons and 1.5

m crons &kHcdusieg § randhidirsinylageoadgectiid, odid traech hosingaaangs. cd3vidther ons and 0. 3
m crons. 11. The method of claim 10 wherein the etch is a plasnma assisted
et ch whodetweeh €rtiSsnicyons ampi.b smsroonendosaidion badhg & hmggafesitissietetsad from t he
group consisting of. fluorocarbon(s), fluorine-substituted hydrocarbon(s),
hydr ocar Bdx¥(gicronk land 0 Gsnikfous., chl ori ne, hydrogen brom de, oxygen

nitrogen, hydrogen, argon and carbon nonoxide. 12. The method of claiml
wherein the trench and via formation is patterned and etched using a self
alignment (buried via) nmethod, said trench having a range of w dths 24

bet ween @, 15 mlehfmdmlam WHELRBR e@aﬁs §%Lagm\é'a§sh4?§f’ét§}9wﬁo§e%ﬂ%§is wi dt hs

between OM m crons and O. m Ccrons. alm erein

the etch be% SGQIOﬁé Sdf%ﬂ? gasgst S%EC%%O?D th%g? COP%llStfqgu ! | ses one or nore

of the gase selecte rom rroup consrs or ocar bon(s),

tluorine ﬂ%gr%%gr (ts)eglu rqé-gu stlt?lg)eia(hyzﬂocg% (O )C (?roca(r'ts)gn(s)f hlllj(g%g Hll ,f ur

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon 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 between 0.15 microns and 1.5 microns and said via having a range of widths

between 0.05 microns and 0.3 microns.

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

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

12.  The method of claim 1 wherein the trench and via formation is pattemed and

etched using a self alignment (buried via) method, said trench having a range of widths
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chl orine, hydrogen brom de, oxygen, nitrogen, hydrogen, argon and carbon
nonoxi de, 14. The nmethod of claim | wherein the non-netallic layer is a

| ayer of carbon-based anorphous materials of varying chem cal conposition,
m crostructure and physical properties formed by plasma-enhanced chem cal
vapor deposition (PE(VD) or physical vapor deposition (PVD) to a thickness
of between 100 angstrons and 3,000 angstrons. 15, The nethod of claim 4
wherein the chenical conposition of the aeon-netallic_. carbon-based

anor phoudeieeR Vi LImiprong giep £ Sagroas el spidoyia Bayipgp rangg of er@h%hsf‘mfa of claim
14 wherein the chem cal conposition of the non-netallic carbon-based

anor phoud)-GPatisringlan¢ BApniceas. car bon and one or nore el enents that are not
nmetals. 17. The nethod of claim 14 wherein the non-netallic carbon-based
layer is a laver conprised of nmaterials selected fromthe group consisting
of . fluorocarbon polymer, silicon carbide, carbon nitride and boron

car bi de. 138, Tihe nistod@d chim dDl athgteldthaheathds o plakda assistedadicH kosaon- net al | i ¢
carbon-based layer is an anisotropic etch using plasnma assisted etching

wher ei n t-hemBtrG BbMPriseh 8AE &it hyre of HHYALERSORE R B LR Plcohdifingases sel ected
fromthe group consisting of. chlorine, boron trichloride, oxygen,

hydr ogen uBld hBARE), thfil AhsFARAurdTobbis nolinKAERBERuARGA! L 0gen) and

fl uor ocar bon( e met claim erein the etch of the

Compr 1 aed Trad Sl Brohlidle Ry e B BLAS n P Ghert AR s B PO ST oY
fluorocarbon(s), fluorine-substituted hydrocarbon(s), argon and nitrogen.

14.  The method of claim 1 wherein the non-metallic layer is a layer of carbon-based
amorphous materials of varying chemical composition, microstructure and physical
properties formed by plasma-enhanced chemical vapor deposition (PECVD) or physical

vapor deposition (PVD) to a thickness of between 100 angstroms and 3,000 angstroms.

15.  The method of claim 14 wherein the chemical composition of the non-metallic

carbon-based amorphous material is comprised solely of carbon.

16. The method of claim 14 wherein the chemical composition of the non-metallic
carbon-based amorphous material comprises carbon and one or more elements that are

not metals.
17.  The method of claim 14 wherein the non-metallic carbon-based layer is a layer

comprised of materials selected from the group consisting of’ fluorocarbon polymer,

silicon carbide, carbon nitride and boron carbide.

25



26

18.  The method of claim 14 wherein the etch of the non-metallic carbon-based layer
is an anisotropic etch using plasma assisted etching 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) and fluorocarbon(s).

19. The method of claim 1 wherein the etch of the passivation layer 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), argon

and nitrogen.

26



