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BACKGROUND  OF THE I NVENTION 1. Field of the Invention This invention
relates generally to mcroelectronics fabrications and, in particular, to
met hods of form ng conducting interconnect structures that are protected
from diffusion of chenical species into and out of surrddfdewd 2t erial s.
2. Description of the Related Art As the structures conprising integrated

m croel ectronic circuitry continue to decrease in size, the conducting

i nt erconnects between them decrease in size as well. Smaller conducting
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(Cu), with twice the conductjivity of alumnumand three tines the
conductivity of tungsten, agYPﬁéNert%QpBINWT%hoi ce. Unfortunately, copper
has been found to contam nate 1 25 August 2004 many of the materials used
inintegrated circuit fabrication8 so special care nust be taken to keep
it frommgrating into surrounding regions. Several nethods have been

devel oped to priompe€heinduibasteGuptaiZhoo e Shdeg dbing Sdnglas conduct i ng | eads
and interconnects. Chief anong these is the prior formation of 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



subsequent |y deposited. Copper inlays surrounded by |ayers of other netals
and their conpounds such as tungsten, tantalum nolybdenum 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 nmust be
addressed. The barrier |layer may itself be subject to d@ér‘”’&’c&&%tiQQWfrom
surrounding materials. The barrier |ayer may not adhere well to the copper
or to th i i-al.. . ier.layer. m versely,affect the
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| ayer na¥okt;)ee (%Itifirgnilcult iﬁoingabri ca&.e with the requisite thinness in snall

t renches ‘“AnaPvi A40 MFAHRE WELTROPBIPR ECBI8%act of surroundi ng materials on
the barrier layer, it should be pointed out, that fluorinated materials such
as anor phous g%/‘fe F’?Wéga'f,ﬂg?eﬁﬁ ﬂ?vqbﬂg to proyide icApvmeptroRR dopasied -
fluorinated silicon dioxide are presently being used as interlayer

di el ect r Pt EOndEetigdeads gad misreppngrts| thief amormihetednths prior fosmption@ind t o reduce
parasitic_ capacitance between nei ghboring conducting lines and vias. Wen
f 1 uor i nadé8sipatherriess anddiner biers adthadthe gremihghandevipeintet whieh freeopssing (above
300 O, which is quite common in the conplex fabrication schenes of

i nt egr at edbsequestipdépesitedorCapper inkays sursoundducbyf layers of@hérendsls ted toi- di f f use
into previously deposited 2 25 August 2004 netallic barrier |ayers and form
met al | i ¢ chhpamidssuchaspagnegs, thegum, fdolyddémen Sid dihSumthiiridt Qre aREal um f or ms
tantal um fluoride, TaF). These conpounds degrade the adhesi on and

i ntegrit YopHer HiRasiBicakhtiGresayers and lead to their del am nation. Several of
t he af orenentioned probl ens have been addressed by recent inventions.

Nguyen et al  (Yhongh thaliffidschR praoctOf an SrportH2&E, Aridaas F5tEndNi25ESS whi ch
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
Earrier 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 cap_acitance 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



alows a direct copper to copper connection between vias on different but
contiguous levels of an integrated circuit. Their nethod invol 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 the upper portion of
t he copper inlay on the level belowit. Teong (U S. "Patent No. 5,693, 563)
t eaches an alternative nethod for solving the same doubl 85 Augygi208bnt act
probl em wherein two barrier |ayers are used to enhance the connection
properti s, L OyehL, lgssersaalmd(fgl%m etaTlit ﬁl?(%‘lrdg%i)lﬁlg%%‘ég g{’gggtiug%igﬁﬁﬁ‘fu?@gﬁtg()d for

i nterconnecting a erires o ransi s

fabrication.wherein the interc ction layer . i.s cpnpected to {he
transi st WI‘FHE%EEMQQB%%OEFG’%&%F Eﬁnﬁ%ﬁ’dﬁgﬁg{?ﬂ%ﬁg APFESIBRFbne of a
nunber of nmetals or their conmpounds. Stolneijer (U S. Patent No.

5, 834, sayyegritnehibs metallipiekgg andlead ldhsie delpmBatonyl ti | evel i nterconnect
structure conposed of simlar patterned netal |ayers as building bl ocks.
These bl ocks ageralieéHeadorpaentianedproblemydrasn besn addiessedl hbimegshtugs sur r ounded
by titanium (Ti) or titaniumnitride (TiN) barrier layers. Jain et al

(U. S. Paireettidgs, Nguyehlst@P@). St atett Mo. Het0d 06 S peachrapdameserge pheefsadtricicat i on
process of dual damascene structures by coating the devices wth an

anti - r ef kBews ¥ direvat@peato. coppirsoneodbn bgwtdieviacnhdirfeest hlleoph@aba@d i t hogr aphy
process and also acts a a barrier layer for the copper interconnects. 25

August  2Q041sAIF b alighate@eio@l ThBR naddEntdIlv@dehby2 Bl iheMsrbB deRioaRe! | cations
and i nprovenents of the damascene process, they fail to address certain

speci fi cyli fabri Wylet Hith 3R aMSS ATt B that [ cio@%‘{rihné,i %ippf‘fg?bg <ﬁ¥é&{ odnifit PY OCESS.

In its various eribodi nents, the present 1nvention romthose cited
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barrier layers e ou usi o 061 ne ttom ™ uori nat ed
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' 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 fbr fabricating a multilevel interconnect structure composed of similar patterned
metal layers as building blocks. These blocks are then connected by tungsten or
alﬁminum plugs surrounded by titanium (T1) or titanium nitride (TiN) barrier layers, Jain
et al (U.S. Patent No. 5,741,626) 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.



and vias of dinmension less than 0. 15 nmicrons and the use of a novel class
of non- conducting barrier layers to inprove the adhesion of netallic
barrier layers and copper inlays to trench and via sidewalls when the

di mensi ons of these formations are less than .0.15 mcrons. SUMVARY OF THE
| NVENTI ON A first object of this invention is to provide nethgg 4
preventing the out- diffusion of fluorine from fluorinat & p
materials into the nmetallic barrier layers such as those that characterize

damascene i nt QL{OACGESof the SERR 3%‘?9“%&’“9%&{?‘?%@1&%%?%%‘?,Mfév&&nw ovide a

met hod for preventing the out- usion o rine uori nat ed
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Vias not n rerer a ers obj ect of
this invent.ion.is to hod for ventin conductln materi al s,
such s CBpERs hab ?Df{t@edPrOHeSf " f@ﬁiﬁ&lt}%ﬂﬂ&tﬁfg S, BeRTERePT BEFTHR nt o
surroundl glelectrlc E . %gyst 2004 A fourth object of this
i nventi ofl ‘E)mﬁli‘%QF’(ﬁ%d Heth ?Sé}“g QHWP%@SS(‘:‘%&I?&@EW&“‘W erials, such

as copper, sputtered onto the sidewalls of trenches and vias during

et chi ng, mfablis barAerlayengby the uisdiffugion af Aepriicdrone finorinatpgicielectlies.inta £ f t h
object of this invention is to provide a method of conformally |ining

t r enches thasellayerssthoidBenlanf esing metdllpsbarier leyms forvoaforyallyninetasicigs Wi t h each
technol ogy generation, thus allow ng the continued use and benefits of
copper i ahdviepoidmessidmless ttlayv(.d & miabnd sid tBe iz ofiacibodl chenel mink on and beyond.
A sixth object of this invention is to provide a nethod for formng a

lining | apeductivgifster 19rkiodinphdve thid LhBYiOPET thétgiSic Badrier laQers 8AYESHpEhe probl ens
associated with parasitic
 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.




capaci tance between conducting interconnects and ot her nei ghboring
structures. A seventh object of this invention is to provide a nethod for
forming a liner layer wth inproved adhesi on properties between conductors
and porous dielectrics. An eighth object of this invention is to provide a
met hod for formng a chemcally inert spacer |ayer that groteﬁb§ '
surrounding materials fromthe effects of etches and pos? g?vent
stripping processes. In one enbodi nent of the present invention these

obj ects will hefoa@hb@u&@fhys ;nb@mﬁh@m;ﬁ@«bldefﬁﬁfa{ho@i?&qﬁwanﬁﬁg 6

physi cal vapor deposition ( a non-netallic spacer Tayer |ﬁ%erposed

bet ween i, LRHANEADEL gﬁ%&é&f&n‘?&h@' g;'e%gﬁgmremﬁe%rah@hasaﬁln metallic

barrier layer. [n ano nt o resent 1 nventrorr particularly

suited t ' 0 nlnun1 nsions are |less than 0.25
m crons, Qchﬁ_ ﬁﬁﬁk%dﬁ&%“ %"&gﬁuéﬁg ¢ %?W “pl asma- enhanced chem ca

vapor dep03|t (PE D sical v r si.tiqon (PVD).of a barrier
| ayer conpose e % @fﬁg HSFDM&%P %V@@?&Pt‘gﬁﬂgﬁﬁ B%§g25 August
2004 (I ow k) carpan- bgsed anDrPhous materjial s that can be deposited

conf or mafEgEheSand vighy ‘P@ﬁ@%cbqa i9ssarp SRS HEaly wosasingwith caclyteehnglagye, Tef 1 on
is such a lowk material (1. k< 2.1) that adheres well to other

di el ect r gensiggioay thys allowingt @netsm@d uspansidispelits ofepppomintereennenthianced by
depositing it over a prior layer of polyaniline or by nodifying its surface
to a hydedphatfithe & bthaidremgeneStioh amhieyphdus car bon-based materials will
prevent the out-diffusion of copper fromthe conducting interconnect inlay
and, - t her ef or &, sixthebjtteoftihie investixth it oy pravidadehetticafat forminald liindRydri er | ayer.

In yet anot her enbodi ment of the present invention, these objects will be
achi eved 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



by a plasma treatnent of the fluorinated dielectric surfaces to form
thereon, a "pseudo- carbon nitride" layer that is inperneable to both
fluorine and copper out-diffusion and which may, therefore, obviate the
need for an additional netallic barrier |ayer. BRI EF DESCRI PTION OF THE
FIGURES Fig. 1 is a schematic cross-sectional view of a It|-| f

m croel ectronics fabrication prior to the formation of 52@2 and vi a

of a dual -danascene type of interconnect. The interconnect will ultimately
pass thr ﬁb'\gh(gtc}i&%oﬁ'bﬁéeﬁ%h{olﬁxoh@ﬁ%{eﬁals@l%Eéﬁ 6443881 cARBABGhallf8 of OVer

conduct i yer. Fig I's a schemati c cross- sectlona V|em10f the trench
and via has now
been et Cﬁ{?@&% o?'is %Lnotnh‘é%ers Qf‘gkss giogggﬁﬁ]g,aﬁéﬁ&ﬁ r1]§| %tcﬁﬁ(f %ter‘ﬂ{‘ Kﬁé‘s

i ncludin i f|r ch firs urled Vi a 6 25
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dual - danascene t nch . and via Io mation with the net ||IC barrier |ayer
havi ng bE¥RNeHhYFPaTiting i pyer dysior laser gbeadine of by med Yfa%etaﬁmf%a %o the

met hod of the current art and not using the nethod of the present

i nvent i oA hydmehcbi eapditioni Auch @nerpbeps pebasqd peripds Will preveh ghet o

out-di ffuse and degrade the properties of the netallic barrier |ayer so

f or med. Putgdiffsips ofcoppérdnam ihe condusting sdercomatt ivlapwnd ftharéfereepetigd theut t rench
and via of a dual-damascene type interconnect done in accordance with the
met hod oheddfer g1 &klétiinal maraBictbanier layat.i ke the via illustrated in Fig. 2, the
viain Fig. 4 extends only to the passivation |ayer over the conducting

llayer and doem ywhnfRéitehibatigndnt of the Presént irfventiGs; fiRsBbbjectewibbe sbkivednal vi ew
of the trench and via formation shown
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 througn 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).



in Fig. 4, now covered by a non-netallic |ayer deposited by a nethod of
chem cal 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-netallic CVD or PVD | ayer renoved from horizontal surfaces by a first
anisotropic .etch to |l eave barrier spacers on vertical surfaces. Fig. 7 is
a schematic cross-sectional view of the fabrication in F2§AugusiZe8equent

to a second anisotropic etch to renove the passivation |ayer and expose the

conducting layer. Fig. 8.is a schenpt.c 0ss-sectional view show ng the
for mati on of gy,g St Srcg?:mg%cacrr?Slséslmfoélygg‘r”e‘&?g?Ehet(ﬁlgls"‘?aé‘be}sf%‘ﬁttﬁeB?P?ﬂd‘l&‘i‘g. 7. The
structure of .this fabrication, done in ~accqordance with the nmethod of the
present 1HPEHPR ¥h ﬂ?esm‘ft?)ﬁﬁbma’&ﬁfaﬁ’ﬁ&aé(ﬂ‘gtb@e@ mF%EF?%\fé(toivﬁﬁhe E¥POsedy. 3, which
is done in_accordance with the pethod of the current art and not in

accor dané¥fates srcoringiadhionetpd phibe pyrmaat att andpetitsingihe methgd pfilast 2004 Fi g.
9 is a schematic cross-sectional view of two dual -danmascene formations
“lined wPrsentEnvEntion: Hiefarigeis paing by arpasrsherdflgpring Wil Yenddpout-diffusmarghape of a
present dual -damascene formation, while Fig. 9 (b) depicts the reduced
aspect oflegeadsthe pfopentigs pOihe wivtallicalmpti¢rdayer so farimved 0. 15 ni cron and beyond
generation of mcroelectronics devices. Fig. 10 is a schematic

cr oss- sect i ongig. ¥iienschématidatbésisetiyrar viewer el el ond tésich hiabvineahi on of the
0. 15 mcron and beyond generation of mcroelectronics devices within

which a dudldafRasRae 8pe iftyieenrchi ®he MAR6idah& With B8 rledidiRA thdprsent !
illustrates the design paraneters that nmust be considered in formng a

dual - dampRRRcor. YOike MV ARRESE iFig. £ thella H B ONe:AGs RE¥ABhOener ation of

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 anisdtropic
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.



m croel ectronic fabrications such as is illustrated in Fig. 10.. The figure
also is a schematic cross-sectional view of the patterning and etching of
t he 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. I | subsequent to the formation of a_non-conductive
barrier of anorphous carbon-based materials. Fig. 13 is?2a/3enesf®4c
cross-sectional view of the fabrication in Fig. 12 subsequent to the
application of an anisotropic etch to the non-netallic 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
passi vati on I&ygﬂs.a%galpati%cri)¥'s§°t§’cf'ﬁ%¥fﬁ‘fvi° R’&? 6‘?%‘-“1%%6%"?%%@%%118?& a
~multi-layer mcroelectronics fabrication prior to the formation of a

dual - dan¥dEdpaliq g WP@@E&HH&%SJ’@%@ﬂ#%ﬁ&?ébﬂﬁdﬁa@“ﬁﬂ“ﬂﬂ@dﬁ@“@@mﬂ consi sts
of a conducting substrate, such as a copper substrate, over which has been
formed afarmagen, athiks Fig. Sdbhdrpighaths irsducedbasped pé suchrrdommdtionstheh epplieddi el ectri c
| ayer. Fig. 16 is a schematic cross-sectional view of the sane fabrication
in Fig.  kbthe Ovithenieion anh beydndgendratenkofdnietoeletiromicd deyees.has been subjected to
a nitrogen, hydrazine or NH3 plasma treatnment of its top surface. Fig. 17

i's a schemati Bigct®Br sbahitRrabss\seaibnall vitwef 4 alulti-Rgtd @iRrcdeckbglics 16, on whi ch
a second etch-stop layer and a second |owk dielectric |ayer have been

~formed. Ritgicatich df$he0.35 hedrai hitd K8y0SE p&REdion BRmidtha¥tRhick B8vibawilgat i on in
Fig. 17, subsequent to a nitrogen or NH3 plasma treatnent of the top

surface QhidthenRREARSERW e 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




dielectric layer. Fig. 19 is a schematic cross-sectional view of the
fabrication in Fig. 18 upon which a capping |layer has been fornmed and a
trench and via have been patterned and etched. Fig. 20 is a schenmatic
cross-sectional view of the conpleted trench and via formation.

DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS I n each of its preferred

enmbodi ments the present invention provides a nethod for 2fdwgn#g0P4 ned
conduci ng i nterconnects, such as copper dual -danascene type interconnects,
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net hods tau ese“prererre s will

rotect tthe .swroundin ielectric materials from copper out-diffusion and
_g{so pro‘gng?E%ﬁ§%§§“ﬁﬂﬁg§Fﬁﬁﬁﬁﬁnﬁﬁ?%?@éﬂﬁ@@?wﬂfWﬁkmggiﬁﬁfhe adver se

affects of flyorine out-diffusion fromfluorinated |low k dielectrics. In
one of its pr ﬁl@e}é Ba sshaseriiciresrescctiondl vigw ehthe sgme EbgeationdnFig 13 suited for
creating interconnects of the reduced dinensions required in the sub-0.15
mi cron g®heiek the frslowrk didestricleyahies beehsbbjeeted toomgitroging bydriried enNldd

Enbodi nent A first preferred enbodi nent of the present invention teaches a
met hod oplashatraatmgntzofistemstrfabd.i c barrier layer to fluorine out-diffusion
that can be applied to the formation of conducting interconnects, such as
copper damascEigell ispeschataiceoomgaedtionaliview of the Ssreetidrodtileg. Thad whRhi ons. The

met hod can be | earned by referring to Fig. | through Fig. 8, in
conj unct aegcond tlahisttp 18k@s ahd Pidcom®loek @Wlectric layer have been formed.

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



Referring nowto Fig. 1, Fig. 2 and Fig. 3, there is shown a series of
schematic diagrans illustrating the fabrication of a dual -danascene type
of lined conducting interconnect in accordance with the methods of the
current art, but not in accordance with the nmethod of the present
invention. These figures are used to indicate the advantﬁgﬁ‘ %?

present invention. Fig. | shows a schematic cross-sectio L

m croel ectronics fabrication wi t hin which a dual -damascene interconnect is

to be fop) @gonnl_a(?1ngxa%J1§'lcf Qrs&focht% S uorid %W@Eﬁ&hﬁﬁﬁ!ﬂaﬁlﬁ) 1n£t%%)awwm ch is

typlcally a co conductin ay er can e a tungsten
| aye |na f a t anlun1(T|)
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15, 000 t f d I 12), which

Copical | PGB gt o/ ?Bifﬁﬁ?%esgnﬁn%ﬂéﬁe@f "B DA iR e (8 0y of

t hi ckness bet ween 500 ang strons and 5,000 angstrons, on which has been

f or med ag?qeff’é‘ﬁ’“@f611%'8%1?‘it’69nl°é§@¥1"(‘t1%¥ which could be a layer of lowk
fluorinated material such as, but not restricted to FSG fluorinated
pol yi m de, anor phous fluorocarbon, Paryl ene-F or PTFE(Tefl on), of

t hi ckness between 1,000 angstrons and 10, 000 angstrons, on which has been
formed an etch-stop | ayer (Fl6)Prefewhid Embodimeit be a | ayer of SiN or BLOK
(from Applied Materials Corp.) or silicon oxide of thickness between 500
angstrons and 5,000 angstrons, on which has been forned a second |ayer of
~lowk fluorinated dielectric material (18), simlar to the first dielectric

llayer (14) and cPRé[leﬁ@d HasodiRen o@mré&ﬁmde@an@éahhéa@%etﬁm ng |ayer
(20), which could be a layer of Si N of thickness between 500 angstrons and

5, 000 anﬂﬁ?fﬁ%?énori ﬁleﬂaﬁ1 evermag@pso%omebu@&ﬁﬂméﬁ Rt LR appHR)to G becore

optional | I nter paci tance o

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-coppelr (Al-Cu) alloy,
tifanium (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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fabrication needs to be reduced. Fig. 2 is a schematic cross-sectional view
of the fabrication showmm 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 mcrons and 2.0 mcrons, the w dth_of sals via is
between 0.15 mcrons and 0.40 mcrons. The etchlng proc@§§“68ﬂ§ U s of
_plasna-assisted dry etching wherein the etching chenlstry conpri ses one or

TP o AR et ey SRS S
hl d b d d
o e RS e, P BRI 10 ngé pasgs s o

appropria o the nature of the di ffer ent 5 August 2004 Fig.
3 Shows f’h@“‘xlﬁh@?"&‘ﬁﬁﬁie“&%te’? shis Pt P HG Ring s A POGUNAE ned wi t h a

netallic barrier _|ayer ch could be a | ayer of material such as

t ant al umARPIRPER{ “C(qud’ﬁbonoParﬂefl%rﬁl% mMIEEfTatlea), @ﬂh\gknest(hemntl&OQ t hi ckness of
between 50 angstrons and 3,000 angstrons by a process such as PVD (eg.
deposi t i engsbyms pud ﬂ%ﬂ@‘h@gsﬁr@ns wetvelich ipis eemifoonedhal ¢tdwstopddyedd 6lragnet ron) or
CVvD. The arrows (28) indicate the surfaces through which fluorine

out - di f f whidhrcouldiHed: layr of SB% 0B L@EUFrbmoApdish ddgeriats Coripglor sitiespextidt ur e
processi ng steps at tenperatures exceeding 2000 Cto 3500 C. The out-

di f f usi ngf fhidkaedsweiweeAG0S andstrbmb Bed 5,00@ingd3RbAE, oAl which AR RiRedsi tt] e and
poorly adhering netallic fluorine conpounds such as tantal um fluoride

(TaF) . Fi@ond 15800 80R-kS0iNBlel QictdcAfsmaBGal (P2kimyiaLiy 1R fithGcRawR
mcroel ectronics fabrication of Fig. 1 now being prepared for the

formati op,f (13) Al HRPRASEAE been formed an optional capping layer (20), which
could be a layer of SiN of thickness between 500 angstroms and 5,000 angstroms. 1t 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, C4Fs), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF?3), 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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i nterconnect according to the nethod of the present invention. A trench
(22) and via (25) have been patterned and forned according to one of
several nethods known in the art, such as trench first, via first or a
self-alignment (buried via) schene. The trench is of w dth between 0.25
mcrons and 2.0 mcrons, the via is of wdth between 0. 1\3 % cro% and 0.4
m crons. |In accordance with the nethod of the present in ) 200%e via
(25) extends only to the upper surface of the passivating layer (12). Fig.

5 shows a schg ﬁgﬁﬁ ni cs
fabrication o ékﬁo@tﬁéﬁé@é@%k&qﬁd&:‘é{% aﬁlg £1PIBa ( %35 Eﬁl}géfﬁg\f}v%been
formed b tho a | tion D si,cal vapor
depos: ¢ | BB ek e, Rl R e\ E SR S e a@%&?ﬁ%ﬁ%‘ BREHE Soo
angstro he Ia nf or l.i.nes sed surfa es of the
trench a Oét’faé‘ Pi(tré‘?(rrll gﬁ%@iﬁ&?&&%&?%&%&f’mﬁ ARd passivation
| ayer (12) and a portion of the surroundl ng.cappi ng | ayer (20) The non 12
25" Augus B-090 guestrammg by @@recgsreuch ash VR Lpe. depdsiiondty sprttaiingaioaretdl such as
silicon carbide, boron nitride, carbon nitride boron carbon nitride or
boron caplgbmeor lﬁilljﬁw @thodomsgactrahen@V: Theaeows é29)iintiedte theswizks t he same
m croel ectronics fabrication of Fig. 5, subsequent to an ani sotropic etch

used to flwowghawlspateorideayediffutdh wduldoocuhss aves:netsabdeijeent dighr  (shown as
(15) in Fig. 5). Said anisotropic etch consists of a plasnma-assisted etch

wher ei n  tdngrepitabdipRg:esNestGs by teGPORARIreaS cithg00PUrte 366° ¢.hehe &l | owi ng:
chlorine, boron trichloride, oxygen, hydrogen, nitrogen, formng gas (a

m xture @fffiRinkfRGARe AActs RIHRIBR; matdriaPioXeah B Brittle hhdIpsdriiQmdhsrast i t ut ed
hydrocarbon(s) and argon. As is seen in the figure, the etch has renoved

t he non- H%E@hé &rgn@(:gﬁlp{}?{g? ﬁ&lasta(xﬁﬂ gdé %%}E)I n Fig. 5 fromthe capping

Iayer surtace rem)ve

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 tren.ch 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 material fromthe etch-stop |ayer surface (21) and partially
removed said non-netallic |layer material -fromthe passivation |ayer
surface (13), leaving said non- netallic |ayer naterial on the vertical
surfaces of the trench and via formation (19) as shown. Fig. 7 is a
schematic cross-sectional view of the sanme nicroelectronlg abr| tion of"
Fig. 6, subsequent to a further etching which renoves (ag ??

passivation layer (12) fromthe conducting |ayer (10) beneath |t The

et chi ng [ [ e etching
%QE gt) st L §{ eg‘gl%splrﬁfgggﬁéaltésg?gnr?gé ?gﬁiﬁeﬁﬁfgfu? ﬁg?ﬁ%&mab %?%@ar %Cijt%li 3§ eg. CH4,

c orine..su itu ydr ocar bons (eg oxygen,
n|trogenxgé@b%%le (fq#m%Q9Q§¥deﬂ5(noFﬁa§ gurlng t he etchlng process t here
IS some degreﬁ. % enetration into the ondu t|n | ayer é During this
process, the ¥a ? Br 4 Sﬁf@%rpatﬁo‘iﬁ’sﬁs&}‘o&@ ¥R H‘eﬁ FTPYECTINRST to prevent
diffusio of the s uttered 13 25 August 2004 conductor and its OXIdeS into
the surr giﬁ’ﬁ‘éﬁ‘ ! (tfl & SeUPRRIUeRip & a’i”§°tf55’F°t gtelupsed (9 formysowress dayes (1
conductor is copper. Fig. 8 is a schematic cross-sectional V|em10f t he sane
m cr oel e&omdhe Ben-metsiliclayer dshowsras £15) in Fig. 8)p¥sidjanésatropis etdheconeists of a dr y
cl eaning of the sputtered conductor (not shown) and the formation of a
met al | i ¢ plasma-assistédogrelr wiiein, thenttelohg cloampstisesnaiseagreroraiqre bfithei s not
restricted to, TaN, TiN, W\, or tantalumor netal-silicon-nitride, of
t hi cknes $olleting ehlobifle, gt trioliisride) dx PPy dasrgal fitogen, Tor@idgalaki@at i on is now
ready for the insertion of a conducting inlay, typically a copper inlay

formed bynitdiR cfeReseh h@dlhﬁirogeemﬂmbr&u%n@ Ifluofitk-basestc@hydmicabbh@nch and
via formation (not shown) Conparison of the fabrication illustrated in

Fig. 8 tQnd &8bni Ak 1SbEAARE fifurE tHe etdh 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 1ayer 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. CFs, C4F3g), 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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shows the inherent advantages of the spacer layer, fornmed in accordance
with the nethod 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
met hod of formng a non-netallic barrier |ayer to coppe i ffusi into
the dielectrics that can be applied to conducting interégéﬂg@¥§b8£uch as
copper damascene-type interconnects, in the 0.15 mcron and beyond

generat i tol i D& (el : cat-i : rned by
referringﬁ¥@£ |g.1%(%ﬁ%%ggﬁHﬁﬁggggﬁ#&$%hggﬁfﬁ%@§?gﬁ%aﬁgﬁﬁﬁﬁgpﬁggﬁgﬁptions
bel ow. 1%ﬁ25 ugust 2004 Fig. 9 is an illustrative schematic di agram

showi ng t éoPlﬁg?l%%?Bg“of a typical dual-damascene trench and via
“formation. In Fig. 9 (a) is shown the outline of such a formation as it
woul d be found in the present generation of m croelectronics fabrications.
The width of the trench in this formation is between 0.25 mcrons and 2.0
mcrons, the wdth of the via is between 0.2 microns and 0.4 mcrons and
the thickness of the barrier 'deposition is between 50 angstrons and 2000
angstroms. | nFig §is dschematioscresseogpiianakbuay of digiseme srieraelegronses filiriogieon d be
found in the 0.15 mcron and beyond generation of fabrications using

met al | i c obEigr 7.enbatepas id thomet andly slzkning ofithe apwerdi cogdiaort(het sewhpd of t he
present invention. The illustration is solely for the purposes of

i ndi cat i agd the@bmiakien besteadictapegiayef (22heviicieasliprassa layer dfnbdthendd. 15 mi cron
and beyond generation would, in turn, require a thicker barrier deposition,

thereby rdatfgddne, TEN, TSt WINIGE Bhntdl G A bt iR BliSoRRitide oPiRMkh&R beteeper ti es of
the conducting inlays required (eg. to prevent the formation of voids). In

.. this fabrgy %ﬁ’és‘trgﬂrs ahd) 9,0% gﬁé&trgfns.t e 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 ﬂuoriﬁe into the metallic

barrier layer (22).
Second Preferred Embediment

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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trench is between 0.15 microns and 1.5 microns, the width of the via is
between 0.05 mcrons and 0.3 microns and the thickness of the netallic
barrier deposition would normally be between 100 angstrons 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 m.croelectronics
fabrication, including a microelectronics fabrication ofS¢Reusaiedy 0. 15

m cron device generation, wthin mhich a dual -damascene interconnect is to

be formed. Th nduct |ch IS
typically a cglﬁpa?ﬁ(ﬂéﬁ?é@gﬁ%gc Ilnﬁgcﬁ ?3?1 5°wén%%1ﬁ%8§ eét%aa%klc"i’:orrprl si ng
one or f the ow, n tal s I api t ungst en iumnitride
and al uniiFRTEREs b Egﬂéf%em@ngéﬁowwﬁ : POl ot 8,000
angstro on 15 25 August_ 2004 mhlch has been forned a paSS|vat|ng | ayer
(12), whiUAaHey gt H@ulgtﬁeaf%}d ip thegpreseabgrnaratipn gemicraglogirogics fbratone.g. by
Applied Materials Corp.), of thickness between 500 angstronms and 5, 000
angst r ond he yidthef e Uﬁfa%h pébis feraatiar isefvees (0.23) aiceans mugz Dawierong, 149 , whi ch
could be a layer of SiQ2 or doped SiQ2 such as PSG or a |ayer of

car bon- depdth of tHeivizols betwiedie 0.2g9mictona sndre# hyicont sethe thickmessaof tie baajer of | ow
dielectric constant (lowk) organic polyner such as FLARE (nfg. by Allied
Si gnal Cdegmsjtion$ betwéanf ). angytrddeyandiio0d esdst:cCakp. ), or a layer of inorganic
pol ymer such as hydrogen sil sesqui oxane or a |ayer conprising the porous

entity of thenafigr @ donad Bhph@blefbfndtionds it vafuld b fAGEShoeliveen 1, 000
angstrons and 10, 000 angstrons, on which has been forned an etch-stop | ayer

(16), Whii&bn apwbd ol ! LOK (nfg.
by App! | e ron ERUE oS e AN lor Ebrt g R g B i barr Jpotfidtk Bl L7000

angst r ong,, é)ﬂ:cwaﬁr%}o tl{}:arﬁetﬁg B ho fn@g t%v%ﬁt?&ndrhe%l\ﬁ?s'{tfatxgr{ 13(101%1)7%}* {h' ¢ material

(18), simiar to ayer

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 fnicroelectronics 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, tuhgsten, titanium nitride

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on
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whi ch has been fornmed an optional capping |ayer (20), which could be a
| ayer of SiN of thickness between 500 angstrons and 5,000 angstrons.. Fig.
| 1 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 schene. The etching process consists of -pl asma-assi sted
dry etching wherein the etching chem stry conprises oneZaAugpstd@0dt the
foll owi ng: fluorocarbons (eg. CF4, C4F8), hydrocarbons, fluorine

substitu drocar bo eq. CHE3)  fluor.osulfurs (eqg. SE6), .chlorine,
hydr oge nh%l?ccl} rr]ﬁ\étcii é‘fen Y& }g aﬁgﬁtgﬁé‘ﬂ?‘:r épé,oxﬁl}@i %11%5%?1 faa%roofgﬁagog BB

nonoxi de,_.wher ej choi ce. chem stries_ is tailored appropriately to

t he nat quéﬁgf’r ﬁ'{@Kt @?efgf@r%ﬁﬁ‘eaéﬁ?r& s FRP-Jgelthichngss H@?e?ﬂﬁopﬁ%éﬁr%% e the
design paraneters for the final copper inlay, allowing for the thickness
of the ugwgio%?qﬁswm%&yéwhlcwﬁé beey} foamed {irst dielacirisdayer Ak cebich eanlds August
2004 the actual etched surface dinensions which are required to fulfil

t hose deb¢ giayepefrSife pedaped i el acPSG or aiaybicef cathoowlghed fikcompxidenal  cappi ng
| ayer (20) and the second dielectric layer (18), stopping at the etch-stop
| ayer ( 18)ch a¥hethylslseqprienohach heraddgdw teldctre copstagti(loat-kiorgdriy pslyd2) . Fi g.
12 is a schematic cross-sectional view of the formation shown in Fig. 11

subsequesiichtas FLARH @ifapby AnieﬂfSig’ilaDQ&-z)stlﬂM@ﬁfgf—‘bﬁbb\&ri@femﬁc%@toﬁa?, bhe plasnma

enhanced chem cal vapor deposition (PECVD) or physical vapor deposition

(PVD) of |a38¥0fGhor@ani€ bl§meP§uch @ Hﬁﬁgﬁ&\%ﬂ%s&ﬁﬁ@&ﬁi&%ﬁ 14YRE @Jdg%ks%lagttﬁe a thickness

of between 100 angstrons and , 000  angstrons. Said'carb sed anor phous

T PRI S R R0 Lk A VoD oL S%,
a metal %gsﬁ‘oﬁ‘xg Qﬁi&' ?(5,8(50 an%ét%mé, on vxlthcﬁ)l I{Jag Ibg(gl g%e gnt etir:hqsstE);E -ia%zteF H 6},0 silicon
which could be a layer of silicon carbide, SiN, SiON, or BLOK (mfe. 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 whetein the
efching chemistry comprises one or more of the following: fluorocarbons (eg. CF,4, C4F),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFe),
thorine, 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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carbide, carbon nitride, fluorocarbon polynmers such as PTFE and Tefl on,
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 treatnment in a furnace or an apparatus for rapid
t hermal annealing (RTA) between 200 C and 450 C to densif¥ the-
carbon-based anor phous filmmay be effected if necessary2>Kagest2Agd t he
barrier properties and dielectric properties of carbon-based naterials can
be varied fr t hat. of. dj.amond, whgse diel ectiri nstant is k=5.7, to
Chat ot - Rl ity sBrmeh BERMMS wiReFa oo RaERn =S o vo 2. 10 by
varying the co ition of the carbon or the material mcrostructure. Fig.
13 shows Pﬁa%ﬁméme&blé§i°il%§ﬂw«e§|thwréwnelfcapmg faypy (28handdhe pasord g, 12
subsequent to _an anisotropic etch of the carbon-based |layer to forma
spacer | diglsctricilayer (h8), soppmgni she ddpgoskiver @A) stherdpisetaled throwghdp ghes of a

pl asma- assi sted etch wherein the etching chem stry conprises one or nore
of the fpkdsbwiienglayer{l2ki ne, boron trichloride, oxygen, hydrogen, nitrogen,
formng gas (a m xture of nitrogen and hydrogen), and fluorocarbon(s), The
etch renoves Fizelhorskdmadticiccodsaedtionsl diay ef the famatibe slapvd iakag. 1¢appi ng | ayer
(20) and partially fromthe etch-stop |ayer (16) and passivation |ayer
(12) . -ThEulisaqdeﬁﬂmbl@éﬁﬂnathﬂlrd’ﬂa&fonb@ﬁ@fctiﬂz@ﬁﬁii@ﬁ(%@}"b}t 1he p¥BinbhichidncR! | s of the
trench and via to forma spacer layer (19). The passivation layer (12) is

subsequepkdnyicAtvap&depSsito@EE VD) or YRASEH ViR defRRNEPOD) bAMR 0 10) - Sai d

etch is-a plasma assisted etch wherein the etching chemistry conprises one

or more of,d &Q:aitb%h-lbgwdggﬁr%ﬂol@ Ex&f&{?ﬁ% S thibirdQd 6%%&%4:??12{) %%lé?% s ta%d

hydr ocar bons, argon an rogen. ere 1s sone pene e etch
: Q;Ce)r t Pg 3&@23@%&?&%‘51‘ ]S%ls :?:C %oﬁ-%gsegcé?ﬁo?p%%g}lsj %:nta- e\I/‘i%.ISl%%IIi E:(i)nes{st gr%}rgly%? ctbb otect i. ve
(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 diclectric 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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of the sputtered conductor and its oxides into the surrounding dielectrics.
Fig. 14 is a schematic cross-sectional view of the conpleted interconnect,
wherein a conducting inlay (22), such as a copper inlay, has been forned
by a deposition of copper over all surfaces of said trench and via
formati on and then covered by a capping and passivation_|ayer &2&%. I'n
accordance with the nethod and objects of this enbodinen??ﬁﬂ&?tf) | dual -
damascene interconnect for sub-0.15 m cron m croel ectronics devices

11 ustr aselabilofhfle e} SRR ARRENAE RASI I ML AL BCHLY DS

illustrate rior eposition o lic barrier

| ayer, since.the non-netallic, barri |l ayer is.able to revent the

0T usi oROBRTER AR TR ot MiedSUgH i Bires BishRr B, vl BYEPEILr r eq
Enbodi ment, 18 25 August, 2004 A third preferred_e di mrent of the present
inventioHﬂFﬁﬁbﬁ@?“ gﬁﬁ%@ﬁ“ﬂpﬁgﬁﬁﬁnﬁﬁﬁﬁP ro L@EE%QQ$E§'BP@hfﬂ§ceS of the
trench and via formations of a dual -danascene type conducting

i nt er confiE remeves thegipnzasiplie bargicnlayer fsrm the aptipnal campirg layeria®andr wi t hout
the need for an additional and space-consum ng material |ayer. The nethod
of this patiblhyfromihe dalrstiop ldventlog endoyessivdtmrlayeg (12. Theeathwodrssi on of
figures, Fig. 15 through Fig. 20, together with the description bel ow
Ref er r i nbarfier Byertrembing on e, vetthel wallssofsixowench asd hianmform cipassisect i on of a
m croel ectronics fabrication wthin which a dual -damascene type

- i nt er conByt The piseivigon apdrTED).is Iiveeduaiily &alkiddab eg¥P HesR8erdyig@nduct i ng | ayer
(10), which typically could be a copper |ayer of thickness between 2,000

angst r omgoafigior ﬁy@@ﬁq ORNG3 £ R a s UsEiBed Stch WHERERFIHR cRBRDIHELIsRY | ayer
(12), which typically could be a |ayer of SiN of thickness
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 (22), 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 (24).
In accordance with the method and objeéts 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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bet ween 500 angstrons and 5,000 angstrons and on which is fornmed a first,
|l ow-k, fluorinated dielectric layer (14), which could be a | ayer of FSG
fluorinated polyimde, anorphous fluorocarbon, Parylene-F or PTFE
(Teflon), formed by chem cal vapor deposition (CVD) or spin coating to a
thi ckness between 1,000 angstrons and 10,000 angstrons. Fig. 16 is a
schematic cross-sectional view of the fabrication in Fi g25y8ieast?8P4a first
pl asma treatnent of the upper surface of the first dielectric |ayer (14)
with a nitrogen, hydrazine or NH3 plasma. Said plasma is forned in a
chanber wherein a plasma can be generated by an RF power source (13.56

pr essure bet Aol PGS SOBOTOTS ProPRS AT ctdieo s "R AGE 2008

treatnment forns ta seudo-carbon nitride" (15), indicated as a shaded
r egi on, ﬁatf“r‘?a'iol}lb‘f)gf O8GH Oﬁy‘eﬁﬁéﬁ‘éaﬁ"@%@mﬂ@%@q fgslualedamaseangmer + (N2
or NH3 or N2H2) -> C- N +NFx, CHx(voI atile), HF(volatile). In the case of
NH3 or h{xRe£endusting mssraonnipst, ﬂlgreéxp@wé@mﬂa@rxwdg“émmrrbewmwr por at ed
into the "pseudo- carbon nitride" layer, possibly as a CGNH type pol yner
or a a Cthe-ed forpe aédihyn@rambspaas-cmsmnmwnaeMI lpet.nThdngthod 3f this a schemati ¢
cross-sectional view of the fabrication in Fig. 16 subsequent to the

f or mat i oembbdiarenedantbedtanped toyreferrfrbi) tharuicedsiby pf figlrksy Foub ehrbggha | ayer of
SiN, SiOor BLOK (nfg. by Applied Materials Corp.) deposited by CVDt o0 a

t hi cknesgig. b, togéth@aiitthllc aagshticiteldnd 5, 000 angstrons on the first :
dielectric Iayer followed by the formation of a second |owk fluorinated

di el ect1ic | aRSfer s SIFFLIIB! b if Bt d SheMliilbrod:a¥on @2 Sai d et ch-stop
| ayer. The said etch-stop Tayer could become opti onal 0'f[1 the inter-
microelectronics fabrication within which a dual-damascene type interconnect is to be
formed. The fabrication comprises a conducting layer (10), which typicaily 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 NHj; 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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| evel dielectric capacitance needs to be reduced. Fig. 18 is a schematic
cross-sectional view of the fabrication of Fig. 17 subsequent to a N2,
hydrazi ne or NH3 plasma treatnent (as descri bed above) of the surface of
the second lowk dielectric layer (18), to forma "pseudo-carbon nitride"

| ayer (30), indicated as a shaded regi on on the upper s%rface of said
dielectric layer. Fig. 19 is a schematic cross-sectional v ARIER0he
fabrication in Fig. 18, subsequent to the formation of an optional capping
| ayer (2 j ' | . he [y i N of, Fhickness between
500 angs?%%ﬁ%ngﬁgn%¥g%%ﬁgH%§(ggﬁgmgngg?ﬁgﬁ%gpgg%ﬁgﬁaS&%ﬁ%re%§h§§g of a

dual - da siene tr§ncgy(2§é aggﬁviaﬂé24) formation. The passivation 20 25
August 2 uﬁ’p%%lfr a(ci’ RSB TFEHYV ed by the etch, opening the via to the
underlying conducting layer (10). Finally, Fig. 20 shows a schenatic
cross-sectional view of the dual-damascene formation in Fig. 19 subsequent
-to an isotropic and anisotropic N2, NH3, or hydrazine plasma treatnment. A
" pseudo- €aF BONMAET T (Nger NHageNaHed s> oW ’d&%«nc’fbﬁ};ﬁ@éﬂ%ﬁﬂfﬂ’\f@lm@-t ical exposed
surfaces (31). In accord with the objects and nmethods of this enbodi nent,
this final dual-damascene type formation can now accept a copper inlay
directly, without prior formation of a netallic barrier |ayer, by the
deposi t i dmthefcaeaipe; @\hgdraaint phent dcBexpdcteddBitdrylifogacianbé incopofatsdrat i on
(not shown) or, as in the conventional art, first accept a netallic

barrier iy efe "pedudoveehdihiRidsORPE! pdstibBYas 2AS-N-8 tyiwh&Qs aRYC-a-Rer son

skilled in the art, the preferred enbodi nents of the present invention are

i 'l ust rajpé@oBimer BEadd PEME o BYENti On rather than being limting of the
present i'nvention. Revisions and nodifications nay be made to nethods,

Processes, 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 foa 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 capacitahce 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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materials, structures and di mensions through which is forned a

dual - danmascene type of conducting interconnect that is inperneable to
fluorine out-diffusion and copper out- diffusion and can, in one preferred
enbodi ment, be used in the sub-0.15 mcron generation of nicroelectronics
fabrications in accord with the preferred enbodi nents of ,_the

i nvention, while stiII'providingpa dual - danascene type o?séﬂﬁﬂggﬁﬁﬁ

i nt er connect that is i mper neabl e to fluorine out-diffusion and copper

out-diff 15 mcron
ggner;tlgﬁlq? nlcroe ect&%%ﬁ@@ ek a rlca ﬁg%gﬁ %?ﬁgﬁhgﬁﬁﬂgé%? tvwgth t he

present inv QE%O as defined by the appended clains. 21 25 August 2004
What i s ctai 1. A nethod for form ng a dual -danascene type

conducti ng i ng4 ne t hin m croel ectr pri cs f.abri cation, conprising:
ConduCt NG I e OMESh b RS2SR Ylﬁwaafme&@a@%w%ﬁ. o8
fabrication, sald structure conprising a conducting |ayer, on which has
been f or fRsEaBOHRLdL- 19 suBtgAUgns j IsefFPRihANckANFRE Ol &l NHp.rAE BySaFing st

dielectric layer, on which has been forned an etch-stop layer, on which
has beenplenaieatmente o Riceiotageanmitride! alpwer hapdowheahioshe e thetyesiealf or med a
cappi ng layer; patterning and etching a trench and via structure that
passes t bxmughsistacd (8 pdn agcord witk the abgdcth and mmstisbddiofthécembalithentathis sai d
etch-stop layer and said first dielectric |ayer and extends, thereby, to
sai d pas finslatubRdanhByee tyfedomagn aamosw aedept 4 cdppbeiviRly dikctdyl, wathbwme di f fusi on
resistant material over all surfaces of said trench and via formation such
that sai gdrigofrf@iodl dfiandtANE barfieibPsr8Y th¥ 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 coppér 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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covers said surfaces; etching away portions of said non-netallic |ayer of
fluorine diffusion resisitant material to forma fluorine diffusion

resi stant barrier "spacer" over the side-walls of said trench and via
formati on; etching away the exposed portion of said passivation |layer to
expose the conducting layer; formng a netallic barrier_|layer oqver al
surfaces of said trench and via formation such that sai & ASESEEPR4 barrier

| ayer conformally covers said surfaces; depositing copper over all surfaces
of said trenc i rmation. 22 25 August 2004 2. The nethod of claim
1 wherein thea@%ﬁ%ﬁ%%ﬁﬁgglayer is a copper (Cu) layer of thickness between
2,000 angstrons and 15,000 angstrons. 3. The nethod of claim1l wherein the
conducting layer is conprised of one or nore of the materials sel ected
fromthe_grou cogitéting_of | um num copper all oy, tungsten, . titanium and

titani umloxid § foaming R RRCSEmIREeRiEPe LNgBgIgisicrBifst WHbnES, 000
angstronms. 4. The nethod of claim1l wherein the passivating layer is a
si |'i con migreslegdronics (gbricatian: cfipisitgkness bet ween 50 angstrons and 5, 000
angstroms. 5. The method of claim1l wherein the first dielectric layer is a
| ayer of fl uophomingda tiyeted strvdturersucheasiiabisedfin h ovicrdelettemicsifabrivatiot, ant
(rowk). 6. The nmethod of claim5 wherein the |layer of fluorinated
di-el ect r baid nmicturt abmprisingset@aiuetihgf 1ayom dohehigh baybeeo figet b pgssbfatif®G,  Tef | on,
Paryl ene-F, anorphous fluorocarbon and fluorinated polyinide and is forned
to a thi tlysess WwhehWae Bech, fOREkdo@St diBleBrid Mer, 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 diclectric layer and
extends, thereby, to said passivating layer;
forming a non-metallic layer of fluorine 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 fluorine diffusion resisitant
material to form a fluorine diffusion resistant barrier "spacer” over the side-walls of said
french 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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10, 000 angstronms. 7. The nethod of claim 1l wherein the etch-stop layer is a
| ayer of Si N of thickness between 50 angstrons and 5,000 angstrons. 23 25
August 2004 8. The nethod of claim| wherein the second dielectric layer is
a layer of fluorinated dielectric material of |ow dielectric constant
(lowk). 9. The nethod of claim8 wherein the |ayer of fluorinated
dielectric material is selected fromthe group consisti R§AsEusteP4 Tef | on
Paryl ene- F, anor phous fluorocarbon and fluorinated polyinmde and is forned
~to a thickness between 1,000 angstrons and 10,000 angstronms. 10. The

met hod of claim1 wherein the capping layer is a SiNlayer forned to a
t hi ckness between 50 angstrons and 5,000 angstrons. 11. The nethod of claim
1 wherein the trench and via formation is patterned and etched using a
trench first, _via second nethod, said trench having a range of w dths
bet ween @: 25 hiemehed ghelam bwhersinihe cappctng laygriina ﬁ@mehg:vg layengle of widths
between 0.15 mcrons and 0.4 mcrons. 12. The nethod of claim 11 wherein
t he et chthigkngssdictisern 2:009iapgwrpmestant 104089 engstroime. et chi ng chemi stry conpri ses
one or nore of the gases selected fromthe group consisting of.
fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur,
chl orine, hydrogen brom de, oxygen, nitrogen, argon, hydrogen and carbon
nmonoxi de3. 24 ZThe Adghod bf 201 | Wderelie RBidUen Oy & iatdthfrisél 6F Sldbrinig@et r ench
and via formation is patterned and

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 passivating layer is a silicon nitride (SiN)

layer of thickness between 50 angstroms and 5,000 angstroms.

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

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

6. The method of claim 5 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.

7. The method of claim 1 wherein the etch-stop layer is a layer of SiN of thickness

between 50 angstroms and 5,000 angstroms.
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etched using a via first, trench second nethod, said trench having a range
of wi dths between 0.25 mcrons and 2.0 mcrons and said via having a range
of widths between 0.15 microns and 0.4 mcrons. 14. The nmethod of claim 13
wherein the etch is a plasna assisted etch wherein the etching chem stry
conprises one or nore of the gases selected fromthe groug consi sting- of
fluorocarbon(s), fluorine-substituted hydrocarbon(s), fl doragustZ(p4

chl orine, hydrogen brom de, oxygen, nitrogen, argon, hydrogen and carbon
_nonoxi de. 15. The nethod of claim1 wherein the trench and via formation is
patterned and etched using a self alignnment (buried via) nethod, said
trench h§vi ng ran f widths . between 0,25 mcrons and 2.0 mcrons and
sai d vi a®havi EE‘? ’é‘e?}'ggﬁgdé‘ﬁn WhEERE e perord dietsets layes isghleverd flyounatedr ons.

16. The net hod of claim 15 wherein the etch is a plasma assisted etch

wher ei n tistectriciaaipriin) of nandisleeiyic congnt dew-lone or nore of the gases sel ected
fromthe group consisting of. fluorocarbon(s), fluorine-substituted

hydr ocar bon(s), fluorosulfur, chlorine, hydrogen bronm de, oxygen,

nitrogen, argon, hydrogen and carbon nonoxide. 17. The nethod of claim1l
wher.ei n ®he ndhe methal lof claina§ evhein the tayer ofefhdirihfited diztectricanitetidnd nmaterial is
a layer of fluorine diffusion resistant naterial selected fromthe group
consi st i Bgledéd frémithe @bl esndistitg ofIB® Mefloh ! P eneC R BApHbu Au@®carbs on car bon
nitride and boron carbide, said | ayer being forned by chem cal vapor
deposi ti @i BBordatetpaiihiddQad id oMhld 1B RIKSsE Bliwka@PDboraResihi Ay (PVD) to a
t hi ckness of betweén 500 angstrons and 5,000 angstrons.” 18. The net hod of
claim1l %’gb@%s{rgﬁs_non- metallic |ayer of fluorine diffusion

10.  The method of claim 1 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.

11.  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 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.

12. The method of claim 11 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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resistant material is etched with a plasm assisted etch wherein the
etching chem stry conprises one or nore of the gases selected fromthe
group consisting of: chlorine, boron trichloride, oxygen, hydrogen,
nitrogen, formng gas (a m xture of hydrogen and nitrogen)

fl uorocarbon(s), fluorine-substituted hydrocarbon(s) and argon. 19. The
nmet hod of claim | wherein the passivation layer is etched>ghstZ0pt asna
assisted etch wherein the etching chem stry conprises one or nore of the

ases sekected, . from.t r Nsi Sti f. f£luorocarbon(s
?Iuorine}gubs?P?ﬁ?egdﬁgﬁ?%%gr 8%%§%F%EH§%¥@S”}%gﬁﬁgwfsg%%ﬁgﬁ%mﬂitrogen and
argon. 20..The.net ho f, claim1l wherein,the tallic barrier layer is a
ger of oliaeDiiTE A U8 oy el sk Moo E5eE Ferne g ases of s i ( Tay.
tantalun1nitrig (TaN), nmetal- silicon-nitride, titaniumnitride (TiN) and
t ungst en PRMeRR -25(%)0?3%%0 MagreRs andisplg vihaying a pzeoiwddR bedesenet ween 50
angstrons and 2,000 angstrons. 26 NON- CONDUCTI VE BARRI ER FORVATI ONS FOR
COPPER DANRSEENES g4 PNGIBREONNECTS ABSTRACT A net hod for formi ng

dual - damascene type conducting interconnects with non- netallic barriers
that protect said interconnects fromfluorine out-diffusion from
surrounding lowk, fluorinated dielectric materials. One enbodi nent of the

net hod i 44. paiThé methad loy claim 1 2dhérein theeteh oa slegie asket eRARdGiEn te
m croel ectronics fabrications of the sub 0.15 micron generation. Figure 8

ctching 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.

15.  The method of claim I 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.

16,  The method of claim 15 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.

17.  The method of claim 1 wherein the non-metallic layer of fluorine diffusion
resistant material is a layer of fluorine 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
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(CVD) or physical vapor deposition (PVD) to a thickness of between 500 angstroms and
5,000 angstroms.

18.  The method of claim 1 wherein the non-metallic layer of fluorine diffusion
resistant material is etched with a plasma assisted etch wherein the etching chemistry
éomprises 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.

19.  The method of claim | wherein the passivation layer is etched with 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),

“hydrocarbon(s), oxygen, nitrogen and argon.

20.  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.
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